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INTRODUCTION

Raptors—falcons, hawks, eagles, vultures, and owls—are birds that
fascinate humans because their powerful flight, keen eyesight, acute hear-
ing, and sharp talons make them incredibly efficient predators (Burnham,
1990). Interestingly, raptors represent three separate evolutionary lines
that have converged in appearance and habits. The taxonomic order
Ciconiiformes contains the New World vultures; Falconiformes includes
the kites, eagles, hawks, falcons, and Old World vultures; and the
Strigiformes consists of the owls.

Raptors are relatively scarce animals even under the best conditions
because they exist at the top of food chains where the amount of energy
available will support only small populations. Their rarity, though, is
another characteristic that humans value—the occasional chance of see-
ing a raptor is appreciated more than seeing common, everyday species.
Rarity has its drawbacks, too, because existing at small population size
engenders a substantial risk of extinction for any animal. Thus, anything
that reduces the already small populations of raptors is especially critical
to their survival.

Because raptors are predators, their survival relies not only upon their
own adaptations but also on the success of countless other species lower
in the energy pyramid. Feeding high on food chains also makes them
more susceptible to poisoning by pesticides and other pollutants than
short-lived or plant-eating species. Certain toxicants accumulate in organ-
isms over time, and become concentrated as they move up through organ-
isms in food chains (Keith, 1966; Henny, 1977a). Consequently, some
toxic substances have had catastrophic impacts on the populations of
raptors (Newton, 1979). The Peregrine Falcon (Falco peregrinus), for
instance, was eliminated from much of North America largely as the

1



result of the extensive use of DDT and related pesticides which began
shortly after World War I1. By 1964 Peregrines had been extirpated east
of the Mississippi River (Cade et al., 1988).

Even though many raptors have adapted with varying success to
human-dominated landscapes (Bird et al., 1996), numerous populations
have suffered declines resulting from negligent and irresponsible enter-
prises by humans (Bijleveld, 1974; Newton, 1979). These actions, includ-
ing ditect killing and environmental degradation, have reduced many rap-
tots to threatened or endangered status, Some of these species, such as
the Peregrine Falcon and the California Condor (Gymnogyps californianus)
needed large-scale, professional intervention to restore their populations
to viable levels, Numerous other species, however, can benefit from
small-scale projects, even those conducted by individual people, possibly
keeping them from reaching the critically low populations that require
much morte expensive and extensive recovery efforts.

This manual presents varied techniques that have been used to
enhance raptor populations, including the establishment of artificial
perches and nest structures, protecting nesting raptors from disturbance,
reducing the risks of collisions and electrocution, captive breeding, reha-
bilitation of injured raptoss, and artificial feeding. Such procedures are
often not widely known or available to the people who would be willing
to put them into practice. Some of them, e.g,, building nest boxes, are eas-
ily and inexpensively implemented and those are emphasized herein.
Others, e.g, captive breeding, are expensive and require specialized
knowledge and are covered briefly with emphasis on how individuals can
contribute.

Before attempting any of the projects in this manual, interested per-
sons should carefully consider and understand that risks, both to the birds
and to humans who attempt to work with them, are inherent in working
with raptors. Raptors may abandon nests, roosts, or feeding areas if they
are approached by humans, and the degree of this sensitivity varies con-
siderably among species, individuals, geographic area, and season of the
year. Many raptors are capable of inflicting serious damage with their feet
and beaks, some will attack people who approach their nests, and most
defend themselves vigorously if handled. People who lack the back-
ground to evaluate these risks, but still desite to carry out projects to
enhance raptor populations, should consult with experts before begin-
ning.



Can one person’s contribution make a difference in enhancing raptor
populations? Is it too late to begin? Who is qualified? Hamerstrom (1979)
suggested that the answers to those questions were yes, no, and everyone.
She emphasized that anyone interested in raptors can make a contribution
of some kind by directing his/her skills in the right direction. The objective
of this manual is to help direct individuals and organizations in assisting
in the conservation of raptor species. A nyone can help make a difference!




ARTIFICIAL NESTS

Carrying capacity for raptors is determined mainly by the number of
nest sites or food density, and whichever of these is in shorter supply may
limit the number of breeding pairs (Newton, 1979). Nest-site shortages
can be remedied for some species by the addition of artificial nests
including nest boxes for cavity nesters, platforms for tree or ground
nesters, and ledges for cliff nesters.

The Value of Nest Boxes

The loss of trees, and especially dead trees with natural cavities, lim-
its populations of many cavity-nesting birds (Gary and Morris, 1980;
Twedt and Henny-Kerr, 2001), but nest boxes can be used as supplemen-
tary nest sites, Not only can boxes increase the number of nesting sites,
often they are more secure from weather and predators than natural cav-
ities and may increase the production of young (Mgller, 1994). Many
studies have demonstrated that the provisioning of nest boxes can
increase breeding numbers. Two species, the American Kestrel (Falco
sparverius) and the Barn Owl (Tyio alba), in particular, have benefitted
from nest boxes. Neither of these species is endangered, but because they
are common and widespread they have been studied intensively. What we
learn from them may be applicable in the conservation of species that are
at higher risk. '

The addition of nest boxes increased populations of American
Kestrels in many locations of North America (Hamerstrom et al., 1973;
Stahlecker and Griese, 1979; Toland and Elder, 1987, Highhouse, 1989).
Other species of kestrels also nest in boxes, but less is known about the
effect of artificial nest sites on their populations; in the Czech Republic
the Eurasian Kestrel (Falco tinmmculus) increased its population density by
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14 times over what it was prior to the addition of nest boxes (Plensnik,
1990). Lesser Kestrels (Falco naumanni) in Spain used nest boxes placed
upon buildings to compensate for declining availability of natural nest
sites (Pomarol, 1996), and nest boxes were a part of the recovery effort
for a critically endangered raptor, the Mauritius Kestrel (Falco punctatus;
Jones et al., 1991).

The Barn Owl readily uses nest boxes and its populations have some-
times increased dramatically when added nest sites were made available.
These results have been seen in such diverse locations as Utah (Marti et
al., 1979), Switzerland (Juillard and Beuret, 1983), California (Schulz and
Yasuda, 1985), Malaysia (Duckett, 1991), United Kingdom (Taylor et al.,
1992; Petty et al., 1994), and Israel (Kahila et al., 1994). Bellocq and
Kravetz (1993) found that productivity of Barn Owls in Argentina was
greater in nest boxes than in natural cavities, and average Barn Owl brood
size increased in Germany when nest boxes were available (Ziesemer,
1980).

The breeding population size of two other owl species increased after
nest boxes were provided-the Ural Owl (Strix wralensis) in Finland
(Pietidinen, 1989) and the Little Owl (Athene noctua) in Germany (Exo,
1992). Petty (1987) thought that Tawny Owls (Strix aluco) gained the
advantage of protection from weather and predators when they switched
from natural nest sites to nest boxes even though the number of breed-
ers probably did not increase.

Additional raptor species known to use nest boxes include the
Peregrine Falcon (Ortr and Anderson, 1993), Barred Owl (Strix varia;
Johnson, 1987), Eastern Screech-Owl (Otus asio; Gehlbach, 1994),
Western Screech-Owl (Otus kennicottii; Doremus, 1991), Flammulated
Owl (Otus flammeolus; Marti, 1997) Ferruginous Pygmy-Owl (Glaucidium
brasilianum; Proudfoot and Beason, 1997), Eurasian Pygmy-Owl
(Glaucidium passerinum; K 6nig, 1995), Boreal/Tengmalm’s Owl (A egolius
Junereus; Hayward et al., 1992; K orpimiki, 1987), and Northern Saw-whet
Owl (A egolius acadicus; Cannings, 1987), but any cavity-nesting raptor is a
potential user of nest boxes.

It must be recognized that putting up nest boxes does not guarantee
that they will be used by raptors, nor that they will enhance breeding pop-
ulations, Tf some other resource is limited or lacking in the vicinity, the
boxes will have little, if any, impact. This was the case in several mid-



western states where boxes were put up to increase populations of Barn
Owls; several hundred boxes were placed in Illinois, Indiana, Towa,
Michigan, Missouri, N ebraska, Ohio, and Wisconsin, but very few were
used, apparently because food was too scarce (Marti, 1988). Boxes placed
in spruce forest in the United Kingdom were never used by Eurasian
K estrels, seemingly because old crow nests were numerous and used
instead (Petty, 1985).

Nest Box Construction

General Considerations—Several general guides to constructing nest
boxes for birds are available (Gary and Morris, 1980; Henderson, 1984;
Dewar and Shawyer, 1996), and they all recommend wood as the best
material for nest boxes. Exterior plywood can be used, but it deteriorates
more rapidly than solid lumber. Redwood and cedar are long-lasting
woods, but expensive and rather soft. No. 2 grade 1-in-thick fir or pine
dimension lumber (actually 3/4 in thick) is the best choice, considering
both price and durability. A table or radial-arm saw should be used to cut
the box parts precisely and a drill press or hand-held electric drill with a
circle-cutter bit used to make the entrance hole. The parts can be assem-
bled with a hammer and galvanized nails, but the longest-lasting joints are
made with exterior, construction adhesive and grabber screws. G rabber
screws can be driven quickly and easily with an electric drill and screw-
driver bit. The floorboard must be enclosed with the sides of the box to
prevent water from seeping in. Four to five 1/4 in holes drilled in the bot-
tom will drain any rain that enters the entrance hole. The outsides of
boxes can be left untreated, but boxes will last longer if given one to two
coats of a wood preservative or paint; subdued colors that blend with the
tree or other substrate on which the box will be mounted are preferred.
Insides of boxes should not be painted or otherwise treated. A 2.5-5 cm
(1-2 in) thick layer of wood chips must be placed in the bottom of the
box because hole-nesting raptors do not make a nest. Sawdust should not
be used because it tends to hold moisture and becomes matted.

