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FFFECTS OF RECREATIONAL TRATLS ON WINTERING DIURNAL

RAPTORS ALONG RIPARIAN CORRIDORS IN A
COLORADO GRASSLAND

ROBERTJ FLETCHER, JR!, SHAWN T, MCKINN.EY AND CaRrL E. Bock
D¢aﬂmznt of Environmental, Population, and Organismic Bioiogy, University of Celorads, Boulde,
: Boulder CO 80309 U.SA. ,

ABSTRACT—Different types of human activity may influence raprors in various ways, potentially affecring
their abundance, disuibudon, habitat use and productiviry. We smdied the effectis of recreational trails
~ on wintering raptor poputations in grasdlands of eastern Boulder County, Colorado, frem December
1995-March 1996. We conducted sirip mansects 1o survey raptor populations at six smdy sites, All sites
consisted of short and/or wllgrass prairie, and #ll contained a rdparan corridor. Three sites contained
recreatdonal rails running adjacen: to the Nparian corridor {trail), while three sites conmained no trails
{contral). Species richness, abundance and perch use were compared between conrrol and trail sites.
Species richness was consistentdy greater in control sties. Abundance of total raptors observed was greater
in control sites. Abundance of Bald Fagles (Hafioretus leucocephalus) was greater in conup! sites, while
abundance of Red-tailed Hawks (Huten jamaicensisy was similar for control and rail sites. Perching dis-
znices from .riparian corridors were greater in trail sites than in control sites. In addidon, raprors
perched aleng riparian corridors more frequently in conrrol sites. Resuirs of this study suggest that ©
recrearional trails may have zffected habirat selection of some rapror species in this grasstand ecosystem.

Ky WOoRDS:  raplors; human aciitity; recreational trails; perch use, riparian corriders, grasslands.

Corredores ribereitas en un pastizal de Colorado

ResuUMEN.—Diferentes fpos de actividad humana pueden influendar a las aves rapaces de varas ma-
neras; potencialmente afectando su abundaneia, disuibucién, use de habitar, y productividad. Estudia- '
“mos los efectos.de los senderos recreativos en las poblaciones de aves rapaces del esie del Condado de
Boulder, Golorado desde Diciembre 1995-Marzo 1996. Efectuames ransectos lineares para documentar
las pobiaciones de aves rapaces en seis dreas de esmdio. Los sitios de estudio fueron en pastizales cortos
v/0 altos que contenizn un corredor ribereno (sendero), mieniras que res sitios no contenian ninglin
sendero (control). La riqueza de especies, abundancia, utlizacién de perchas fueron comparadas entre
el controt y los sitios con senderos. La rigueza de especies fue consisieniemente mayor en los sitios de
control. La abundancia to1al de aves rapaces observadas fue mayor en los sitos de conwol. La abun-
dancia de dguilas calvas (Halinestus lucocgphalus) fue mayor en los sitios de control, mienuras qﬁc- 1a
abundancia.de Buteo jamaicensis fué similar para ambos sitos. La distanda-enme perchas de los corre-
dores riberefios fue mayor en los sitios con senderos que en lesisides de control. Adicionalmente, las
aves rapaces uilizaron com. mas frecuencia las perchas a i¢ large de los corredores riberenios en los
sifios de control. Los resultados de este estudio sugieren que los senderos recreativos pudiercn haber
afectado la seleccién de habimr de a.lgunas especies de aVes rapaces en esie ecosisiema de pastizaies.
[Traduccién de César Mirguez)

Raptor abundance and diswibution can be af-
fected by many factors, including prey availabiby
(Howard and Wolfe 1978, Preston and Beane 1996,
Gierzen et al. 1997, Plumpion and Andersen 1998),

vegetadon {Wakeley 1878}, and the availabifity of

! Present address: Depariment of Animal Ecnlog\ 124
" Science Hall T, lowa Swale University, Ames, 1A 56011
UusAa

perch sites (Stzhlecker 1878, jones 1989, Janes
1954, Widen 19594). While open space areas and
green belts provide potendal habiiats for grassland
Taptors in urban environments (Cringan and Hors
ak 1985}, such areas are also characierized by a

variery of human acdvities. These human acovides

may affect rzpror habizat use and may influence
raptor abundance.
Certain effects of human activity on rapior pop-
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ulations have been extensively studied, yer with
equivocal results. For exampie, Stalmaster and
Newman (1978) found thar Bald Eagles (Haligeerus
leucocephalus) avoid areas of high human activity.
Smallwood er al, (1996) also observed many spe-
cles of raptors avoiding human seulements. FHow-
ever, other research suggests that human acdvity

