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TIME-OF-DAY EFFECTS ON THE NUMBERS AND BEHAVIOR OF
NON-BREEDING RAPTORS SEEN ON ROADSIDE
SURVEYS IN EASTERN PENNSYLVANIA
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Abstruct—Resubis are presented of M0 paivs of morning and afiernoon roadside surveys of
Mew Waorld valtores and diurnal bisds af prev in farmlanid habitat in easieen Pennsylvania
during the non-hreeding season. Bight-hundred-iwentye-seven raptors, meluding members of
bwer species of vialtures and 10 species of diormal birds of prey, were counted on 60 SUEVETS
brtween Ckttober 1992 and December 1994, Three species of TAPIOEE, T'I.II'RJ.':\-' Vulure (G
thartes aura), Red-tadled Hawk {Buteo Jemaicensis) and Americin Resrel {Falen sparvenis,
comgrised 0% uf all birds sighted, Although almost equal numbers of birds were: seen oa
muening and afternoon surveys, species composition, the pumbers of birds, and the fligghe
behavior of individual species, differed significanty on oo ning aed afteérnoon surveys, Time
ol day of survey affected different species differently. Numbers of Tuckey Vuloures inereased
signaficancly, those of Red-tatled Hawks decreased significantle, snd those af American Kes
rels remmned the same hetween morning and afternoon survess, Tn general, sampling var:
ance was higher oo morning than on afternoon sirveys, These resals, which clearly dem-
unstrate the need 16 @ke tine of day inw acoount when condurnng roadside surveys af
rapioes, supgest that the abilice o compare data from different sites 3s Tmited by the extent
o which those clagt were collecred o the same time of day

EFECTOS DE LA HORA-DEL-DIA EN EL NUMERC Y COMPORTAMIENTO DE
BAFTORES NO-APAREADOS VISTOS EN MUESTREOS POR CARHETERAS EN
LA PENNSYLVANIA ORIENTAL

Sinopsis.—3e presenban los resuliados de 50 pares de muestreos mamtines v vesperinos de
aves carrofieras ¥ rapaces dinrnos Hessdos o calyo en Jas carreteras en habie de aranjas del
en el eswe de Pennsylvania duranie b dpocs de nesaparearmiento. U bocientos veimsice
raptores, mcluvendo dos especies de buttres v 10 especies de raposes diurnes, s cantaron
en Bl muestreos entee potubre del 1992 ¢ diciembre del 1984, Tres especies de raptores,
Cathartes awre, Huteo famaicensis v Faleo sparveriog, sumaron W05 de todus las aves vistis
Aunque se whaci varon st B anisma cantidad de aves £n 108 sondeos matutinos v VERPETHITLOS,
I composicion de espevies, los mimeres de aves, v el comiportamiens deovuelo de especies
individuales leeran significativunente diterenies en los sondecs matutinogs yovespeitings, [a
bora del din afecta diferentemente a diferentes especies, Los nimeros de € gwrs aumen-
o signiticatvamente, Jos de 8 jomancensis decredieron significativamente v log de B spoarn
PR s rotivieront igeales en sondeos de matiana vode tarde. En general, la vananza del
muestreo fue maver en los sondeos matubinos U en: los vespertnos. Esros resultados; nque
demuesiran claramente b necesidad de comsiderar [s hora del dia al condudir sandeos de
TARTIOECS POF Jas Carreier gy, sumeren e 1 habalicad para corparar datos de lepares difer-
entes estd limitadi en fa medida @ que esos datos se Tallan obrenido en horas similares

