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SEASONAL DIFFERENCES IN MIGRATION COUNTS OF RAPTORS:
UTILITY OF SPRING COUNTS FOR POPULATION MONITORING
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ABSTRACT.—Long-term monitoring is important for ensuring effective conservation of raptor populations.
Raptors also can serve as indicators of biodiversity and ecosystem condition. Therefore, effective monitor-
ing of raptor populations yields the added benefit of helping to evaluate the status of ecosystems. Spring
counts of migrating raptors at concentration points may contribute to these goals, particularly by providing
insight into the vital demographic rates underlying population trends. Although much is known about the
monitoring value of autumn migration counts in North America, little research has addressed the value of
spring counts. We compared counts at seven spring watchsites to those at seven autumn watchsites matched
by region (Southwest, Great Lakes, and Northeast) to assess the value of spring counts for population
monitoring. Our analyses suggested that population indexes derived from spring migration counts provid-
ed estimates of population change that differed overall from autumn migration counts in the same region.
The concordance of spring and autumn trends was higher in the Southwest and Northeast than in the
Great Lakes region, suggesting greater variation in the seasonal representation of populations in the latter
region. The average precision of spring trend estimates was better than for autumn estimates in the same
region in two of three regions, and the estimated rates of change often were lower in spring. Spring counts
enhanced the ability to estimate population trends for species that are less common in autumn counts,
including the Rough-legged Hawk (Buteo lagopus) and Red-shouldered Hawk (B. lineatus). To realize fully
the value of spring counts, we recommend the establishment of additional spring watchsites in areas that
concentrate migrants in autumn, but do so to a lesser extent in spring, as well as additional research to
define the populations sampled by autumn and spring counts.
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DIFERENCIAS ESTACIONALES EN LOS CONTEOS DE AVES RAPACES DURANTE LA MIGRACION:
LA UTILIDAD DE LOS CONTEOS DE PRIMAVERA PARA EL. MONITOREO DE LAS POBLACIONES

RESUMEN.—EI monitoreo de largo plazo es importante para asegurar la conservacién efectiva de las po-
blaciones de aves rapaces. Ademis, las rapaces pueden servir como indicadoras de la biodiversidad y la
condicion de los ecosistemas. Por esto, los monitoreos efectivos de las poblaciones de aves rapaces también
proporcionan el beneficio de ayudar a evaluar el estado de los ecosistemas. Los conteos de primavera en
puntos de concentracién de aves rapaces que se encuentran migrando pueden contribuir a estos objetivos,
particularmente al proveer una idea sobre las tasas demogrificas vitales que subyacen a las tendencias
poblacionales. A pesar de que se sabe bastante sobre el valor de los conteos migratorios de otofio en
Norteamérica, pocas investigaciones han abordado el valor de los conteos de primavera. Comparamos
los conteos en siete puntos de observacion de primavera con los de siete puntos de observacién de otofio
pareados en cada region (Sudoeste, Grandes Lagos y Noroeste) para determinar el valor de los conteos de
primavera para el monitoreo de las poblaciones. Nuestro analisis sugirié que los indices poblacionales que
derivaron de los conteos migratorios de primavera brindaron estimados de cambios poblacionales que
fueron en general diferentes de los derivados a partir de conteos migratorios de otofio realizados en una
misma region. La concordancia entre las tendencias de primavera y de otofio fue mayor en el Sudoeste y en
el Noreste que en la regién de los Grandes Lagos, lo que sugiere que existe una mayor variacién en la
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representacion estacional de las pollaciones en esta dlime regidon. La precissin proavedio de Tos estimadioy

de Jas endencias de pramivera e mavor que la de los estimados de otofio en dos de las mes regiones v Lis
tasas de cambio estmadis lueron geneslmente menores on primaven Los conteos de primavera mmmen-
tarom i capacicdad de estimar renidencias poblacionales para las especies foe son menos comunes en by
contens de otofin, como Bl gepusy B feeatus Pac entender completamente el salor de Jos conteas de

prrimaver, recomendamis que se establezcan sitios de oldervicion de primavers sdicionides en dGreas que

conpritien un gran nimero de mpaces migratoriay dumne el otono pero en menor grado durane ia

primavera. Tambicn recomendames realizar ivestigaciones adiciomales para definir codles son las pobla-
ciones muestreadas durante loy contecs de primavera v ele oo,

Haptors possess many ol the characteristics of
tdeal bicdogical ndicator species {Waoodward eral,
1999, Bildsrein 2001, They integrate biological in-
tormaton across large spaual, wmporal, and habisg
stales, and  provide early indications of major
change within ecosystems. (Bildstein 20005, These
chavacteristics may be particularly useful in efforts
to preserve habitat conditions supporting & wide
array of migratory bird and ather wildlife species.
A substantal literature in population and commu-
nity ecology sugpests that apex predators can exert
strong influences on the structore of hiological
communities (eg.. Wootton 1983, Schmiw e al
200, Borer et al. 2006, Trossell ot al. 2006, Myers
el 2007). The loss of apex predators atects com-
munity structure beciuse, gencrally, there is linde
redundancy a this trophic level and interactions
with prey species tend to be strong (Duffy 2003),
\ecordingly, mprors can also serve as indicators ol
local biodiversity, such thiar monitoring and conser-
vation {ocused on them can efficientdy provide
brozd biodiversity benefits (Sergio et al, 2005), Giv
en their strong associations with biodversity {Sergio
et al. 2005} and strong influences on community
strusctire (Dt 20081, the development and reline-
ment af methods to monitor these apex predators
should pay broad conservation dividends,

