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The use of radio telemetry in wader studies has grown exponentially in the past decade, and more than 40 
species from four different families have been radio-marked. We summarize these studies and find that nearly 
all of them have used Very High Frequency radio transmitters to study individuals for periods from a few days 
to a few months. In the past five years, there has been tremendous growth in studies of larger birds with sat- 
ellite telemetry, but currently there is only one published satellite telemetry study of a wader, the Eastern 
Curlew. We discuss technical details including the various methods that have been used to affix transmitters 
to waders. Telemetry studies of waders have made significant contributions to understanding space use, dis- 
tribution, migration, survival, and population size. A recent, January 2003, workshop on "The use and future 
of automated radio-tracking systems in bird migration studies", indicated that these have the capacity to gather 
tremendous amounts of data pertaining to wader ecology in relatively short amounts of time. Through the 
innovative use of telemetry, it is likely that new information on wader ecology that has previously been unat- 
tainable will soon emerge. 

INTRODUCTION 

Radio telemetry is a powerful tool that has led to tremendous 
advances in many areas of wildlife ecology. Studies of radio- 
marked individuals have provided detailed information on 
movements and distribution of fast-moving or secretive 
species that are difficult to observe without such technology. 
Radio telemetry was first used to study waders (syn. with 
shorebirds) in the late 1960s. It appears as if, in 1967, the 
American Woodcock (scientific names of waders listed in 
Table 1) was the first wader radio-marked for field studies 
(R.B. Owen pers. comm., Schemnitz & Owen 1969, Marshall 
et al. 1971, Ramakka 1971, 1972, but see Tuck 1972). De- 
spite early pioneering efforts such as these on upland game 
species, few researchers studying other wader populations 
applied radio telemetry techniques until the 1980s (Warnock 
& Warnock 1993). However, the use of radio telemetry in 
wader studies has grown exponentially in the past decade. 
More than 40 species of waders representing four different 
families (Scolopacidae, Haematopodidae, Recurvirostridae, 
and Charadriidae) have now been radio-marked (Table 1). 

The increasing use of radio telemetry for wildlife research 
has followed recent developments in miniaturization of con- 
sumer electronics. Smaller electronic components, circuit 
boards, and power sources have resulted in development of 
transmitters of <0.4 g, suitable for marking even the small- 
est waders and their chicks. Small solar panels also have 
provided an alternative power source to batteries in limited 
applications with larger transmitters. At the same time, other 
advances in technology such as deployment of satellite 
location systems capable of tracking platforms from space 
present even greater future opportunities for use in wader 

research. In this paper, we review past efforts, current use, 
and future potential of telemetry in studies of wader ecology. 
We discuss transmitters, attachment techniques, and appli- 
cations in several fields of wader ecology. 

TYPES OF TRANSMITTERS 

Nearly all telemetry applications for waders have used Very 
High Frequency (VHF) radio transmitters and receiving sys- 
tems to study individual birds for periods of a few days to a 
few months. These transmitters typically transmit continu- 
ously at pulse rates of 0.5-1.5 times per second at frequencies 
between 140 and 180 megahertz (MHz) and occasionally into 
the 200 MHz range (Kenward 1987, Samuel & Fuller 1996). 
These tags are generally 1-2 cm long and weigh <4 g. 

In the past five years, there has been tremendous growth 
in studies of larger birds such as waterfowl and seabirds with 
satellite telemetry. Satellite transmitters or platform transmit- 
ter terminals (PTTs) send 20- to 32-bit digital signals that are 
collected and processed by the Argos (Argos, Inc.) receiv- 
ing system on NOAA polar-orbiting weather satellites. PTTs 
transmit at 401.65 MHz during a fixed interval (60-65 s) to 
the satellites orbiting 160 km above the surface. The signal 
is detected during 5-15 minute satellite overpasses that occur 
every 1-2 hours, and the location of the transmitter is calcu- 
lated by the change in frequency or Doppler shift during the 
overpass (Kenward 1987, Samuel & Fuller 1996). Bird- 
borne PTTs are programmed to transmit for a few hours 
every 1-7 days, providing one or more locations with a rough 
accuracy of 1-10 km. 

