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ABSTRACT, Many diurnal raptors aggregate during migration aloeng promi-
nent topographical features, including coastlines and mountain tdges,
Migrating raptors are thought to concentrate along such “lzitlinie” (leading
lines; sensu GEYR von SCHWEPFENBURG 1963) because of batler flight condi-
tioms there than elsewhere. In eastern North America longterm monitoring at
watch-sites along leading lines dates from the early 19303, when counts were
initiated at Hawk Mountain Sanctuary in the central Appalachian Mountains
of eastern Pennsylvania, USA, and al Cape May Point, at the southern tip of
coastal New Jersey, USA, Hawk Mountain Sanctuary’s 60-year monitoring
program of migratory raptors is the longest and most complete record of
raptor migration in the world. The Sanctuary's annual counts have proved to
be a critical resource in assessing longterm trends in North American raptor
populations. The extensive database played a key role in exposing orga-
nochlorine pesticides as causative agents of declines in Bald Eug?cs{ cliaee-
tus lewcocephalus) and other species of predatory birds earlier this century.
Recent analyses of the database are yielding insights inte {1) how cold fronts
affect counts of raptors at migration watch-sites, (2) the extent to which
climate changes is affecting the seasonal timing of raptor migration, and (3)
why counts of Sharp-shinned Hawks (Accipiter stratus) are declining at
many watch-sites along the eastern seaboard of the United States.

Hawk Mountain Sanctuary, the world’s first refuge for migrating birds of prey, was
established in 1934 by New York conservationist Rosalie Edge. Edge founded the Sanctua-
Ty to halt the slaughter of hawks and cagles migrating past the rocky promontory, as well
as to foster an understanding of Appalachian Mountain environments (BrROUN 1948,
Hawk Mountain's 900 hectares straddle Kittatinny Mountain, the eastern-most ridge of
Pennsylvania’s Valley-and-Ridge Province,

A combination of prevailing northwesterly winds and mountain topography places
Hawk Mountain along a major migration corridor for Western Hemisphere birds. Each
autumn, tens of thousands of raptors (hawks, eagles, falcons, and ospreys) and New World
vultures from northeastern North America migrate along the nidge and over Hawk
Mountain (BEDNARZ et al, 1990, ALLEN et al, 1995). Occasionally, spectacular migrations
of thousands of hirds are recorded on single days (BROUN 1948), Between 1934 and 1995,
an annual average of more than 17,000 diurnal rapiors and vultures representing 16 of
North America's 34 species of raptors and vultures have been counted at the Sanctuary
each autumn (Table 1),



Table 1 - Summary of Hawk Mountain's autumn counts, 19341995,

Tab, 1 - Podty nastitanych draved pH podzinani migract na Hawk Mountain Sanctuary v letech

193415495,
Species Longterm Highest count Lowest count
average Hyeard Hyear!
Cathartes aura (%) 143 190 [ 1994) B4 (1992
Coragyps qivans (%) 39 S4.(1994) 211199
Pandion halicetus 342 7201990} 17 (1934}
Haligeetios leucocephalus 47 136 {1995) [3{1974)
Circus cyaneus 223 475 {168 B9.(1934)
Aceipiter striatus 4744 10,612 (1977) 1259 (1965)
A cooperii 283 Ta6 (1989 6l {1964)
A, gentilis e 347 (1972) 3 (1953)
Buteo lineatus 245 468 (1938) ET(1971)
B plarvprerus 8527 25,516 (1978) 2886 (1946)
B. jamaicensis 208 G208 [ 19349) 1525 (1956)
B lincatmr b 31 (1961 0 (6 vears)
Aguila chrvsaetos 45 100 (1995) 12 (1966)
Falco sparverius 367 B39 (1089} 11 (1934
F. eolumbarius 33 168 (1995) T{1972)
F, peregrinus 23 51 (1989 6 19ET)
All raptors 17.787 40,696 (1978) TRYZ (1934)

* Dara for Turkey and Black vultures based on counts since 1990,

Historical perspective

Prior to the Sanctuary's founding, hunters traditionally gathered at Hawk Mountain
each autumn to shoot migrating hawks and eagles traveling south. Raptors were considered
vermin at the time, and the Pennsylvania Game Commission was paying hounties on
several species. Over the years, thousands of birds were killed as they traveled south along
the Appalachian Mountains in eastern North America. Because of easy access, Hawk
Mountain, especially, became a favored shooting locale, By the early 1930s, gunning at
the site was so intense that individuals collected brass from discharged cartridges and sold
it for scrap metal (BROUN 1948},