Rapiors have heen designated species of concern
i many state wildlife action plans within the Unived
States (e, eight species in Pennsylvania and six
speciestin New York), In some cases, the species
themselves are of conservation concern; in othe
cases, they ure considered indicative of habitt con-
ditions supporting numerous other species (Anon-
vimvras 20005, 2008},

For these redsons, monitoring rapror populations
= an imporant component of biodiversity surveil-
fance. Conventional breeding season surveys have
proven: difficult and  often unreliable,  however,
due o the low breeding densities and secretive be-
havior of many species (Fuller and Mosher 19581,

I Traduecitn del |'E|Iri|m cdditorial

1987, Kirk and Hyslop 1968, Dunn et al. 2000} Pre-
vious work has established that aumumn counts of
visible migrating raptors. al traclitional walchsies
can Julfill an imporiant population  monitoring
funetion that produces accorate, costeffective tren:d
estimates corresponding 1o other independent indi-
cators (Bednarz et al, 1990, Bildstein 2001, Hoffman
arel Smith 2003, Farmer et al, 2007, 20080),

Maost raptor migration counts in North America
aceur at autumn watchsites primarily because mi-
prants are both more abundint and tend o concen-
trate along wopographic feitures o a greater extent
in aurumin than in spring (Bildsiein 2006, Goodrich
and Smith 2008), Comparing autumn counts o
spring counts may facilitae greater understanding
ol migration and populaton dvommics, vet heretio-
fore Tew spring counts: have underpone rigorous
analysis (but see Hoffman and Smith 2008), where-
as o broad mnge of oo counts fromm aeross e
continent have (Bildsiein et al. 2008). No previogs
efforts have specifically assessed the value of spring
migralion counes as o monitoring tool for apors,

We compare annual counts of |8 rplor species

BTV ._‘i]!'l"l!lg :"][l. SeVen Euiumn I'I!li.H['.lTI{PII 'I-\-'i-'l.lfhhi'[!'.\

Incated in the United States and Canada, Our ohb-

jectives were to compare the species composition of,

and populatdon rend estumates derived from, sprng
and autumn counts 1o three regions, amd 1o diaw
inlerences vegarding the relative atility of spring
aned ot coungs in monitoring populaions of mi-
gratory raptors [or conservation purposes,

MerHons

We eompared annual counts of migrating raprors
from seven Sil:ll'il'l.r'?, aned seven autumn watchsites
the United Seues and Canada (Fig. 1}, Spring sites
were located in New Jersey, New York, Maryland,
Michizun, awnd New Mesweo o the United States,
and o Ontario, Canada,  Site-specific
varied from 1430y of consecutive annual cournts
(Table 1), Auumn watchsites were located in Noew
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Locaticorns of autumn (open cieles) and spring (closed circles) witchsites wied o COIMpEEe Taplon migralon

coents (1) Lighthouse Point, Connectiout, US.A: (2 Cape May Point, New Jersey, USA (3 Moneelsir Hawk Lookout,
New Jerscy; (4) Hawk Mountain Saocoury, Pennsylvania, USAG (5) Holieny Beach Migrition Observatory, Onlario,
Canada; (6) Hawk Riddge Bird Observatory, Mimnesot, USAC (7 Manzano Mounins, New Mexico, U SA: (8) Fonl
Suallwood Park, Marvlane, U S.AC (99 Derby FIL Bard Cbseraitary, New York, USAG (100 Braddock Bay, New York: (113
Beamer Conservation Area, Ontario: {19 Whitefish Paint, Michigan, USA and (13) Sandia Mountains, New Mexico,

Jersey, Pennsvivania, Minnesota, New Mexdeo, and
Ontario. Coverage extended bevond 20 v for all
watchsites (Table 1). We divided the
watchsites: into thres regional groups: northease
coast/eastern Great Lakes, hereafter " Nortlaeast™:
central and western Grear Lakes, hereafier ' Great
Lakes'; and southwestern ULS,. hereafrer **South-
west™ (Table 1),

At all watchsites, observers used 7-10% binoculars

Autmn

ter eletect and fdentify migrating raptors, and some-
times telescopes to identify, but not o detect, rap-
s, Depending on weather and the volume of mi-
mration, ahservations sometimes extended beyvoned
or terminated before the end of standardized daily
sampling periods described below.

For each species at each site, we caloulated mean
annual counts and coeflicients of variaton for the
periods ol record deseribed above, We used hourly

counts o caleulate annual population  indexes
fpeometric mean birds per dayv) following Hussell
(RO81) for all species a1 all sites where the ay Erage
antnual count of & given species was =20 migrants
(Farmer and Hussell 2008), This method uses
regression-bused ANCOVA o estimate populstion
indexes as birds per standard doy while -_-mm-nlliug
for seasonal patterns in passage rates (Francis and
Hussell 1998, Farmer et wl, 2007, Farmer and Hus
sefl 20081, The full regression model with all covar-
VERTES Was:

