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Abstract.--From 1982 through 1986, solar-powered radio transmitters were attached to 23 
adult and seven fledgling Red-tailed Hawks (Buteo jammcensis), seven adult Ferruginous 
Hawks (B. regalis) and seven adult Swainson's Hawks (B. swainsoni) in eastern Colorado. 
Transmitters were attached by means of a teflon-ribbon harness as a backpack (n = 39), 
or epoxied and sutured to the rachis of a tail feather (n = 5). Excluding transmitters that 
appeared to fail immediately after release (n = 3), or that were lost when tail feathers were 
shed prematurely (n = 5), the time from release to last telemetry contact (minimum life) 
for adult hawks ranged from 14 to 2931 d (2 = 452, n = 26). The median minimum 
transmitter life for adult hawks was 352 d; 15 (58%) of 26 adult hawks fitted with backpack- 
mounted transmitters that were not subsequently found dead on the study area (n = 2) were 
observed with functioning transmitters >- 1 breeding season subsequent to capture. Minimum 
life for transmitters on juvenile hawks ranged from 59 to 108 days (2 = 73, n = 7) and last 
telemetry contact coincided with when young dispersed from natal territories. All nine adult 
Red-tailed Hawks, six (86%) of seven Ferruginous Hawks, and six (100%) of six Swainson's 
Hawks captured and fitted with radio transmitters during the breeding season successfully 
raised young to banding age in the year that they were captured. In the subsequent breeding 
season, active nests were located in eight (89%) of nine Red-tailed Hawk, three (43%) of 
seven Ferruginous Hawk, and four (67%) of six Swainson's Hawk territories where adults 
had previously been captured. Success of these nests was 100% for Red-tailed Hawks, 67% 
for Ferruginous Hawks, and & 50% for Swainson's Hawks. One Red-tailed Hawk captured 
as a breeding adult survived a minimum of nine breeding seasons while equipped with a 
transmitter and successfully raised young to banding age in &7 of those years. 

LONGEVIDAD DE RADIOTRANSMISORES CON BATER•AS SOLARES 
COLOCADOS EN BUTEOS DEL ESTE DE COLORADO 

Sinopsis.--De 1982 a 1986 se le colocaron radiotransmisores, impulsados con energia solar, 
a 23 adultos y siete volantones de (Buteo jamaicenszs), siete adultos de B. regalis y siete 
adultos de B. swainsoni. Se montaron 39 transmisores tipo mochila, en la espalda de las aves, 
sujetados con un arn6s construido con tirillas de tefl6n. A otras cinco aves se les peg6 el 
transmisor al raquis de una de las plumas de la cola con sutura y epoxi. Excluyendo 
transmisores que fallaron inmediatamente luego de la liberaci6n de las aves (n = 3), o que 
se perdieron cuando las aves mudaron las plumas de la cola prematuramente (n = 5), el 
perlodo mlnimo de funcionamiento o vida de las transmisores vari6 de 14 a 2931 dias (2 = 
452, n = 26). E1 perlodo promedio mlnimo de funcionamiento para los transmisores colocados 
en halcones adultos rue de 352 dias. Quince (58%) de los 26 halcones adultos a los cuales 
se le colocaron mochilas, y que no se hallaron posteriormente muertos (n = 2), se encontraron 
con los transmisores funcionando una temporada reproductiva (> 1) subsiguientemente a su 
captufa. E1 perlodo mlnimo de funcionamiento de transmisores colocados a halcones juveniles 
vari6 de 59 a 108 dias (2 = 73, n = 7) y el filtimo contacto radiotelem6trico coincidi6 con 
la dispersi6n de estos fuera de sus territorios natales. Los nueve adultos de B. jamaicensis, 
seis (86%) de los siete adultos de B. regalis y el 100% (seis) de los adultos de B. swainsoni 
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a los cuales se les colocaron radiotransmisores durante la •poca de reproducci6n criaron 
pichones, durante ese mismo afio, al menos hasta la edad en que fueron anillados. En •pocas 
reproductivas subsiguientes se localizaron nidos activos de ocho (89%) de los B. jamaicensis, 
tres (43%) de los B. regalis y cuatro (67%) de los B. swainsoni en los territorios donde fueron 
capturados. E1 •xito de anidamiento fue de 100%, 67% y >- a 50% en el orden en que fueron 
mencionadas estas especies, respectivamente. Un B. 2amaicensis capturado como adulto, y al 
cual se le coloc6 un radiotransmisor, sobrevivi6 un minimo de nueve •pocas reproductivas 
y cri6 pichones exitosamente al menos hasta la edad de anillamiento en >-7 de los nueve 
a•os. 