Boxes have also been made of plastic. Petty et al. (1994) used 80 [ (21
gal) plastic buckets mounted either upright or on their sides for use by
Barn Owls. A wooden cover was made for the open end of the bucket
and a square hole cut in the bucket as an entrance. Similar but smaller
25-30 | (6.5-8 gal) buckets were used as Eurasian Kestrel boxes in the



Czech Republic (Plensnik, 1990). Polyvinyl chlotride (PVC) pipe was used
to make nest boxes for American Kestrels (Pasa, 1988); a 46 cm (18 in)
piece of 25 cm (10 in) diameter PVC was equipped with a wooden top
and bottom. Tops wete attached with a hinge and bottoms were held in
place with a removable pin for cleaning. Fifty percent of such boxes wete
used in the fitst year by kestrels in Towa.

A more aesthetic alternative to the use of nest boxes is to construct
artificial cavities in live trees. One way to accomplish this is with a chain
saw, hammer, and chisel (Gano and Moshet, 1983). Two cuts parallel with
the ground are made in a vertical tree trunk or limb with the chain saw.
The hammer and chisel ate then employed to remove the slab and hollow
out a cavity. An entrance hole is drilled in the slab, and the slab is secured
to the tree with 7.6 cm (3 in) sttips of rubber inner tube wrapped around
the tree and nailed. Size of the cavity and entrance hole depends on the
tatget species. Cavities took 1.5 houts to complete and 84% were used
within 12 months by birds and mammals.

Techniques to produce nest cavities in trees through the use of fungi
are also being explored. These mechanisms ate slow, but the cavities pro-
duced are natural and may be mote aesthetic to human eyes and attractive
to wildlife. Carey and Sanderson (1981) removed a triangular piece from
live trees and inoculated the hole with fungal cultures specific to the tree
species. After 4-5 years, the cavities formed were mostly still too small for
even the smallest cavity nesting raptors, but were used by small mammals.
A similar approach is being developed by Huss et al. (In press) who sus-
pected that decay in tree trunks caused by fungi facilitated the excavation
of cavities by woodpeckers. Aftet collecting and isolating appropriate fun-
gal strains, Huss et al. (In ptess) inoculated trees by inserting hollow
dowel plugs containing the fungi into holes drilled into live trees. A piece
of PVC tubing was inserted after the dowel to prevent the tree from heal-
ing over the wound. If this technique works, eventually woodpeckers will
excavate cavities where the fungal decay has produced softer areas. In
later years, these cavities will provide nesting places for othet species,
including some taptots.

Kestrel/Small Owl Box—American Kestrels, screech-owls, Northern
Saw-whet Owls, Boteal Owls, and Flammulated Owls will all use a box
with internal dimensions of approximately 18 x 23 x 41 cm (7 x 9 x 16 in)



and a 7.5 cm (3 in) entrance hole, See Fig. 1 for construction details and
exact dimensions.

For kestrels, such boxes may be attached to either live or dead trees,
poles, and buildings about 3-5 m (9-15 ft) high with a clear flight path to
the box. K estrels are versatile and have occupied nest boxes in urban areas
(Sutton and Tyler, 1979; Marti, pers. obs.), deciduous forests (Jacobs,
1995), boreal forests (Bortolotti, 1994), and deserts (Steenhof, 1991). In
areas where tree squirrels are present, Wilmers (1982) recommended plac-
ing boxes at least 50 m (165 ft) from forest borders to discourage use by
the squirrels; he also suggested placing boxes at least 150 m (495 ft) apart,
but 400 m (1320 ft) may be the optimum distance.

Direction of the entrance hole did not seem to matter in California
(Bloom and Hawks, 1983), although 67% of occupied boxes in Missouri
faced south or east (Toland and Elder, 1987). Eurasian Kestrels preferred
boxes sheltered from the prevailing wind (Shutt and Bird, 1985) and larg-
er boxes located in sheltered places (Valkama and Korpimiki, 1999) in
Finland. Crawford and Postovit (1978) discovered that American Kestrels
using natural sites selected higher nests with smaller openings from
among those available.

European Starlings (Sturnus vulgaris) can be important competitors for
this size of nest box (Cutley et al., 1987; Bechard and Bechard, 1996), but
starlings dislike boxes with light interiors (Lumsden, 1976; Wilmers,
1982). Hence, to reduce the use by starlings, boxes should be placed
where sunlight infiltrates the entrance hole. The light color of raw wood
helps illuminate the interior and is a further reason not to paint the inside
of the boxes.

Peregrine Falcon Box—Details on the construction and placement of
nest boxes for Peregrine Falcons are given in detail in Cade et al., (1996).

Barred Owl box—The Barred Owl needs a larger box with a bottom
measuring 29 x 29 ecm (11.5 x 11.5 in) and about 60 cm (24 in) deep with
a 17.8 cm (7 in) diameter entrance (see Fig. 2). Boxes should be attached
to trees 5-6 m (15-20 ft) above the ground in wooded areas, Records of
Barred Owls using nest boxes are scarce (Johnson, 1987, Postupalsky et
al., 1997), but two closely related Old World species, Tawny and Ural owls,
commonly use nest boxes (Southern, 1970; Lundberg and Westman,
1984; Petty, 1987, Pietidinen, 1988). Petty (1987) used a box much like the
one depicted in Fig 2 for Tawny Owls, but Southern (1970) used a box
that resembled a broken-off and rotted-out limb,
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NOTES:

Build with 1" x 10" pine

Coat with clear wood finish
Drill five 1/4" drain holes in bottom and two 1/2" vents in sides
Assemble with waterproof construction adhesive and 1 5/8"
grabber screws
Top is removable for cleaning--do not attach it with glue or screws

Back

23"

—91/2"—

18" | Side
(2)

1;4n

@3"
Front

14"

Top 13
|
Bottomn 8|"
Clete
24/"
L9 /2"
Top Stop
g1/2" I

s

BN

/

(Cut Away View)

Figure. 1. Nest box for kestrels and small owl species built from 3/ in
dimension lumber.



NOTES:

Build with 1/2" exterior plywood
Coat with clear wood finish

Drill five 1/4" drain holes in bottom

. - \
| / :
G |
o
24" 7" 36"
Front
_5"
19" Back
1bs Side 2
(2)
) 1,,
Top Bottom| l1
g

Figure. 2. Nest box for Barred Owls made from 1/2 in exterior plywood.
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Barn Owl Box—Barn Owls nest in a wide variety of natural cavities
and likewise are very adaptable in the types of nest boxes they will use.
Schulz and Yasuda (1985) placed boxes in trees in California, Marti et al.
(1979) put them in silos in Utah, Colvin (1983) and Taylor (1994) mount-
ed boxes in barns in Ohio and Scotland, respectively. Boxes were placed
on free-standing poles in plantations in Malaysia (Duckett,-1991).

Barn Owls are medium-sized birds and have large broods so they
need rather roomy nest boxes. The bottom should be about 0.36 m?(4 ft9)
and the box should be about 40.5 cm (16 in) in height. The entrance
should be square, measuring 15-20 c¢m (6-8 in) on a side, Boxes used by
Barn Owls have been made with diverse designs. See Figs. 3-4 for con-
struction details.

Top L=

a9

i
i
i
i

Back 16 1/2

i

!

22!!
" Side .
23 23
Bottom (2)
21" L16 1/2"__
"I g 10 172" NOTES:
Build with 1/2" exterior plywood
Front 6" Coat with clear wood finish
Drill seven 1/4" drain holes in bottom
oo Hinged front swings up to facilitate cleaning

Figure. 3. Nest box for Barn Owls for mounting inside silos, barns, or
other open buildings.
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Wire or rope support

if beam is narrow o M Entrance (from outside barn)
Y !
O"‘oa ? &
»@K\O( . b .oe‘a‘
N L 2 )
‘ [ o%;
H k) -

Entrance--6" X 6"

| Afmoznornneg _ 20-25' above the
/ ground
> e VNN

NOTES:
Make hox of wood, 16" x 16" x 40"
A Barn wall acts as front of the box
Cut hole in barn wall before attaching box

Lid removable for

Liq SRRrZZd™ inspection

6" x 6Il
entrance hole

g 8" x10" wood
holted to bucket

Drain holes and
Horizontal Vertical wood shavings
placement placement in bottom

B

Figure. 4 . A, Barn Owl nest box designed for placement inside barns with
direct access to the outside (Modified from Colvin, 1983). B. Barn Owl
nest box made from 80-1 plastic bucket for mounting in trees (modified
from Petty et al., 1994).

12



Nest Platforms

Raptors that use open nests can also be induced to use artificial nests
for the purpose of augmenting their populatons. A number of these
species have suffered declining populations at least partly due to loss of
nesting places. Ospteys (Pandion haliaetus) received the most attention in
terms of artificial nests, and building artificial nests for them was among
the eatliest management sttategies designed to help them recover from
population declines (Henny, 1977b). Techniques to provide artificial nests
include killing live trees to create snags attractive to Ospreys (Glinski et
al., 1983) and topping live trees; Airola and Shubert (1981) cut the tops
off trees with trunks morte than 35 cm (14 in) in diameter and built plat-
forms on the top (Fig. 6C). See some examples of other Osprey nest plat-
forms in Figs. 5-8. Construction details for a variety of Osprey nest plat-
forms to be used in trees, on existing poles ot towers, and self-standing
nest platforms are given in Ewins (1994). The use of such platforms has
benefitted Ospreys by increasing

the breeding population, decreasing
nestling mortality, and increasing
fledging rates (Rhodes, 1972;
Postupalsky, 1978; Houston and
Scott, 1992).