J 4
el _
Ini &V + 1:_u.1+lrr,},+ Ehu* +em L)
=l k=1
where Ay was the number of one species counted
Lor estmated ) durng the standard hours on day ¢
in vear §, ¥ wasea seres of dummy variables which
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Table 1. Locations and data collection periods for raptor migration watchsites in three regions of the United States
and Canada.
REGION LOCATION LATITUDE  LONGITUDE  DATES OF OPERATION YEAR BEGUN®
Lighthouse Point, CT, U.S.A. 41°15'N  72°54'W 1 Sep-30 Nov 1974
Cape May Point, NJ, U.S.A. 39°56'N  74°57'W 1 Sep-30 Nov 1976
Hawk Mountain Sanctuary, PA, U.S.A. 40°38'N  75°59'W 15 Aug-15 Dec 1934 (1974)
Montclair Hawk Lookout, NJ, U.S.A. 40°50'N  74°13'W 15 Mar-15 May 1978
1 Sep-30 Nov 1974
Fort Smallwood Park, MD, U.S.A. 39°10'N  76°33'W mid-Feb-mid-fun 1994
Derby Hill Bird Observatory, NY, U.S.A. 43°32'N  76°14'W 1 Mar-31 May 1979
Braddock Bay, NY, U.S.A. 43°19'N  77°43'W 1 Mar-31 May 1977
Great Lakes  Hawk Ridge Bird Observatory, MN, USA.  46°45'N  92°02'W 15 Aug-30 Nov = 1952 (1974)
Holiday Beach Migration Observatory, ON, 42°02'N  83°03'W 1 Sep-30 Nov 1974
Canada
Beamer Conservation Area, ON, Canada 43°11'N  79°3¢'W 1 Mar-15 May 1977
Whitefish Point, MI, U.S.A. 46°46'N  84°57'W 15 Mar-31 May 1979
Southwest Manzano Mountains, NM, U.S.A. 34°42'N  106°24'W 27 Aug-5 Nov 1985
Sandia Mountains, NM, U.S.A. 35°05'N  106°25'W 24 Feb-5 May 1985

a Years in parentheses indicate first year of data included in analyses. Analyzed datasets extended from these start years through 2004
(Northeast, Great Lakes) or 2005 (Southwest) for autumn counts (Farmer et al. 2008a, Smith et al. 2008) and through 2007 for spring

counts.

were set equal to one when year = j and were zero
in all other years, #* were 1%t through 4t order
terms in date, a; and b, were coefficients estimated
by the regression representing the effects of each
independent variable on In(Nj; + 1), and ¢; repre-
sented unexplained variation. This regression mod-
el was a one-way ANCOVA with year terms as fac-
tors, all other independent variables as covariates,
and daily count estimates weighted in proportion
to the number of hours of observation on each day,
hii. The method of deriving geometric-mean index-
es was similar to previous applications (Hussell
1981, Francis and Hussell 1998), except that we
expressed each index as the estimated mean count
per day.

We estimated species- and site-specific trends in
annual indexes as the geometricmean rate of
change over a specified time interval (Link and
Sauer 1997). We derived trend estimates and their
significance by re-parameterizing the year terms fol-
lowing Francis and Hussell (1998; also see Farmer et
al. 2007). The re-parameterization transformed year
terms so that the first-order term estimated the rate
of change between the two sets of years and was
therefore equivalent to the slope of a log-linear re-
gression. To reduce the potential effect of extreme
trajectories at the ends of the polynomial model, we
compared mean indexes for the three-year periods
at each end of the time series under consideration.

The indexes for all years influenced these estimates
of the mean, thereby accounting for any trend with-
in the averaged years (Francis and Hussell 1998).
Similarly, we based tests of trend significance and
calculation of confidence intervals on the mean
squared deviation from the regression curve of all
index values, not just those in the averaged years.
For each spring watchsite, we estimated trends and
their significance over the periods of record for
each species (Table 1).

We compared the spring trends to previously
published trends for the seven autumn watchsites
(Farmer et al. 2008a,b, Smith et al. 2008). In the
Great Lakes and Southwest regions, the periods
analyzed in spring and autumn were comparable
across all sites (i.e., mid-1970s to mid-2000s in the
Great Lakes and mid-1980s to mid-2000s in the
Southwest; Table 1). This was also true in the North-
east (mid-1970s to mid-2000s), except that the Fort
Smaliwood Park (MD) count did not begin until
1994. Because of this substantial difference in data
periods, we excluded the Fort Smallwood data from
most analyses; however, we also calculated trends
for all sites in the Northeast region for the common
period 1994-2004 to evaluate whether inferences
about concordance of seasonal trends differed de-
pending on the length of period analyzed.

We were unable to combine data from multiple
watchsites numerically to derive valid, composite re-
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J.:i"ll'l-l| trend estimates for each RPECIESREASON COTI-
binaton {see Dunn and Hussell 19957, but we as
seuserl the strength of concordance bemween S
and autoumn trends in several wavs. We used a bino-
mial test (Zar 1996) on matches between qualitative
prttierns i seasonal trenicls i assess cone ordance on
comclusions reached at regional seales, For this test
we classified regional wends for cach species into
foner weneral categories: b creasing, decreasing, sia-
ble, or variable. A significant test result indicated

more matches than would be expected to occur at
random.

Although regional averages were not valid as esti-
mates of a composite regional trend, they were use-
ful to compare the typical estimate provided by
autumn and spring migration counts. Therefore,
within the three regions, we assessed the numerical
concordance between spring and autumn trends us-
ing paired #tests to investigate differences in the
magnitude and precision of spring and autumn
trend estimates within regions. The data points for
these analyses were species-specific seasonal averag-
es calculated across sites within regions, with the
precision analyses based on one-sided widths of
95% confidence intervals (CIs). We used binomial
tests to examine relationships between the degree
of agreement of qualitative spring and autumn
trend estimates (agree vs. disagree) and migrant
type (partial-short, partial-medium, partiallong, ir-
ruptive, complete-medium, or complete-long; see
Bildstein 2006) and primary flight mode on migra-
tion (soaring, powered, or combination). We tested
for relationships between degree of agreement and
trend magnitude using ANOVA on a dependent var-
iable constructed by averaging the absolute values of
trend magnitudes across seasons within species.

We considered trend estimates significant with
P = 0.10 and all other test statistics significant with
P = 0.05. We conducted all trend analyses using
SAS 9.1.3 (SAS Institute, Inc., Cary, North Carolina,
U.S.A)) and other statistical analyses using Statistica
7.1 (Statsoft, Inc., Tulsa, Oklahoma, U.S.A.).