-may not affect raptor dismibution and productivity

(Mathisen 1968, Grier 1969, Preston and Beane

1986). Human activity may affect raptors in differ-

ent ways, and some types of human activity may
affect raptors more than others (Preston and, Be-
ane 1996). For instance, Fraser et al. (1985} found
that nesting succéss of Bald Eagles was not affected
by human acdvity; however, eagles did choose nest
sites far from human development. Both Skagen
(1980) and Holmes et al. (1993) found thar raptors

WEre more sensiive to humans approaching on

foot than to humans approaching in vehicles.

We smudied the potential effects of recreadonal
trails on wintering grassland raptor populations in
Boulder County, Colorado, during the winter of
1995~96. We compared species richness, abun-
dance, and perch use along riparian corridors in
areas with trails adjacent to corridors and areas
without mrails. We also compared distances between
raptor perches and riparian corridors in areas with
and withour trails along corridors.

STUDY AREA axD METHODS

We smdied raptors in the grasslands of east Boulder
Counry, Colorado (40°00'N, 105°20'W) from December
1995 wnuil March 1996. We chose six study sites of similar
nabitac on the City of Boulder Open Space property. All
stady sites conmined ripadan corridors, with adjacent
vegeralion consising of short and/or wllgrass prairie.
Previous research in this region showed 3 high correla-
tion of raptor abundance 1o perch sites (Jones 1989). We
chose sites conaining ripadan corridors with numerous
potental perches to control for perch availability. All sites
also conwined many perches ourside the riparian area,
ar a wide range of distances from the corridor (0—440
m). Three sites included recreational trails running ad-
jacent to the dparian corridor (trail sites}, within 15 m
of the corridor ar all locadons. Three sites had no tails
{control sites). Recreational trails were 2-3 m in width
and composed of gravel, Throughout the study period,
rails were used frequently each day by hikers and/or
bicyclists, bur were closed to vehicle use, Study site size
was determined by open space boundaries, and was es
timated using 7.5 min U.S. Geological Survey wopograph-

ic quadrangle maps. Overal, tail sites included 72 ha (£

= 23.9 = 6.1. =SE) of grassland and riparian habitat,
and conrrol sites included 34 ha (£ = 18.0 = 3.1). Pre-
dominan: vegetation along riparian areas included cot-
wonwoods { Poprzlus sargents), willows (Salix spp.) and Rus-
sian olives (Elseagnus angustifolia).

VoL. 32, No. 3

Potenta! prey items for raptors included tlagomorphs
(Sylvilagus spp. and Lepus spp.), black-tailed przirie dogs
(Cynamys ludoricianus), and other small rodents {eg., i
aoius ochrogaster). None of the sites conrained prairie dog
colonies, bur colonies were potentally within the home
ranges of raprors seen on each of pur study sites, We
estimazied the distance from the center of each site o the
edge of the closest prairie dog coleny, based on 1957
Boulder County Open Space digitized maps. The average
distance to prairie dog colonies for control sites (23 x
0.6 ki) and wail sites (1.9 = 0.3 km) did not differ sta-
tistically {two-tailed, rwo sample #tes; ¢ = 061, df = 4, P
= 0.58). .

We conducted strip wransects to survey raptor popula-
dons twice & week at each site from 0700-1130 H (MST).
Each wansect was 550 m long, paraliel to the riparian
corridor, at distances of 5-80 m from each corridoc. Tran-
sect width was delineared based on public land bound-
aries, ranging from 315450 m. For each survey, a single
observer waiked slowly along the rransect for 15 min, re-
cording the species znd number of raptors observed
within the study site, the type of perch used by perching
raptors, and mapping perches used by raptors. Perch dis-
tances (ie., distance from the perch used to the edge of
the riparian’corridor) were later measured when rapiors
were not present, We rotted the order of sites surveyed
cach day w control for survey Gme differences. We did
not conduct surveys during inclemenr. weather (e.g.,
snowstorms) becatise inclement weanther could affect the
detectabilicy of raptors and there was probably less rec-
reational activity during inclement weather. We conducz-
ed a total of 77 surveys, ranging from !0-13 for each size.
We conducted 41 surveys at mail sites and 36 surveys ac
conurol sites,

