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Abstract The Peregrine Falcon (Falco peregrinus anatum) was believed to be extirpated as a 
breeding species in Virginia by the early 1960s. An aggressive restoration program was initiated in 1978 that in-
volved the release of captive-reared birds totaling 115 on the Coastal Plain (1978–1985) and 127 in the Mountain 
physiographic region (1985–1993). The first occupied territory was established and the first breeding attempt was 
documented in 1979 and 1982, respectively. We have monitored the size, distribution, reproductive rate, and sub-
strate use of the resulting breeding population (1979–2016). The population proceeded through an establishment 
phase (1979–1993) driven by releases with an average doubling time of 3.8 yrs to a consolidation phase (1994–
2016) with an average doubling time of 23.1 yrs. The state supported 31 breeding pairs by 2016. Per capita re-
productive rates have increased significantly over the study period from 0.89 (1979–1993) to 1.86 (1994–2016). 
Average nesting success increased from 67.1% to 82.7% over the same period. Nesting attempts (n = 469) have 
been documented on dedicated peregrine towers (52.1%), bridges (26.1%), buildings (4.1%), and various man-
made structures (13.0%) with only 4.7% documented on natural cliffs. The population appears to be self-sustain-
ing with reproductive rates exceeding 1.5 young/pair every year since 1999. An ongoing management concern is 
that only 8.9% of known territories (n = 45) identified since introductions and 4.7% of documented breeding at-
tempts (n = 469) have occurred within the historic mountain breeding range.
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Összefoglalás Az 1960-as évek elejére úgy tűnt, hogy a vándorsólyom (Falco peregrinus anatum) Virginia ál-
lamból kipusztult, mint költő faj. 1978-ban elindult egy energikus visszatelepítési program, ami magában foglal-
ta 115 fogságban felnevelt madár parti síkságon (1975–1985), és 127 madár hegyvidéki régióban (1985–1993) 
történő szabadon engedését. Az első territórium foglalást 1979-ben, az első költési kísérletet pedig 1982-ben ír-
ták le. Nyomon követtük a létrejött költőállomány méretét, elterjedését, költési sikerét és a fészekalapok típusát 
1979–2016 között. Az állomány először egy alapítási fázison ment keresztül (1979–1993), amikor az állomány 
mérete 3,8 évenként duplázódott meg, majd a konszolidációs fázis következett (1994–2016), amikor az állomány 
duplázódási ideje 23,1 évre nőtt. 2016-ra az államban 31 költő pár volt. Az egy egyedre vetített szaporodási rá-
ta jelentősen növekedett a vizsgált időszak alatt 0,89-ről (1979–1993) 1,86-ra (1994–2016). Az átlagos költési 
siker ugyanezen időszak alatt 67,1%-ról 82,7%-ra emelkedett. Költési kísérletek (n = 469) tornyokon (52,1%), 
hidakon (26,1%), épületeken (4,1%) és egyéb ember alkotta építményeken (13%) voltak és csak 4,7% volt termé-
szetes sziklákon. A populáció önfenntartónak bizonyult, 1999 óta minden évben 1,5 fióka/pár reprodukciós rátá-
val. Továbbra is némi aggodalomra ad okot természetvédelmi kezelés szempontjából, hogy a visszatelepítés óta 
csupán a territóriumok 8,9%-a és a költési kísérletek 4,7%-a fordult elő az eredeti hegyvidéki költőterületeken.

Kulcsszavak: Falco peregrinus anatum, visszatelepítés, költőpopuláció, szaporodási siker 
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Introduction

The historical population of Peregrine Falcons (Falco peregrinus anatum) in the eastern Unit-
ed States was estimated to contain approximately 350 breeding pairs, relied on open cliff fac-
es and cut-banks for nesting, and was mostly confined to the Appalachian Mountains (Hickey 
1942). The population experienced a precipitous decline throughout the 1950s (Hickey 1969) 
due to contaminant-induced reproductive suppression (Anderson & Hickey 1972) and was be-
lieved to have been extirpated by the early 1960s (Berger et al. 1969). A retrospective assess-
ment of the historic peregrine falcon population in Virginia identified 24 historical eyries in the 
Appalachian Mountains (Gabler 1983). Two additional nesting sites were documented on old 
osprey nests along the Virginia portion of the Delmarva Peninsula (Jones 1946). 