RESULTS

The total combined count at the seven spring
watchsites averaged 131119 raptors of 18 species
per season (Table 2), which was approximately half
the average at the seven autumn watchsites (251
817; Farmer et al. 2008a, Smith et al. 2008).
Broad-winged Hawks (Buteo platypterus, 40%),
Sharp-shinned Hawks (Accipiter striatus, 33%), and
Turkey Vultures (Cathartes aura, 14%) together
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made up more than 80% of all spring counts, but
species composition varied among regions. In the
Northeast, Sharp-shinned Hawks, Broad-winged
Hawks, American Kestrels, and Turkey Vultures
composed >80% of all counts, in descending order
of abundance. At Great Lakes watchsites, Sharp-
shinned Hawks, Broad-winged Hawks, Turkey Vul-
tures, and Red-tailed Hawks comprised >80% of the
counts. At the Sandia Mountains Southwest watch-
site, Sharp-shinned Hawks, Cooper’s Hawks (A. coop-
erii), Red-tailed Hawks, American Kestrels, and Tur-
key Vultures predominated.

Spring Population Frends. Northeast. Significant
declines occurred in spring counts of American Kes-
trels along the Atlantic Coast, whereas trend esti-
mates for eastern Great Lakes (New York) watchsites
were nonsignificantly negative (Table 3). Northern
Harriers, Broad-winged Hawks, and Red-tailed
Hawks each declined at one watchsite and showed
no significant trends elsewhere (Table 3). Bald Ea-
gles (Haliacetus lewcocephalus) increased substantially
at all three sites where they were counted in suffi-
cient numbers for analysis. Cooper’s Hawks, Merlins
(Falco columbarius), and Peregrine Falcons (F. peregri-
nus) each increased at two sites and showed no
other significant trends. Ospreys, Sharp-shinned
Hawks, Red-shouldered Hawks (Buteo lineatus), and
Golden Eagles (Aquila chrysaetos) each increased at
one site and showed no other significant trends.
Northern Goshawks (Accipiter gentilis), Rough-leg-
ged Hawks (B. lagopus), Black Vultures (Coragyps
atratus), and Turkey Vultures showed no significant
trends in this region.

Great Lakes. Bald Eagles, Northern Harriers, and
Turkey Vultures increased at both spring watchsites
in this region (Table 4). Trend estimates also were
positive at both sites for Ospreys and Cooper’s
Hawks, but significantly so only at one site. Golden
Eagles, Merlins, and Peregrine Falcons increased at
Whitefish Point, but were not recorded at Beamer
Conservation Area in sufficient numbers for analy-
sis. The Sharp-shinned Hawk was the only species
that declined significantly at both sites. Northern
Goshawks, Red-tailed Hawks, and American Kestrels
showed significant declines at one site and no sig-
nificant trends at the other site. Red-shouldered
Hawks increased significantly at Whitefish Point,
but declined significantly at Beamer Conservation
Area. Broad-winged and Rough-legged hawks
showed no significant trends in this region.

Southwest. Ospreys, Swainson’s Hawks, and Pere-
grine Falcons increased in the Sandia Mountains at
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Average (UV) annaal codints of TR raptor species and all siptors combined wt seven spring migrition watchsites

in thiee regrions of the Upnited Stares and Canada (see Table 1 for periods of record)

SULTHWEST Gkt Lakes MORE I AST
SANDEA WHITEFLS Bias i Fow
Mol N TAlNS Praixa Comservation  Beabooos  Dersy Hioe  MosToiae Ssaiiworon
SPITIES NM Ml AHES (BN By NY MY il | Paks MI2
Black Yaliare et (TR 11k 1Lk F1al FRRE 1N 1405 (5
Turkey Vialiare 1561 (45) 174 {7ty dikg (TH) BESR (A e By S14 (b 0L [ 14)
Chapresy LR E ] LT (41} A8 (8 L EE MM (4 168 (37 2% 42
Baled Eagle 14 (60) I (95) g (M) 10k2-(89) 86 (1D boiBT) 18 G
Northern Harmer 58 (24 307 {51 128 (37) S0 (T G0 {57) A2 (A 128 (Mn

Sharpeshmmned Hawk 444 (500} HAlE (5)

LR

SUHR (THY 460G (47 O3 (51 2405 (25)

l_.mlp-r-a'\ Hawk 756 (57} 65 549} |88 (32 S (HE) 476 157 36U 12017
Sorthern Gaoshawk 11 (64) T2 100y P LR )] b (T il (=i I {241) 1¢11M)
Eed-shouldered Hawk ik ik B0 (6 TED (Tha) =518 (a7 158 () 196 (44
Broad-winged Hawk LTI [k VR T T FLTVERCE T 2RATH T4 1TRET (467 1652 (6h) 1197 (99
Swainsan's Hawk 54 |44 1 i L i ik i
Red-tatled Hawk 340 (37) 2108 (68 26200 ¢ 19) F2R] (6Y) 6368 (44 1700 (44 328 (18)
Rough-legged Fawk <] T (Tay T3 {34} A0 (T B ] ni 134
Garlilen Eaggle A58 14 45 (TH) 749 24 (HR) 33 (61 Ha i
Arenican Kesirel 197 140 11 14 S 400 T S (AR G (1Y IS RS ]
Merlin 1 iT7) GO (7] FOO 4500y LS {85) 22 (59 15 (74) G {41
Peregrine Faleon i (67 4406l LN e 0] 1 {41 i (B LA L] (76
Praurie Falcon 24 (4% I [iF} na it 1 na
Al FApiors A0 18 159 2ol 4TS L 3305 10 (s

= Mor apphcable: species sbandance a e souafBicient 1 suppor robuse wend analvaes

rates varyving feom - LG Sv (Table 4}, No oth-
er significant trends cocurmed at this site,

