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Asstract.—Hourly counts of migrating raptors have been collected for >10 years at
>20 raptor migration watchsites in eastern North America. Using counts from seven watch

sites with <30 vears of counts, we calculated annual population indexes for 16 species of

diurnal migrant raptors. The seven watchsites were at similar latitudes along an east-to-west
transect from the Atlantic coastline of Connecticut to the western shoreline of Lake Superior.
We also calculated population indexes for a shorter-term count at Observatoire d’oiseaux de
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Tadoussac, which receives migrants primarily from northeastern Québec and Newfoundland.
We estimated geometric rates of change in the population indexes for the 16 species. Counts
increased or remained stable for seven species and decreased for one species throughout the
region from 1974 to 2004. Eight other species showed variable long-term trends across the
region. Precision of long-term trend estimates from migration monitoring was generally good
(n=107), with 45 estimates rated with high (95% confidence interval [95% Cl1], £ 1.8% per
vear or less), 51 moderate (95% Cl £ 1.8-3.5% per vear), and 11 low (95% CI £ >3.5% per
year) precision. Trends often were not linear, and several species that increased significantly
during the 1980s—Osprey (Pandion haliaetus), Merlin (Falco columbarius), Peregrine Falcon
(£ peregrinus)—did not do so in the 1990s. A few species showed geographic patterns in
trends, which suggests either that different source populations were monitored in the eastern
and western portions of the study area or that migration geography changed over the course
of the study period.

Each autumn, large numbers of raptors migrate southward through
North America (Zalles and Bildstein 2000). Migrating raptors are observed
from many traditional watchsites operated by professionals and volun-
teer citizen-scientists (Bildstein 1998), who often use standardized tech-
niques to count them (e.g., Barber et al. 2001, Holiday Beach Migration
Observatory 2002, Kunkle 2002, Vekasy and Smith 2002). For most spe-
cies, standardized migration monitoring offers the most feasible means
of detecting temporal trends in breeding populations (Dunn and Hussell
2005, Farmer et al. 2007).

Trends typically are calculated for individual watchsites (e.g., Mueller
et al. 1988, Bednarz et al. 1990, Kjellén and Roos 2000). Trends in the
counts at a single watchsite may not be representative of an entire migrating
population within a geographic region, however, and this has led to efforts
to estimate regional trends based on data from several watchsites. Titus and
Fuller (1990) used route regression to combine trends for six watchsites
in eastern North America, weighting each watchsite by its total volume of
migration. Whereas this weighting is intuitively appealing, it can produce
biased regional trend estimates, because the volume of migrants at a site
is unlikely to be correlated with the proportion of the breeding population
sampled there (Dunn 2005). Hoffman and Smith (2003) compared trends
from seven watchsites in western North America but did not attempt to gen-
erate quantitative regional trend estimates. Instead, they combined the trend
information with information on the migration ecology of individual species
to develop an overall qualitative assessment of regional population trends.

We estimated population trends for the period 1974-2004 at seven
watchsites in northeastern North America and characterized regional
trends in much the same manner as Hoffman and Smith (2003). Together,
these watchsites count an average of ~275,000 migratory raptors annually.
We also estimated trends for the decades, 1980-1990 and 1990-2000 (and
1994-2004 at an eighth watchsite, Observatoire d’oiseaux de Tadoussac),
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to reveal temporal patterns in population change that might be obscured in
long-term trend estimates.

Merobs
Data CoLLECTION

We analyzed counts of visible migrating raptors at Observatoire
d’oiseaux de Tadoussac, Québec; Lighthouse Point Hawk Watch,
Connecticut; Cape May Bird Observatory, New Jersey; Montclair Hawk
Lookout, New Jersey; Hawk Mountain Sanctuary, Pennsylvania; Audubon’s
Hawk Watch at Waggoner’s Gap, Pennsylvania; Holiday Beach Migration
Observatory, Ontario; and Hawk Ridge Bird Observatory, Minnesota (Table
1, Fig. 1). Table 1 provides descriptions of daily and seasonal coverage at
each site. Binoculars (7-10x magnification) were used at all watchsites to
detect and identify migrating raptors. Telescopes were used occasionally to
identify, but not to detect, raptors. Depending on weather and the volume
of migration, observations at the watchsites often were extended beyond or
terminated before the end of the standard daily sampling window.