The scene changed dramatically in August of 1934, when Rosalie Edge hired Maurice
Broun as head omithologist of the recently acquired mountaintop bird refuge. Broun spent
his first year posting the property and confronting local shooters. Publicity surrounding the
Sanctuary’s formation was considerable, and the following fall, bird-watchers and natu-
ralists began to flock to the "newly discovered” wildlife refuge in targe numbers. As they
did, the mountain's use as a shooting gallery faded into history. Today, Hawk Mountain



Sanctuary is a leading example of what grass-roots research, ecological monitoring, and
environmental education can accomplish. Throughout its history, the Sanctuary s practical
and effective, science-based conservation program has focused on longterm environmental
monitoring, applied research, local land-use planning, and public education.

Science at the Sanctuary

Scientific research and monitoring at Hawk Mountain Sanctuary began on 30
September 1934, when Broun first took his post on a rocky outcrop called North Lookout,
and began recording the numbers of migrating hawks passing overhead. With the exception
of three years in the early 1940s, fall raptor migration at the Sanctuary's North Lookout
has been monitered each autumn since (ALLEN et al. 1996).

Research remains one of the primary purposes of the Sanctuary as stated in iLs mission.
Hawk Mountain research focuses on the ecology and conservation biology of raptors. and
unique Appalachian Mountain ecosystems. The Sanctuary's effort in scicnce are based on
the belief that fundamental ecological research and longterm monitoring provide an
essential foundation for understanding and managing our natural resources. To this end,
the Sanctuary's resident staff of biologists, together with graduate students, undergraduate
interns, and volunteers, is currently involved in dozens of active projects. An additional
L5 to 25 visiting scientists conduct rescarch at the site cach year,

Because of Hawk Mountain’s longstanding commitment to understanding the pattern
and process of raptor migration, and because the individual ranges of migratory raptors
span extensive geographic regions, Sanctuary science is active on several geographic
scales. Currently, research efforts focus on (1) the pattern and process of bird and,
especially, raptor migration, (2) analysis of the site's longterm raptor migration database
{especially its potential in monitoring longterm population trends of eastern North Ameri-
can birds of prey), (3) development of the first global atlas of internationally important
raptor-watch sites, (4) longterm ecological studies of American Kestrels in open habitats
surrounding the Sanctuary; (5) the impacts of raptor migration on raptor communities in
the farmlands that surround the Sanctuary, and (6) Appalachian landscape ecology,
including population dynamics of migrant songbirds nesting in the Sanctuary’s forests.

Plans are underway to expand the research program and to develop the site as a place
for longterm population and ecosystem studies of the central Appalachian Mountains. With
this in mind, resident staff and visiting scientists are currently engaged in a number of
inventory, mapping, and monitoring projects involving the Sanctuary's biotic resources,

Longterm population monitoring

Hawk Mountain Sanctuary maintains the longest and most complete record of raptor
migration in the world (Table 1), (Excepting the war years of 1943.1946, raptor migration
has been recorded at the site each year since 1934.) Initially, data were recorded into field
notehooks by Sanctuary curater, Maurice Broun. Data are now collected on standardized
daily-record forms.

Data collected before 1966 consist of daily totals of the numbers of cach species of
raptor migrating over the site’s traditional watch-site, the North Lookout, together with
information on the number of days before and after the most recent cald fronts, air
temperature, wind speed, wind direction, fight direction, duration of ohservation effort,



and the number of observers, Since 1966, data have been recorded on an hourly basis, Prior
to 1966, data were collected between 1 Seprember and 30 November. Since then, data have
been collected between 15 Auvpgust and 15 December, Binoculars and, occasionally,
telescopes are used to find and identify migrants. Typically, one or two experienced
counters record each day's flight. Daily coverage usually begins at 0800 EST and ends at
1700. (See BEDNARZ et al. 1990 and ALLEN et al. 1996 for additional details. )

Hawk Mountain's extensive longterm database, portions of which were used by Rachel
Carson in her international bestseller, “Silent spring” (CARSON 1962), have played a key
role in exposing first-generation organochlorine pesticides, including DDT, as causative
agents lor precipitous declines in the populations of several species of hirds of prey earlicr
this century, as well as in measuring subsequent rebounds in raptor populations following
decreases in the widespread use of these environmental contaminants (Figure 1),
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Examples of Sanctuary science

