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ABSTRACT  
 

Satellite tracking technology was used to acquire previously unavailable data relating to 

habitat use, dispersal and survivorship of juvenile Peregrine Falcons, a species currently 

designated as “Endangered” in Manitoba. A partnership between Manitoba Conservation1, 

Manitoba Hydro, the Sustainable Development Innovations Fund of the Province of Manitoba, 

Parkland Mews Falconry and Bird of Prey Education Centre, and the University of Manitoba 

facilitated the purchase and deployment of twenty solar-powered Global Positioning System-

enabled Platform Transmitting Terminals (PTTs). Thirty Peregrine Falcons were equipped with 

PTTs between 2011 and 2013, including both wild and hacked falcons. 

Home range analysis based on kernel density estimation identified a space-filling pattern 

of landscape use as peregrines dispersed from the natal areas. Habitat associations determined for 

PTT-equipped peregrines confirm their association with open habitats, human developments and 

aquatic areas. Conversely, peregrines were generally not found in areas characterized by dense 

tree cover. Throughout the study area, juvenile falcons readily utilized human features including 

the support structures comprising the Manitoba Hydro Distribution and Sub-Transmission 

Line network.  

The period following fledging and dispersal from the natal area was characterized by 

expansive movement quantified using a Brownian Bridge Movement Model. The importance of 

the natal area was evident throughout the dispersal period. Fifteen falcons (50%) survived to 

initiate fall migration. Of these, ten (33%) successfully reached wintering grounds located in the 

United States, Mexico, and Belize.  

                                                
1 currently the Department of Sustainable Development 
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Four Peregrine Falcons were confirmed alive to project end (13%). Sixteen of 30 

Peregrine Falcons were confirmed dead during the study period (53%); mortality was suspected 

for seven others (23%). Survivorship outcomes could not be determined for three falcons (10%). 

All of the observed mortality occurred during the first year of life. Although the annual 

production of peregrines in Manitoba currently shows an increasing trend, the population has not 

yet demonstrated the stability and growth to be considered secure. Ensuring a stable population 

will require continued active management. The provincial population may also benefit from 

supplementation based on delayed hack techniques.  
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STATEMENT OF ORIGINALITY AND THESIS STRUCTURE 

This research represents the first comprehensive study of the spatial ecology and 

survivorship of juvenile Peregrine Falcons from Manitoba. The following original contributions 

are identified: 

1. This research is the first study to employ satellite tracking technology to identify habitat 

associations of juvenile Peregrine Falcons. 

2. The extent of Peregrine Falcon distributions in Manitoba was previously unknown. This 

study documents spatial distributions of thirty juvenile falcons over a three-year period. 

3. This is the first study to quantify use of transmission line features by Peregrine Falcons, 

and to use speed attributes of the satellite tracking data to infer behaviour. 

4. Detailed investigations into the juvenile dispersal period could not be previously 

undertaken due to the expansive movements demonstrated by the species. State-of-the-art 

features associated with the tracking technology employed in this study enabled the 

specific identification of this important life history period as well as the identification of 

movement attributes.   

5. The migratory ecology of Peregrine Falcons from Manitoba was generally unknown prior 

to this study. 

6. Overwintering locations utilized by Peregrine Falcons following migration were 

specifically identified. This study also used satellite imagery to complement the 

positional data received from satellite tracking units to enhance the interpretation of 

results. In some instances, photo verification was also used to provide landscape details 

which could not be verified solely using positional data or satellite imagery.   
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7. Satellite tracking technology enabled an accurate assessment of survivorship        

outcomes as well as a detailed investigation into mortality factors impacting juvenile           

Peregrine Falcons. 

 

Research findings are contained in four chapters of this manuscript-based thesis. 

The four major chapters are preceded by an introductory chapter which provides the 

context for the research. Study objectives are identified, and the summary of transmitter 

deployments provides a brief overview of the study in its entirety. As each major chapter 

contains its own detailed literature review and description of methods, the background 

literature chapter which follows the introductory chapter is limited to a concise summary 

of species biology and key factors related to its decline and recovery. Similarly, a single 

literature cited section has been compiled in order to minimize duplication. The 

concluding chapter of the thesis presents a synthesis of research findings followed by 

management recommendations which stem from the findings.  
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Photo I.  Juvenile Peregrine Falcon flying over Brandon, Manitoba. (photo credit: 