Trend Comparisons. The overall regional pa-
terny in spring trends agreed qualitanvely with those
lrom corresponding auwamn watchsites for & ab 14
species monitored  during bath seasons e the
Mortheast, 8 of 15 species in the Great Lakes, and
7ot Ll species in the Southwest [ Table 5). Binomoal
tests indicated this degree of concordance could be
expected ar random in all three regions {Northeast
FP= 018% Great Lakes P = (1196, Southwest P =
061 Table 3). Species for which spring and aw-
turnn trend estimiates agreed were characterzed by
larger average trend magnitudes (3.0 + 065 [SE] 5
change vr than those for which there was seasonal
disagreement (1.2 = 0U2% change/yr fiay =
7901, /o= 0008), and this relatonship was not
sipnificantly influenced by region (54 = (L1854, P
= (L8331, or the redan X Agreeienl e tion
(Fugy = 0385, F = 0,719}

Species tor which there were no qualitatve differ-
ences between the longaenm seasonal rend mdica-
twrs within reglons included Osprey, Bald Eagle

(et Lakes anad Northeast onlv), Swainson’s Hawhk
{Southwest only), Golden Eagle, Merling and Pege-
grine Faloon. 'Within the Southwest and Nartheast
regions, i species showed  diametrically opposed
seasonal wend ndicators, whereas i the Grem
Lakes region, Northern Facters  in-
creascd in spring but decreased 0 sutumn, and
counts of Northern Goshawks and American Kes-
trels decreased mospring but mcreased o autumin
(Table 51 Binomial tests indicated no significant
citferences in concordance ol seasonal rend est-
mates for species in different migranttvpe or
flighe-behavior categories

AL Montchin, New Jersey, the anly watchsite at
which migrants were counted i hoth seasons,
Spring andd awtumn trend estimates for nine *E“'ﬂ"““!
common o botl seasons were stronglv and positive
Iy correlated (Pearson = (LE7, P=(L003; Table ¥).
Owerall, the magnitade of spring trend estimates
(L] = LAATE change /vr) sveraged significanty low
er than (o the wotamn esimates (2.2 = 1.66%
change /vr: paired  Hese o 242, df = ¥, P =
(L2}

cotnls ol



Table 3. Population trends (average  change/yr [+95% confidence interval]) for 18 raptor species at four spring and four autumn migration watchsites in the
northeastern United States (see Table for periods of record). Source of autumn trends is Farmer et al. (2008a).

BRADDOCK Bay DERBY HiLL HAwWK FORT SMALL-  CapE MAY POINT  LIGHTHOUSE
NY NY MOUNTAIN PA MonrcLr Hawk Lookout NJ woOD PARK MD NJ Point CT
SPECIES (SPRING) (SPRING) (AUTUMN) (SPRING) {AUTUMN, (SPRING) (AUTUMN) (AUTUMN)
Black Vulture na2 na na na 1.5 (2.7) 6.9 (2.1)%*
Turkey Vulture 1.4 (3.8) 0.7 (3.6) 12.5 (1.8)** 2.5 (4.3) 10.5 (2.7)** 3.7 (14.2) 1.5 (3.8) 8.8 (1.3)%*
Osprey 0.2 (3.6) 3.2 (1.2)** 1.5 (0.9)** -10 (1.4) 2.4 (1.7)** 3.5 (14.0) 2.4 (2.1)* 5.1 (2.2)**
Bald Eagle 6.8 (1.4)** 9.6 (1.0)** 4.7 (0.6)** na 7.7 (2.4)** 5.8 (3.4)** 8.4 (1.7)%* 5.7 (7.0)%*
Northern Harrier 0.8 (3.4) 0.8 (1.4) -2.0 (0.9)** 0.3 (2.3) 0.6 (1.9) 5.2 (5.0)* 0.7 (2.6) 0.7 (1.5)
Sharp-shinned Hawk 3.5 (5.3) 0.7 (4.0) ~-1.1 (0.9)** -0.4 (5.9) 1.4 (1.7) 9.4 (8.0)* 4.5 (2.6)** 1.8 (1.3)*
Cooper’s Hawk 6.0 (4.1)** 0.5 (1.5) 4.1 (0.8)** 10.3 (2.4)** 10.2 (1.4)** 3.0 (3.3) 4.6 (2.3)** 7.5 (2.2)%*
Northern Goshawk 1.2 (2.7) 0.4 (3.0) -2.7 (1.7)** na na na 0.6 (1.9) na
Red-shouldered Hawk -0.1 (3.9) 1.6 (2.2) -0.6 (0.8) 1.6 (1.9)+ 1.3 (1.1) 1.9 (4.8) 0.3 (1.4) 3.3 (1.5)**
Broad-winged Hawk ‘1.5 (4.2) 0.3 (4.6) -3.1 (1.0)** -3.7 (5.4) -1.8 (3.0) 9.7 (7.4)* 1.4 (2.5) 0.4 (1.8)
Swainson’s Hawk na na na na na na na na
Red-tailed Hawk 0.2 (1.9) 0.1 (5.6) -1.9 (0.9)** -2.4 (2.3)* -1.7 (2.3) -3.4 (5.0) 1.8 (2.8) 3.1 (1.3)**
Rough-legged Hawk 0.2 (4.0) 1.5 (1.8) na na na na na na
Golden Eagle 1.4 (1.9) 4.7 (1.3)%* 2.1 (1.3)** na na na na na
American Kestrel 0.2 (2.9) 0.2 (1.7) -1.6 (0.9)* -6.3 (2.5)** 3.3 (1.3)** 11.3 (4.4)** 4.5 (1.5)%* 3.1 (1.5)**
Merlin 8.3 (3.6)** 3.5 (1.7)** 5.1 (0.7)* na 7.2 (2.6)** -0.6 (4.5)+ 1.8 (2.0)+ 7.8 (2.7)**
Peregrine Falcon 7.6 (2.4)%* 5.2 (8.5)%* 4.3 (1.1)* na na -2.4 (14.9) 6.0 (2.0)** 7.8 (2.0)**
Prairie Falcon na na na na na na na na