For the purposes of this chapter, we divided the watchsites into three
subregional groups: Atlantic Coast (Lighthouse Point and (Jdpc May),
IIlldIld (Tadoussac, Montclair, Hawk Mountain, and Waggoner’s Gap), and
Great Lakes (Holiday Beach and Hawk Rldgc) based on the migration

geography of Goodrich and Smith (Chapter 2).
Micratiox Count INDEX

We identified a seasonal passage window for each species at each site,
defined as the period during which 95% of migrants were observed to pass
by the site (all years (omblncd) We also identified a daily passage window
as the hours of the day during which 95% of individuals were counted at
each watchsite. Daily passage windows were compared and combined into
a single daily passage window for each site if no major differences were
found among species. Raptors counted outside of thc daily and seasonal
passage windows were excluded from analysis. For days when coverage
was incomplete (i.e., less than the standard daily window), passage rates
(birds h7') for the portion of the day covered were extrapolated to fill in the
missing hours, and these days were weighted in analyses according to the
proportion of thc day dctuallv covered.

We derived an annual index, representing the estimated mean daily
count, for cach species at each watchsite, based on estimates of the “geo-
metric mean” daily count that were LdlLllldtLd following Farmer et al.
(2007) and Farmer and Hussell (Chapter 4). The analytical approach was
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Fig. 1. Watchsites used in our analyses: (1) Observatoire d’oiseaux de
Tadoussac, Québec; (2) Lighthouse Point Hawk Watch, Connecticut; (3) Cape May
Bird Observatory, New Jersey: (4) Montclair Hawk Lookout, New Jersey; (5) Hawk
Mountain Sanctuary, Pennsylvania; (6) Audubon’s Hawk Watch at Waggoner’s Gap,
Pennsylvania; (7) Holiday Beach Migration Observatory, Ontario; and (8) Hawk
Ridge Bird Observatory, Minnesota.
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similar to that used previously in analyses for both diurnal and noctur-
nal migrants (Hussell 1981, 1985; Hussell et al. 1992; Dunn et al. 1997:
Francis and Hussell 1998).

We do not report indexes or trends for species-watchsite combinations
with <0.5 individuals counted per standardized count day (~20 individuals
per year). Such counts necessarily contain a large number of days when the
count is zero, producing skewed residuals that violate the assumptions of
regression analysis.

TrEND ANALYSIS

We estimated trends (geometric mean rate of change over predeter-
mined time interval; sensu Link and Sauer 1997) in dIlIlud] indexes for
each species-site combination for the periods 1974-2004, 1980-1990,
and 1990-2000. We first estimated population trajectories (patterns of
change over time) by fitting a polynomial regression model to the time
series of index values. To rulu(c correlation among the polynomial terms,
we centered each regression at the midpoint in the time series. Using thc
three-step process dCbLI‘led by Farmer et al. (2007) and Farmer and
Hussell (Chapter 4), we then identified a best-fitting polynomial trajec-
tory model.