D. Swayze). 
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1.0 INTRODUCTION  

 

1.1 The Peregrine Falcon in Manitoba 

Considered a rare but indigenous nesting species (Berger and Nero 1992), the historical 

presence of the Peregrine Falcon (Falco peregrinus; hereafter “peregrine”) as a breeding species 

in Manitoba is based in part on a set of eggs currently contained in the collection of the Western 

Foundation of Vertebrate Zoology in Los Angeles, California. They were collected in 1887 from 

a nest situated on a small cliff 13.3 meters above ground in the general vicinity of Gladstone, and 

confirmed as Peregrine Falcon eggs by René Corado, Collections Manager at the Western 

Foundation of Vertebrate Zoology located in Camarillo, California, USA (René Corado pers. 

comm., 17 March 2011). A summary of Peregrine Falcon specimens collected in Manitoba is 

presented in Appendix I.  

Following the pesticide-induced decimation of continental populations in the 1950’s 

(Hickey 1969), the Peregrine Falcon was re-introduced as a breeding species into Manitoba. 

Beginning in 1981, the Province of Manitoba took part in a federal re-introduction program 

involving the placement of captive-bred chicks on high rise buildings in various locations 

throughout southern Manitoba (the federal program is described in Holroyd and Banasch 1990). 

This program ended in 1995, but nest-box placements and monitoring of nest sites continued, 

coordinated by the volunteer-based Peregrine Falcon Recovery Project. In 1994, Parkland Mews 

Falconry and Bird of Prey Education Centre (hereafter “Parkland Mews”) was established, 

becoming the first captive breeding facility for Peregrine Falcons in Manitoba. Located 

immediately south of the city of Winnipeg in the rural municipality of Ritchot, Parkland Mews 

began supplementing the wild population with periodic releases of captive-bred peregrines 
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beginning in 2005, ten years after the termination of the federal re-introduction program. 

Between 1981-2014, a total of 287 Peregrine Falcons were hatched or released into Manitoba 

(Appendix II), most with unknown survivorship outcomes. While the annual production of 

peregrines wild-hatched in Manitoba currently shows an increasing trend, none were wild-

hatched at monitored nest sites as recently as the year 2003. 

As shown by the recovery outcomes summarized in Appendix II, Manitoba has averaged 

the establishment of one breeding pair per decade of conservation effort. Surveys undertaken in 

1990, 1995, 2000, and 2005 have never confirmed more than four successfully breeding pairs in 

the province (Duncan 1990, Jones et al. 1995, Rowell et al. 2001, COSEWIC 2007). Although 

transient Peregrine Falcons are observed, particularly during spring and fall migration, wild-

breeding peregrines are currently confirmed solely in Winnipeg and Brandon. 

Confirmed nest sites in Manitoba are situated within highly developed urban centers. 

Surrounding these is a heavily modified rural and agricultural landscape characterized by large 

expanses of monoculture crops. Numerous linear features transect the region, including an 

expansive network of roads, transmission and distribution lines, trail and rail developments. 

Manitoba’s electrical distribution infrastructure extends throughout southern Manitoba where 

peregrines occur, and is concentrated in the urban centers where demand for power is greatest.  

Due to the continued vulnerability of this species within the province, its status of 

Endangered under Manitoba’s Endangered Species and Ecosystems Act remains unchanged 

since 1992 (Manitoba Conservation 2015). Federally, the anatum/tundrius subspecies in 

Manitoba are designated Special Concern by the Species At Risk Act (SARA) (Species at Risk 

Public Registry 2015). 
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1.2 Project background  

This research was conducted as a baseline study of the Peregrine Falcon in Manitoba, 

representing the first comprehensive scientific investigation of the species undertaken in the 

province. Juvenile falcons were selected as research subjects since prior to this study, first-year 

survivorship outcomes for peregrines originating from Manitoba were virtually unknown. 

Additionally, information relating to post-fledging movements was generally lacking in the 

scientific literature. Findings of this research are relevant to utilities including Manitoba Hydro 

who operate in areas where peregrines occur, as well as government agencies and conservation 

organizations that undertake management activities on behalf of the species. 