The Peregrine Falcon was listed as endangered on the U.S. Federal List of Endangered 
and Threatened Wildlife (50 CFR 17.11-17.12) in June 1970. In 1975, the U.S. Fish and 
Wildlife Service appointed an Eastern Peregrine Falcon Recovery Team to develop and im-
plement a recovery plan (Bollengier et al. 1979). In the absence of any residual breeding 
stock, one of the key components of the recovery strategy for the eastern population was 
the production and release of captive-reared falcons (Cade & Fyfe 1978, Cade 2003). The 
breeding stock used for the captive program was of mixed heritage and contained individu-
als from non-indigenous subspecies (F. p. cassini, F. p. brookei, F. p. pealei, F. p. peregrinus, 
F. p. tundrius, F. p. macropus), as well as native F. p. anatum (Barclay & Cade 1983). Within 
a relatively short period, a captive breeding program was established with enough capacity 
to sustain an aggressive release program (Barclay & Cade 1983, Barclay 1988). 

Between 1978 and 1993, 242 captive-reared falcons were released in Virginia including 
releases on the Coastal Plain (1978–1985) and in the Mountain physiographic region (1985–
1993). Beginning in 2000, a translocation program was initiated in Virginia that has moved 
wild-reared birds from coastal territories to be hacked from mountain release sites. A large 
portion of the young used in this program have been produced on coastal bridges. Trans-
locating birds from bridges to the mountains serves to release bridge workers from access 
restrictions imposed during the breeding season and helps to restore birds to their historic 
mountain breeding range. More than 250 birds have been moved since the inception of the 
program (Watts & Watts 2016).

The successful establishment of a breeding population of peregrine falcons within Virgin-
ia has clearly contributed to the recovery of the broader eastern population (Enderson et al. 
1995, Millsap et al. 1998) and to the eventual removal of the species from the U.S. Federal 
List of Endangered and Threatened Wildlife (Mesta 1999). The breeding population is well 
established and expanding. Here we describe the establishment, growth, breeding perfor-
mance and nesting substrate use for this emerging population. 
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Study area

We have monitored and managed peregrine falcons throughout the state of Virginia. Virgin-
ia extends from the Atlantic Ocean to the Appalachian Mountains and contains three physio-
graphic regions including the Coastal Plain, Piedmont, and Mountains and Valleys. The Coast-
al Plain is bounded by the Atlantic Ocean to the east and the fall line to the west. The fall line is 
an erosional scarp where the metamorphic rocks of the Piedmont meet the sedimentary rocks 
of the Coastal Plain. Between these two boundaries the land slopes gently toward the fall line 
where it generally reaches an elevation of less than 80 m. The Piedmont is bounded to the east 
by the fall line and to the west by the escarpment of the Blue Ridge Mountains. In the northern 
parts of the state the Piedmont is only 75 km wide but broadens to the south reaching nearly 
300 km wide at the state line. The land slopes up to the west reaching 300 m in elevation at the 
escarpment. The Mountains and Valleys Region is bounded by the east slope of the Blue Ridge 
Mountains and the state line. The region supports many areas above 1,000 m. 