‘e sampled vegeration along the riparian corridors
and in surrounding grasstand vegettinn at each size. To
sample riparian corridors, we walked one 500 m wansect
running zlong the grassland/riparian edge at each size,
recording the species and diameter breast heighr (dbh)
of the closest wee in each cardinal direction at 50 m
intervals (N = 24 for each site}. For sampling grassland
characteristics at each site. we walked four 500 m twan-
sects running parallel o each riparian corridar at dis-
tances of 50, 100, 150, and 200 m frorm the edge of the
-corridar. Every 50 m we recorded the coarse defining
characteristic of the vegetarion {shorigrass prairie. ll-
grass prairie, broaddeaf shrub, wee, bare ground) and
visuzlly estimated the percent ground vegetation cover
within a 1 =? radius aluminum ring placed cn the
ground {N = 24 for each site}.

Riparian corridors provided a high. uniform densicy of
potential perches at zach of the six sites, We quantified
surrounding perch density (ie. not including the ripar-
ian perch density) for each site by counting the ol
number of natural perches {Le.. wrees. shrubs and snags)
=2 m in height (Janes 1985) at each study site, and di-
viding this total by the zrea of the site (in ha). We did
norinclude perch types other than trees and shruhs (e.g..
udlity poles), because we only ohserved raptors using’
trees and shrubs for perching in our study sites,

To directy compare survevs conducted in smudy sites
of differing size, we analyzed the abundance of raptors
as the number of raptors observed per km? surveyed, and
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Figure 1. The wmi abundance and species dehness (£
= SE) of all raptors observed, December 1995 March
1996, Abundance is defined as the number of raprors
whserved per km? surveved. Species richness is defined
as the number of species observed per km® surveyed.

species richness as the number of species observed per
km? sirveyed. Both species richness and abundance in-
dices were znalyzed using two-way analysis of variance
(ANOVA) with a repeated measures design, using wan-
sect type (wrail or control) as one facror and sampling
dare as he repeated measure. Using sampling dare as a
repeated measure aliowed us fo investigate any porental
temporal differences in abundance and species richness
within the sampling period. We. used the procedure,
PROC MIXED on SAS statistical software, to run the re-
peated measure ANOVA analyses, because this procedure
can accomodare unbalanced repeated measure designs
(SAS 1987).

The daua collected for perching distances from fpari-
an corridors were not normally diswributed and therefore
were analyzed using a Kruskal-Wallis nonpammerric test
(with Chi-square approximarion, SAS 1989). We investi-
gated potental temporal differences in perching dis-
tance from cormdors by regressing the response variable,
perching distance, on sampling date (FROC GLM, 5AS
1989). The frequency of use of riparian areas for perch-
ing was analyzed using a ¥ contingency wmble, with wan-
sect fype (mail or control) as one eriterion, and number
of perching events an and off riparian areas as a second
criterion.

We analyzed dbh, percent ground cover, and perch

availability for trail and’ conrrol sites using one way AN-
-OVAs. Species composition” of the riparian canopy was
analyzed using 2 x* goodness-of-fit test against the null
expectation of equal numbers of trees in trail and conmrol
sites. For all analyses, we chose a = 0.05. Arithemertic
means =SE are reporied.

REs;LTS
Species Composition. Seven species of raptors
were observed during our study. including {in de-
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Figure 2. Abundance indices (£ = SE) of each species
observed ai trail and' control sites, December 1695
March 1996. Abundance is defined as the number of rap-
ors observed per km® surveyed.

creasing frequency of observation): Red-mailed
Hawks {Buteo jamaicenss), Bald Eagles, Rough-leg-