Financial and in-kind support was received from Manitoba Hydro, the Sustainable 

Development Innovations Fund of the Province of Manitoba (SDIF Grant Number 29082), 

Manitoba Conservation (currently the Department of Sustainable Development), Parkland Mews 

Falconry and Bird of Prey Education Centre, and the University of Manitoba. Additional 

financial support was received from Mitacs Canada. The following permits were acquired, 

authorizing the research to proceed: 

•     University of Manitoba Animal Care Protocol F11-016 (renewed annually) 

•     Manitoba Conservation Permit Number SAR 11003: authorization to conduct 

research on a protected species (obtained through Parkland Mews Falconry and Bird of 

Prey Education Centre) 

 

1.3 Study objectives  

The following study objectives were identified to meet the research goal of acquiring 

baseline information for the species: 1) Determine habitat associations for Peregrine Falcons in 
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Manitoba, identify use of landscape features and delineate critical use areas, 2) Identify and 

evaluate Peregrine Falcon movements representing various dispersal periods, including post-

fledging, juvenile dispersal, fall and spring migration, and 3) Identify survivorship outcomes and 

conduct a detailed investigation of mortality relative to landscape risk.  

As Peregrine Falcons are capable of rapid and extensive movement, the need for 

continuous and accurate monitoring necessitated the use of satellite tracking technology to    

meet the objectives of the study. Transmitter selection was based not only on study objectives, 

but on the need to minimize potential impacts to falcons by employing the lightest units      

commercially available.    

 

1.4 Summary of transmitter deployments 

Thirty juvenile Peregrine Falcons were equipped with 22-g solar powered Global 

Positioning System (GPS) enabled Platform Transmitting Terminals (PTTs) (Appendix III). 

Manufactured by Microwave Telemetry, Inc., PTTs were deployed using a modified backpack 

attachment technique (Snyder et al. 1989, Kenward 2001). The harness was made from ¼ inch 

TeflonTM ribbon obtained from Bally Ribbon MillsTM (Photo 1.1).  

Ten PTTs were deployed annually over a three-year period (2011-2013) (Table 1.1). The 

final year of PTT deployments in 2013 consisted solely of refurbished PTTs recovered from 

mortality events (indicated with an “r” after the PTT ID). Following initial PTT deployments, 

location data were acquired for the period spanning 10 July 2011 to 31 May 2014. The 

monitoring period for individual falcons varied, ranging from three to 680 days. 

The PTTs were programmed to collect twelve daily ‘fixes’ (locations), and to transmit 

location data every three days via the Argos monitoring system (administered by CLS America,  
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Photo 1.1. PTT attachment on a male Peregrine Falcon from Brandon, Manitoba. 

 

Inc.).  Location data are considered accurate to within 18 meters (Microwave Telemetry 2011). 

In total, 51,894 GPS locations were logged during the course of the study. After the deletion of 

1,621 duplicate records, nine outliers and 3,918 records for which fixes showed null values, 

43,299 records were retained, of which 19,557 were located within Manitoba.  

Both wild and captive-bred falcons were included in the study. Wild falcons were 

accessed from urban nests in Winnipeg (n=5) and Brandon (n=5) immediately before fledging. 

Captive-bred falcons were obtained from Parkland Mews (n=17). These were released onto the 

landscape using a method known as “hacking” for transitioning Peregrine Falcons to the wild. 

Hacking, described in Sherrod (1983) and Dzialak et al. (2007), has its roots in falconry and has 

been successfully used to restore peregrine populations across the continent.  
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Hacked falcons included captive-bred stock originating from Parkland Mews as well as 

three falcons hatched in 2012 from a wild nest in downtown Winnipeg. Due to safety concerns 

related to the location of the nest, the three nestlings were removed, brought into captivity and 

subsequently hacked as juveniles. Hacked falcons were released at various sites located 

throughout the province, including Neepawa (n=4), Westbourne (n=2), Rosser (n=6), and Ritchot 

(the rural municipality where Parkland Mews is situated) (n=8).  
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Table 1.1 Summary of PTT deployments, 2011-2013. 