Ewins (1994) made the follow-
ing recommendations regarding

Industrial
pallet

18-20' cedar
poles

'« Nails and wire

placement of Osprey nest plat-

forms: 4' metal

1. Place them within 50 m (165 ft) \ __— predator
of water preferably 1-2 m (3-6 X guard
ft) deep.

2. Use small rock islets, if possi-
ble, for predator protection.
3. Put structures in the highest

/////
/////

trees available or on poles %,

more than10 m (30 m) from MM

the nearest trees because Figure. 5. Quadrapod Osprey
Ospteys need room to maneu-  pest platform. Designed for sta-
ver in flight. bility in watet that freezes(modi-

4. Place structures at least 100 m fied from Ewins, 1994).
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NOTE:
Make all platforms about 3' x 3'

}

=)

x

S8
XXX

oo
s

‘F@W

HA
RS

o
el
&Q—'

s

Figure. 6. Three Osprey nest platforms. A. International Osprey
Foundation design. B. Minnesota design. C. Platform for top of sawn-off
tree (modified from Ewins, 1994). See Fig. 7 for measurements.
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13/8" x 14" galv.

metal strips - \\

S e

Center supports notched and joined
to form four cross-lap joints

fabric stapled to
top of platform

T ——— T —

- il
4 - 3/8" A 25 pressure-
Ll 10" 2" x 4"l treated pole with

bolts Si 1 5" min. top dia.

o] 2“ x 6" n

= e

L b ] ()1
T~Perch 5/8" x 7" hardwood dowel,
L. set 1 1/2" deep, glued

21 9" .,A!

NOTES:
Glue and nail all joints
Make platform from

2n X 4u . m
outside support 14172 redwood, cedar, or cyprus

Figure. 7. U.S. Bureau of Reclamation design Osprey nest platform (mod-
ified from Ewins, 1994).
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Woaoden corner braces/perches

~ ' 2" x 4" x 3-4' frame

Ceniral
bolt

Metal or wood cross braces
(two either side)

Wooden pole,15-30' above ground
Guy wire

4' metal predator guard

3-4' nest platform

Bedrock |

Rock mounts

Eye bolt

in bedrock
4" x 4" x 5-6'

A

2" x 4" braces

Wooden pole, 15-30' above ground —

4' metal predator guard —

Pole rock mounted or
set at least 5' in ground

B

Figure. 8. Two Osprey nest platforms. A. Georgian Bay design for mount-
ing on bedrock. B. Ontario Ministry of Natural Resources and
E nvironment Canada design made from hardwood industrial pallet (mod-
ified from Ewins, 1994).
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(330 ft) from houses or heavily traveled roads.

5. If platforms are on poles on dry ground, use an anti-predator guard
on the pole.

6. Space platforms at least 200 m (660 ft) apart.

7. Avoid areas with lots of Bald Eagles (Haliaeetus leucoepbalus).

8. Contact the local wildlife agency before erecting platforms to make
sure that Ospreys will not interfere with sensitive wildlife.

Construction notes fromEwings (1994) include:

1. Cedar is the best wood to use. Avoid pressure treated wood because
it can leach preservatives into water courses.

2. Use galvanized nails, bolts, and wite. Pre-drill holes to avoid splitting
wood.

3. If no tree perches are located near the platform, nail a length of
wood to the platform sticking out 1 m (3 ft) for a perch.

4. If raccoons (Pracyon lotor) ate in the vicinity, it is essential to firmly
wrap and nail a 1.5-2 m (5-6 ft) length of sheet metal (aluminum,
steel, or tin) around the pole to prevent raccoons from climbing to
the platform.

Next to Ospreys, the Ferruginous Hawk (Buteo regalis) has benefitted
most from artificial nesting platforms. This large buteo has declined in
many parts of its range in western North America (Olendorff, 1993), and,
although nest-site loss has not been directly implicated in the declines,
nest platforms have been an integral part of most management efforts for
them (Howard, 1980; Schmutz et al., 1984; Base and Siever, 1987).
Attificial nests increased the breeding density of Ferruginous Hawks
(Houston, 1982), and the added protection from predation resulted in
higher production of fledglings on nest platforms compared to natural
nests (Call and Tigner, 1991).

A widely used Ferruginous Hawk nest structure was described by
Schmutz et al. (1984). A single pole set in a 1.2 m (4 ft) deep hole holds
the nest platform about 5.5 m (18 ft) above ground. The platform, made
from 2 x 4 in lumber, is triangular, measuring 90 cm (36 in) on a side and
is nailed to the pole at one acute angle and braced by two boards between
the pole and the platform. The braces extend about 1 m (3 ft) above the
platform to provide an anchor for nest materials. No. 9 wite is strung
around the pole and the two braces, and some sticks are added on top of
the platform. Schmutz et al. (1984) placed their structures at least 500 m

17



(1,650 ft) from frequently traveled roads and, where possible, used natu-
ral geographic features to reduce their visibility and the chance of human
disturbance. Structures were spaced at least 1 km (1.6 mi.) apart.

Another construction technique is a square platform made by bolting
2 x 6 in lumber on top of a wooden pole (Fig. 9; Call and Tigner, 1991).
Howard (1980) used an all steel platform made from 15 cm (6 in) diame-
ter pipe and a 1 x 1 m (3 x 3 ft) square basket made from welded wire and
supported on top of the pole with two pieces of 4.5 cm (1.75 in) angle
iron (Fig. 10).

Swainson’s Hawks (Buteo swainsoni) occasionally use the structures
described above for Ferruginous Hawks (Schmutz et al., 1984; Skeen et
al,, 1987), and several other species are known to use artificial plat-
forms/nests. Red-tailed Hawks (Buteo jamaicensis) and Great Horned
Owls (Bubo virginianus) have used a wide variety of artificial nests placed
in trees, including stick nests made to look like real hawk nests (Ellis and
Kellett, 1970), wire baskets lined with sticks (Bohm, 1977; Zimmer, 1994),
wooden boxes (Scott, 1970), and platforms on utility poles (Roppe and
Nelson, 1982). Both of these species are widespread and common and
artificial nests are not needed to enhance their populations, but they can
be attracted to areas by adding artificial nests if that is desired.

Although Bald Eagles infrequently use artificial nests, one pair used a
1.2x 1.2 m (4 x 4 fO) plywood platform that had been attached to the side
of a tree for an observation blind (Bortolotti et al.,1988), and others have
used Osprey nesting platforms (Postupalsky, 1979). A nest platform
designed to attach to live trees is shown in Fig. 11. In Arizona, two kinds
of artificial nests were constructed for Bald Eagles. One was a platform
supported by a tripod of 10 cm (4 in) diameter aluminum pipe. This
structure was used by nesting eagles, but was expensive ($§900 for materi-
als) and required 6-12 people and a helicopter to erect (Grubb, 1980). A
more esthetic and much less expensive nest was built in a tree from sticks
to closely simulate a real eagle nest (Grubb, 1995).

In Latvia, artificial nests were provided for the White-tailed Eagle.
(Haliaeetus albicilla). These nests were built from spruce poles about 20 m
(66 ft) above ground and 4-5 m (13-16 ft) from the top of the tree. Four
of 19 nests were used by eagles in the third year after construction
(Lipsbergs, 1993). Many artificial nests built in Belarus were used by
Osprey, Short-tailed Eagles (Circaeus gallicus), Golden Eagles (Aquila
chrysaetos), and W hite-tailed Eagles (Ivanovski, 2000).
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Figure. 9. Nest platform for Ferruginous Hawk. Welded wire fencing (4;(

4 in) stapled to the top to hold nest matetial (adapted from Call and
Tigner, 1991).
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Figure. 10. Nest platform for Ferruginous Hawk. Basket attached to top
of wooden utility post with 4 in x 3/8 in lag screws. Make perch and brace
from ptessute treated 2 x 4 in lumber (adapted from Howard, 1980).
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NOTES:

Make 4' x §' platform from 3/4" exterior plywood

Add 3/4" x 4" x 4" blocks around perimeter to support outer dowels
Insert 3/4" x 5/16" dowels into holes in top of platform to hold nest
Make brace from slotted steel angle bracket--cut to fit on site
Attach brace to tree with 3/8" lag screws

Weave sticks into dowels to resemble eagle nest

Add sphagnum moss and grass to form nest cup

Remove limbs above nest to permit access

Prune and leave one large limb over nest for perch

Figure 11. Nest platform for Bald Eagles designed to place in live trees
(modified from Roseneau et al., 1987).
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Snail Kites (Rostrbamus sociabilis), an endangered species in the
United States, build nests in matsh vegetation that are subject to collapse
in heavy winds. In order to augment their productivity, artificial nests
made from metal and supported by a 1.5 m (5 ft) tube were installed near
kite nests that appeated to be fragile. Moving the kite eggs to the artificial
nest was successful in all four times the technique was tried (Sykes and
Chandler, 1974).

Artificial nest platforms have been ttied for two owl species whose
population densities wete of concern. In North America, three varieties
of artificial structures were tried for the Great Gray Owl (Strixc nebnlosa):
wooden platforms attached to tree trunks, wire baskets filled with sticks
in tree limbs, and cavities made in sawed-off tree trunks. In Oregon, Bull
et al. (1987) used shallow, open-top platforms (Fig. 12) attached on the
northeast side of live trees with limbs trimmed away to permit access by
the owls. An 8-cm (3 in) deep layer of chips was placed in each platform
covered by 1-cm (0.4 in) diameter twigs. In 3 years, 12 pairs of Great Gray
Owls nested on these platforms, preferring those mounted 15 m (50 ft)
high over those at 9 m (30 ft). Bull et al. (1987) noted that eight such plat-
forms could be erected in a 10-houtr day and the cost was $40 each to
build and mount them.