We derived trend estimates and their significance (o = 0.05) by
reparameterizing the year terms of the trend regression as dcscrlbcd by
Francis and Hussell (1998) and Farmer et al. (2007). Trends with P-
values between 0.05 and 0.10 may be considered marginally significant,
and we have highlighted trends matching this criterion in the tables. We
also have hltrhhvhtcd trends with P-values between 0.10 and 0.50 to dis-
tinguish thun from trends with P-values >0.50. The reparameterization
transformed year terms so that the first-order year term estimated the
rate of change between the two sets of years (Chapter 4). We constructed
95% conﬁdcnc,c intervals (Cls) around the estimated trend for the longest
available time series for each species-watchsite combination. Confidence
intervals may be interpreted in two ways: (1) that any trend values not
within the confidence interval can be considered rejected at the 95%
probability level, or (2) that the true value of the trend lies within the CI
with a 95% probability (Hoenig and Heisey 2001). We consider preci-
sion of trend estimates to be high if the limits of the 95% CI are <1.8%
per year from the estimate, moderate if 1.8-3.5% from the estimate, and
low if >3.5% from the estimate. Moderate precision in this context indi-
cates that a departure from the trend estimate >3.5% per year would be
detected. By extension, moderate precision corresponds to the ability to
detect a rate of change that would produce a 50% change in the popula-
tion over a period of 20 years (see Chapter 4).
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Resurrs anp Discussion

The eight watchsites together counted an annual average of 275,658
total hawks of 16 species from 1974 to 2004 (1994-2005 at Tddoussdc)
Three species, Broad-winged Hawk (see Table 2 for scientific names of rap-
tors) (x = 102,922, SD = 42,248), Sharp-shinned Hawk (¥ = 72,239, SD
=17,881), and Red-tailed Hawk (* = 23,059, SD = 8,441), made up over
75% of these annual total counts (Table 2).

Although there was variation in the magnitude of 95% Cls around trend
estimates (Tables 3-5). 96 of 107 (90%) long-term trend estimates were of
high or moderate precision. Confidence intervals in the seven long-term data
sets generally were narrower for Ospreys, Buteos, and small Accipiters than
for falcons, vultures, and Northern Goshawks (TdblL 3). Among Buteos, the
Broad-winged Hawk, which is a flocking migrant with a relatively narrow
seasonal migration window, had broader confidence intervals than other
species. Precision of trend estimates increases as a function of the length of
time series available for estimation (Lewis and Gould 2000), and confidence
intervals were therefore relatively broad for all of the 10-year time series (all
species at Tadoussac [11 of 12 low precision] and Black Vultures at Hawk
Mountain and Waggoner’s Gap). Confidence intervals in all three periods
were wider at Atlantic Coast watchsites than at those in the Great Lakes and
Inland subregions (Tables 3-5), presumably because there is higher interan-
nual variation in counts at coastal watchsites.

Trends (annual percentage of change) are shown in Tables 3-5 for
the time periods 1974-2004, 1980-1990, and 1990-2000, respectively.
Although these give an over all picture of populdtlon status, linear trends
for drl)ltrdl ily LhObLIl time periods can mask underlying nonhncdr change.
Therefore, we also show the annual indexes and fitted trajectories for each
species and site (Figs. 2-17).

Summarizing trends across all watchsites, regardless of region, indi-
cates LOIIbldLIdl)]L agreement among sites for certain species (le)lc 0).
Seven species 1ncrcdscd from 1974 to 2004 and had generally positive
trends in both decadal periods. These included Black Vulture, Turkey
Vulture, Osprey, Bald Eagle, Golden Eagle, Merlin, and Pcrcgrmc Falcon.
No species showed sustcuncd regional dcchncs over the same intervals. All
other species showed mixed rcsults,, either by time period or among sites.
Broad-winged Hawks and American Kestrels, however, exhibited a gradi-
ent of trends across the region over the long term (1974-2004), with signif-
icant decreases in the Atlantic Coast and Inland subregions and increases
in the Great Lakes.

From 1980 to 1990, there was a gradient in trends for Sharp-shinned
Hawks across the region. with nonsignificant positive trends in the Great
Lakes subregion and negative trends that increased in magnitude and
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significance eastward across the northeast. A similar pattern occurred for
Broad-winged Hawks, but significant decreases occurred only in the Inland
subregion; Amu ican Kestrels showed primarily negative trends in Atlantic
(A(Jdbt and Inland subregions and positive trends in the Great Lakes.