As populations of open-habitat raptors are widespread and oceur at
relatively low densities, they are often counted and observed with the use
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of readside surveys (Fuller and Mosher 1981, 1987; Gawlik and Bildsiein
19911 The method typically involves driving at low speeds while counting
individuals within 4 certain distance from the road. Data are usually sum-
marized as numbers of hirds seen per unit distance or vice versa, As a
resull of their relative ease of use and sceming eflectiveness, roadside
surveys have a long history of use in raptor population biology (eg.,
Bildstein 1987, Craighead and Craighead 1956), Although manv sources
ol potential bias exist (Fuller and Mosher 1987, Millsap and LeFranc
1988), properly emploved, roadside surveys have enabled workers to as
sess the species composition and the relative abundances of species in
raptor communities, o estimate and monitor populatons in given areas,
to make intersite comparisons, and to supplement other population sur-
vey LL‘L‘h]]iqll{.‘ﬁ' fAllan and Sime 1943, Andersen et al, 1985, Bildstein
1987, Drown 1971, Cade 1969, Craig 19758, Craighead and Craighead
1956, Enderson 1965, Hiaw 1944, Mathisen and Mathisen 1968, Nankinoy
1977, Rowan 1964, Schnell 1967, Siglricd 1966, White 1965, Wollinden
and Murphy 1977}, '

A major concern regarding the use of roadside surveyvs in documenting
pepulation changes over time is the need o conduct survevs in as con-
sistent a fashion as possible (e, Fuller and Mosher 1987, Gawlik and
Bildstein 1840}, For example, as raptor activity, and presumably detect-
ability, can vary considerably over the course of the day (Bildstein 1987,
Craighead and Craighead 1956}, researchers are frequently cautioned 1o
conduct roadside counts at specific times of the day to avoid confusing
shilts in raptor behavior with shilts in local abundance (e, Gawlik and
Bildstein 1990, Millsap and LeFrance 1988). Although time of day is known
o affect the results of many kinds of avian surveys and censuses {eg.,
Robbins 1972, 1981; Robbing and Van Velzen 1970 Shiclds 1977, the
extent 1o which tme of day affects roadside surveys of raptors remains
litte studied (Robbins 1981}, Indeed. we are aware of no study specifically
designed to test this suggestion,

As part of its long-term monitoring program of raptor populations in
eastern Pennsyivania (cf. Bednarz et al, 1990, Broun 19483, Hawk Moun-
tain Sanctuary began surveving wintering open-hahitat raptors along a 45-
km survey route in farmland near the Sanciary in 1987, As 4 result of
the long-term nature of the project, as well as the fact that we wanted to
conduct our surveys with as much flexibility as possible, in 1992 we de-
cided w study the impact of tme of dav on survey resulis, Here we report
the results of that stady, together with suggestions regarding the need o
tike time of day into account when designing similar surveys,

STUDY AREA AND METHODS

Our roadside survey route is centered on Wanamakers, Pennsvhvania
(40°40°N; V5°50°W), approximately 25 ki north of Reading and 20 km
west of Allentown, Pennsvivania, in northern Berks and northwestern Le-
high counties. The site consists of rolling, partly wooded, open habitat,
in the Kempton Valley at the base of the Kittatinny Ridge, directly south-
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Panet 1. Monthly occurrence of G0, 3% km roadside surveys in eastern Penosvivanis, H020—
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cast of the Ridge and Valley provinee of the central Appalachian Moun-
tains. Small (approximately 8i0-ha), owner-operated dadey, hug, p::ultr‘_-',
Christmas-tree, grain, hay and vegetable farms, with numerous fencerows,
woodlots and riparian forests dominate the area.

From October through February 19921993, September through Febr
ruary 19493-1994, and Seprember lhmugh Decermber 1994, we condueted
a0 Jun{-fi morning and alternoon readside surveys along a figure-cight-
shaped, 57-km route, Most of the route consisted of secondary roads with
litde morning or afternoon traffic, Paired surveys were comdueted at ap-
proximately 1-3avk intervals (Table 1) in avehicle traveling at 170 km/
hoalong the survey route. Eighty-five pereent of the survevs were con
ducted by one observer, L% by two observers and 5% by three ohservers,
Additonal observers, who ocourrved equally on morning and atternoon
siurveys, spent much of the time recording observations of the primary
ahserver. Morning surveys began ar O847-1025 hours EST {ie., within
approximately 2—4.5 1 af Tocal sunrise). Aftcrnoon surveys began at 1240-
1440 hours EST and ended at 14431643 hours EST, Survess took ap-
proximately 2=4 h to complete, depending upon the mumbers of hirds
seen. Morning surveys were paired with afternoon surveys conducted on
the same day (hve pairs), consecntive davs (94 pairsy, o with a bd interval
(1 pair), To reduee temporal and divectional biases, the direcuon of travel
was reversed on alternate pairs of survevs and initiation points along the
survey loop were \i['lg'gﬂ't:d Surveys were not conducted in periods of
constant precipitation, fog, i‘\]JLLM“'\ high winds (=25 miles/h) or low
temperatures (<— 10 C), Binoculars and a 20-60x spotting scope were
used o identify sighted raprors,