'ged Hawks (Buten lagopus), F_é:rr}lginous Hawks

(Buteo regalis), Northern Hartiers (Circus cyameus),
Golder Eagles (Aguila chrysaetos) and Prairie Fak
cons (Falee medconus). Seven species were ob-
served in conmol shes, while only three were ob-
served in wail sites. We observed a consistent
pattern of greater species richness in control sites
(ANOVA: F= 12,67, df = 1, P < 0.001) {Fig. 1).
Raptor Abundance. Abundance indices for total
TEpIOTS were greater at control sites (ANOVA: F =
8.70, df = 1, P = 0.003) (Fig. 1). Abundance in-
dices for Red-ailed Hawks were simnilar for control
and wail sites (ANOVAr F ='152 df = 1, P =
0.224) {(Fig. 2). Bald Eagle abundance indices were
greater in control sites {(ANOVA: F= 6,25, df = 1,
P=0.016). We pooled all other species of raptqr_s;
due to small sampie size, Abundance indices for
these raprors were greater in contol sites (ANC-
VA: F= 729 df = 1, P="0.010). For all abundance

and species richness analyses, sampling date as the

repeated measure was not significant (P = 0.15),
and there were no stadsdcally significant interac-
tons among the wo factors (P2 0.3), suggesing
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Figure 3. The disribution of rapror perching distances
from riparian cerridors in trail and control sites, Decem-
ber 1985~March 1996. Perch dismnce was measured from
the perch used 1o the riparian corridor (m).

both the abundance and species richness af rap-
tors did not change temporally during the sam-
pling period. '
Perch Use. During the study period, 60.2% (N
= 56} of all raptors were observed perching. In all
observarions, raptors used dcciduous‘ trees and
snags for perching, even though fence posts, power
lines and ‘udlity poles were present at the study
sites. The dismibuton of perching distances from

_riparian corridors was different in conmrol and ex-

perimental sites (Fig. 3}, where the mean perch
distance from riparian corridors was significantly
greater i wail sites (155.9 * 28.0 m) than in con-
ol sites (42.3 * 98 m) (Kruskal'Wallis: y* =
1897, df = 1, P < 0.00]). In additon, raptors

" perched, along rparian corridors significantly

more often in control sites (54.8%, ¥ = 17) than
in mail sites (24.0%, N=6) (x2 =561, df = 1, P
= 0.018). Raptors perching on riparian corridors
were often flushed By the observer conducting the
transect, due to the proximiry of the walking tran-
sect 1o the riparian area. However, this occurred in

both mail and control sites, and did not appear o -

change overal] habitat use by raptors. Throughout
the snudy period, there was no evidence for a tem-
poral change in perching distances from riparian
corridors in conwel (F = 0.12, df = 1, 27, P =
(.74) and mail sites (F= 0.62, df = 1, 24, P = 0.44),
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Table 1. Habitar charzcieristics {£ = SE) for trail and
conirol sites, Boulder County, CO, December 1095—
March 1996. For rparian canopy compositon, each spe-
cies is reported as the percent cecurrence sampled at
conuol and =il sites (M = 72). Percent ground cover is
the percent sampled within 1 m?2 radius poings art control
and il sites (V= 72).

SITE CHARACTERISTICS TraIL ConNTROL

Riparian canopy:

Populus sargenii 458+ 96 375 = 16.7

Saliz spp. 264 x84 33372

Elosagnus engustifpiia 6.3x 37 236=x121
Dbh (cm) 264 *+48 255=>18
Grass cover (%) Bl.4 > 87 839 x07
Bare ground (%) 4474 157 =06
Shrub cover (%) 12> 13 0402
Perches/ha 1.7x03 27+ 0.8
P < 0.05.

Habitat Sampling. Three species of wees, - Pofrulus
sargenti, Salix spp., and Eleeagnus angustifolia com-
prised 84.4% (N ="128) of all trees sampled zlong
riparian corridors at all sites (Table 1), B sargenti
did not differ in the percent sampled berween con-
wol and trail sites (x* = 0.60, df = 1, P = 0.438},
nor did the toral number of Salix spp. (x* = .86,
df = 1, P = 0.354). However, the percent sampled
of E. angustifolic was greater in conmol sites, due
to the riparian canopy.of one site being predomi-
nately comprised of rhis species {x* = 4,02, df =
1, P=0.045). The dbh.of rees sampled along each
riparian corridor. did not differ bewween control
and trail sites (ANQVA: F = 008, df =1, P =
0.777). ‘

The surrounding vegeraton zt five of the sites
consisted’ primarily of grazed shorigrass prairie.
One mail site consisted primarily of wmllgrass prai-
rie. The percent of ground cover sampled was pre-
dominately either grass, bare ground (no cover),