From 1990 to 2000, trends for Northern Harriers, Sharp-shinned
Hawks, Cooper’s Hawks, Northern Goshawks, Red-shouldered Hawks,
Broad-winged Hawks, Red-tailed Hawks, and American Kestrels varied
across the region, but generally were negative in the Atlantic Coast and
Inland subregions and positive in the Great Lakes. Osprey counts con-
tinued to increase in the Great Lakes but decreased at all watchsites to
the east of this subregion, with statistically significant declines recorded
at Lighthouse Point and Hawk Mountain. We discuss each species below,
highlighting important regional and temporal differences in their trends.
Further discussion and evaluation of status can be found in species-specific
Conservation Status Reports (Chapter 9), along with trend maps that illus-
trate gcogrdphm patterns.

PATTERNS WITHIN SUBREGIONS

Atlantic Coast.—The two watchsites in this subregion recorded
increases in counts of seven species from 1974 to 2004, nine species in
the 1980s, and four species in the 1990s. Three species declined at both
Adlantic Coast watchsites from 1974 to 2004 as well as during the 1980s,
and six species declined at both watchsites in the 1990s (Tables 2—4).
Differences between long-term (1974-2004) and 1990s trends suggest a
slowing or reversal of lllthI'IL population increases in this subregion for
Ospreys, Cooper’s Hawks, Merlins, and Peregrine Falcons. Trends were not
more positive in the 1990s than in the previous decade for any species in
this subregion and were primarily negative in all periods for bhde shinned
Hawks, Rcd shouldered Hawks, and American Kestrels.

Inland.—Seven species increased at all watchsites in this subregion
from 1974 to 2004 and in the 1980s; six species did so during the 19905
(Tables 2—4). The number of species dcchmntr at all watchsites was three
from 1974 to 2004, five in the 1980s, and one in the 1990s. Ospreys
increased from 1974 to 2004 and in the 1980s before decreasing at
all sites in the 1990s, which suggests that source populations began to
decline in similar fashion to those along the Atlantic Coast over the last
decade. Long-term (1974-2004) trends were mixed among watchsites for
four species, whereas mixed trends were recorded for two species in the
1980s and nine species in the 1990s. The increase in mixed patterns in
the 1990s was attributable to the appearance of nonsignificant increas-
ing trends for species that showed declines in the 1980s (e.g., Northern

Harrier, Sharp-shinned Hawk, Broad-winged Hawk, Red-tailed Hawk,
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American Kestrel) and the addition of a new watchsite (Tadoussac) for
the 1990s (Merlin).

Great Lakes.—Fight species increased at both watchsites within this
subregion from 1974 to 2004. In the 1980s, 11 species increased at both
watchsites, but only 7 species did so in the 1990s. Four of the species
that increased at both watchsites in all three periods (Turkey Vulture,
Osprey, Golden Eagle, and Merlin) had trends of decreased magnitude
and statistical significance in the 1990s versus the 1980s. Over the long
term (1974-2004), only Rough-legged Hawks declined at both watchsites,
although Red-shouldered Hawks declined at the only watchsite (Hawk
Ridge) with high enough average counts to permit trend estimation. Five,
three, and six species had a mix of positive and negative trends at the two
watchsites 1974-2004, 1980-1990, and 1990-2000, respectively. Three
species (Cooper’s Hawk, Broad-winged Hawk, and American Kestrel)
increased at both watchsites in the 1980s, but decreased at Holiday Beach

in the 1990s.
Species TRENDS

Black Vulture.—Black Vultures were regularly counted in all periods
only at Cape May, where significant increases were recorded throughout
the study period. Precision of the long-term trend at Cape May was moder-
ate (Table 3). Precision of estimates for shorter periods ranged from low
to moderate (Tables 4 and 5). Numbers at Waggoner’s Gap and Hawk
Mountain rose during the 1980s and continued to do so at the former site
to 2004 (Fig. 2). Trends only could be calculated for the period 1990-2000
for Waggoner’s Gap because most annual counts in the 1980s were zero.