All Falconiforms, including New World vultores, sichied from the moy-
ing vehicle within (L4 km from either side of the road were included in
the count, Birds were identified o species, and their behavior when first
sighted (perched vs, flving) was recorded. (Birds thar were first sighted
as they left a perch were recorded as perched.) No vuliure roosts were
recorded along the survey route,

We used chisquared tests for hewrogencity, and paived ttests (5A%
1988} o analvse the extent of differences in the behavior and numbers
of raptors sighted on morning versus abiernoon survevs. All wests were
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TAnLE &, Numbers of birds seen (and 5 vimg in F|'<|||;'||1|“_-~,|;::.':| du.rm_g A pairs of morning
and atiernoon 57%-km coadsale survevs mocastern Pennsvivania, [595G9-1904,

Mo, bires seen (% flviog

Sprcics Muornongs Afternoons All survess km/ bind
Riack Vulture | Copur o afratus) 7 (1K B {4 12 (7% B R)
!ll.lkt"f.' Vulowre Catbsries gurna) L 1H4 [ 2HT (93 121
Crprey {Pandien haliaeos) 5 01ED i 5 (1A 11441
Northern Harricr (v rpaeens) 0 (8 L3 {10 S (G 143
Sharpeshinned Hawk (Acciter stralo 14 {7 A 10D 19 (84 1560
Cooper’s Hawk (A, cper] 13 (2% f (40} 18 (24} 1410
Mosthern Goshawk, (A, geadifis) £ 1 {100 (SR LU R &
Red-shouldered Flawk | Bedes faeeinis) 1o 1] (] 5490
Broadwingged Hawk (8 platypiterus) [T il |11 KA
Red-tuled Hawk {8, jamaicenai 114 ¢34) n i [T (42 (ER
Rough-legped Hawk (8 fugopus 1 (11 & (hi} 6T 110
Amencan Kesteel {Falio spurais) 127 (1% 154 (14} SHLIE (R
All .ﬂpm'i:-:x AHL (46) A2 (Gl B27 (54 414

two-tailed, We considered a significant difference 1o exist if 2 < (L05. We
used Coeflicients of Variation (Sokal and Rohlf 1969) o compare vari-
ability in counts in morning and aflernoon surveys.

RESLITS

Fight-hundred-awenty-seven birds, including two species of New World
vitliures aned 100 species of diurnal raplors, were counted over the course
ol our study (Table 23, The three most commaon species, Turkey Vuliure
[ Catfartes aura) (3%, Red-ailed Hawk (Budeo jamaicenisis) (299 and
American Kestrel {Faleo sparverius) (349), comprised 909 of all birds
sighted. Northern Harriers (Cireus eyanens) comprised 3%, and three
species of accipiters, Sharpshinned Hawks (Aceipiter striatus), Cooper's
Hawks (A confrerid) 'lttLi Northern Goshawks (A gentilis), togethern, com-
prised an additional 5% (Table 2), Turkey Vultures were seen on 57%,
Red-iailed Hawks on ":H}“.c and American Kestrels on 100% of all survews,
Mo ather species wis seen on more than 250% of the surveys. As a result
ol the small sample sives of most species sighied, we resiricted our analyses
of individualspecies effecis o the three Most e o species, and o
the three accipiter species considered together,