-or broad-leaf shrubs. Grass cover did not differ be-

ween control and mail sites (ANQVA: F = 0.42, df
= 1, P = 0.520), nor did the percent of bare
ground (ANOVA: F = 013, df = 1, P =~ 0.7233.
Shrub cover was greater at mai! sites thar at control
sites (ANOVA: F = 531, df = L, P=0.020). How-
ever, shrub cover comprised <5% of all ground
cover sampled (Table 1). The surrounding perch
densities were similar between conwol and trail
sites. (ANOVA: F = .38, df = |, P = 0.276).
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DrIsCuUsSION

Human activity associated with recreational trails
in our study arez may bave affected wintermg rap-
tor populations, in temms of spedes richness, abun-
dance and perch use. Species richness was consis-
tently preater in control areas, with few raptors
other than Red-ailed Bawks being observed at
wail sites. The abundance of toral raptorswas more
than three fimes greater in areas without wails, and
those raptors observed in areas conraining mails
perched farthér from riparian corridors. Habitat
characteristics at trail and conmrol sites were gen-
erally similar in both riparian canopy compositen
and dbh, and in the surtounding grassland habitatr

Perch density was also similar in control and mail -

© sites. A predominam difference in wail and control

sites was the presence or absence of a recreational
trail. Prior research has indicated that hurhans ap-
proaching on foot may affect rapiors more than
vehicle disturbance (Holmes et al. 1893), but no
research 1o date has correlated the potendal ef-
fects of recrezdonal mails on raptor dismibution
and abundance.

The potential effects of recreadonal mzils on
raplors may be species-specific. Abundance of Bald
Fagles was greater at conool areas. Bald Eagles
avoiding areas of human activity has been docu-
mented (Stalmaster and Newman 1978, Traser ez
al. 1985), but we are unaware of any previous stud-
ies documenting recreational 1rail effects on Bald
Eagles. Abundance of Red-tailed Hawks did not dif
fer Berween conwol or trail sites. This was the only
species of rapror commonly observed in wail areas.
Red-tailed Hawks are generalist raptors, both in
dier {Erringron 1933, Hansen and Flake 1995) and
in disribution (Brown and Amadon 1968). Kaight

and Kawashima (1993) observed Red-tailed Hawks
exploiing power Hines more-often than expecied,
while Minor et al. (1983) found no significant dif-
ferences in density and productivity of Red-wmiled
Hawks in urban and nomurban environments. In
Boulder County, both wintering and breeding dis-
ibudons of Red-ailed Hawks have not been sen-
sitive to landscape urbanization (Berry etal. 1998).
These smdies sugpest that Red-tailed Hawks have
adapted 1o human develapment and assodialed ac-
tvitg Our study suggests that Red-tailed Hawks iol-
erate human actviry along recreational trails. Al-
though our sample size was small for species of
rapiors other than Red-ailed Hawks and Bald Ea-
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gles, overall these species were more abundant in
areas with no recieatonal mails.

Perch use in contrel and wail sites varied greatly
in our smdy, where the mean perch distance of
raptors from riparian corridars was greater in mail
sites. Although the overall density of perches out-
side of the riparian areas was similar between con-
trol and mail sites, we did not guandfy mpror
perching diszance in relation 10 the disoibution of
potential perches -from corridors. Nevertheless,
raptors did use riparian corridors for perching
more in conwol areas than in wail areas. Other
research also indicates that riparian areas are usaed
frequently by raptors, both for wintering habiat
(Lingle 1988, Smallwood et al. 1996) and for nest-
ing (Hansen and Flake 1985). Our study suggests
both that dparian corridors are imperant areas
for wintering taptors and thar mails may displace
raptor perch use away from riparian habitac

One potental reason for differences in rapror
abundance between mail and canirol sites could be
from the increased shrub cover on wail sites. An
increase in shrub cover could affect huntng swat-
egies of raptors and could conceai prey, making
prey less wulnerable (Craighead and Craighead
1956, Wakeley 1978). However, because shrub cow
er comprised <5% of 2ll ground vegetation sam-
nled, it is unlikely that this vanable would col:_.'.n"ol
for the larpe differences of raptor abundance we
observed.