Turkey Vulture—This species increased significantly at strong and
steady rates after 1980. A significant decline occurred in recent years (i.e.,
late 1990s) at Cape May (Fig. 3), but that followed a dramatic short-term
increase, and current counts there are about the same as during the 1980s.
This species was not counted consistently at several sites (Montclair, Hawk
Mountain, and Waggoner’s Gap) because of changes in how migrants were
identified throughout the period, but overall trajectories for the species
clearly indicate increase. Precision of long-term trends was moderate to
high (Table 3), becoming low to moderate for shorter-term trends. The
qualitative pattern in counts at Tadoussac was consistent with the increases
recorded at other watchsites and suggested a northward range expan-
sion. Turkey Vultures began to appear at Tadoussac in 1999, and counts
increased from 5 in 1999 to a high of 22 in 2003 (unpublished data, avail-
able at www.explos-nature.qc.ca/oot).

Osprey.—Trends at all sites were positive and mostly significant
over the long term (1974-2004) and during the 1980s (Tables 3 and 4).
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Fig. 2. Population indexes and trajectories for Black Vultures (Coragyps atratus)
at three watchsites in northeastern North America. Index values are represented by
open circles connected by thin lines to highlight patterns of interannual variation.
Thick solid (P < 0.10) or dashed (P> 0.10) lines indicate fitted trajectories. P-values
and adjusted R? are shown for fitted trajectories.
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Fig. 3. Population indexes and trajectories for Turkey Vultures (Cathartes
aura) at seven watchsites in northeastern North America. Index values are repre-
sented by open circles connected by thin lines to highlight patterns of interannual
variation. Thick solid (P <0.10) or dashed (P > 0.10) lines indicate fitted trajecto-
ries. P-values and adjusted R? are shown for fitted trajectories.
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During the 1990s, rates of increase were reduced, and there were marked
shifts from significantly positive to significantly negative trends at Hawk
Mountain and Lighthouse Point (Table 5). These reversals did not negate
long-term gains, however (Table 3), and trajectories for many sites suggest
that population levels may have begun to stabilize after a period of increase
(Fig. 4). Precision of long-term trends was moderate to high at all watch-
sites (Table 3), and shorter-term trend estimates were of low to moderate
precision (Tables 4 and 5).

Bald Fagle.—Rates of increase for Bald Eagles in all periods were sig-
nificant and positive throughout the region (Tables 3-5). Precision of long-
term trends was moderate to high at most sites, but low at Lighthouse Point
and Holiday Beach, which had low average counts (Table 3). Precision
tended to be lower for shorter-term trends but remained high for all trend
estimates at Hawk Mountain (Tables 4 and 5). Population trajectories (Fig.
5) show that all sites tracked the long-term pattern of exponential popula-
tion increase that started in about 1980. TI‘d ectories at some watchsites
(e.g., Cape May and Hawk Ridge; Fig. 5) HldlLdtC the population may have
begun to stabilize recently.

Northern Harrier—lLong-term trends were nonsignificant at most
watchsites, but significant declines occurred at Holiday Beach and Hawk
Mountain (Table 3). Trends at most sites during the 1990s were similar to
the long-term trends (Table 5). During the 19805 a significant increase
ocuurcd at Holiday Beach, making thc change to a significant decline
during the 1990s partic llldIlV striking. Lighthouse Point showcd a similar
pattern. Precision of long-term trends was moderate to high at all watch-
sites (Table 3), and sholtcr term trends were of low to modcrdtc precision
at most watchsites (Tables 4 and 5). No obvious groupings of site trends,
either geographically or temporally, were evident. However, common pat-
terns of interannual variation occurred across nearly all watchsites in the
region (Fig. 6). This suggests a high degree of synchrony in migration vol-
ume of this species in northeastern North America, presumably from fluc-
tuations in prey abundance that affect reproductive success (Hamerstrom
et al. 1985, Simmons et al. 1980) and dispersion (Craighead and Craighead
1956, Grant et al. 1991).