Nero (1982) and Bohm (1977) made baskets with a base of stucco
wite or poultry netting filled with sticks (Fig. 13) to resemble hawk nests

6"

18"

H—
3.5"

21 "

Figure. 12. Nest platform for Great Gray Owl made from 3/4 in lumber,
stained, and coated with linseed oil (modified from Bull et al., 1987).
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which were used by Great Gray
Owls in  Alberta and
Minnesota. The most natural
but also most costly technique
for making artificial Great Gray
Owl nests involved topping live
trees and hollowing out the
tops with a chain saw; two of
12 such nests were used within
2 years of construction in
California (Beck and Smith,
1987). Mikkola (1983) revealed
that Great Gray Owls also used
artificial nest platforms in

Europe.

Atrtificial nest baskets have
been tested for Long-eared
Owls (Asio otns) primarily in the

Figure. 13. Nest basket for use by
open-nest-using raptors. Cone made
from poultry netting lined with perfo-

_ . o rated tar paper and filled with sticks
United Kingdom (Williams, (Bohm, 1977).

1993; Leslie, 1994; Garner and

Milne, 1997). Gatner and Milne (1997) used woven-willow, fruit-picker
baskets measuring 300 mm (12 in) in diameter and 150 mm (6 in) deep.
After two coats of marine varnish wete applied, they were placed 3.5-5
m (12-16 ft) high in scrubby trees, secured with wite, and filled with small
sticks. The number of available baskets was increased for several years
until eight of 12 were used by Long-eared Owls. A further increase to 20
nest baskets resulted in a maximum of nine being used but no further
increase in the Long-eared Owl population. Williams (1993) had similar
results with three to nine nest baskets used by Long-eated Owls pet year
out of 20 available baskets

Artificial Ledges

Humans have attempted to improve natutal sites or construct new
ones to increase the availability of aeries for cliff-nesting raptors, mostly
Peregrine Falcons and Prairie Falcons (Falco mexicanns). Some were faitly
simple improvements of natural sites already used for nesting by taptors
(Boyce et al., 1982; Kirven et al., 1983). Others were hand-dug cavities in
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cliffs (P. Wagner; J. McKinley, pers. commun.). A much more expensive
and time-consuming technique involved the fabrication of ledges made
from metal and custom fitted to each cliff site (BioSystems Analysis,
1979; Boyce et al., 1980). Where the cliff substrate was soft clay or sand-
stone and prone to collapsing, cavities wete dug by hand and teinforced
with prefabricated frames made of sheet metal, plywood, or corrugated
fiberglass (Fig. 14). The space between the frame and the cavity walls was
filled with mortar and the inside painted to match the substrate (Mayer
and Allen, 1987). Interior dimensions were about 50 cm (20 in) tall, wide,
and high. Explosives have even been used to excavate nest cavities in cliffs
(Becker 1981; Smith, 1985; Pagel, 1989).

All of these techniques require technical climbing skills and are not
recommended for use by untrained individuals. The use of explosives is
especially dangerous and must be attempted only by people certified in
their use.

Fyfe and Armbruster (1977) suggested these critetia for artificial
ledges:

Build them close to suitable prey populations.

Place them away from excessive human activity.

Place on a cliff face of at least 7 m (23 ft) in height.

Build on solid substrate with freedom from excessive erosion.

Have minimum dimensions of 30 cm (12 in) deep x 60 cm (24 in)
long x 30 cm (12 in) high.

Even though many artificial ledges have been built for raptor nesting,
few data are available on the success of such projects. Some artificial or

SAEE e

Figure. 14. Reinforced artificial nesting ledge for falcons (adapted
from Mayer and Allen, 1987). A = wire mesh support. B= mortar. C
= nest depression.
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enhanced ledges have been used (Fyfe and Armbruster, 1977; Boyce et al.,
1980; Boyce et al., 1982; Pagel, 1989), but their impact on raptor popula-
tions is not known.

Axtificial Burrows

Only one raptot, the Butrowing Owl (Athene cnnicularia), nests under-
ground, and it is a species suffering serious population reductions requir-
ing extensive mitigating management (James and Espie, 1997; Clayton and
Schmutz, 1999). One teason for its decline in many areas was the loss of
nesting burrows, most of which are constructed by prairie dogs (Cynomys
spp.) and ground squitrels (Spermophilus and Citelins spp.) whose own
populations have been teduced by poisoning and shooting (James and
Espie, 1997).

Collins and Landry (1977) were the first to try artificial burrows for
Burrowing Owls. They buried plywood boxes measuring 30 x 30 x 20 cm
(12 x 12 x 8 in) with a 1.8 m (6 ft) long entrance tunnel 10 x 10 cm(4 x 4
in) with one right-angle bend to reduce light inside. Twenty of 30 boxes
wete used in the second year of availability. Olenick (1990) used a similar
wooden nesting chambet buried 30-50 cm (12-20 in) below the surface,
but used 15 cm (6 in) diameter corrugated, perforated plastic pipe for
entrance tubes (Fig. 15). He found that placing a perch near the entrance
made the site mote attractive. In two years (80 boxes/yeats) 35 nestings
occutred. Another construction variation was devised by Botelho (1996).
He used 19 1 (5 gal) plastic buckets with an entrance tunnel made from
two 2.5 m (8 ft) x 10 cm (4 in) diameter PVC pipes connected at a right
angle. Eight such burtows teplacing natural butrows were used by
Burtowing Owls, but 16 others were not used even though they were
within 100 m (330 ft) of natural burrows. Poulin (1999) provided instruc-
tions for building an artificial burrow with an ingenious lid to allow easy
inspection of the nest contents.

Smith and Belthoff (2001) recommended using artificial burrows hav-
ing nest chambers with a floor area more than 900 cm? and entrance tun-
nels with a diameter of 10 cm. These values were determined from expet-
iments using three sizes of nest chambers: 30 cm dia plastic buckets, 30 x
30 cm plastic containers, and 35 x 50 cm plastic containers. The owls
showed a clear preference for the largest chambers. A related experiment
tested 10 cm dia. entrance plastic tunnels vetsus 15 cm dia. tunnels, both
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Figure. 15. Artificial nest burtow for Butrowing Owls (adapted from
Olenick, 1990).

with the same size of nest chamber. The smallet entrance tunnels wetre
preferred by the owls.

Attificial burrows not only enhance Butrrowing Owl populations by
providing more potential nests, but also make sites safer from predatots
(Faminow, 1997) and allow easiet study of theit reproduction (Henny and
Blus, 1981). Artificial butrows have also been employed in projects to
telocate Burrowing Owls (Hartis and Feeney, 1989).
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ARTIFICIAL PERCHES

Because many raptors search for prey while perched, artificial perch-
es for their use have been constructed mostly with a goal of increasing
predation pressure on mammal pests (Christensen, 1972; Fortren, 1981;
Hall et al., 1981; Askham, 1990; Kay et al., 1994; Widén, 1994). Placing
artificial perches in areas without natural perches does attract raptots, and
thus could be a reasonable technique to enhance raptor populations by
making prey more vulnerable to capture. Widén’s (1994) project was the
most catefully controlled study to date, and he found in a two-year exper-
iment that areas where perches wete provided were used by raptots sig-
nificantly more than control ateas without petches.

Most artificial perches were t-shaped devices. Askham (1990) con-
structed them from 7.6 m (25 ft) long x 12.7 cm (5 in) diameter poles set
1-1.5 m (3-5 ft) in the ground. Extensions made from 3.8 cm (1.5 in)
dowels extended the height of the petch above ground to 9 m (30 ft). The
perch itself was made from 2.5 cm (1 in) diameter dowels. Forren (1981)
used t-shaped perches of two heights—3 and 6 m (10 and 20 ft). All petch-
es received some use by American Kestrels, Red-tailed Hawks, and Great
Horned Owls but the 6 m (20 ft) ones wete used significantly mote than
those at 3 m (10 ft). Widén’s (1994) perches were also 6 m (20 ft) high and
t-shaped. They were used mostly by Eurasian Kestrels and Common
Buzzards (Buteo buteo).

In Australia, perches were made from 3 m (10 ft) x 9 cm (3.5 in) diam-
eter plastic pipe with a 100 x 25 x 25 mm (4 x 1 x 1 in) hardwood petch
(Kay et al., 1994). The plastic pipe was slipped over 1.5 m (5 ft) iton posts
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driven 0.5 m (1.5 ft) into the ground. Adding these perches to soybean
fields significantly increased the numbers of raptors using the fields over
fields without petches. Spacing the perches at 100 m (330 ft) intervals was
better than at 200 m (660 ft). Black-shouldered Kites (E/anus notatus) and
Australian Kestrels (Fa/co cenchroides) were the most numerous taptors
using the perches.

An alternate perch design was used in California alfalfa fields (Hall et
al., 1981). Pine blocks 5 x 5 x 45 cm (2 x 2 x 18 in) wete bolted onto pipe
floor flanges and screwed onto either a 2.5 m (8.25 ft) or 5 m (16 ft) piece
of 1.9 cm (*/« in) galvanized pipe. The pipes were wited to metal fence
posts driven about 70 cm (28 in) into the ground. Perches were spaced at
100-m (330 ft) intervals in rows that wete 45 m (150 ft) apart. All of the
perches received some use by Ametican Kestrels, Red-tailed Hawlks, Barn
Owls, and Great Horned Owls. Kestrels and Great Horned Owls pre-
ferred the higher petches but Barn Owls had no preference. In a moun-
tain meadow in Utah, 3.6-6 m (12-20 ft) high perches made from tele-
phone poles with aspen limb cross arms 1.5-1.8 m (5-6 ft). long attract-
ed American Kestrels, Red-tailed Hawks, Swainson’s Hawks, Long-cared
Owls, and Great Horned Owls (Christensen, 1972).
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( :APTIVE BREEDING

When conservationists became concerned about declining raptor
populations, one strategy to relieve those losses was the breeding of rap-
tors in captivity and releasing their progeny to the wild. Although these
birds are difficult to breed in captivity (Weaver and Cade, 1988), more
than 80 species of diurnal raptors (Cade, 1986, 2000) as well as several
species of owls (Kl6s, 1983; Warburton, 1983; Wiemeyer, 1987 ) have
been bred in captivity since the late 1960s. Many of the species bred in
captivity are not endangered and most have been bred in only small num-
bers. However, captive breeding has played a major role in the recovery of
several endangered raptor populations, most dramatically the Peregrine
Falcon. About 6,100 Peregrines were released in North America between
1974-1994, most of which were produced by The Peregrine Fund, the
Santa Cruz Predatory Bird Research Group, and the Canadian Wildlife
Service (Enderson et al., 1995). Although other factors were involved, this
population augmentation helped in removing the Peregrine from endan-
gered status in the United States in 1999 (U.S. Fish and Wildlife Service,
1999).