Solar-powered radio transmitters have the advantages of providing 
more energy and potentially functioning for longer periods, relative to 
battery-powered transmitters of similar mass. These characteristics are 
especially desirable when transmitter packages must be small, and are 
placed on highly mobile species, such as birds of prey. Recently, Snyder 
et al. (1989) reported on the utility of solar-powered radio transmitters 
mounted as backpacks on Snail Kites (Rostrharnus sociabilis). They con- 
cluded that solar-powered transmitters attached as backpacks had little 
effect on the birds, and packages weighing 14-21 g had effective lives of 
from 8-21 mo. Solar-powered transmitters have been attached to other 
raptors, including Bald Eagles (Halieeatus [eucocephalus) (Buehler et al. 
1991a,b; Wood 1992), although except for Snail Kites (Snyder et al. 
1989), evaluation of their effectiveness and potential impact on survival 
or reproduction has not been reported. Here, I describe attachment of 
solar-powered transmitters to adult and fledgling Red-tailed Hawks (Bu- 
teojarnaicensis), Ferruginous Hawks (B. regalis), and Swainson's Hawks 
(B. swainsoni) in eastern Colorado from 1982 through 1986, and evaluate 
their longevity and effect on subsequent behavior and reproduction. 

METHODS 

Study areas.--Birds of prey were captured and equipped with radio 
transmitters on the Fort Carson Military Reservation (FCMR) in east- 
central Colorado from 1982 through 1983, and on the Pition Canyon 
Maneuver Site (PCMS) in southeastern Colorado from 1983 through 
1986. The 556-km 2 FCMR was located along the eastern edge of the 
Front Range south of Colorado Springs, Colorado, and was characterized 
by rolling shortgrass prairie intersected by foothills dominated by pinyon 
pine (Pinus edulis) and juniper (Juniperus spp.). The 1040-km 2 PCMS, 
located in Las Animas County in southeastern Colorado, was similarly 
characterized by rolling shortgrass prairie intersected by low bluffs and 
the canyon system of the Purgatoire River; both were dominated by a 
pinyon pine-juniper vegetative community. Topography, climate, and 
vegetation for the FCMR (Andersen et al. 1985, 1986) and the PCMS 
(Andersen and Rongstad 1989, Andersen et al. 1990, Shaw and Diersing 
1990) have been described previously. 

Nest success.--Occupied territories and active nests were located on the 
study areas in spring from helicopters (White and Sherrod 1973) and by 
searching potential territories from the ground for nest sites (Craighead 
and Craighead 1956). Each year after locating an active nest (1983 on 
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the FCMR, 1984-1988 on the PCMS), I checked the previous nest site 
and vicinity for evidence of territory occupancy and the presence of an 
active nest, regardless of whether a radio-equipped bird was observed at 
or near the nest site. In addition, one Red-tailed Hawk territory on the 
FCMR was checked from 1983 to 1992 in conjunction with searching 
for a radio-marked bird. Terminology and definitions related to repro- 
duction follow those of Postupalsky (1974). A nest was classified as active 
when young were raised or eggs were laid in the nest, or an adult was 
observed in incubating posture in the nest. A nest was classified as suc- 
cessful when young reached bandable age (approx. 3-4 wk) or were 
observed perched outside of the nest (e.g., on branches in the nest tree). 