Reviews have suggested limiting use of radio transmitters 
to 3-5% of a bird's mass (Caccamise & Hedin 1985, Take- 
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kawa & Orthmeyer 2001). Currently, the smallest PPTs 
weigh 15-20 g, which limits their use to birds at least 400- 
600 g. So far, there is only one published study of a wader 
marked with a PTT, a study on the northward migration of 
Eastern Curlews moving from Australia to Arctic breeding 
grounds. Driscoll & Ueta (2002) marked birds >900 g with 
PTT' s that weighed ,--30 g (including the harness). That study 
was only partly successful because the hamess-mounted PTT 
apparently hindered the bird's flight. In the coming years, 
studies of waders marked with smaller PTTs will undoubt- 

edly elucidate a great deal about the ecology of large wad- 
ers, especially their movements over large distances. 

Another satellite application that may have future impli- 
cations for waders as the size of units decrease are Global 

Positioning System (GPS) units such as those placed on 
Wandering Albatrosses Diomedea exulans (Weimerskirch et 
al. 2002). GPS transmitters are receiving units that scan for 
signals from a subset of 24 earth-orbiting satellites and then 
translate those signals into locations that are stored in the 
GPS unit (Merrill et al. 1998, Takekawa & Orthmeyer 2001). 
One of the limitations of this technique is that the data in the 
GPS unit generally has to be retrieved in many units. How- 
ever, a recently developed 70 g solar transmitter included 
GPS locations and Argos downloading capabilities (Micro- 
wave Telemetry, Inc.). Unlike PTrs, GPS tags are very accurate 
(e.g. <5 m error). 

There are other technologies that have applications for 
studying waders such as passive integrated transponder (PIT) 
tags. PIT tags can be quite small (18 mm long and 2 mm in 
diameter, Boarman et al. 1998) because their size is not in- 
creased by a power source. Instead, they are energized by an 
electromagnetic field coming from a transceiver antenna. PIT 
tags might be best adapted for the study of nesting waders, 
since they require the animal to come within a few centi- 
metres of a transceiver (Boarman et al. 1998). A recent study 
of waders used PIT tags to examine incubation schedules of 
Kentish Plovers (syn. with Snowy Plover, Kosztol•nyi & 
Sz•kely 2002). The 0.4 g transponders were glued to the tail 
feathers of incubating adult Kentish Plovers, and a reader and 
a computer were used to record, every 20s, whether a bird 
was incubating. Cresswell et al. (in press) used a similar 
system to study the incubation behaviour of Semipalmated 
Sandpipers, although the PIT tag was epoxied to the outer 
surface of a leg band. 

Radio transmitters also may be equipped with sensors to 
provide additional information. For example, temperature is 
regularly recorded through variation in pulse rate, as is 
activity or posture. Mortality sensors typically double the 
pulse rate of the transmitter after a set period of inactivity. 
Alternatively temperature sensing can be used to detect loss 
of body heat when the animal dies. Pressure sensors may be 
used to examine elevation changes. 

TYPES OF ATTACHMENTS 

One of the most critical aspects in conducting radio telem- 
etry studies is the attachment of the transmitter to the bird. 
There are basically four ways to affix a transmitter to a 
wader: 1) gluing the transmitter to the bird; 2) fastening the 
transmitter to a harness or band; 3) attaching the transmitter 
subcutaneously to the bird with sutures or prongs; or, 4) im- 
planting the transmitter in the bird surgically. Each method 
has its advantages and disadvantages depending on the topic 
of interest and the species of wader under consideration. 
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Glue 

The most common attachment method for waders has been 

to glue the transmitter onto the bird as described by Hill & 
Talent (1990) and Warnock & Wamock (1993). Advantages 
of gluing transmitters directly to birds is that it can be done 
relatively quickly, it can be done cheaply, the transmitter will 
eventually drop off, and there seems to be fewer behaviour 
effects compared to harness or implant techniques (Perry et 
al. 1981, Schulz et al. 2001, Bowman et al. 2002). Johnson 
et al. (1997, 2001 ) have shown that Pacific Golden-Plovers 
radio-marked in Hawaii and tracked to breeding grounds in 
Alaska have high return rates to Hawaii, indicating no long- 
term adverse effect of the radios. The disadvantage to gluing 
is that the transmitters generally stay on the bird for relatively 
short periods of time ranging from a few weeks to around 
four months, and retention time can vary by species and the 
moult schedule of the bird (Rohweder 1999; for non-waders 
see Johnson et al. 1991, Schulz et al. 2001). 