Captive breeding has also played an important role in the recovery of
two of the most highly endangered raptor species. The Mauritius Kestrel
was once the most endangered raptor in the world, reduced to two breed-
ing pairs in the wild (Cade and Jones, 1993). Captive breeding and release
played a major role in bringing back a viable population (Jones et al.,
1994).

Propagation and release also have played an important role in the
recovery of the California Condor (US. Fish and Wildlife Service, 1996).
By 1987 the six remaining wild California Condots were captured and,
along with 21 condors already in captivity, were entered into a breeding
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program (Snyder and Snyder, 1989; Kiff, 2000). This captive flock of 27
birds represented all the remaining California Condors in the world; the
first successful captive breeding occurted in 1988. Captive-bred condors
wete initially released into the wild in 1992 (Cohn, 1993); 104 wete
released at five sites in Atizona and California by the end of 1999. As of
March 2001, the total population of California Condors was 160 of
which 45 were in the wild. California Condors atre being bred at the San
Diego Wild Animal Park, the Los Angeles Zoo, and The Peregrine Fund’s
World Center for Birds of Prey.

Initial condor releases suffered from problems of lead poisoning
caused by bullet fragments ingested from catrcasses (Metetsky et al., 2000).
Another problem with captive-raised condors was their tameness and oti-
entation toward humans, causing Meretsky et al. (2000) to favor limiting
releases to parent-raised bitds rather than those raised by humans weat-
ing condor hand puppets.

Andean Condors (Vulture gryphus) wete teintroduced in Colombia,
South America, using captive-raised bitds formetly employed as sutto-
gates in the California Condor reintroduction program; most of them
were still alive two years later (Lieberman et al., 1993).

Griffin Vulture (Gyps fulwus) reintroductons in France successfully
restored a breeding population (Sartazin ct al., 1994). This program had
better fortune with releasing adults than juveniles or immatures (Sattazin
et al,, 1994).

Captive breeding as a technique to rebuild diminished raptor popula-
tions is beyond the reach of individuals and even most organizations. The
process demands a large budget because extensive facilities, highly trained
staff, food, and other supplies are needed to raise the quantities of off-
spring required to increase wild raptor
populations. Persons interested in this
technique can best conttibute by mak-
ing financial donations and volunteet-
ing at the organizations that have cap-
tive breeding programs.
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P ROVIDING FOOD

Food shortages, patticulatly those that occur suddenly, can cause high
mortality in some taptors; the Barn Owl is notably susceptible to starva-
tion from winter food shottages (Keith, 1964; Marti and Wagner, 1985;
Taylor, 1994), but feeding them in the wild is essentially impossible
because they kill and eat small mammals. Although providing extra food
is a technique used to manage wild animals, including some birds
(Archibald, 1978), this procedute is difficult or impossible to use in help-
ing most raptors because, with few exceptions, they catch and kill the
food they eat.

Vultures, being scavengerts, ate the raptors most amenable to supple-
mental feeding by humans, but feeding stations for vultures in South
Africa did not provide any clear evidence that the extra food helped with
vultute survival or reproduction (Friedman and Mundy, 1983). The results
of feeding wild California Condors wete similar; a program to supple-
ment condots in the Sespe Condot Sanctuary in California provided one
latge mammal carcass (mostly mule deet, Odocoilens hemionns) per week for two
years. The project was expensive because it took 6.5 man hours per week
to get the carcasses to the feeding site and much more time to acquire,
transport, and store the food (Wilbur et al., 1974). Of the 83 carcasses
provided, condors definitely fed on 47 and probably on 27 more.
However, evidence was weak that the feeding increased condor produc-
tivity.

Many eagles will also feed on cartion and artificial feeding has been
attempted with mixed results. Providing meat for Wahlberg’s Hagles
(Aquila wahlbergi) in South Africa failed to induce non-breeding paits to
breed, and did not induce eatlier laying or increase egg size or clutch size
(Simmons, 1993). On the other hand, supplemental feeding in wintet
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using slaughterhouse offal, dead whole domestic animals, and road-killed
deer may have helped tevetse a downward population trend in White-
tailed Sea Eagles (Helander, 1978, 1985). The success at 10 nests of
White-tailed Sea Eagles increased significantly, but the overall impact on
nesting success appeated to have been limited (Helander, 1985). Providing
salmon carcasses to breeding Bald Eagles in Alaska produced higher off-
spring survival than in areas without extra food (Hansen, 1987). In con-
trast, a large-scale, four-year winter feeding project of Bald Eagles in
Maine, costing about $25,000 per year, produced little if any improvement
in reproduction even though at least 203 banded eagles used the food
(McCollough et al., 1994).

Thus, it appeats that supplemental feeding is a technique not having
much potential to help wild raptors. For those species that will eat carrion,
providing food may be worthwhile if winter food supply declines, or to
lure eagles and vultures away from contaminated food sources

(McCollough et al., 1994).
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REHABILITATION

The rehabilitation of injured ot sick raptors with the putpose of
returning them to the wild has become a popular and widespread practice
at many centers in North America, Burope, Aftica, and Australia (Redig
and Duke, 1995; Csermely, 2000a; Fajatdo et al., 2000). Over 250 such
centers exist in the United States alone (Redig and Duke, 1995) and
almost 3,000 rehabilitation permits are held in the US. The major goal of
these centers is the conservation of raptor populations by returning birds
to the wild that would otherwise die, but secondaty benefits include pro-
viding non-releasable birds for breeding projects and zoos; research on
diagnosis and treatments of injuties, diseases, and toxins; and educating
and raising the interest of the public about raptors and their problems
(Engel, 1980; Ducey and Hancock, 1981; Redig and Duke, 1995).

Many raptors are treated and released by these centets; neatly 14,000
wete received by just 32 US. rehabilitation programs from the inception
of the programs through 1994 (Redig and Duke, 1995). From 40-60% of
birds that enter rehabilitation programs ate eventually released to the wild
(Duke, 1980; Hyslop, 1995), and many teleased taptors have survived for
years in the wild, entering or te-entering breeding populations (Hamilton
et al,, 1988; Ingram, 1988; Martell et al., 1991; Redig and Duke, 1995).
However, it is still not clear if rehabilitation is helping consetve raptor
populations (Csermely, 20002). Redig and Duke (1995) concluded that, at
least, rehabilitation does no harm to raptor populations and cleatly is ben-
eficial in the educational and research oppottunities that arise in conjunc-
tion with rehabilitation.

Evaluation of the success of returning rehabilitated raptors to the
wild is difficult. Martell et al. (2000) used banding data to conclude that
rehabilitation can be successful in this regard; they estimated that 85% of
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1,500 released birds werte successfully rehabilitated. A radio-tagging study
in Ttaly found that otphaned Long-eared Owls and Tawny Owls could
cope with life in natural habitats without prior expetience there (Csermely
2000b), and Fajardo et al. (2000) concluded that a very high mortality
occutred in released Barn Owls within four months of release, but after
that mortality was about equal to that of wild owls.

Caring for and treating injured or sick raptors can require a large com-
mitment of time and money. These birds must be cared for and fed daily,
and the facilities, medicines, and food can be expensive. Additionally, in
the United States and elsewhere, state and federal permits are required to
hold protected wildlife in captivity even for rehabilitation purposes.
Information about required state permits can be obtained by contacting a
state’s wildlife or natutral resoutce agency. The United States Fish and
Wildlife Setvice issues federal permits through the Assistant Regional
Director of Law Enforcement in each of its five regional offices.

The Raptor Center at the Univetsity of Minnesota (http://www.rap-
tor.cvm.umn.edu) lists the following basic guidelines for caring for and
releasing rehabilitated raptors to the wild.

1. All birds should be subjected to a period of active physical cond-
tioning in the 3—4 weeks preceding release. Chaplin (1989) described
the procedute and provides performance levels to be met before
raptors should be released. Holz and Naisbitt (2000) also empha-
sized the need for physical conditioning of raptors before they are
released.

2. Any recognizable visual deficiency is grounds fot retaining a raptot

in captivity and ultimately denying its release unless the defect can

be cotrected. Unilaterally blind bitds should not be teleased. A visual
system evaluation should be part of a pre-release examination. This
check should include examination of the intetior of the eye with an
ophthalmoscope. Owls ate prone to suffer detached retinas from
head injuries.

No taptor should be released to the wild if missing an entire foot.

4. No raptor should be tetained in captivity if missing an entire foot
without an extremely good teason, such as ratity. Personnel respon-
sible for the management of the bird should be aware of the
inevitability of the development of bumblefoot in the remaining
foot and the difficulty in successfully treating such a condition.

»
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5. Raptors should be released with good feathers. Broken feathers
should be replaced by molting or imping,

6. Medical and surgical procedures as well as long-term convalescence
of raptors should occur where the chances for success are opti-
mized. This may require the birds completing parts of their recovery
at different facilities, depending on the need.