Capture, transmitter specifications and transmitter attachment.--Adult 
birds of prey were captured with bal-chatri traps (Berger and Mueller 
1959) baited with rats, dho-gaza nets baited with a live Great Horned 
Owl (Bubo virginianus) (Hamerstrom 1963), or with noose carpets placed 
on the rim of active nests. In one instance, I recaptured an adult Red- 
tailed Hawk, which had a functioning battery-powered transmitter, at 
night with a spotlight and hand-held net. Fledglings were captured by 
hand at or near the nest. The sex of adult raptors was determined sub- 
sequent to capture on the basis of behavior at or near a nest and size 
relative to the other member of a breeding pair. 

Captured birds were measured, banded with U.S. Fish and Wildlife 
Service aluminum lock-on bands, fitted with a radio transmitter and 
released at the site of capture. Processing individual birds took approx- 
imately 1 h. Birds were restrained by placing a falconer's hood over their 
heads and tying their feet together. In one instance, an individual that 
was captured at night was held until the next morning and returned to 
and released at the site of capture. Radio transmitters were attached either 
as backpacks (Andersen et al. 1986, Smith and Gilbert 1981), or affixed 
to the rachis of a central rectrix (Dunstan 1973). Backpacks consisted of 
woven teflon ribbon (Bally Ribbon Mills, Bally, Pennsylvania; use of 
company names does not imply endorsement by the U.S. Fish and Wildlife 
Service or the University of Wisconsin) that was attached to the bottom 
of the transmitter with epoxy. Attachment was similar to that described 
by Snyder et al. (1989), with the exception that no attempt was made to 
shield the transmitter from overlapping contour feathers. In five cases 
(Table 1), transmitters were attached on the dorsal side of a central rectrix 
with 5-min epoxy and surgical sutures. 

One-stage, solar-powered transmitters (150-152 MHz) were obtained 
from Advanced Telemetry Systems, Inc. (Isanti, Minnesota) and Telem- 
etry Systems, Inc. (Mequon, Wisconsin). Transmitter dimensions varied 
among years, but were approximately 4.5 x 1.5 x 1.5 cm with a 25-cm 
braided stainless steel antenna that exited the potting material flush with 
the bottom of the transmitter. Four 1 x 1 cm solar panels wired in series 
were located on the top of each transmitter, and all but five transmitters 
contained rechargeable nickel-cadmium batteries. Five transmitters placed 
on fledgling Red-tailed Hawks in 1983 did not contain rechargeable 
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batteries and were powered directly by solar panels. Pulse width ranged 
between 25 and 30 ms, and pulse rate in transmitters with rechargeable 
batteries ranged from 60 to 100/min. Pulse rate in transmitters without 
rechargeable batteries varied widely from near 0 to > 100/min, depending 
upon power output from the solar panels. Transmitters weighed between 
12 and 18 g, and attached transmitter packages weighed approximately 
15-25 g. 

Radio telemetry [9rocedures.--After capture and radio attachment, all 
birds were located using portable telemetry receiving equipment based 
from a vehicle, all-terrain cycles, horseback, on foot, or from aircraft (both 
fixed-wing and helicopters). Through 1986 on the PCMS and through 
1983 on the FCMR, we searched for all birds weekly, until either they 
left the study area, we were unable to locate them on the study area 
repeatedly, or there was evidence that the bird had died, lost its transmitter 
or the bird's transmitter had stopped functioning. When a bird was not 
located after ->2 attempts from the ground, we attempted to locate the 
bird from aircraft. On the FCMR in 1984, we checked for functioning 
transmitters from the ground during the breeding season, and on the 
PCMS in 1987 and 1988, birds whose fate was not known previously 
were searched for on the study area during the breeding season from 
fixed-winged aircraft and helicopter. In addition, from 1985 to 1992, the 
territory of one bird on the FCMR was checked from the ground once 
annually during the breeding season to determine whether the bird's 
transmitter continued to function. Most birds were also followed inten- 

sively for some period subsequent to radio attachment (e.g., Andersen et 
al. 1986, 1990). 