Researchers have used several methods to glue the trans- 
mitter to the bird. Some have glued the transmitter to feath- 
ers between the wings on the upper back of the bird without 
removing or cutting any feathers (Knopf & Rupert 1995, 
1996, Drake et al. 2001). Others have glued the radio directly 
to the skin just above the uropygial gland of the bird after 
removing or cutting feathers (Warnock & Warnock 1993, 
Warnock & Takekawa 1995, Warnock & Bishop 1996). 
Rohweder (1999) looked at three glue attachment combina- 
tions (including use of gauze and trimming feathers) on ten 
different wader species, and found that trimming feathers 
resulted in longer attachment time. 

Different types of glue have been used, but these gener- 
ally fall into two types: epoxy and cyanoacrylate (commonly 
called Superglue). Wamock et al. (2001) alternated affixing 
transmitters to Dunlin and Short- and Long-billed Dowitchers 
using bird epoxy (Titan Corporation, now discontinued) or 
cyanoacrylate (QuickTite TM super glue, Loctite Corp.¸, 
Rocky Hill CT) and found no difference in the performance 
of these two glues, although the study did not evaluate maxi- 
mum retention time. The performance of Superglue can be 
greatly enhanced by the use of Superglue activator that 
causes Superglue to set instantly on contact with a treated 
surface (B. Cresswell pers.comm.). 

Harness or band 

Harnesses have been used in many studies to attach transmit- 
ters to legs, wings, necks, or backs of birds (Kenward 1987). 
Most shorebird studies with harnesses have been conducted 

on medium sized or large waders such as American Wood- 
cock (Dunford & Owen 1973, Horton & Causey 1979, 1984), 
oystercatchers (Exo et al. 1996), or curlews (Redmond & 
Jenni 1986, Driscoll & Ueta 2002, but see Sanzenbacher et 
al. 2000, Keedwell 2001). 

Perhaps the biggest advantage of harnesses is the length 
of time the transmitter remains on the bird (e.g. Schulz et al. 
2001, Doerr & Doerr 2002). Many waterfowl studies have 
documented changes in behaviour of birds marked with har- 
nesses. Disadvantages of harnesses may be significant for 
waders, sometimes resulting in reduced survival. For exam- 
ple, waders get their lower mandible caught in the harness. 
Three Killdeer outfitted with necklace harnesses had their 

mandibles caught in the elastic harness that looped around 
their necks, and one died before it could be recaptured to 

remove the harness (N. Warnock & L. Oring unpubl. data). 
Several Bristle-thighed Curlews equipped with backpack 
transmitters on Laysan Island caught their lower mandibles 
in harness straps and would have died had researchers not 
removed transmitters (Marks et al. 2002). Marks et al. (2002) 
also found that 6 of 11 adult Bristle-thighed Curlews fitted 
with harness-mounted transmitters on breeding grounds in 
Alaska did not return in subsequent years and presumably 
died. In contrast, 19 of 20 curlews fitted with small transmit- 
ters (3 g) sewn or glued to scapular feathers or leg bands on 
the breeding grounds returned and bred in subsequent years 
(Marks et al. 2002). In Eurasian Oystercatchers, there is a 
suggestion that birds equipped with harnesses are less likely 
to return to breeding sites in subsequent years than unhar- 
nessed birds (Exo et al. 1996). 

The migratory behaviour of Eastern Curlews with har- 
ness-mounted satellite transmitters was hindered, causing 
birds to discontinue migration to Asian breeding grounds 
from wintering areas in Australia (Driscoll & Ueta 2002). 
However, harnesses are often the primary attachment option 
for satellite transmitters with upright antennas to maximize 
signal reception by satellites orbiting 160 km away. Leg loop 
harnesses that hold the tag on the sacrum (Rappole & Tipton 
1991, Sanzenbacher et al. 2000) may prevent some of the 
difficulties reported with other harness methods. Recently, 
Sanzenbacher & Haig (2002a, 2002b) had good results track- 
ing Dunlin and Killdeer around an agricultural region of 
Oregon with leg loop harnesses and observed no apparent 
short-term (a few months) effects, although long-term 
survivorship of birds was not measured. In trying to find a 
radio transmitter attachment suitable for downy chicks, 
Keedwell (2001) used leg-loop harnesses on chicks of 
Banded Dotterel (syn. with Double-banded Plover). While 
she found no apparent difference in growth of chicks with 
harnesses vs. those without, she did find three chicks entan- 
gled in the harness and concluded the method was not suit- 
able for young chicks. 