The dismibutdon of prey items may affect raptor
dismibution (Plumpton and Andersen 1998). We
did not quantfy prey avzilability at our sites. Prairie
dog colonies, which are an important prey base for
Bald Eagles, Red-tailed Hawks, and Ferruginous
Hawks {Jones 1989), were not present at any of
our sites. Distences 1o the closest prairie dog town
were similar for both control and w=il sites. Be-
cause distances were similar among sites, we be-
lieve that prey availability for these larger raptars
did not condound our results. If these species were
concenmadng huntdng efforts on prairie dogs, then
foraging acdvitdes may have been infrequent in our
sites. Smaller rodents, such as voles (e.g., Microtus
echrogaster), zre imporianl prey items for Rough-
legged Hawks and Northern Harriers. Although
vegelaton was gcnﬁmllj' similar for conurcl and
wrail sites, we cannot ascertain if vole populations
were different among sites.

Because of large home ranges and movement
ability of wintering rapiors, effects of human acaw-
ity and urbanizadon on wintering rapilors should
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be viewed with a landscape coniext (Berry et al.
1998). In areas of human actvity, other factors af-
fecing wintering raptors in the landscape could be
mitgated, such as enhancing foraging opportuni-

tes (Preston and Beane 1996) or increasing perch’

availability {Widen 1994).

Buffer zones have been suggested as a means to
reduce conflicts between human acrvites and rap-
tor populations (Stalmaster and Newman 1979,
Enight and Skagen 1988, Holmes et al. 1993}. Al-
though prior research has documented potential
buffer zones for wintering raptors (Holmes et al.
1993), furure research should focus on determin-
ing appropriate buffer zones from recreational
trails and other specific types of human activity
during the nonhbreeding season. The type. of activ-
ity should be considered because different effects
could potendally occur from different rypes of ac-
tvity (Preston and Beane 1996). By integrating
perch availability (e.g:, Marion and Ryder 1975),
habitat type, prey abundance, and types of human
actvity, suitable indices for predicting optimal rap-
tor environments and also appropriate buffer
zones may be -determined. ’

ACKNOWLEDCMENTS

We thank D. Andersen, J. Chace, D. Craig, A- Cruz, |
Moreno, and one anonymous reviewer for helpful sug-
gestions on earlier drafis of this manuscript. We are
grateful ro C. Miller and the City of Boulder Open Space
Department for permiuing this research on their prop—

ery.
LERATURE CITED

BERRY. M.E., C.E. Bock AnD 5.L. Haire, 1998. Abundance
of diurnal raptors on open space grasslands in an ur-
banized landscape, Condor 100:601-608.

Brown, L. AND D. AMADON. 1968. Eagles, hawks, and fal-
cons of the world. McGraw-Hill Book Co., New York,
NY U.S.AL

" CRAIGHEAD, JJJ. anp EC. CRAICHEAD. 1956, Hawks, owls
and wildlife. Stackpole Co., Ha.rnsburg, PA US.A

Crancan, AT, avp G.C. Horax. 1989, Effecs of urbani-
zation on raprors in the western United States. Pages
219-298 in B.G. Pendieton [ED.], Proceedings of the
western raptor management symposium and work-
shop, Nad. Wildl. Fed., Washingtan, DC U.S.A.

ErriNgTow, P.L. 1933. Food habits of southern Wisconsin
raprors part [I: hawks, Conder 35:19-29.

FRASER, j.D., L.D. FRENZEL AND J.E. MaTHisEN. 1985. The
impact of human actvites on breeding Bald Eagles
in north central Minnesota. f. Wikl Manage. 49:585—
592,

GIETZEN, RA., S.R. JonEs axD RJ. McKeE. 1997. Hawks,
eagles. and prairie dogs: populadon trends of winter-

FLETCHER ET AL.

Vor. 33, No. 3

ing raptors in Boulder County, 1983-1996. [ Colorado
Field Ornithol. 31:75-86.

Grizr. J.W. 1969. Bald Eagle behavior and productivigy
responses to climbing nesws. [ Wildl Manege, 33:961-
966..

HanseN, R.W. ann LI} FLaxkE. 1995: Ecological relation-
ships between nesdng Swainson's and Red-tailed
Hawks in southeastern Idaho. J. Rapter Res. 20:166-
171.

Howarp, RP. anp M.L. Worre. 1976. Range improve-
ment practices and Fcrruginous Hawks. . Wildl. Man-
age. 29:33-37.

HowMes, TL., RI. XNIGHT, L STEGALL aND GR CR_-\IC
1993, Responses of wintering grassland raptors to hu-
man disturbance. Wil Soc Bull 21:461—468.