7. Because of theit continuing endangeted and/ot threatened status
and the need to collect information about injury, toxicity, and mor-
tality along with the more complex medical and surgical problems
encountered in them, Peregrine Falcons and Bald Eagles should be
cared for at larger centers that have a wide range of facilities, equip-
ment, and highly experienced personnel available to care for them.

8. Good record keeping is essential. Rehabilitation records are the only
source of information available that even approaches giving dimen-
sion to the various kinds of injuries and problems that raptors
encountetr.

More information on raptor rehabilitation can be found in McKeever
(1987), Redig et al, (1993), Arent and Martell (1996), and Csermely,
2000a).

The best way to become involved with raptor rehabilitation is to vol-
unteer at the nearest wildlife rehabilitation center. By volunteering a per-
son can learn animal handling and rehabilitation techniques inexpensive-
ly and without the need to obtain personal permits ot to maintain a full-
time commitment. The National Wildlife Rehabilitators Association
(NWRA) can help newcomers learn about rehabilitation and find the
nearest rehabilitation center. NWRA has a site on the World Wide Web
(http:/ /www.awrawildlife.org) and can be teached at 14 North 7th
Avenue, St. Cloud, MN 56303-4766. Many centers that specialize in rap-
tor rehabilitation also use volunteers for education programs, both on site
and off, to raise the public awateness of
raptors and their problems in the mod-
ern world.
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What Are the Hazards?

Humans have added many hazatds to the wotld of raptors—vehicles,
fences, powetlines, towers, and windows; collisions with these objects
cause 32% of human-related bird deaths (Banks, 1979). Although huge
numbers of birds die this way each yeat, the tisks to raptors are not always
the same as for other bitds; radio and television towers kill thousands of
passetine birds during migration (Banks, 1979; Shire et al., 2000) but few
raptors (Avety and Clement, 1972; Crawford, 1978; McNeil et al., 1985).
The difference may lie in that diurnal raptors migrate by day, allowing
them to see the towers, and owls, migtating at night, may be able to see
and avoid the obstacles even in the dark.

Power lines—FElectrical transmission lines kill raptors by collision
(Avery et al., 1978; Hebert et al,, 1995) and electrocution (see below).
Raptors may be vulnerable to colliding with wires because of their high-
speed flying while chasing prey (Bevanger, 1994), and, although raptots
are infrequently reported as victims of powetline collisions, any deaths
are important because raptot populations are much smaller than those of
most other species (Avian Power Line Interaction Committee, 1996). In
Norway, an eight-year study of raptot mortality found that utility structutes
were the chief cause of mortality for the Notrthern Goshawk (Aecipiter
gentilis), White-tailed Eagle, and Bagle Owl (Bwbo bubo), but also caused
deaths in 12 other hawk and owl species. Herren (1969) believed that
powetline collisions may have been a majot factor in eliminating the Eagle
Owl from its former range in Sweden. Nobel (1995), on the other hand,
thought that raptors might suffer less mortality than other birds because
of their visual acuity, maneuverability, and non-flocking tendencies; no
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raptors wete found among 611 birds found dead under power transmis-
sion lines in Venezuela (McNeil et al., 1985).

Fences—Wire fences also are hazards to low-flying raptors, (Emerson,
1904; Nero, 1974; Fitzner, 1975; Evans et al. 1999; Gillihan, 2000), but
apparently to a lesser degree than utility structures because they are much
closer to the ground.

Wind Electrical Generation—Windmills for electrical generation ate
much less a soutce of avian collisions than other tall, stationary objects.
Howevet, a farm of turbines on lattice towers literally closes off
Altamont Pass in California, and in a sutrvey there 119 raptors, mostly
American Kestrels, Golden Eagles, and Red-tailed Hawks, wete killed in
two years. Fifty-two percent were killed by the wind turbines, 11% by colli-
sions with wites, and the remaining 26% by unknown causes (Orloff and
Flannery, 1993). Other studies, though, found little or no raptor mortali-
ty at wind turbines (Byrne, 1983; Kirtland, 1985).

Windows—Glass windows in buildings are another major hazard to
birds; estimates of the numbers of bitds killed annually in the United
States range as high as 975 million (Klem, 1981). Windows that are trans-
parent and invisible, particularly if positioned so that they appear to pro-
vide a clear path through a building, are a definite hazatd, but also are
reflective widows that mirror the exterior habitat or sky (IKlem, 1989).
Even though relatively few raptors compared to passerines are killed by
striking windows (Dunn, 1993), those losses may be important to birds
that exist in limited populations. Accipitets, particulatly Sharp-shinned
Hawks (Ascipiter striatus), seem to be most vulnerable to mortality through
window collisions (Klem, 1981; Dunn, 1993; Bevanger and Overskaug,
1995). In fact, the first report of a bird killed in the United States by strik-
ing a window was a Sharp-shinned Hawk (Nuttall, 1832). These hawks are
attracted to passerine birds using bird feedets that are often positioned
close to windows in houses. Accipiters ate also adapted for flying through
restricted passages in heavy covet, putting them at greater risk of being
killed in trying to reach lighted areas behind or reflected in glass (Snydet,
1940).

Vebicular Collisions—Vehicles, both land-based cars, trucks, and
trains, and airplanes kill many birds (Banks, 1979; Stone et al., 2001).
Owls, particularly Barn and Long-eared owls, seem to be vulnerable to
collisions with automobiles (Ketlinger and Lein, 1988; Bevanger and
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Overskaug, 1995; Baudvin, 1997; Newton et al, 1997; Massemin and
Zorn, 1998). Species like Barn Owls that hunt in low coursing flights
often ctoss roads at heights that bring them into the path of vehicles, and
the availability of voles (Microtus spp.) in grasses planted along highways
may attract them to roads, increasing the likelihood of automobile colli-
sion (Baudvin, 1997). Massemin and Zotn (1998) found that large num-
bers of Barn Owls were killed on roads that crossed open fields and on
embanked highways; the owls may cross the raised roads without increas-
ing their hunting height, bringing them into the path of vehicles.

Raptots also collide with aircraft, mostly at airports when airplanes are
landing ot taking off. Raptors are attracted to airports because airports
often have latge open areas with abundant prey populations, petches, and
freedom from molestation by people (Solman, 1973; Bloom, 1991).At the
Totonto, Ontatio, aitport, 17% of bird/aitplane strikes involved raptors
(Mcllveen et al,, 1993) and 13% of strikes at the Kauai, Hawaii airport
wete with owls (Linnell et al., 1996). The US. Air Force incurred neatly
$500,000,000 in damage to aitcraft and 33 human fatalities from bird
strikes since 1986, 69% of which wete with watetfowl and raptors (Lovell
and Dolbeer (1999).

What Can Be Done to Reduce Collisions?

Relatively little has been done to reduce some forms of collision mot-
tality for birds. In the case of fences and wind turbines, this may be
because those hazards appear to cause little mortality. For radio and tele-
vision towets and tall buildings, the lack of progress in preventing colli-
sion appeats to be because no adequate solution has been discovered.
Recommendations to teduce bird mortality from wind-energy facilities
include avoiding placing such facilities in known migration corridors and
areas of high bird concentration, using fewer larger turbines instead of
many smaller ones, using tubular support towers rather than lattice ones
(to eliminate taptor perching places), and painting blades to make them
morte visible (Otloff and Flannery, 1993; AWEA, 1995).

As indicated above, power lines, windows, and vehicles kill large num-
bers of birds, and more effort has been exerted to reduce this mortality.
Reasons for heightened attempts to reduce these forms of mortality are,
in the case of windows and power lines, the high public visibility of these
deaths, and, in the case of vehicle collisions, the high economic cost and
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danger to humans of bitd/aircraft collisions. Diminishing collisions
between raptors and aircraft has been attempted primarily by capturing
and removing raptors from airports. At the Toronto, Ontario, airport,
1,350 raptors of 11 species were captured, banded, and released elsewhere
(Mcllveen et al., 1993). Eliminating hunting perches and cover attractive
to raptor prey species ate other techniques that may lessen the risk of rap-
tot/aircraft collisions. The US. Air Fotce developed a bitd avoidance
model to help minimize bird strikes by predicting and avoiding flight
routes where collisions are mote likely to occur (Lovell and Dolbeer,
1999).

Klem (1990) tested vatious window coverings to reduce bird colli-
sions, but completely covering windows with white cloth or with a 8 x 10
cm (3 x 4 in) mesh of 2.5-cm (1 in) wide cloth strips were the only effec-
tive techniques. Larger cloth meshes, horizontal or vertical cloth strips,
falcon silhouettes, and owl silhouettes were not effective (Klem, 1990).
Dunn (1993) found that placing plastic garden protection screening over
windows could also prevent mortality.

It appears that much of the raptor mortality at windows results from
the predators chasing birds feeding at feeders placed near windows. Thus,
the elimination of items that attract songbirds (bitd feeders, waterers, and
vegetation that provides food or cover) from near windows may reduce
raptor mortality (Klem,1990). Installing windows in new or remodeled
buildings at an angle so that they reflect the ground instead of the sur-
rounding habitat and sky may also reduce raptor mortality (Klem,1990).

Reducing bird mortality from powerline collision is mostly beyond the
reach of individuals and conservation groups. Howevet, the public can
seek to influence utility company policies for reducing powetrline hazards
to raptors and assist by reporting birds killed by powetline collision to
federal or state conservation agencies or to the power company that owns
the lines. Raptor enthusiasts can also help power companies to design new
power lines that reduce the danger to raptors. Bevanger (1999) provides
methods to study mortality of birds from collisions with power lines.