Methods

We determined the number of territorial pairs, clutch size, brood size, nesting success and 
productivity by regular monitoring. Between 1977 and 2009, we established more than 60 
structures specifically for breeding peregrine falcons within the Coastal Plain of Virginia. 
An effort was made annually to check all existing structures on the Coastal Plain for evi-
dence of resident falcons. An initial survey of breeding structures was conducted between 
1 March and 30 April by foot, boat or plane. The number of adults attending sites and/or ac-
tivity within nesting structures was recorded. Remaining sites on bridges or within urban ar-
eas were surveyed on the ground for occupation and breeding activity. In addition to specif-
ic peregrine structures, the area supports many man-made structures that may be suitable for 
nesting. Although some prominent man-made structures have been monitored by biologists 
over the years for peregrine activity many of these nesting sites were initially reported by the 
public. The mountains of Virginia support a considerable number of historic eyries (Gabler 
1983) and cliffs suitable for nesting (Watts 2006). Many of these sites are remote and have 
been surveyed only periodically since reintroduction efforts were initiated in the mountains 
during the mid-1980s (Reynolds 2004, Watts 2006, Harding 2015).

We monitored sites known to be occupied during a given year 2–5 times from March 
through July to document breeding activity. We considered a breeding territory to be occu-
pied if a pair of adult peregrines was resident during the breeding season. We considered 
nests to be active if eggs or young were detected and successful if >1 chick survived to band-
ing age (>20 d). We did not assess fledging rates in all years and believe that banding age 
is a good proxy for fledging since more than 95% of young banded survive to fledging age 
(~45 d). Furthermore, satellite tracking within this population has demonstrated that mor-
tality occurs primarily in the first month post-fledging (Watts et al. 2011). We documented 
clutch size when possible and determined hatching rates for those eggs where fates could be 
determined. We report brood sizes for young that reached banding age. 
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Colonization rates were expressed using the average time (in years) required for the nest-
ing population (number of territorial pairs) to double in size (tdouble). Doubling time was cal-
culated using the growth equation Nt = N0e

rt where Nt is the population size in 2016, N0 is 
the population size in 1979, e is the base of the natural logarithm, r is the intrinsic rate of 
increase, and t is the time interval between population estimates. With this configuration, 
tdouble = ln(2)/r. Success rate was calculated for nesting attempts with known outcome (suc-
cessful nests/nesting attempts with known outcome X 100). We used goodness-of-fit tests 
(G-test with Yates correction) to compare frequencies of categorical data. We used two-sam-
ple t-tests to compare means of continuous variables between categories. We tested distribu-
tions for possible deviation from normality using the Kolmogorov-Smirnov test and found 
no significant differences from expected normal distributions. 

Results

From a single pair in 1979, the Virginia peregrine falcon population has grown to 31 pairs 
by 2016 with an average doubling time of 7.5 years (Figure 1). The establishment phase 
through 1993 (year when captive-reared releases were discontinued in the state) was par-
ticularly dramatic with an average doubling time of 3.8 years. The release of 242 birds 

Figure 1. Size of the Peregrine Falcon breeding population in Virginia (1979–2016) 
1. ábra A vándorsólyom költőpopulációjának mérete Virginia államban (1979–2016)
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resulted in the establishment of 16 territories in 15 years. Since 1993, the average doubling 
time has increased to 23.1 years as the population has become self-sustaining. Reproductive 
rates have exceeded 1.5 young/pair every year since 1999.

During the study period, 469 breeding attempts were documented that produced 965 
young. Average, annualized rates were 80.2 ± 2.65% (mean ± standard error) and 1.45 ± 
0.109 for breeding success and reproductive rate, respectively. Mean clutch and brood siz-
es were 3.6 ± 0.04 and 2.8 ± 0.05, respectively. Of 360 clutches where size was document-
ed, 25 (7.0%) contained 2 eggs, 93 (25.8%) contained 3 eggs, 226 (62.8%) contained 4 eggs 
and 16 (4.4%) contained 5 eggs. For those eggs with known fate (N = 1,256), hatching rate 
was 70.8%. Of 346 clutches monitored, 55 (15.9%) hatched no eggs, 132 (38.1%) had par-
tial hatch and 159 (46.0%) hatched all eggs. Hatching rate varied annually from a low of 
19% and a high of 100% with a mean of 72.0 ± 3.26%. 