Jawngs, SW. 1685, Habitar selection in raptorial birds. Pag-
es 159-188 in M.L. Cody [Ep.], Habitar selection in
birds. Arademic Press, QOrlando, FL U.S_A_

. 1994 Parnal loss of Red-mailed Hawk territories
to Swainson’s hawks: relations to habirat Condor 96:
52-57.

JoweEs, 8.R 1989. Populations-and prey selectdon of win-
tering raptors in Boulder Counsy, Colorado. Prac. V.
Am. Prairie Con. 11:255-238,

KmiguT, RL. anp SK. Skacen. 1988. Effecrs of recrea-
dona! distuirbance on birds of prey: a review. Pages
355-359 in R.L. Glinski, B.G. Pendleton, M.B. Moss,
M.N. LeFranc, Jr., B.A. Millsap and S.W. Hoffman

" [Eps.], Proceedings of the southwest raptor manage-
ment symposium and workshop. Nad. Wildl. Fed.,
Washington, DC U.5.A.

anD J.Y. KawasHiMa. 1993, Responses of raven and
Red-ziled Hawk populations to linear z-ight-of—ways. 7
Wildl, Manage. 57:266-271.

Lingre, G.R. 1989, Winter raptor use of Lhe Platie and
North Platie River valieys in south central Nebraska.
Prairie Nat. 21:1-16.

MARION, W.R. AND R.A. RYDER. 1975, Perchsite prefer-
“ences of four diurnal raptors in northeastern Colo-
rado. Condor 77:350-332, .

MaTHISEN, J.E. 1968. Effects of human disturbance on
nesting of Bald Fagles. [ Wildl Manage. 32:1-5.

Minog. W.E, M. MINOR axD M.F, INGRALDL 1998, Nesting
of Red-miled Hawks and Great Horned Owls in a cen-
wral New York urban/suburban area. J. Field Omithol.
64:433—430. )

PLUMPTON, D.L. anb D.E. Anpersex. 1998, Anthropogen-
ic effects on winter behavior of Ferruginous Hawks. f.
Wildl Manage. 652:340-346.

PresTON, C.R. anD R.D. BEaxE. 1996, Occurrence and
distribution of diurnal rapters in relation o human
activity and other factors at Rocky Mouniain Arsenal.
Colorado. Pages 365-374 in D.M. Bird, D.E. Varland
and J.J. Negro [Eps.], Rapiors in human landscapes:

- adapzazions to built and culdvated environments. Ac-
ademic Press, San Diego, CA U.S.A
SAS INSTITUTE, INC. 1988, SAS/ STAT user’s guide. Ver-




SerTEMBER 1995

sion 6, fourth edition. VoL 1. SAS Inst Inc., Cary, NC -

LsA

- 1997. SAS/STAT software: changes and enhance-
ments through release 6,12, SAS Inst Inc., Cary, NC
U.SA

SKAGEN, S.K. 1980. Behoavioral responses of wintering
Bald Eagles to human activity on the Skagit River.
Washingion. Pages 281241 in R1 Enight, G.T, Alien,
M.V. Srimaster and CW. Servheen [Eps.], Proceed-
ings of the Washington Bald Eagle symposium. The
Narure Conservancy, Seartie, WA T.S. A

' Sﬁmwoon. S.E., BJ. NaAMOTO AND S. GENG. 1996, Ae-

sociation analysis of raprors on a farnﬁ.ng landscape.
Pages 177-190 in DM. Bird, D.E. Varland and J.J. Ne-
gro [Eps.], Raptors in hurnan Jandscapes: adaprations

EFFECTS OF TRATLS ON RAPTORS 239

to built and culdvated environmenis. Academic Press,
San Diego, CA US A
STamiECcKER, DW. 1878, Effect of 2 new transroission line
on wintering prairic raptors, Condor 80444 d46.
STAIMASTER, MV. AND J.R. NEwMan. 1978, Behavioral re-

sponses of wintering Bald Eagles 1o human activiry. A
WEldl Maragr. 42:506-5185. :

- AND . 1978, Perch-site prefersnces of win-
tering Bald Fagles innorthwest Waslington. [, WaldL
Manage. 43:506-513. ‘

WarELEy, 1.5, 1978, Factors afferting the use of hunting
sites by Ferruginous Hawks, Condor 80:316-326.

WIDEw, P. 1894. Habitar quality for mprors: = fieid exper-
iment. [ Awian Bipl 925:219-293.

Received 29 August 1998; accepred 3 April 1999