One strategy that holds some promise is to make power lines more
visible to birds (Janss and Ferrer, 1998). Techniques tried include attach-
ing yellow aviation balls (Morkill and Anderson, 1993), yellow spirals, or
yellow fiberglass swinging plates (Brown and Drewien, 1995) to power-
lines. All three of these markers significantly reduced bird collisions with
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wites. In Spain, red spirals of PVC plastic reduced collisions by bitds by
60% (Alonso and Alonso, 1999). Placing models of raptors on electrical
transmission towers has been proposed to reduce bird collisions, but
these models might attract raptots and actually increase their collisions
(Janss et al., 1999). The Avian Power Line Interaction Committee (1996)
provides the most extensive guide to the factors influencing bird colli-
sions with power lines and ways to fix old lines and design new ones to
teduce bird hazards.
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ELECTROCUTION

What Are the Hazards?

Electrocution is a greatet predicament for raptors than collisions with
wires because electrical transmission poles, towers, and wires make attrac-
tive perching and nesting sites. Significant raptor mortality from electro-
cution has been reported in North Ametica (Harmata et al, 1999,
Melcher and Suazo; 1999, Harness and Wilson, 2000), Europe (Perrer et
al,, 1991; Bevanger, 1994; Janss and Ferrer, 2001; Real and Mafiosa, 2001),
and Africa (Ledger, 1980; Boshoff and Basson, 1993; Kruger, 1999; van
Rooyen and Ledger, 1999; van Rooyen, 2000), and probably occurs unde-
tected or untreported elsewhere.

Electrocution occurs when a bird simultaneously touches two phase
conductors or a conductor and a ground wite (Bevanger, 1994). Most
electrocutions occur on distribution lines (34 kV or less) rather than on
transmission lines (69 kV or more) because clearances between wires on
distribution lines are less and distribution lines have an array of pole-
mounted equipment, such as transformers and capacitors which are often
connected to the conductors with un-insulated wires (Harness and
Wilson, 2000). Latger species—Red-tailed Hawks, Ferruginous Hawlks, and
particularly Golden Eagles—are vulnerable to electrocution because their
wingspans are large enough to bridge the distance between two wires
(Avian Power Line Interaction Committee, 1996; Harness and Wilson,
2001). Damp weather greatly enhances the tisk of electrocution because
wet feathers are much better conductors (Nobel, 1995). Smaller raptors
ate rately electrocuted except on un-insulated connectots between pole-
mounted transformers and conductor wires.
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What Can Be Done about Electrocution?

In the eatrly 1970s, Idaho Powetr Cotporation, with the assistance of
Motley Nelson, began to look for ways to protect eagles from electrocu-
tion on their power-transmission lines (Nelson, 1978), and utility compa-
nies and government agencies soon began to work together to identify the
causes and find solutions to electrocution problems (The Avian Power
Line Interaction Committee, 1996).

As is the case with power line collision, protecting raptors from elec-
trocution by power lines is mostly beyond the reach of individuals and
conservation groups. However, the public can also assist in this problem
by reporting birds killed by powert line electrocution to federal or state
conservation agencies or to the power company that owns the lines. It is
important to be specific in reporting whete the electrocutions occurred,
the species of raptor, and, if known, the weather conditions under which
the electrocution took place. Bevanger (1999) provides methods to study
mortality of birds from electrocution. The Avian Power Line Interaction
Committee (1996) presents an extensive coverage of the causes of raptor
electrocution by power lines and the most comprehensive recommenda-
tions for preventing raptor electrocution through modification of existing
structures and designing new ones.
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HUMAN DISTURBANCE

What Is Human Disturbance?

The preceding chapters cleatly document that humans have done
much to conserve raptors. The need for this conservation is, though,
mostly the result of human persecution and disturbance. Raptors have
suffered at the hands of humans more than most other birds (Newton,
1990), and state and federal wildlife agencies considered human distur-
bance to be the second most important threat to raptors (LeFranc and
Millsap, 1984). Human disturbance includes any human venture that
interferes with the ability of raptors to undertake important activities like
incubating eggs, feeding young, roosting, and foraging (Fyfe and
Olendorff, 1976). Even though some raptors tolerate or even benefit
from human enterprises (Bloom and McCrary, 1996; Gehlbach, 1996;
Rosenfield et al., 1996; Love and Bird, 2000), much human activity has
been detrimental (Levenson and Koplin,1984; Fernandez and Azkona,
1993). Sometimes the effect may be delayed; raptors exposed to distur-
bance may nest successfully in the year of disturbance but not return to
the area in the next breeding season (White and Thurow, 1985).

Sensitivity to human activity varies not only among species (Bechard
et al., 1990; Holmes, 1994) and seasons of the year (Holmes, 1994), but
even within raptor species; Poole (1981) found that Osprey can become
habituated to humans and nest successfully in close proximity. However,
Osprey nesting in more remote locations may be vulnerable to distur-
bance by occasional influxes of people. In another example, Red-tailed
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Hawk populations responded differently to humans approaching their
nests in relation to the length of time that European settlers occupied vat-
ious areas of Notrth America (Knight et al., 1989).

Aside from direct persecution, the human endeavors most likely to
disturb raptors are recreation, defined as acts of amusement or entertain-
ment which take place outdoors including consumptive and non-con-
sumptive activities (Knight and Skagen, 1988), and natural-resource har-
vesting. Boyle and Samson (1985) reviewed 536 published references con-
cerned with the effects of non-consumptive outdoor recreation on
wildlife. In 166 papers containing original data, hiking and camping, boat-
ing, wildlife obsetvation and photography, off-road vehicle use, swim-
ming and shore trecteation, and rock climbing wete all represented as cre-
ating negative impacts on wildlife.

Water-based recreation—fishing, hunting, boating, and even wildlife
viewing—can be disturbing to raptors that use aquatic habitats for forag-
ing. Stalmaster and Kaiser (1998) found that Bald Eagles wintering on the
Skagit River in Washington were significantly disturbed by human recre-
ation. Eagles that were feeding and standing on the ground were most
sensitive to humans, and mototized boating, especially fishing, was high-
ly disturbing to eagles. Eagles did habituate to a degree as the season pro-
gressed, becoming less easily distutbed. On another river in Washington,
the presence of anglers caused fewer eagles to feed and forced eagles to
shift their feeding from eatly morning to afternoon (Knight et al., 1991).
In Flotida, on the othet hand, Wood (1999) concluded that recreational
boating did not negatively affect Bald FEagle activity.

Hiking, camping, wildlife observation, and photography can cause
nesting raptots to flush from their nests, engendering nest abandonment,
distuption of feeding, and increased egg and nestling mortality through
exposute to adverse weather or predation (Swenson, 1979; Fraser et al.,
1985; White and Thurow, 1985). Humans on foot have been found to be
very disturbing to raptors (Ritchie, 1987; Grubb and King, 1991; Holmes
et al. 1993). Heavy off-road vehicle use caused Bald Eagles to abandon a
wintet roost (Wood, 1980), and recreational rock climbing has been impli-
cated in the disturbance of cliff-nesting raptors on three continents
(Olsen and Olsen, 1980; Briicher and Wegner, 1988; Cymerys and Walton,
1988). Humans camped near Bald Eagle nests caused a pronounced
change in eagle time budgets (Steidl and Anthony, 2000), and Bald FEagle
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winter distributions along the Colorado River in Arizona were inversely
correlated with human activity (Brown and Stevens (1997).

Several investigations found that prolonged industtial or transporta-
tion disturbance caused population declines in raptors (Boeker and Ray,
1971; Craighead and Mindell, 1981; Bednarz, 1984). On the other hand,
low-level aircraft flights seem to have little effect on raptor behavior.
Military training flights produced insignificant changes in Osptey teptro-
duction (Thomas, 1999), and Spotted Owls (Stix occidentalis) were dis-
turbed more by ground-based disturbance (chain saws) than they were by
helicopter overflights (Delaney et al., 1999).

Resource harvesting such as logging can have setious impacts, espe-
cially on raptors that require old-growth forests (Forsman and Meslow,
1985), but also on species that use younger forests (Bryant, 1986; Duncan,
1997). Surface mining causes adverse impacts on raptor species by
destroying nesting and feeding habitat. Agtricultural activities are more dif-
ficult to characterize because in some ways they can be beneficial to tap-
tors and other wildlife, but in other ways they can be detrimental. In areas
where urban sprawl is occurring, preserving agticultural land instead of
converting it to housing developments certainly is favorable to wildlife.
Initial observations have found that well managed cattle ranches provide
good support for Aplomado Falcons (Falo femoralis) (J.P. Jenny, pers. com-
mun.). In Florida, Crested Caracaras (Caracara cherivay) rarely nested on
lands managed primarily as natural areas, but were often found nesting on
private lands with improved pastures and cattle grazing (Mortison and
Humphrey, 2001). Postovit and Postovit (1987) stated that farming can
have greater adverse impacts than ranching because of extensive habitat
changes for farms which may remove nesting and feeding areas for many
species. Ranching has fewer conflicts with raptors, but the impact of graz-
ing can be detrimental in certain habitats of the western United States
(Saab et al., 1995; Belsky et al., 1999), and cattle can damage isolated nest
trees.

Ground-based military training has been examined recently as anoth-
et potential disturbance factor to raptors. Weapons firing did produce
some local short-term reduction in raptot activity (Schueck et al., 2001),
but overall, military training exercises did not significantly adversely affect
raptors (Brown et al., 1999; Lehman et al., 1999; Schueck et al., 2001).

45



What Can Be Done about Human Disturbance?

Education is potentially a powetful tool for mitigating human distut-
bance of raptors. State and federal tesoutrce agencies, Audubon Society
chapters, nature centers, and othet similar groups can play a strong role in
helping people alter their behavior in a manner favorable to the welfare of
raptors. Education alone, howevert, will not solve all of the problems.

Both temporal and spatial, buffer zones can be effective in protecting
nesting raptors from many forms of human disturbance: recreational
activity, logging, mining and energy development (Matks and Ball 1981;
Cline 1985, Ramakka, 1988; Postovit and Postovit, 1989; Swarthout and
Steidl, 2001). Romin and Muck (1999) give detailed recommendations fot
reducing disturbance to raptors.