RESULTS 

From 1982 through 1986, 30 Red-tailed Hawks, seven Ferruginous 
Hawks, and seven Swainson's Hawks were captured on the FCMR and 
the PCMS and equipped with solar-powered radio transmitters (Table 
1). Five transmitters were attached on the tail feathers of adult Red-tailed 
Hawks; all other transmitters were attached as backpacks. Transmitters 
were placed on seven fledgling Red-tailed Hawks in 1982 (n = 2) and 
1983 (n = 5); all other transmitters were placed on adult hawks that 
were members of resident pairs on the study areas. 

Three transmitters failed within 1-2 d of attachment, based on reob- 
servation of non-functioning radio transmitters on territorial birds. In 
two other instances, birds were found dead on the study area when a 
signal that had not been received for a substantial period was again 
detected; a signal from one of these birds had not been received since 2 
d post-release. In three of five cases where transmitters were mounted on 
tail feathers, birds either shed or chewed through the rachis of the feather 
to which the transmitter had been attached within approximately 1 mo. 
A signal from one additional tail-mounted transmitter was not received 
subsequent to release of the bird, and the final tail-mounted transmitter 
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was not recovered. Data from these birds have been removed from further 

analyses. 
Minimum transmitter life ranged between 14 and 2931 d for all adult 

hawks (.• = 438, SD = 563, n = 26), 105-2931 d for adult Red-tailed 
Hawks (.• = 581, SD = 748, n = 13), 14-697 d for adult Ferruginous 
Hawks (.• = 236, SD = 261, n = 7), 46-719 d for adult Swainson's 
Hawks (.• = 364, SD = 214, n = 6) and 59-108 d for juvenile Red-tailed 
Hawks (.• -- 73, SD -- 18, n = 7). The median minimum transmitter 
life for all adult hawks (excluding immediate transmitter failures and 
birds that died and were subsequently recovered, Table 1) was 352 d 
(Fig. 1). Fifteen (58%) of 26 adult hawks with backpack-mounted trans- 
mitters were observed with functioning transmitters on the study areas 
>_ 1 breeding season after they were captured and equipped with trans- 
mitters: eight (57%) of 14 Red-tailed Hawks, three (43%) of seven Fer- 
ruginous Hawks and four (80%) of five Swainson's Hawks. 

On the PCMS, nine adult Red-tailed Hawks were captured as members 
of reproducing pairs during the breeding season. All nine (100%) raised 
young to banding age. The year following capture, I located active nests 
in eight (89%) of these territories, and all eight (100%) nests produced 
young that reached banding age. In addition, four adult Red-tailed Hawks 
that were members of resident pairs were captured prior to the breeding 
season. Three (75%) of these birds attempted nesting in the year they 
were captured, but only one (33%) successfully raised young to banding 
age. In the subsequent breeding season, I located active nests in three 
(75%) of these territories: one (33%) produced young that reached banding 
age, one (33%) nest failed and the fate of one (33%) nest was not deter- 
mined conclusively. On the FCMR, one Red-tailed Hawk was located 
with a functioning transmitter 2931 d after it was captured (Table 1). 
That individual nested successfully the year that it was captured, and in 
at least six of the eight subsequent breeding seasons (Table 2) that it 
carried a functioning transmitter. 

Seven adult Ferruginous Hawks were captured on the PCMS as mem- 
bers of reproducing pairs during the breeding season. Six (86%) of these 
birds raised young to banding age the year that they were captured. The 
year following capture, active nests were located in three (43%) of these 
territories, and two (67%) of these nests produced young that reached 
banding age. Six adult Swainson's Hawks were captured during the 
breeding season on the PCMS, and all six (100%) raised young to banding 
age. Active nests were located in four (67%) of these territories the sub- 
sequent breeding season; two (50%) of these nests produced young that 
reached banding age, one (25%) nest failed and the fate of one (25%) nest 
was not determined conclusively. 