For large, long-legged waders such as avocets and stilts, 
transmitters may be glued to leg bands (Plissner et al. 1999, 
2000a; Hickey 2002). The advantage of this method is that 
the transmitter will stay on indefinitely, but this is also its 
disadvantage. 

Grant (2002) reported gluing transmitters to the base of 
the central tail feathers of adult Eurasian Curlews; however, 
he did not report on retention times. Although tail-mounts are 
one of the most widely used method to radio tag birds (B. 
Cresswell pers. comm.), they are infrequently used on wad- 
ers because glue-mounting is normally a better option. 

Suture or prong 

Sutures and prongs have been used to attach transmitters to 
several species of birds (Wheeler 1991, Newman et al. 
1999), but they have not been used on waders. An advantage 
of these methods is that the transmitter stays on longer than 
attachment with glue (e.g. in Red-winged Blackbirds Aege- 
laius phoeniceus, Martin & Bider 1978). Additionally, sub- 
cutaneous attachment may be less disruptive to the behaviour 
of the study species than harnesses. Ducks with transmitters 
attached with suture and glue suffered less predation that 
those with transmitters attached with harnesses (Wheeler 
1991). The disadvantage of sutures or prongs is that it may 
require more training, and guidance of a veterinarian may be 
required. Suturing transmitters has been done successfully 
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with precocial chicks of gallinaceous birds (e.g. Sage Grouse 
Centrocerus urophasianus, Burkepile et al. 2002), and 
waterfowl (Wheeler 1991), suggesting that this may be a suit- 
able method for wader chick studies. 

Surgical implant 

To reduce behaviour problems seen in birds fitted with har- 
nesses or to increase retention time over glue, transmitters 
have been implanted in birds with internal or external anten- 
nas (Korschgen et al. 1984, 1996, Schulz et al. 2001). With 
the exception of one test in a Bristle-thighed Curlew (R. Gill 
pers. comm.), transmitters have not yet been implanted in 
waders. The disadvantage of implants is that signal radiation 
is very poor unless the tag antenna is external and free-stand- 
ing (and even then this can be a problem, B. Cresswell pers. 
comm.). A further disadvantage is that birds have to be 
anaesthetised and highly trained personnel or veterinarians 
have to conduct the marking. Additionally, efforts have to be 
made to make the area of surgery as aseptic as possible. If 
the surgery is done improperly and under non-sterile condi- 
tions, the area where the transmitter is implanted may be- 
come infected (Korschgen et al. 1984, 1996, Schulz et al. 
2001). It is likely that this attachment technique will be con- 
sidered more often in wader studies when the mass of PTTs 

decrease to allow their use in more wader species and the 
signal range of implanted tags increases. 

TRACKING 

Tracking is done on foot with handheld antennas (<2 km), 
in vehicles mounted with antenna systems (2-5 km), with 
antennas mounted on fixed towers (5-10 km), or from air- 
craft equipped with external antennas (10-20 km). Coordi- 
nated studies have been conducted to create a network of 

listening stations during shorebird migration (Iverson et al. 
1996, Warnock & Bishop 1996, Warnock et al. 2002). Auto- 
mated radio-tracking systems (ARTS) on towers with data 
loggers have been used to scan for transmitters continuously. 
They have been tested on waders in Europe and Australia 
(Piersma et al. 2001). ARTS are able to detect birds continu- 
ously up to 4 km away (Green et al. 2002). They have been 
used to track local movements and habitat use of waders (Exo 
et al. 1992, Exo & Scheiffarth 1993, Battley 2000, 2002), 
and to follow migration (Green et al. 2002). Results of a re- 
cent exploratory workshop (January 2003 at the Royal Neth- 
erlands Institute for Sea Research, Texel) within the Bird 
Migration programme of the European Science Foundation, 
on "The use and future of automated radio-tracking systems 
(ARTS) in bird migration studies", indicated that these sys- 
tems have the capacity to gather tremendous amounts of data 
pertaining to wader ecology in relatively short amounts of 
time. Studies using ARTS have been done on Red Knots, 
Great Knots, Bar-tailed Godwits, and Eurasian Oystercatch- 
ers (ARTS workshop, Texel, The Netherlands, 2003; agenda 
available from lead author). 