One of the more innovative aspects of the Sanctuary's research program has been the
use of the longterm raptor migration database 10 assess population trends in raptors
regularly recorded at the site, We are currently testing the validity of such analyses. For
example, researchers have known for some time that a number of weather parameters,
including the passage of cold fronts (i.¢., large-scale synoptic weather events accompanicd
by strong northwesterly winds ground winds, decreasing temperatures, clouds, and ofien,
precipitation), influence the numbers of raptors counted at migration-watch sites, In light
of this, we have investigated the extent to which the number of cold fronts passing over
the Mountain varies from one migration season to the next, and have used this information
to determine if such varation affects the numbers of birds seen each year,

Longterm climate change may be especially disruptive to long-distance migrants that
depend upon the seasonal timing of climatic conditions in a number of migratory habitats.
Therefore, we are exploring our migration database for signs of a biological response 1o
longterm climate change. Specifically, we are investigating the possibility that the timing
of raptor migration along the ridge has shifted over the course of data collection, and will
examine such shifts i light of longterm climate change.

We also have examined the extent to which recent declines in numbers of Sharp-
shinned Hawks (Accipiter striatus) migrating past the site are associated with migratory
short stopping. Below are summaries of these studies.

Cold fronts and raptor migration. The passage of cold fronts has long been associated
with shifts in the numbers of southbound raptors seen at traditional migration watch-sites
i eastern North America. Recently, we used the Sanctuary's longterm database together
with data from U. §. Department of Commerce daily weather maps o explore the extent
to- which visible raptor migration at the site was influenced by these large-scale weather
events, which pass the Sanctuary, on average once every 4-5 days in autumn,

Our analyses revealed significant increases in the numbers of 12 of 14 species of raptors
following the passage of a cold front. Three basic patterns emerged from the analysis, Bald
Eagles, Ospreys (Pandion haliaetus), and falcons (American Kestrels [Falco sparverius],
Merlins [F. columbarius], and [F. peregrinus]), all had their highest rates of passage on
the day of frontal passage. Sightings of Merlins, for example, averaged 52% lower during
two to four days following frontal passage than on the day of and the first day after the
front had passed (Figure 2). By comparison, Golden Eagles (Aquila chrysaetos), and
accipiters (Sharp-shinned Hawks, Cooper's Hawks [4. cooperii], and Northern Goshawks
[A. genriliz]), all had their highest rates of passage on the day after frontal passage. And
Buteos (Red-shouldered Hawks [Buteo lineatus), Broad-winged Hawks (8. platyprerus),
and Red-tailed Hawks [B. jamaicensis]) all had their highest rates of passage one-to-two
or two-to-three days after frontal passage (Figure 2),

The three distinctive patterns appear to result from a combination of changing weather
conditions following frontal passage together with differences in the acredynamic capa-
bilities of the species involved. (See Allen et al. 1996 for details).
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Falco columbarius Accipiter Striatus

Days sinco coid front

Fig. 2 - Per-hour passage rates of Falco columbarius, Accipiter striatus, and Butes plarypterus al
Hawk Mountain Sanctuary, [934-1991, as a function of days since most recent cold front, Within
species, bars with the same letter are not significantly different from one another (P < 0.03; one-way
ANOVA, Duncan's multiple-range tests). The three species illustrate the typical responses of falcons,
Accipiters, and Buteos, respectively, to changing weather conditions following frontal passage.
Faleons tend to migraie in high-speed, tail-winds typical of the day of frontal passage, Accipiters
appear 1o prefer the lighter, updraft-producing, northwesterly winds and weak thermals that tend to
aceur the day alter frontal passage. Buteos, tend to migrate during the fair weather conditions that
oceur two to four days after frontal passage (See ALLEN el al. 1996 for details.)

Obr. 2 - Poity protahujicich jedinet (Faloo columbarius, Accipiter siriatus, Buteo plabyplerus) za hedinu
{osa y) v zavislosti na dni po prechodu poslednl studeng fronty {osa x} V ramei jednotlivich druhid
jsou sloupce, které se od sebe navadjem neli3l, oznateny stejnfm pismenern (P < 0,05, "one way analfza
vartance, Duncantiv test). TH uvedend druby reprezentujl typickou reakei sokolf (rod Faloo), kénd (rod
Butea) a jesttibd {rod Accipiter) na minici se pofas( po pfechodu studené fronty, Sokoli majl tendend
tdhnout v silngjsim, zezadu vanouctm vEtru, kterf je typicky pro pechod smudend fronty. Jestfabi
preferuji podminky, kberé se vyskytujl den po prechodu fronty - slabsf, "updraft-producing”, seve-
rozdpadni vitr a slabsi termika. Edné uptednostiiuji hezké pofasi, kters se vyskytuje dva aZ etyfi dny
po plechodu fronty (viz ALLEN et al. 1996).