Recreational Activities—Reducing the effects of human disturbance
on raptors can be difficult because outdoor recreation is rapidly expand-
ing in today’s increasingly crowded wotld. The most common of two gen-
eral approaches to mitigating this problem is the prevention of human
access to areas critical for supportting raptor populations (Voous, 1977).
This may be done year around fot endangered species, only during the
reproductive season in areas crucial for nesting, or even for certain times
each day. For example, restricting human access to Bald Fagle feeding
areas from 0800—1200 hours between October and March in the Pacific
Northwest allows eagles to feed undisturbed on salmon cattion
(Stalmastet, 1980). A summaty of spatial and temporal buffers to protect
diurnal raptors from human distutbance is found in Richardson and
Miller (1997).

Full-time closures usually must be done by state or federal agencies,
but seasonal closures can be accomplished by citizen’s groups. An excel-
lent example of this was tried in Boise, Idaho where the Boise Climbers
Alliance worked with the Idaho Depattment of Fish and Game, the
Bureau of Reclamation, and local raptot expetts to post a voluntary clo-
sure from 1 February to 1 April in some popular climbing cliffs that are
also important nesting sites for Prairie Falcons and Golden Hagles
(Prather, 2000). By 1 April, the coalition identified all active nest sites and
maintained buffer-zone signs on climbing routes that are close enough to
disturb the birds. Other areas whete raptots have not nested are opened
to climbers after 1 April and everything is open from 30 June until 1
February. The climbers who developed this voluntary restriction had two
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goals: maintaining access by climbers to the cliffs in question and pro-

tecting nesting raptors. Pyke (1998) gives advice to resource managers and

climbers about reducing the impacts of climbing on raptots.

Studies at another popular rock-climbing area, Pinnacles National
Monument, California, showed that the rapid increase in human climbing
activity had great potential to disturb nesting raptors. Recommendations
developed to reduce the conflict were:

1. Set aside certain areas for taptor nesting only.

2. Educate climbers about the impottance and vulnetability of raptors
nesting on the cliffs.

3. Include a statement in the climbers’ guide on the otder of: “Bitds of
prey nest on these cliffs often on ot near climbing routes. These
birds are federally protected and climbers should be careful not to
flush them or keep them away from nests on cliffs. If a nest is
encountered while climbing, abandon the route and notify a ranget
as to the nest’s location.” (Cymetys and Walton, 1988).

The second general strategy to reduce human recreational disturbance
is by devising management plans that allow humans and taptots to coex-
ist (Olendorff and Kochert, 1977). This approach is generally the pretog-
ative of state and federal agencies, but see the example above of how a
citizen climbing group worked with such agencies to produce a plan for
reducing human disturbance. Management plans to teduce disturbance
require thorough information on specific raptor populations, and man-
agers must know the effect of recreational activities on patticular species.
Managers need to know how different kinds of tecteational activities
affect raptors, at what intensities the effect occurs, when during the annu-
al cycle activities are harmful, and what regional differences in sensitivity
occur (Olendorff and Kochert, 1977).

Natural Resounrce Usage—Farmers, ranchers, and others who own or
manage large areas of land can help in raptor consetvation in ways
besides the techniques listed above. Many of these strategies can be inte-
grated into agricultural practices without much effort or interference with
land use. Holroyd et al., (1995) noted that landownets in praitie lands can
protect woodlots, plant windbreaks, and reduce the use of chemical pes-
ticides, leaving vegetation and/or ttees in praitie areas for taptor nesting.
In many areas, small ranches and farms are being incorporated into larg-
er ones and old homesteads are torn down. Leaving trees and other veg-
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etation associated with old homesteads and windbreaks is highly favorable
to raptors and other wildlife. Fencing around small areas to protect
ground-nesting raptots can be very beneficial, as can fencing isolated nest
trees in praities to keep livestock from disturbing the birds and destroy-
ing the trees. Rotational management in which some land segments are
mowed, burned, or grazed and others ate left idle in each year, can bene-
fit ground-nesting raptots such as Short-eared Owls (Asio flammens) and
Notthern Hartiers (Cirens cyanens) (Herkert et al., 1999).

The Natural Resources Conservation Setvice (US. Department of
Agticulture) has several wildlife conservation programs which help farm-
ers and ranchers maintain ot develop wildlife habitat on their lands. The
newest of these, the Wildlife Habitat Incentives Program, is a voluntary
program for private lands and provides cost-shating assistance from the
federal government. Information on these programs is found on the
World Wide Web (http:/ /www.ntres.usda.gov) or from Natural Resources
Conservation Service, 14th and Independence Ave., Washington, DC
20250.

The Farm Setvice Agency administers the Conservation Resetrve
Program which provides landowners with annual payments for planting
permanent vegetation on idle, highly erodable farmland. Information is
on the World Wide Web (http://www.fsa.usda.gov/dafp/cepd/
default.htm) or can be obtained from the local Farm Service Agency
office.

Endangeted species occurting on private property can present poten-
tially greater problems for land owners, but even these can be resolved
through a progtam known as Safe Harbor Agreements. Safe Hatrbor
Agreements are developed between the U.S Fish and Wildlife Service and
private-propetty ownets permitting voluntarily management activities that
will benefit the endangered species. At the same time these agreements
assure the property owner that future land-use activities will not be sub-
ject to increased regulation if the endangered species population increas-
es. Information on these programs can be obtained from the nearest Fish
and Wildlife Ecological Services field office and on the World Wide Web
(http:/ /endangeted.ws.gov/recovery/harborqa.pdf).

Safe Hatbot agreements have been an important part of the recovery
of the endangered Aplomado Falcon because release sites for captive-
raised falcons were needed in Texas whete 97% of the land is private. Safe
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Harbor agreements made 500,000 ha (1.25 million actes) of ptivate land
available for releasing the birds and allowed biologists access to them.
(Luoma, 2001).

On a smaller scale, many things done in a person's home, ranch, or
farm can benefit wildlife, including raptors. Burnham (1997) listed actions
individuals can take that will help with the conservation of nature. These
include minimizing the use of harmful chemicals (especially certain pesti-
cides), conserving non-renewable resoutces (especially petroleum and
natural gas), recycling or reusing waste materials instead of disposing of
them, and making informed opinions known to approptiate governmen-
tal agencies and elected representatives.

Morte information on developing backyard wildlife habitat is available
on the World Wide Web (http://www.ntcs.usda.gov/CCS/
Backyard.html) or at Natural Resoutrces Conservation Service, 14th and
Independence Ave., Washington, DC 20250.

Many people think that individual efforts in conservation ate too
small to matter, but if enough people make small contributions, the over-
all effect can be quite significant. There is truth in the words of Canadian
television’s Red Green, “I’m pulling fot you. We’te all in this together.”
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‘ ) OLUNTEERISM

Many important programs to help raptors in the modern wotld suffer
from having budgets insufficient to cattry out their goals adequately with-
out the help of volunteers. People who want to conttibute to the welfare
of raptors can make an important contribution by volunteeting theit setv-
ices to these programs. Rehabilitation, education, and reintroduction have
been mentioned above as undertakings often needing the help of volun-
teers, but gathering data about raptots is another possibility.

In order to make informed and sound decisions, wildlife managers
need to have good scientific data on raptor populations, e.g., what is the
size of the population, and is it stable, declining, or increasing? Many
opportunities for participating in such research ate listed petiodically by
the Ornithological Societies of North Amertica on their web site
(http:/ /www.ornith.cotnell.edu/ OSNA/otnjobs.htm).

An area of raptor research that relies heavily on volunteers is raptos
migtation surveys. Information collected by migration observatoties has
become an important component in the state of knowledge about raptor
populations by helping to understand trends in raptor populations and to
identify geographic areas critical to the survival of migratory species
(Bildstein, 1998). The many volunteets needed each year to gather these
data are recruited by a number of raptor migration watch sites in the
United States and people interested in such work can contact the majot
organizations listed in Table 1. Other sites are listed on the World Wide
Web (http://www.nmnh.siedu/BIRDNET/ OBSERVATORY.html) and
in Zalles and Bildstein (2000). Also see the Hawk Migtation Association
of North America web site (http://www. hmana.org). Potential volun-
teers should be aware of several considerations before contacting migta-
tion study sites. Proficiency in identifying raptors often at considerable
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distance using binoculars and spotting scopes is a requirement; working
conditions are often primitive and hours are long, Many raptor migration
programs also catch and band raptors and record other information such
as body measurements and molt, requiring knowledge of handling tech-
niques safe for both the raptor and the handler.

Table 1. Major raptor migration watch sites in the United States.

Site Name Mailing Address Telephone/E-mail/Web Site
Cape May Bird PO. Box 3 (609) 884-2736
Observatory Cape May Point, NJ cmbol@njaudubon.org
08212 www.njaudubon.org
Golden Gate Raptor Building 201, (415) 331-0731
Observatory Fort Mason ggro@ggnpa.org

San Francisco, CA 94123 WWW.ZZL0.01g

Hawk Mountain Sanctuary 1700 Hawk Mountain Road (610) 756-6961
Kempton, PA 19529 info@hawkmountain.org
www.hawkmountain.org

HawkWatch International 1800 S. West Temple (801) 484-6808
Suite 226 (800) 726-HAWK
Salt Lake City, UT 84115 hwi@hawkwatch.org
www.hawkwatch.org

Idaho Bird Obsetvatory Boise State University (208) 426-3262
Department of Biology kalten@internetoutlet.net
1910 University Dr. www.boisestate.edu

Boise, ID 83725

Wildcat Ridge Hawkwatch PO, Box 822 (973) 625-1590
Boonton, NJ 07005 Sandra_longley@
merck.com
www.pweb.netcom.com/
~billyg/index.html
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