Sharp-shinned Hawk.—Negative trends (often significant) occurred at
all sites during the 1980s except at Hawk Ridge, where there was a signifi-
cant increase (Table 4). In the 1990s, this pattern was still present, although
less strong (Table 5), except there was a temporary increase in numbers at
Cape May (Fig. 7). The 1974-2004 trends showed no patterns of agree-
ment across watchsites, but taken together, the trajectories (Fig. 7) suggest
modest decline at most sites since about 1980. This suggests that there is
considerable spatial structure in the regional population or that migration
geography varies within subregions. Precision of long-term trends was
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Fig. 4. Population indexes and trajectories for Ospreys (Pandion haliaetus) at
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Fig. 5. Population indexes and trajectories for Bald Eagles (Haliaeetus leu-
cocephalus) at eight watchsites in northeastern North America. Index values are
represented by open circles connected by thin lines to highlight patterns of inter-
annual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted
trajectories. P-values and adjusted R? are shown for fitted trajectories.
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Fig. 6. Population indexes and trajectories for Northern Harriers (Circus cya-

neus) at eight watchsites in northeastern North America. Index values are repre-

sented by open circles connected by thin lines to highlight patterns of interannual

variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted trajecto-
ries. P-values and adjusted R? are shown for fitted trajectories.
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Fig. 7. Population indexes and trajectories for Sharp-shinned Hawks (Accipiter
striatus) at eight watchsites in northeastern North America. Index values are repre-
sented by open circles connected by thin lines to highlight patterns of interannual
variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted trajecto-

ries. P-values and adjusted R? are shown for fitted trajectories.
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moderate to high at all watchsites, and short-term estimates ranged from
low (Cape May, Montddlr Tadoussac) to high (Hawk Mountain, degoncr s
Gap) precision (Tables 3-5).

Cooper’s Hawk.—This species increased significantly at all sites, both
during the 1980s and from 1974 to 2000 (Tables 3 and 4). During the
1990s, changes varied by region. Increases slowed or even reversed at the
two Great Lakes and the two Atlantic Coast watchsites but continued at the
three Inland sites (Table 5). Index trajectories (Fig. 8) suggest that the long
period of increase in Cooper’s Hawks may have begun to slow or stabilize.
Precision of long-term trends was moderate to high at all watchsites (Table
3), but low at Atlantic Coast watchsites for short-term trends (Tables 4
and 5).

Northern Goshawk.—long-term trends were positive at Great Lakes
watchsites and IlOIlblgIllﬁLdllt or negative farther east (Table 3). This
pattern was weakly evident in the 1990s as well, but not in the 1980s
(Tables 4 and 5). Precision of trend estimates was generally moderate for
all periods but tended to be lower for shorter-term trends (Tables 3-5).
The irruptive migratory behavior and short migration distance typical of
this species complicates the interpretation of trends. Irruption episodes are
apparent in most of the population indexes at these sites (Fig. 9), and the
fitted trajectories and estimated trends should be interpreted with caution
(see Chapter 0).

Red-shouldered Hawk.—Trends for this species showed no geographic
patterns in any time period. Long-term trends and those from the 1980s
included a few significant increases and no significant declines. In the
1990s there was a brief, significant decline at Hohddv Beach (Fig. 10).
Precision of long-term trcnds was moderate to high at all watchsites (Table
3), but low at Holiday Beach and Lighthouse Point for shorter-term trends
(Tables 4 and 5).

Broad-winged Hawk.—Trends were slightly to strongly negative at
most sites, in both decades, and over the lomr term (Tables 3-5), except
that a marginally slgnlﬁcdnt increase occurud at Waggoner’s Gap during
the 1990s. ()nlv Hawk Ridge (the westernmost watchsite) showed a positive
trend throughout (dlthough nonsignificant). This also is the watchsite that
counts, by far, the most Broad-winged Hawks (Fig. 11). Precision of long-
term trends was generally moderate, but Hawk Mountain and Lighthouse
Point had high precision, and Holiday Beach had low precision (Table 3).
Trend precision was low to moderate for most shorter-term trends, but
remained high at Hawk Mountain in all periods (Tables 4 and 5).