Owver the course of the 55-year study period, the number of cold fronts passing the
Sanctuary during the period of avtumn migration has ranged from 10 to 20, annually. Even
so, and despite the within-year associations in numbers of birds seen following the passage
of cold fronts, our analyses failed to detect among-year effects of frontal passage rates on
annual counts of raptors migrating past the site, suggesting that frontal passage enhances

10



autumn migration activity of raptors, rather that simply forcing the birds closer to the
watch-site and making the birds more visible to ohservers at such times (Allen etal. 1996).

Timing of raptor migration at Hawk Mountain. Unul recently, most analyses of the
Sanctuary’s longterm migration database set have focused on the numbers of birds passing
the site, rather than on the uming of migration. To determine the degree to which
species-specific migration schedules at the site are affected by exogenous factors such as
short- and loangterm changes in climate (ie., annual fluctuations in numbers of cold fronts
during migration, and the effects of global climate change), and annual variation in the
magnitude of each species flight, we recently calculated annual dates of passage for 25%,
50%, and 75% of the flights of four representative species, Northern Harriers (Cireus
cyaneus), Sharp-shinned Hawks, Broad-winged Hawks, and Golden Eagles, passing the
site between 1946 and 1991. (Our analysis was restricted to counts beginning in 1946
because seasonal coverage of autumn migration has been more consistent at the site since
that time.) Arithmetical mean dates of passage for harriers, sharpshins, broadwings, and
eagles were 13 Oct., 8 Oct., 16 Sept., and 1 Nov., respectively. Mean numbers of days over
which the middle half of each species’ flight occurred were 33, 12, 5.7, and 22, respectively.
Except for Broad-winged Hawks, for which the mean date of passage for the first 25% of
the flight was 2.2 days earlier in the 1980s than it had been in the 1950s (Figure 3), no
species exhibited longterm shifts in its migration schedule. Furthermore, migration sche-
dules did not shift in response to annual fluctuations in the numbers of cold fronts that
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passed Hawk Mountain during each species migration period, nor did they shift in response
to fluctuations in the numbers of birds observed each Y,

Overall, our analyses indicate considerable constancy in seasonal timing of autumn
raptor migration at the site, suggesting that this aspect of rmigration is less responsive 1o
exogencus factors than are many other aspects of raptor migration. We intend to continue
to- monitor this aspect of raptor migration ecology at the site in an effort to assess the
possible effect of global climate change on raptor biology,

Recent declines in numbers of migrating Sharp-shinned Hawks. During the 19805
and into the early 1990s, the numbers of Sharp-shinned Hawks sighted at many traditional
raptor-migration watch-sites in the northeastern United States declined substantially
(Figure 4), Declines have been especially precipitous at counts sites that usually record
high proportions of juvenile birds. Initial reports of the decline suggested that the decrease
might be due to natural population cycling, changes in migration routes, or 1o increased
everwintering north of many of the watch-sites, More recent suggestions include the effects
of habitat loss, pesticide contamination, and acid precipitation (VIVERETTE et al. 1996),

We used migration count data from Hawk Mountain Sanctuary, together with count
data from Capc May Point, New Jersey, and Natonal Audubon Society Christmas Bird
Count data from the easternmost United States, to test the possibility that the decline
resulted, at least in part, from migratory short-stopping in the species. The results of our
analysis, which demonstrated increased overwintering in the species north of many
migration watch-sites, support the shift in mi gration behavior ("short-stopping”) hypothe-
sis (Figure 5). Although the reason for this change in migration behavier is not clear, data
from Cornell University's (Ithaca, New York, USA) Project FeederWaich Program indi-
cate that Sharp-shinned Hawks are the most frequent predator of small birds at bird feeders
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(DUNN & TESSAGLIA 1994), leading us to suggest that recent increases in bird feeders in
northeastern North America may be affecting the migration and winter ecology of this
raptor (VIVERETTE et al. 1996).

Fig. 5 - Map of castern North America indicating the locations of Cape May Point, New Jersey, and
Hawk Mountain Sanctuary, Pennsylvania, the two longest-running raptor-migration watch-sites in
the region, together with annual % changes in the numbers of Accipiter striats seen on National
Audubon Sociely Christmas Bird Counts in states with significant shifts in numbers seen. The
numbers of hawks counted on 147 count sites north of the migration watch-sites increased
significantly (P 0.05) at a rate of 8% annually, while those on 128 count sites south of the two
watch-siles did not change significantly, (See VIVERETTE et al, 1996 for addirional details.)