DISCUSSION 

The potential advantages of solar-powered radio transmitters have been 
recognized for some time (e.g., Aucouturier et al. 1977, Church 1979, 
Patton et al. 1973), although their efficiency in the field has rarely been 
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MONTHS TO LAST RADIO CONTACT 

FIGURE 1. Frequency and cumulative frequency distributions of the time to last radio 
contact from solar-powered transmitters attached as backpacks to 26 adult Red-tailed, 
Ferruginous and Swainson's Hawks in eastern Colorado 1982-1986. Transmitters that 
failed within 1-2 d of attachment (n = 3) and transmitters recovered from birds that 
died (n = 2) are not included (see text). 

reported (see Herman 1981, Silvy et al. 1979, Snyder et al. 1989). For 
relatively long-lived species such as many raptors, the ability to monitor 
the movements and behavior of individuals over several years provides 
the opportunity to address ecological and management questions at a time 
scale longer than would be possible with shorter-lived transmitters. In 
addition, repeatedly capturing individuals is difficult for many species of 
raptors; thus in long-term studies it is often desirable to attach transmitters 
with the maximum potential life, rather than depend upon recapturing 
individuals and replacing transmitters when batteries fail. Mounted as 
backpacks on Red-tailed, Ferruginous and Swainson's Hawks in eastern 
Colorado, solar-powered transmitters weighing 12-18 g functioned for 
up to 8 yr, and >50% functioned for >2 breeding seasons. In one instance, 
an individual Red-tailed Hawk carried a functioning solar-powered trans- 
mitter for a minimum of 8 yr, which included nine breeding seasons and 
>7 nesting attempts (Table 2). These results indicate that at least in 
some environments, solar-powered transmitters have the potential to func- 
tion for several years and at the same time, remain below mass and size 
constraints for medium-sized raptors. 

The potential effect of the marker on an animal is of concern in any 
study that involves attaching markers to animals. This is especially true 
in radio-telemetry studies where the behavior of individuals is of interest 
and where the animals being studied are highly mobile. Few tests of the 
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effect of radio transmitters on raptors have been conducted. Foster et al. 
(1992) concluded that radio transmitters mounted as backpacks on Spotted 
Owls (Strix occidentalis) had no significant effect on survival and that 
owls did not appear to lose weight after being equipped with transmitters. 
They noted, however, a tendency for radio-equipped owls to produce 
fewer young than owls marked with color bands. Snyder et al. (1989) 
concluded that transmitters mounted as backpacks on Snail Kites had 
little effect on survival of birds marked as either adults or nestlings. 
McCrary (1981) concluded that Red-shouldered Hawks (Buteo lineatus) 
equipped with battery-powered transmitters mounted as backpacks ex- 
hibited marked behavioral changes for the first few hours after release, 
but that behaviors returned to normal by the following day. Similarly, 
Smith and Gilbert (1981) tested several backpack designs on Eastern 
Screech-Owls (Otus asio), and concluded that after a short adjustment 
period, behavior and flight performance were not impaired. I was unable 
to compare the behavior of radio-marked birds to that of unmarked birds, 
although reproductive success of radio-marked birds was comparable to 
that of unmarked birds on the study areas. Similarly, the probability that 
territories where birds were radio-marked contained active nests the year 
subsequent to marking was similar to reoccupancy rates of territories with 
unmarked birds (D. E. Andersen, unpubl. data). 

Compared to battery-powered transmitters, solar-powered transmitters 
have the advantage of the potential for substantially longer life. The 
potential effects of attaching solar-powered transmitters are similar to 
those for battery-powered transmitters, and on many raptors appear min- 
imal. In at least some field settings, solar-powered transmitters mounted 
as backpacks on raptors provide an attractive alternative to battery-pow- 
ered transmitters, especially when studies are long term. 
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