Red-tailed Hawk.—long-term trends tended to be slightly negative
at most stations (significantly so at Hawk Mountain), but significantly
positive at the easternmost site (Lighthouse Point; Table 3). This pattern

also held true for the 1980s (Table 4). But during the 1990s, there were
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Fig. 8. Population indexes and trajectories for Cooper’s Hawks (Accipiter

cooperii) at seven watchsites in northeastern North America. Index values are
represented by open circles connected by thin lines to highlight patterns of inter-
annual variation. Thick solid (P <0.10) or dashed (P > 0.10) lines indicate fitted
trajectories. P-values and adjusted R? are shown for fitted trajectories.
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Fig. 9. Population indexes and trajectories for Northern Goshawks (Accipiter
gentilis) at six watchsites in northeastern North America. Index values are repre-
sented by open circles connected by thin lines to highlight patterns of interannual
variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted trajec-
tories. P-values and adjusted R? are shown for fitted trajectories. Because of the
irruptive migratory behavior of this species in North America, trajectories fitted to
the indexes should be interpreted with caution.

switches to significant increase at Hawk Ridge and Waggoner’s Gap (Table
5, Fig. 12). No clear regional patterns were evident. Long-term trends were
of moderate to high precision at all watchsites, but precision was a mix of
low to high across the region in shorter periods (Tables 3-5).
Rough-legged Hawk.—Average counts were sufficiently high to sup-
port trend analyses only at the three more northerly watchsites (Tadoussac,
Holiday Beach, and Hawk Ridge), and Tadoussac data are available only
for the most recent 10-year period. Migration at the remaining watchsites
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Fig. 10. Population indexes and trajectories for Red-shouldered Hawks
(Buteo lineatus) at six watchsites in northeastern North America. Index values
are represented by open circles connected by thin lines to highlight patterns of
interannual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate
fitted trajectories. P-values and adjusted R? are shown for fitted trajectories.

yields average annual counts <20 birds per year. The species declined at the
two Great Lakes sites (Tables 3-5, Fig. 13). Precision of trends was low at
Holiday Beach and Tadoussac, and moderate at Hawk Ridge.

Golden Eagle—Average counts across the region show that migration
of this species occurs primarily in the Great Lakes and Inland subregions
(Table 2). Consequently, there were insufficient numbers for trend analysis
at Atlantic Coast watchsites and Montelair. Trends were positive and mostly
significant at all analyzed sites across all time periods (Fig. 14, Tables 3-5),
except at Tadoussac. Precision of trend estimates was moderate to high at
all watchsites in all periods (Tables 3-5).
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Fig. 11. Population indexes and trajectories for Broad-winged Hawks (Buteo
platypterus) at eight watchsites in northeastern North America. Index values are
represented by open circles connected by thin lines to highlight patterns of inter-
annual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted

trajectories. P-values and adjusted R? are shown for fitted trajectories.
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Fig. 12. Population indexes and trajectories for Red-tailed Hawks (Buteo
Jamaicensis) at eight watchsites in northeastern North America. Index values are
represented by open circles connected by thin lines to highlight patterns of inter-
annual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted
trajectories. P-values and adjusted R? are shown for fitted trajectories.
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Fig. 13. Population indexes and trajectories for Rough-legged Hawks (Buteo
lagopus) at three watchsites in northeastern North America. Index values are rep-
resented by open circles connected by thin lines to highlight patterns of interan-
nual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted
trajectories. P-values and adjusted R? are shown for fitted trajectories. Because of
the northerly winter range and irruptive migration geography of this species, tra-
jectories fitted to the indexes should be interpreted with caution.