RESEARCH TOPICS 

The value of radio telemetry to wader ecology has been sig- 
nificant, ranging from better understanding of nocturnal be- 
haviour (Thibault & McNeil 1995, Rompr6 & McNeil 1996, 
Sitters 2000, Rohweder 2001) to understanding how indi- 
vidual birds migrate across long stretches of their migratory 
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pathways (Evans 1996, Iverson et al. 1996, Bishop & War- 
nock 1998, Green et al. 2002). Telemetry studies will con- 
tinue to strengthen our knowledge of waders in many re- 
search areas, including space use, distribution, migration, 
survival, and population size. 

Space use 

Radio telemetry is ideally suited for understanding how and 
when organisms move about their landscape, and what habi- 
tats (as defined by Hall et al. 1997) are used within these 
landscapes (Brown & Orians 1970, White & Garrott 1990, 
Samuel & Fuller 1996, Villard et al. 1998, Kernohan et al. 
2001). Local movements and habitat use of many wader 
species have been studied during breeding and non-breeding 
seasons (Table 1). A subset of these habitat studies has com- 
pared diurnal and nocturnal movements (Owen & Morgan 
1975, Wood 1986, McNeil & Rompr6 1995, Whittingham 
1999a, Rohweder & Lewis 2001, Sitters et al. 2001), an area 
little studied prior to the advent of radio telemetry. Another 
area that radio telemetry has advanced is the study of move- 
ments and dispersal of wader chicks (Horton & Causey 1984, 
Redmond & Jenni 1986, Yalden 1991, Whittingham et al. 
1999b, Grant 2002). 

Several statistical methods have been developed to rigor- 
ously describe and analyse home range data from radio- 
marked animals (see White & Garrott 1990, Samuel & Fuller 
1996, Millspaugh & Marzluff 2001). It is notable that rela- 
tively few telemetry wader studies have rigorously calculated 
home ranges, since these areas are valuable for conservation 
management as they encompass the essential needs for an 
individual's survival and reproduction (Burr 1943). Home 
ranges for certain upland game waders have been calculated 
(e.g. Eurasian Woodcock, American Woodcock, Great 
Snipe) and a few other species like Killdeer, Black-necked 
Stilt, Western Sandpiper, and Long-billed Dowitcher (Table 1). 
Most of these studies have been based in North America. 

This is clearly an area where much more work can be done. 
Likewise, telemetry studies are well suited to examining 

habitat selection questions of habitat use vs. availability (Neu 
et al. 1974, Aebischer et al. 1993, Jones 2001), yet few rig- 
orous studies of these types have been done on radio-marked 
waders, all in North America (see Knopf & Rupert 1995, 
Warnock & Takekawa 1995, Takekawa et al. 2002). 

Migration 

Given waders' propensity to stop at discrete bodies of water 
along their migratory flyways that can be searched fairly 
easily from the ground or air for radio-marked birds, they can 
be ideal organisms to track over distances of thousands of 
kilometres, using a host of collaborating researchers. Radio 
telemetry provides techniques to study migration routes, 
chronology, and stopover ecology of migratory birds. Stud- 
ies of wader migration using radio telemetry began in the 
early 1990s (Skagen & Knopf 1994, Iverson et al. 1996) and 
have continued to be a source of new information on wad- 

ers over larger scales (Driscoll & Ueta 2002, Warnock et al. 
2002). These shorebird studies have tended to focus on two 
aspects of migration: 1) stopover ecology (Skagen & Knopf 
1994, Warnock & Bishop 1996, Farmer & Parent 1997, 
Nebel et al. 2000), and 2) connectivity of areas within spe- 
cies's migratory flyway (Butler et al. 1996, Evans 1996, 
Johnson et al. 1997, 2001, Haig et al. 2002). 
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However, there are logistic difficulties to consider in these 
types of studies. Tracking birds across international bounda- 
ries can present problems, especially when one is trying to 
track rapidly moving species. Keeping track of more than 
100 different radio frequencies can be difficult since these 
radios tend to be small with short ranges (<5 km). A prob- 
lem that has been particularly acute in North America in 
large-scale studies is overlapping radio frequencies with 
other wildlife studies. For instance, during migration stud- 
ies of waders, these authors have discovered overlapped fre- 
quencies with radio-marked Marbled Murrelets Brachy- 
ramphus marmoratus, Northern Pintails Anas acuta, White- 
fronted Geese Anser albifrons, Golden Eagles Aquila chry- 
saetos, Surf Scoters Melanitta perspicillata, Harbor Seals 
Phoca vitulina, Moose Alces alces, and Caribou Rangifer 
rangifer. This problem is exacerbated by minimal national 
or international coordination of radio frequency use, and it 
only promises to get worse. 