Not applicable: species abundance at site insufficient to support robust trend analyse
Significance of trend estimate: + P =< 0.10, * P = 0.05, ** P < 0.01.
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Table 4. Long-term population trends (average % change/yr [£95% confidence interval]) for 18 raptor species at two
spring and two autumn migration watchsites in the Great Lakes region and one spring and one autumn migration
watchsite in the southwestern United States (see Table 1 for periods of record). Sources of autumn trends are Farmer et

al. (2008a) and Smith et al. (2008).

SOUTHWEST GREAT LAKES

SANDIA MANZANO ‘WHITEFISH Hawk BEAMER HoLipay

MOUNTAINS MOUNTAINS PoINT MI RIDGE MN CONSERVATION BeacH ON

SPECIES NM (SPRING) NM (AUTUMN) (SPRING) (AUTUMN) AREA ON (SPRING) (AUTUMN)
Turkey Vulture 0.3 (2.7) 10.4 (5.9)**a 8.4 (1.4)** 4.0 (1.9)** 89 (1.1 10.3 (2.1)**

Osprey 3.4 (1.5)** 6.8 (3.8)** 0.5 (1.4) 4.3 (1.3)** 3.3 (0.9)* 0.8 (1.6)
Bald Eagle nab na 5.8 (0.9)** 10.4 (1.2)** 7.0 (1.1)* 7.8 (2.5)%*
Northern Harrier -0.1 (1.3) 3.0 (3.8) 24 (2.4)* 0.6 (1.8) 1.4 (1.6)- —2.6 (2.5)+

Sharp-shinned Hawk —0.9 (2.5) 2.2 (2.0)* -3.0 2.1)+ 0.7 (1.2) -1.7 (1.0y* —0.5 (1.1)
Cooper’s Hawk 1.3 (2.1) 4.5 (1.9)** 0.3 (2.3) 4.0 (1.9)** 1.8 (0.7)* 2.6 (1.2)%*
Northern Goshawk na na -1.9 (2.1)+ 1.7 (2.7) 0.1 (3.6) 4.4 (3.2)**

Red-shouldered Hawk na na 4.5 (2.9)** na —-1.8 (1.1)¢ -1.3 (2.2)
Broad-winged Hawk na na 0.8 (4.7) 1.1 (2.9) —0.3 (1.6) —5.2 (3.8)**

Swainson’s Hawk 2.0 (1.6)*  13.7 (10.2)** na na na na

Red-tailed Hawk 0.5 (2.0) 2.1 (1.6)* -3.0 (3.3)+ 0.9 (1.2) —0.4 (0.1) —-24 2.7+
Rough-legged Hawk ria na -1.7 (3.4) -1.2 (1.7) 0.4 (1.7) —6.6 (3.6)**

Golden Eagle -04 (2.4) 1.2 (2.6) 2.4 (1.7)%* 5.7 (1.3)%* na 1.5 (2.8)

American Kestrel —0.1 (1.6) 0.1 (1.6) 0.9 (2.0 3.2 (1.3)** -1.3 (1.0) —0.4 (1.6)
Merlin na 10.1 (5.0)** 6.0 (2.1)** 12.0 (1.8)** na 11.9 (2.4)**
Peregrine Falcon 14.6 (2.9)** 14.4 (4.8)** 8.2 (2.1)** 7.8 (2.0)** na 4.7 (1.9)%*

Prairie Falcon 0.4 (1.9) 6.1 (4.0)* na na na na

2 Significance of trend estimate: + P < 0.10, * P < 0.05, ** P < 0.01.

® Not applicable: species abundance at site insufficient to support robust trend analyses.

Average, long-term (1970s to 2000s, excluding
Fort Smallwood Park) trend estimates in the North-
east did not differ significantly between spring (2.0
* 0.87% change/yr) and autumn (2.4 * 1.08%
change/yr; t = —0.58, df = 13, P = 0.571). Spe-
cies-specific average 95% CIs for the two seasons
(Table 3; n» = 34 sites per season, 14 species com-
monly analyzed) were uncorrelated (r= —0.01) and
the CIs for spring estimates (2.9 * 0.29% change/
yr) averaged significantly wider (lower precision)
than for the autumn ClIs (1.8 * 0.12% change/yr;
t = 3.43, df = 13, P = 0.004). With the data period
restricted to 1994-2004 so that the Fort Smallwood
data could be considered, the qualitative concor-
dance of regional trends was poorer (7 of 15 spe-
cies). The average trend estimates for 1994-2004
did not differ between spring (0.0 = 091%
change/yr) and autumn (—0.6 * 0.85% change/
yr; t = 0.92, df = 14, P = 0.372), and the 95% CIs
averaged roughly twice as wide in both seasons (see
Smith et al. [2008] for discussion of the effects of
project duration on trend precision). Average Cls
for this period were positively correlated between

seasons (r= 0.51), and the difference in the average
precision of the seasonal estimates was less pro-
nounced (spring CIs: 4.7 * 0.46% change/yr; au-
tumn Cls: 3.9 = 0.43% change/yr; t = 1.84, df = 14,
P = 0.088).