Lbr, 5 - Mapa vychodnf Sdsti Severni Ameriky s vyznalenymi lokalitami Cape May Point (New
Jersey) a Hawk Mountain Sanctuary (Pensylvdnie), kterd piedstavaji dvé lokality s nejdel3fmi
zdznamy o podtech protahujich draved v oblasti. Soucasné jsou znizornény procenmdinf zmény v
poftech krahujce amerického zji$téngch béhem zimnfho stitini "Nadonal Auduben Society
Christmas Bird Counts” {stity se signifikantnimi zménami v podetnosti), Polty registrovanfch
krahujcd na 147 lokalitdch severn® od obou migradnich lokalit statisticky vyznamné verostly (P 0.05) < [
s rofnim pifristkem 8%, zatimeo na 128 lokalitich jiZng od obou zminénych migraénich lokalit se
pocty krahujed signifikantng nezménily (podrobnosti viz VIVERETTE et al, 1996).



Conclusions

The examples cited above suggest considerable potential for the use of traditional raptor
migration watch-sites as centers of monitoring activity and scientific research. Since 1935,
Hawk Mountain research personnel and collaborators have contributed more than 1350
technical publications, reviews, theses, and dissertations to the scientific literature. These
efforts, together with Sanctuary efforts in the field of raptor protection and conservation
are sumnmarized in several Sanctuary publications (BROUN 1948, BrETT 1991, BILDSTERN
& ZALLES 1995),

Through its international internship program and other training opportunities, Hawk
Mountain Sanctuary has long played arole in mentoring scientists and conservalionists at
newly established migration watch-sites. The Sanctuary’s recently established global
conservation initiative, Hawks Aloft Worldwide, which uses the plight of migrating raptors
to capture support for local conservation efforts along international migratary corridars
(Bildstein et al. 1995), formalizes this important role. Those interesied in learning more
about the Sanctuary’s research and conservation efforts, including Hawks Aloft Worldwi-
de, should conract the author at the Sanctuary,
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SOUHRN

Mnoho draved se béhem migrace koncentruje podél viznaingch terénnich prvkd v
krajin, jako jsou napE. mo¥skd pobfeZi nebo horské hfebeny. Predpokladd se, #e tihnouci
dravci se shromaZduji podél takovychto krajinnych struktur (“leitlinie” - GEYR von
SCHWEFPENBURG 1963), protoZe zde nachdzeji lepsi podminky pro svij let nez jinde. Diou-
hodoby monitering migrujicich dravet ve vchodni 24sti Severnd Ameriky se datuje od 30,
lettohoto stoletd, kdy byla zahdjena pravidelnd séitdni na lokalitéd Hawk Mountain Sanctua-
ry ve stiedni 2dsti Apalagského pohofi (vychodni Pensylvinie, USA) a na mysu Cape May
Point na jiznim vybézku pobe2i stitu New Jersey (USA). Sedesatilety monitoring v Hawk
Mountain Sanctuary pfedstavuje nejdelsi a nefkomplexnéjai soubor dat o migraci dravet
na svétd. Data z ka¥doroénich stitdni v Hawk Mountain Sanctuary predstavuji rozsahly
zdroj informaci pro zhodnoceni dlouhodobych trendti ve zméndch poletnosti seve-
roamerick{ch draved. 5 pomoc tohoto rozsdhlého souboru dat se podafilo ukizat na
PEZinnou souvislost mezi poklesem poletnostt orla b&lohlavého (Halizestus levcocephalies)
a nékterych daliich druhf a poufivinim chlorovangch pesticida (obr. 1)