Per capita reproductive rates increased significantly over the study period (R2 = 0.66, F 
[1,36] = 68.4, p < 0.001). Reproductive rates averaged 0.89 ± 0.088 for the establishment 
period compared to 1.86 ± 0.071 for the consolidation period (Figure 2). The overall in-
crease in per capita reproductive rate appears to have resulted from a significant increase in 

Figure 2. Comparison of Peregrine Falcon reproductive rates in Virginia between the establishment 
period (1979–1993) and the consolidation period (1994–2016). Rates were found to be 
significantly higher during the consolidation period

2. ábra A vándorsólyom reprodukciós rátáinak összehasonlítása Virginia államban a telepítési 
időszak (1979–1993) és a konszolidációs időszak (1994–2016) között. A konszolidációs 
időszakban a ráták szignifikánsan magasabbak voltak
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success rate (G-statistic with Yates Correction = 16.3, df = 1, p < 0.001) rather than average 
brood size (t-statistic = 0.72, p > 0.05). Success rate increased from 67.1% (47/70) for the 
establishment period (1979-1993) to 82.7% (330/399) for the consolidation period (1994-
2016). Brood size did not show the same pattern with 2.9 ± 0.19 young per successful nest 
during establishment and a similar value (2.7 ± 0.17) during consolidation. 

We have identified 52 structures used for nesting within the study area. The most common 
structures were peregrine towers (n = 18), bridges (n = 12) and buildings (n = 5) that col-
lectively represent 67.3% of the total. Less common structures have included 5 natural cliff 
faces, 3 abandoned shacks, 2 military ships, 2 active smoke stacks within coal-fired power 
plants, and 1 ground nest in a dune. One of the most unusual structures has been a pair that 
laid within the smoke box of a derelict brick chimney isolated in a marsh. The smoke box 
was only 3 feet above the marsh surface. Another pair was resident on a duck blind for two 
years but nesting was never confirmed. A pair nested on the ground within a dune and was 
successful 1 of 2 years (Boettcher & Mojica 2016). Substrates used for nesting have diver-
sified through time. Birds released from towers returned to establish breeding territories on 
towers during the early establishment period. The first bridge and building were not used un-
til 1993 and 2003, respectively. In 1990, 83% of known pairs were still nesting on towers. 
By 2016, towers accounted for less than 35% of substrates. 

Discussion

The captive breeding and release program executed in Virginia as part of the federal recov-
ery plan (Bollengier et al. 1979) has been successful in establishing a breeding population 
of peregrine falcons in the state. The growth rate of this population is comparable to those in 
other regions of North America that have included intensive reintroduction efforts (Ender-
son et al. 1995, Mesta 1999, Kauffman et al. 2003, Watts et al. 2015) with a clear estab-
lishment phase driven by releases and a more gradual consolidation phase driven by inter-
nal productivity. All the early breeding pairs resulted from released birds returning to hack 
towers. However, colonization of the historic mountain range has not been as rapid or as 
extensive as that observed on the outer Coastal Plain. A total of 115 birds were released on 
the coast between 1978 and 1985 and by 2016 the known breeding population had grown to 
28 pairs. A total of 127 captive-reared birds were released in the mountains between 1985 
and 1993 and the first occupied territory was documented in 1994. By 2016, relatively lit-
tle additional establishment has been observed with the known population only including 
2 pairs. This despite the fact that between 2000 and 2016 more than 260 wild-reared fal-
cons have been translocated from the Coastal Plain and released in the mountains (Watts & 
Watts 2016). 

It remains unclear why breeding falcons have been slow to recolonize the historic moun-
tain range in Virginia. The mountain region is large with a number of potential eyries that 
are remote and have been surveyed infrequently suggesting that there may exist pairs that 
are currently unknown. However, many historic eyries are accessible and have been moni-
tored routinely. It seems highly unlikely that the number of unknown pairs in the mountains 
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is significant or large enough to reach the historic population estimate of 25 breeding pairs. 
Many of the eyries on natural cliff sites that were documented in the early 1900s have been 
revegetated since that time and now appear to be of low site quality (Gabler 1983). Repro-
ductive rates appear to support this claim. Of the breeding attempts in the mountains where 
outcomes are known, pairs produced 1.2 young per year.