In the Great Lakes region, average trend esti-
mates did not differ significantly between spring
(22 = 091% change/yr) and autumn (2.6 =*
1.14% change/yr; t = —0.66, df = 14, P = 0.518).
Average 95% CIs (Table 4; n = 2 sites per season, 15
species commonly analyzed) were positively corre-
lated (r = 0.86) and the CIs for spring estimates
(1.9 + 0.15% change/yr) averaged significantly nar-
rower than the autumn CIs (2.1 * 0.16% change/
yr; t = —2.21, df = 14, P = 0.043)

In the Southwest, the two watchsites are located
34 km apart along a common north-south, montane
axis and probably monitor similar populations of
many species (Hoffman et al. 2002, Goodrich and
Smith 2008). Trend estimates averaged significantly
lower in spring (1.9 * 1.32% change/yr) than in
autumn (5.9 * 1.50% change/yr; t = —3.44, df =
10, P = 0.006). Average 95% ClIs (Table 4; n = 2



JUNE 2010

Table 5.
three regions of North America.

UTILITY OF SPRING MIGRATION COUNTS

109

Regional patterns in long-term raptor migration count trends across six spring and seven autumn watchsites in

SOUTHWEST GREAT LAKES NORTHEAST
SPRING AUTUMN SPRING AUTUMN SPRING AUTUMN
SPECIES (1 sITE) (1 sITE) (2 SITES) (2 SITES) '3 SITES) (4 SITES)
Black Vulture na* na na na na
Turkey Vulture Stable Stable Increase Increase Stable
Osprey Increase Increase Increase Increase Increase
Bald Eagle na na Increase Increase Increase
Northern Harrier Stable Stable Increase Decrease Stable
Sharp-shinned Hawk Stable Increase Decrease Stable Stable
Cooper’s Hawk Stable Increase Increase Increase Increase
Northern Goshawk na na Decrease Increase Stable
Red-shouldered Hawk na na Variable Stable Increase
Broad-winged Hawk na na Stable Decrease Stable
Swainson’s Hawk Increase Increase na na na
Red-tailed Hawk Stable Increase Decrease Decrease Decrease
Rough-legged Hawk na na Stable Decrease Stable
Golden Eagle Stable Stable Increase Increase Increase
American Kestrel Stable Stable Decrease Increase Decrease
Merlin na Increase Increase Increase Increase
Peregrine Falcon Increase Increase Increase Increase Increase
Prairie Falcon Stable Increase na na na

2 Too uncommon in region to support trend analysis.

b Decrease = majority of estimates negative, some estimates significant; Increase = majority of estimates positive, some estimates signif-
icant; Stable = no significant trends and typically a mix of positive and negative estimates when more than one site involved; Variable = at

least one significant increase and one significant decrease.

sites per season, 15 species commonly analyzed)
were uncorrelated (r = —0.07) and the spring Cls
(1.9 = 0.15% change/yr) averaged narrower than
the autumn CIs (2.1 % 0.16% change/yr; t = —2.21,
df = 10, P = 0.043).

DISCUSSION

Our analyses indicated that the averall concor-
dance in regional patterns of trends between sea-
sons was at best marginal and, in the Northeast,
declined when the analysis period was reduced from
three decades to only one. At the same time, the
average magnitude of species’ trend estimates within
regions did not differ significanty between seasons
except in the Southwest, and the precision of spring
estimates was higher than for autumn estimates ex-
cept in the Northeast. What is known of migration
geography in North America suggests that spring
and autumn counts within regions should sample
the same populations on a regional scale. With
one exception, only single-season counts, either au-
tumn or spring, were collected at the watchsites
available for our analyses. Therefore, in comparing

our spring results to previous autumn results, we
must assume that changes in individual migration
counts reflect population changes occurring on a
regional basis. This assumption appears to be borne
out by previous research showing that migration
counts agree with other indicators of regional
trends (e.g., Bednarz et al. 1990, Hoffman and
Smith 2003, Farmer et al. 2007), as well as a large
degree of overlap in recoveries of birds banded near
various watchsites within a region (Goodrich and
Smith 2008).

Assuming spring and autumn counts within re-
gions do indeed sample the same migrating popu-
lations, the equivocal evidence concerning trend
agreement either arises from differences in the
two analyses we employed, or suggests that demo-
graphic processes prevailing between seasons (e.g.,
winter mortality) are reflected in seasonal trend es-
timates. Our analysis of qualitative regional patterns
in trends assigned some species to categories based
on, for example, single significant trend estimates.
This technique avoided the pitfalls of averaging
trend estimates from multiple sites without knowl-
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cdge ol appropriate weighting Gectors (Dunn andd
Flissell 194953, but sometimes obscured greater nu-
merical similarities between seasons, Conversely,
our analyses of averape trend esthimates allowed
these numerical similarites to dominate the anal-
sis, bur did nor discriminate significant from non-
sigmilicant estimates,

According 1o the criteria set forth by Fanmer et al,
{20084}, lomg-term spring trend estimates averaged
moderate precision in the Great Lakes and South-
west, but Jow precision in the Northeast Taken o
gether, the cquivocal evidence of rend concordance

hetween seasons and the ofien better precision of

spring trend estimmiles sugrest that spring migration
conrnts may e as effective as autumn counts for mon-
itoring migratory raptors. Further insight abou re-
gional migration geography and populaton repre-
sentation at different sites will be necessary o elarify
the retative merits of spring and antomn migeation
connts. Bffors also are needed wo improve the preci-
sion of spring estimates in the Northeast through
greater standardization o inproved modeling,

Perhaps our most interesting fnding s that the
degree of agreciment berween spring and antumn
trend estimates appeared 1o depend on the steength
of the population wend, rather than on aspects o
migration bisdogy such a8 migrant types and primae
rv light modes; This suggests that migration moni-
roring is very good at detecting strong population
trends, b mavy need o be augmenoed with othe
IOTIE NG strategies 1o acoarately estimate weake
trends (see Dunn e al, 2005),