Fortyseven percent of all birds sighted were scen on morning surveys,
whereas 53% were seen on afterncon counts (1= —048149, 29 df, P =
(.366) . Excluding vultures from the analysis, 33% of diurnal raptors sight-
od were seen on morning surveys, whereas 47% were seen on afternoon
counts (¢ = 0,846, 29 Jdf, £= 0.404). "':'p[*r'lr-f. compaosition {with the three
accipiters and the six least common species grouped into two categories
for purposes of analyvses) L]‘ﬂnf_{f‘d signilicantly between morning and af
ternoon counts, both with (x* B85, 4 df, P < 0000011 and without
villtures (x* = 1545, 3 df, £ = 0.002) included in the analvsis (Table 2),
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[able & Coctficients al Variation® (50 for jenubers of Turkey Vuliuees; Bed-miled Howks:
Avmerican Kestrels acopmsers, and all rapiors sighoed on 30 paics of morning and alters
psart, A7-kny roadsicle surveys in eastern, Ponnsylvan, 1980 | G

Morning

ﬁpﬂ':.f_'i Morning Allernaom Adrerrieninn
Torkey Vulinres (EL 144 L. Lid
Red-tiuiled Hawks 45,9 3.1 L5
Vinencan Resipeks REL [ 1] 1.43
A bareds excludimg salonees (BB S 14,5 .58
AN biceds indlocing voltures TR s di 1.10

CCoeificients ol Viemgion (]standard deviadon of che mewn = 0] mean) are. measiioes
ol variation, expressed as perceniges, thar are independent of e mognitade of the memi.

Coetlicients of variation i the numbers of individuals sighted were high-
er for morning than for afternoon counts (Table 3,

Fortysix percent of all birds sighted during morning survevs were flying
when first seon, lﬂ'l"l"l'l‘)'litii with 615 o hu[l'\ sthted on afternoon counes
{x7 = 18.8. 14l £ 0000, When walmresare r*wluriui the percentages
e Tards [Iving in morning and afernoon surveys were 32 and 34%, re-
spectively ff-= G001, 1 df, 2= 0,971,

Turkey Vultures were less Tikely, and accipiters and Red-mailed Hawks
were more likely 1o be seen on o morning than on alternoon counts (=

S, 29 dl, fr= S = 200 99 df £2 =10 Od4: r = 6T, 20 df, £
0121 (Fig, 1) There was ne signilicant diflerence in sighting mtes i(rl
American Kestrels during morning and alternoon counts (¢ = — .93, 24
df, P= 0.226) (Fig, 1),

Purkey Voltares and Red-taited Hawks (6 = 32,0, 1 d0 P =< 0.0001; 5*
= BOA, Lo, P = 0005 respecrivelvl, bul not accipiters or Amierician
Bestrels (x* = 140, 1. df, P = Q237 % = LOB, 1 di, P = (L2498 respec-
tivelvl, were less likely o be seen fving in morning than in afternoon
CEnITES iru_' 13

[RIET RS [ 5

Although totl numbers of raprors did not differ signiticantle between
morning and afternoen surveys, species composition, together with hoth
the numbers and behavior of two of the three most commaen species did
change sinificantly with tme of day. Numbers of Turkey Vulwares, tor
example, almost douhled on afternoon SLITVEYS, whereas those of Red-
tailed Hawks drapped by more than g thivd (Fig 1), Nambers of accipi-
ters sighted also decreased significantly on aflernoon survevs. Moreover,
both Turkey Vultures and Red-tailed Hawks were more likely o he
perched when first seen on morning than an afternoon survevs (Fig, 1),
O the other hand, American Kestrels, the secondd most common Specios
ercountered on our surveys, exhibated litde variatdon in cither numbers
seen or activity as-a flunction of tme of dav