MNashromazdénd data také umoiiujf analyzu vlivy pfechodu studené fronty na podty
rastitanych tdhnoucich dravolna séitacich stanovistich a analyzu viive klimatickych zmén
na sezdnni nadasovani migrace. Polet tdhnoucich jedinet se po prechodu studené fronty
signifikaning zvySuje u 12 ze 14 druhti. Analjza ukidzala, Je existuji ti zdkladni typy
pritahu v zdvislosti na prabhu studené fronty: arel béluh]avﬁ/mlﬂvec Fitni {Pandion
haliaetus) a sokoli (Falco sparverius, F. columbarius, F. peregrinus) protahuji nejvice v den
plechedu fronty, orel skalni (Aguils chrisaetos) a jesttabi (Accipiter cooperi, A. gentilis) byli
nejlastéji zaznamendvini jeden den po pechodu fronty a kdné (Butes lineatus, B. platypterus,
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B. jamaicensis) protahuji nejvice jeden az tH dny po pechodu fronty (obr. 2), Tyto ti typy
reakce na prechod studené fronty jsou disledkem kombinace ménicich se povétrnostnich
podminek provazejicich prechod fronty a rozdilnych aerodynamickych viastnost jednotli-
vichdruhi. Nebyl zjistén vliv poftu front v jednotlivich letech na roni pocty protahujicich
draved, coz ukazuje na to; e shudend fronta pouze stimuluje migragng aktivitu draven,

Sezonni nadasovdn! tahu se mezi roky viTazné neméni, cof svidd otom, Je tento aspekt
migrace podléhd méns viivu exogennich faktord,

Data nashromdzdéna v Hawk Mountain Sanctuary umoZiuji té2 rozbor pFidin poklesu
nasfitanych krahujeldt americkych (Acopiter siriatius) na Fads migratnich lokalit podél
vychodniho pobteZi Spajengch stitd. V pridbéhu 80. a na pofatku 90, let se pofet prota-
hujicich jedinet tohoto druhu viTazne snizil na Fadé lokalitve vichodnd Easti USA {obr. 4).
Za nejpravdipodobngjsi piitinu tohota poklesu lze povaovat zménu jeho migraéniho
chovini. Pratofe krahujec americky je nejéastéjsim ptafim predatorem malych ptikia na
zimnich krmitkdch, zda se, e zména v jeho migradnim chovani byla zplisobena zvidenym

zimnim pHkrmovanim ptikt v poslednich letech (viz té2 obr. 5.

REFERENCES

ALLEN, P. E.. GOODRICH, L.J. & BILDSTEIN,
K L. 1995; Hawk Meuntain's million-bird database.
- Birding, 27 24-32

ALLEN, P. E, GDODRICH LJ. & BILDSTEIN,
BLL., F996. Within- and among-year effects of cold
fronts on migrating raptors at Hawk Mountain,
Pennsylvania, [934- 1991, - Auk, 173 329.738,

BEDNARZ, 1.C, KLEM, D, Jr, GOODRICH, 1.1, &
SENNER. 8.E. 1990, Migraticn counts of raptors at
Hawk Mountnin, Pennsylvania, as indicators of
population tremds, 1938-1986. « Awk, 107 96-/ 09,

BILDSTEIN, K. L. & ZALLES. 1L (eds.) 1995
Raptor migration watch-site manual - Hawlk
Maouneain Sanciuary Assoctation, Kemplon,
Pennsylvania, A

BILDSTEIN, K.L.,BRETT, 1.1, GOODRICH, L.J. &
VIVERETTE, C. 1995: Hawks Aloft Worldwide: a
network o profect the world's migrating birds of
prey and the habitats esseatial to their migrations. -
In: SAUNDERS, D:A., CRAIG, F.L. & MATTISKE,
EM. fedi ) Nature conservaion 4: the role of

networks. - Surrgy Bearty & Sons, Chipping Nore-
fon, New Sowth Weles, Awstralia: 504-315,

BRETT, J. 1991; The mountun and the migration. -
Cornell Universiny Press, [thaca, New York, USA,

BROUN. M. 1948; Hawks alofi: the story of Hawk
Mouvntun, - Dodd, Mead Co.. New York, New York,
Lisa,

CARSON, R, 1962: Silent spring. - Heughton Mifffin
Cer., Boxton, Massachusetts, USA.

DUNN.E. H. & TESSAGLIA, D.L. 1994: Predation
of birds at feeders in winter. - Sowrn af Fleld
Creathy,, 65 §-16.

GEYR von SCHWEPPENBURG, H. F. 1963 Zur
terminologie und theorie der leitlinge. - fourn. fir
Chrnich., N0 fO0-204

KELLOGG, 5. 1993: Eastern continental simmary._ -
HMANA Hawk Migration Stdies, 19 1928,

VIVERETTE, C. B., STRUVE, 5., GOODRICH, L.J.
& BILDSTEIN, K.L. 1996: Decreases in migrating
Sharp-shinned Hawks {Accipiter strigtar) ai tradi-
tionad raptor migration watch sites in castern Nocth
Amenca. - Auwk, 113 32400

(Received 13,2, 1997, accepled 20.6. 1997)