Mortheast. Counts in this region demonstraneed
overall qualitative agrecinent between spring and
autumn monitoring, and the long-term spring trened
estimates typically averaged at least shighely lower
and less precise than in autumn for most species.
Bildstein e al, (2008) suggested that spring nigra-
tion counts may allow us to assess the relative inflo-
ence of overwinter mortality and productivity as pri-
mary causes of population trends when ey are
commpared o awtumn wends decived From the same
reionl pc:«]]ul;llinll. Ejght species exhibited less-
positive: long-term trends in spring than in antiuomn
m the Northeast, most nomably Amercan Kestrels
andd Broad-wanged Mawks (Tables 5 and 5). These
species declined at least slightly an all antmn sites,
but showed much Wigher magnitade declines at
sonmes spring sites (Table 31, Following Bildstein et
al’s (2008) reasoning, o potential explanation o
this pattern is that winter or posi-fledging suraval s
move limiting than productivity in these populations,
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Focused demographic rescarch on breeding and win
tering ranges is needed 1o est this hypothesis,

Great Lakes. Trends for all three Aeeipiters, Bald
Eagles, and Merlins were lower in spring than in
autumin, a pattern sinmilar o that seen in the North-
cast. In contrast, wends for Northern Harriers were
ingreasing e spring buar stable oo decliming inoan-
fumn, This pattern may indicate that the migraton
geography of harners in this region is shiftung enher
away lrom eadinonal autumn walchsites or more
tenwatrel the Tocations of existing spring wiatehsites,

Dreclines in American  Restrels and
Broad-winged Hawks in the castern portion of this
region, but increases in the western portion (Ta-
Ble &), sugrest that the centrad Great Lakes watche
sites draw migrants of these species from areas over-
thiose

cotints  of

witchsites in the
Mortheast {also showing decreases for these spe-
cies), whereas western Great Lakes watchsites dlmw
migrants: from distinet populations, For Broad-
winged Hawks, evidence of increases in the western
Lot
cent imereases in western North America (Smith et
al. 2001, Hoffman and Smith 2005), Overall results
sugpest that for many species the castern and west-
crn portions of the Great Lakes region sample dis
tinct regional populations,

Southwest. In the Southwest, the close proximity
of the Manzano and Sandiy sites oud more than

Lapping sampled by

at Lakes also s consistent with evidence of re-

four dozen exchanges of banded birds beoween
the rwo sites sinee 1990 (Holfman etal. 2002, Hawk-
Watch International unpubl. data), suggest tha
these projects monior similar migranng popula-
tions of several species, As was e [or several spe-
cies in the Northeast and CGrear Lakes regions, the
almost universally lower spring rend estimates in
this region may reflect the disproportionate influ-
ence of migraton-season and Sor overwinter maortal-
ity o e populaion demographics of most species,
IF this interpretation is correct, these resalis gener-
ally support focusing conservation effors on migra-
it wintering bivds andd associated geographic
ranges rather than on breeding birds and habiais:
however, focused research on breeding and winters
gy panges s needed 1wootest this hypothesis,
Helative Seasonal Coverage. Spring counts clearly
enbance population monitoring for several species
that are not as well represented numerically a
turnn watchsites, In partieular, Bough-legeed Hawks

averaged 5.5 tmes more numerons in spring {aver-
age annudl combined total for seven sites of 1570
migrants: Table 2) than in autimn (average annual
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combined oral o
2O

seven sites ol 453 migrants;
200%), and only
spring trend analvses were possible for this species
ter Lo anitumn numbers (Ta-
Fhe difference in apparent abundance may
sampling o overare in autumn
the species” southward flow ocours a.long a
nay extend well into
winter after all counts have ceased spring monitor-
g may be beilter umed to cover the species’ return
migrations and therefore sample considerably more
migrants. A similar pattern may be responsible for
the Golden Eagle count averaging roughly three
times higher during spring in the Sandia Mountains
(354) than during autumn in the Manzano Moun-
tains (116). Red-shouldered Hawks averaged 1.6
times more numerous in spring (2713) than in au-
tumn (1681), largely due to high counts in the cen-
tral and eastern Great Lakes. The abundance of
Turkey Vultures differed less between spring and
autumn (19 069 vs. 15 050); however, spring counts
were more evenly distributed across the available
watchsites, whereas 61% of the autumn count oc-
curred at one Great Lakes watchsite.

rarmer ot al St el A
in the Northeast due
ble 3)
redlect relatively [N
when

partscalarly hroad front and

CONCLUSIONS

At regional scales, qualitative agreement of spring
and autumn count trends for many species and
roughly comparable trend precision suggest that
both can be effective tools for monitoring popula-
tions of migratory raptors. The equivocal, overall
qualitative and quantitative agreement between
the two seasons indicates, however, that caution is
needed when combining inferences from monitor-
ing in different seasons. For several species, varia-
tion in trend indicators within seasons in both the
Great Lakes and Northeast regions further suggest-
ed that different watchsites may sample relatively
discrete segments of these species’ regional popula-
tions. Understanding the conservation significance
of these trends will therefore be aided by an in-
creased understanding of raptor migration geogra-
phy (Bildstein et al. 2008).

It appears that two additional steps are needed to
fully realize the value of spring counts: (1) addition-
al spring watchsites are needed, particularly in areas
that concentrate migrants in autumn, but may do so
to a lesser extent in spring; and (2) research is need-
ed to more thoroughly define the breeding areas
sampled by autumn watchsites, the wintering areas
sampled by spring sites, and the degree of connec-
tivity between the sampled regions.
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