In general, our results of shiates in flight activity over the course ol the
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Froure 1, Numbers of Turkey Yoltures, aceipiters (Sharpshinned Hawks, Cooper’s Haswks,
aned Noethern Goshawks), Bed-railed Hawks, anid American Eesirels seen on 80 patrs ot
mormng-afternonn roadside survess an eastern Penosvivania, PRZ-1904 (top), Peroent
ages of Turkey Vileures, accipiters, Red-tiled Hawks, and American kesieels that were
flving when firsesighted on morming and afernoon roulside surveys (botrom ), Asterisks
bchicane stpoilicant (== 0,05 spocies ditferences hetween marnang ad aflernoon re-
sults. [See text B decaits )

day confirm those of curlier studics. Turkey Vultures, Huteas, and other
soaring species frequently remain perched in early morming until ther
mals andd updrafis enable soaring (light {Brown aned Amadon 1968, Fulle
aried Mosher 1981 Rabenald 1983, Although individua! Furasian Kesurels
(F tenaenewles) arve capable of maintsining dailv acovie rhvihims in sn-
chromy with their prey (Rijnsdorp er al. 19811, both American (Bildstein
and Collopy 1987} and Eurasian Kestrels (Village 1983) apparently re-
main active throughout the day when prey are uniformly available and
weather is not severe {(Bildstein and Collopy LS987). Furthermore, both
Biiledsrein {1987 and Diese] (1954 t'i'pﬂl{:'d .\;{'!_‘illt_" [ewer f|1.'i||:'._: aned e
perched Red-tailed Hawks on mid-morning versus mid-afternoon SUrVEVS,
whereas Bildstein (1987) reported no differcnce in the fight activity of
kestrels during the same periods, and Roest (19571 reported Kestrels
hunting both in morning and late afternoan.

Inereases in the numbers of Turkey Vitdltures siphted on aliernoon sur
veys almost certainly refleer the greater Hlight activity of that species later
in the day (Brown and Amadon 1968), coupled with increases in the
observability of flying individuals, Decreases in the numbers of Red-tailed
Hawks sighted on alternoon survevs are a hic more difficult to explain,
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however. Although Red-tailed Hawks, 1os, were more likely 1o be seen
flying on afternoon than on morning surveys, the difference resulis large-
Iy from a 36% decrease in numbers of perched birds seen later in the
day (245 vs. LOV individuals/route), rather than o a4 6% increase in
numbers of birds seen flving (125 v 130 individuals/route). Perched
raptors frequently perch in lessexposed sites during periods of high winds
(Bildstein [987), and one reasonable explanation for the substantial de-
crease in numbers of perched Red-tailed Hawks sighted on afiernoon
counts 15 that individuals that perched at those times were more likely o
be secking shelter from increased afternoon winds.

Whatever the reasons for the differences observed, our resulis confirm
carlier suggestions (e.g, Fuller and Mosher 1987, Gawlik and Bildstein
19890y that time of day significanty affects the results of roadside SUEEVEVS
of raptors. [ndeed even counts of American Kestrels, a species for which
neither the mean numbers of birds sighted nor flight activity changed as
a luncuon of tme of day, exhibited a substntial shift in varianee between
morning and afternoon surveys. Viewed in their entirety, our findings
clearly demonstrate the need (1) to account for Gme-ofday effects when
conducting roadside survevs of raptors and (2) 1o consider this B
when comparing the results of different surveys.

Hlow best to account for ime-of-day effects will probably depend upon
the purpese, or purposes, of a given study, For example, our results sup-
gest that investigators interested in quantifving species representation in
rapror communities or the behavior of individuoal species within those
communities will need 1o sample the populations (i.e., conduct roadside
surveys) at different tmes of the day, and then take time of day ine
account when analyring their data (e, Dicsel 19847, When this 1s not
pessible, ar the very least, temporal biases should be reduced by sampling
equitably throughout the course of a study (Shields 1977), On the other
hand, our findings suggest that individuals involved in monitaring ue-
luations of populanons of raptors over long periods should be able o do
s by fixing the time of day of their survevs within relatively naceow limis,
and then considering their results as indexes, only.
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