American Kestrel.—There was a clear geographic pattern in trends for
this species with mostly significant declines occurring at eastern watch-
sites (Montclair and the Atlantic Coast sites) in all time periods, and a
significant long-term decline at Hawk Mountain (Fig. 15). By contrast, a
sustained increase occurred at Hawk Ridge, the westernmost site. Trends
at sites between Hawk Mountain and Hawk Ridge were largely nonsig-
nificant. Precision of long-term trends was high except at Waggoner’s
Gap, where it was moderate (Table 3). Short-term trends primarily had
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Fig. 14. Population indexes and trajectories for Golden Eagles (Aquila chry-
saetos) at five watchsites in northeastern North America. Index values are repre-
sented by open circles connected by thin lines to highlight patterns of interannual
variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted trajecto-
ries. P-values and adjusted R? are shown for fitted trajectories.

moderate to high precision, but estimates for a minority of sites had low
precision (Tables 4 and 5).

Merlin—Strong increases were recorded at most sites in all time peri-
ods. Rates of increase were especially high in the 1980s (Table 4), but
slowed considerably in the 1990s, particular at Atlantic Coast sites (Table
5). Trajectories (Fig. 16) suggest a recent stabilization at most watchsites.
Cape May, which recorded 67% of the migrants in this region. stood out as
showing small increases since the mid-1980s. Precision of long-term trends
was moderate to high, with low to moderate precision for shorter-term
trends (Table 3-5).
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Fig. 15. Population indexes and trajectories for American Kestrels (Falco
sparverius) at eight watchsites in northeastern North America. Index values are
represented by open circles connected by thin lines to highlight patterns of inter-
annual variation. Thick solid (P < 0.10) or dashed (P > 0.10) lines indicate fitted

trajectories. P-values and adjusted R? are shown for fitted trajectories.
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Peregrine Falcon.—Like the Merlin, this species showed strong, sig-
nificant increases at all sites in the 1980s, and much reduced increases
in the 1990s (remaining significant only at sites in the Great Lakes). The
long-term trends are significantly positive, but the trajectories (Fig. 17)
suggest populations have begun to stabilize. Precision of long-term trends
was moderate to high at all watchsites (Table 3). Precision of shorter-
term trends ranged from low to high (Tables 4 and 5).

SUuMMARY OF TRENDS

Many populations of North American raptors were at or near histori-
cally low levels in the early 1970s as a result of widespread pesticide use
and direct persecution (Wiemeyer and Porter 1970, Cade et al. 1971, Grier
1982, Fyfe et al. 1988, Kiff 1988, Chapter 1). For example, Bednarz et al.
(1990) detected significant declines in counts of adult and immature Bald
Eagles, Cooper’s Hawks, and Peregrine Falcons between 1946 and 1972
(DDT era) at Hawk Mountain Sanctuary. Similarly, counts of Ospreys,
Cooper’s Hawks, American Kestrels, Merlins, and Peregrine Falcons
declined at Cedar Grove Ornithological Station, Wisconsin, during the
1950s, and rebounded in the 1980s (Mueller et al. 2001). After being
released from such pressure, many populations increased rapidly after
1974, and these increases were reflected in counts at watchsites. Migration
counts of Turkey Vultures, Ospreys, Bald Eagles, Cooper’s Hawks, Golden
Eagles, Merlins, and Peregrine Falcons increased or remained stable in
northeastern North America throughout the 30-year period from 1974
to 2004. Trends for Northern Harriers, Sharp-shinned Hawks, Northern
Goshawks, Red-shouldered Hawks, and Red-tailed Hawks varied across
the region, and American Kestrels exhibited a gradient of variation across
the region, with significant long-term decreases in the Atlantic Coast and
Inland subregions but increases in the Great Lakes. From 1990 to 2000,
populations of several species that showed long-term increases (Osprey,
Merlin, and Peregrine Falcon) stabilized or began to decrease in parts of
the region recently, with these changes generally being most pronounced
in the Atlantic Coast subregion.
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