Behaviour 

Radio transmitters are useful for studying the breeding be- 
haviour of species that are secretive. For example, early stud- 
ies of upland game birds were often used to locate nests 
(Schemnitz & Owen 1969, Marshall et al. 1971, Ramakka 
1971, 1972, Tuck 1972). Core areas (50% use areas) within 
home ranges have often been used to identify primary use 
sites during the breeding season. In conjunction with behav- 
iour observations or motion sensors, radio telemetry also 
may be used to estimate the proportion of time spent forag- 
ing in different habitats. Pressure sensors provide a means to 
examine elevations used during local movements and migra- 
tion flights. 

Population dynamics 

Radio telemetry can be an ideal tool for estimating survival 
in marked animals (White & Garrott 1990, Samuel & Fuller 
1996). One advantage of using radio-marked individuals for 
survival studies vs. using banded individuals is that capture 
probabilities do not have to be modelled (e.g. Lebreton et al. 
1992) since within given areas radio-marked individuals 
(both dead and alive) can be relocated with near certainty 
(Tsai et al. 1999), and suitable analysis methods have been 
developed (White & Garrott 1990, Samuel & Fuller 1996, 
Tsai et al. 1999). It is interesting, that with the exception of 
studies of one upland game species, the American Woodcock 
(Derleth & Sepik 1990, Krementz et al. 1994, Longcore et 
al. 1996, Krementz & Berdeen 1997), very little has been 
published on survival rates of radio-marked waders (but see 
Knopf & Rupert 1995, Drake et al. 2001, Table 1). Studies 
based on radio-marked birds have the potential to greatly 
expand our knowledge of survival of waders during differ- 
ent parts of the year and from different areas of the world, 
information lacking for most wader species (Evans 1991). 

Radio-marked individuals, especially those with mortal- 
ity sensors (motion, temperature), may be used to determine 
cause-of-death. Recoveries are possible for individuals that 
do not die in salt water, including finding remains left by 
predators. This may be especially useful in harvested poPu- 
lations (legal or illegal) if behaviour of radio-marked birds 
does not differ and they are taken proportional to the harvest. 
Although it is possible to examine fresh carcasses and deter- 

mine cause of death such as some disease, other causes of 
death such as predation may require detailed examination of 
the area to separate predation from scavenging. 

Radio telemetry may be used to estimate population size 
for species that are difficult to observe, such as snipes and 
woodcocks. Program NOREMARK (White 1996) allows 
calculation of total population and a daily population esti- 
mate from radio relocations over survey periods. Assump- 
tions for this estimator include: 1) the number of animals is 
constant within each survey period, 2) relocation probabil- 
ity is the same for all animals, 3) animals are sampled once 
in a survey, 4) the sample is from an open population, and 
5) the sample fits a joint hypergeometric maximum-likeli- 
hood distribution adjusted for immigration and emigration. 

Future directions 

There is still much that telemetry studies of waders can con- 
tribute to their conservation, management and a better under- 
standing of their ecology. Most wader species have never 
been the focus of a telemetry study despite the fact that the 
technique has the ability to gather data that are otherwise 
difficult to collect. There has never been a telemetry study 
of waders in Africa and little work has been done in South 

America or Asia. Little research has been done using trans- 
mitters with sensors built into them (e.g. Exo et al. 1992). 
Telemetry units that collect data such as body temperatures 
or heart rates could be incorporated into larger telemetry 
units to better understand the physiology of waders under 
different environmental conditions during different phases of 
their year. 

At the recent ARTS workshop (see description in Track- 
ing section) exciting discussions were held on advances in 
radio telemetry technology. Alejandro Purgue (Cornell Uni- 
versity) spoke of developing small (a few grams and smaller) 
digital transmitters to be used with ART systems that could 
be programmed to turn on and off again on any number of 
schedules (such as turn off on weekends and from 1800- 
0400). Martin Wikelski (Princeton University) and George 
Swenson (University of Illinois) spoke on the feasibility of 
attaching large antennae to the International Space Station 
and using them with automatic tracking equipment to follow 
birds equipped with small VHF and digital transmitters from 
space. The workshop demonstrated that, technologically, we 
are immersed in a rapidly evolving and exciting time. 
Through the use of telemetry, the near future will likely ex- 
pose details of the ecology of waders that previously have 
been unattainable. 
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