Although we have not performed a population viability analysis (Wootton & Bell 1992), 
both reproductive performance and the population trajectory suggest that the state-wide pop-
ulation is self-sustaining. Reproductive rates have become more stable over the past decade 
and have been maintained well above 1.25–1.50 young per occupied territory, generally be-
lieved to support positive population growth rates (Grier & Barclay 1988, Wootton & Bell 
1992). Releases of captive-reared birds during the establishment phase averaged just over 15 
birds/yr. The population has exceeded this production every year since the last year of releas-
es and in 2016 produced more than three times this number. Elevation in reproductive rates 
over the study period has resulted from increases in breeding success rather than in brood size. 
The underlying cause of this improvement is unclear but may be an artifact of a shifting age 
structure as the population has become established. Clum (1995) has shown that nestling sur-
vival increased throughout the lifespan of peregrines breeding in captivity. Mearns and New-
ton (1988) document an increase in both clutch and brood size with female age in Scotland. 

It is possible that ongoing management activities may partially explain the increase in re-
productive rates observed over time. We have used a range of management techniques for 
nesting peregrine falcons on artificial management structures to improve nesting success 
and to help stabilize nesting sites. Techniques have included adding gravel to structures used 
for nesting, installing nest trays, installing nest boxes and installing predator guards. The use 
of management structures has had a positive influence on breeding performance (Watts & 
Watts 2017). Breeding success has increased significantly following the installation of man-
agement structures compared to before installation. In addition to an increase in breeding 
success, pairs nesting on management structures produced significantly more young birds 
compared to pairs nesting without such structures. Pairs nesting within boxes or on trays 
produced more than twice as many young compared to those that did not.

Even though the ancestry of the introduced population reflects a very large portion of the 
global range, the breeding population has successfully adapted to Virginia. Migratory sta-
tus is mixed. Of 61 hatch-year birds tracked with satellite transmitters from Virginia (Watts 
et al. 2011), half migrated south to establish winter territories ranging from North Caroli-
na to Colombia, South America. Remaining birds established winter territories within the 
mid-Atlantic region of the United States from Virginia through New York. Diet during the 
breeding season generally reflects the availability of bird species. Pairs nesting within in-
land locations feed primarily on Rock Pigeons (Columba livia) and migratory passerines 
(Long 2009). In contrast, migratory shorebirds are the dominant prey used by pairs nesting 
on the outer coast, representing 52% of the prey (Long 2009). Willets (Tringa semipalma-
ta) and Short-billed Dowitchers (Limnodromus griseus) were taken in the highest numbers. 

The population continues to be vulnerable to several mortality risks. Approximately half 
of the breeding pairs nest on bridges and buildings and are vulnerable to the array of fac-
tors associated with living in an urban landscape (Cade & Bird 1990, Cade et al. 1996). 
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Collisions with urban structures such as buildings, tower guy-wires, and transmission lines 
represented 40% of mortality identified during a tracking study in the state (Watts et al. 
2011). Young from bridge nests frequently drown around fledging time when they are un-
able to fly back up to eyries due to the lack of updrafts. Exposure to some classes of con-
taminants such as flame retardants are believed to be higher within urban settings compared 
to the coastal areas, as indicated by higher concentrations within addled eggs (Morse 1993, 
Chen et al. 2008, 2010, Potter et al. 2009). By contrast, pairs along the outer coast appear to 
have higher exposure to legacy contaminants such as DDT and its metabolites, possibly due 
to their higher consumption of migratory shorebirds that winter in the tropics (Potter et al. 
2009). However, eggshell-thinning rates relative to pre-DDT estimates have varied through 
time and space, making the general connection between contaminant exposure levels and 
spatial variation in reproductive rates difficult to assess within the population (Burns et al. 
1994, Potter et al. 2009, Chen et al. 2010).
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