PTT ID Site Sex Deployment Date 
107330 Brandon M 10-Jul-11 
107331 Neepawa F 10-Jul-11 
107332 Ritchot M 12-Jul-11 
107333 Ritchot M 12-Jul-11 
107334 Winnipeg M 23-Jul-11 
107335 Ritchot F 11-Aug-11 
107336 Neepawa M 10-Jul-11 
107337 Brandon M 10-Jul-11 
107338 Neepawa M 10-Jul-11 
107339 Neepawa F 10-Jul-11 
115566 Winnipeg M 22-Jun-12 
115567 Rosser M 03-Jul-12 
115568 Rosser F 03-Jul-12 
115569 Rosser M 03-Jul-12 
115570 Westbourne M 05-Jul-12 
115571 Westbourne M 05-Jul-12 
115572 Wpg/Ritchot F 17-Jul-12 
115573 Wpg/Ritchot F 17-Jul-12 
115574 Wpg/Ritchot M 17-Jul-12 
115575 Ritchot F 27-Jul-12 
107331r Brandon M 12-Jul-13 
107332r Brandon F 12-Jul-13 
107333r Brandon F 12-Jul-13 
107334r Winnipeg F 09-Jul-13 
107338r Winnipeg F 09-Jul-13 
115568r Winnipeg F 09-Jul-13 
115569r Rosser M 15-Jul-13 
115570r Rosser M 15-Jul-13 
115573r Rosser M 26-Jul-13 
115574r Ritchot F 30-Jul-13 
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2.0 BACKGROUND 

 

2.1 Species description 

The Peregrine Falcon is widely-distributed, absent as a breeder only from the Amazon 

Basin, the Sahara Desert, most of the steppes of central and eastern Asia, and Antarctica (White 

et al. 2002). A sexually dimorphic species, females are 15–20% larger and 40–50% heavier than 

males (White et al. 2002). Considered to be a medium to large-sized falcon, it ranges from 36–49 

cm (males) and 45–58 cm (females) in total length (White et al. 2002). Of the 19 subspecies 

identified worldwide, three occur within North America: F. p. anatum, F. p. pealei, and             

F. p. tundrius (White et al. 2002).  

Falco peregrinus anatum Bonaparte, 1838 was the subject of this research. This 

subspecies occurs in North America south of the tundra to northern Mexico, except for the 

Pacific Northwest (White et al. 2002). All releases undertaken during the course of this study 

involved pure anatum stock, the sole subspecies bred at Parkland Mews (R. Wheeldon, pers. 

comm.). Although falcons of anatum ancestry were also propagated to supply early release 

efforts in Canada (Tordoff and Redig 2001), wild peregrines in Manitoba may not be purely 

anatum. Genetic variation has likely ensued following decades of interbreeding with Midwestern 

peregrines, since a mixture of subspecies was used for captive breeding programs in the eastern 

and Midwestern United States (Tordoff and Redig 2001).  

 

2.2 Ecological requirements of the species 

The ecological requirements of Peregrine Falcons revolve around the availability of a 

suitable nest site, as the Peregrine Falcon has traditionally been considered a habitat specialist 
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(White et al. 2002). Nest site locations will determine the territorial spacing of pairs, which will 

also be influenced by food availability. Bond (1946) also recognized proximity to water as an 

important feature characterizing suitable nesting locations. Height is an essential characteristic, 

as it affords the young safety from mammalian predators and provides adults with suitable 

launch sites for attacking prey. Although adults are usually killed only by large aerial predators 

such as eagles or Great Horned Owls (Bubo virginianus), nestlings are subjected to a greater 

array of predators, including other peregrines and various mammals (White et al. 2002).  

Peregrines exhibit considerable attachment to one nest location, but alternatives are 

frequently selected on the same cliff or building or within a few kilometers of a previously used 

site. Once established, peregrines tend to exhibit a high degree of nest fidelity (Hickey 1942). In 

cities, Cade et al. (1996) report that urban sites at which successful nesting has occurred are 

almost always reused. Fidelity is also observed in peregrines that only succeed at establishing a 

territory. Yearly territory re-occupancy rates are high, approximately 85-90% in most regions. 

Strong attachment to the nest site or territory may be the main reason mates remain paired from 

year to year, rather than attachment to each other as individuals (Hickey 1942, Herbert and 

Herbert 1965).  

Most individuals of both sexes breed at two years of age, usually producing three to four 

eggs per clutch. The female may re-lay a second (even third) clutch if the eggs are lost early in 

the season. This characteristic was exploited for boosting production during the early phase of 

the peregrine’s recovery, with eggs removed sequentially from pairs until five to fifteen had been 

collected (Enderson et al. 1998). Incubation lasts approximately 33 days, and both parents 

participate in both incubation and feeding of young. The young are born semialtricial and 

nidicolous, but develop rapidly after hatching. After ten days, the chick begins to explore the nest 
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ledge, fledging on average approximately 41 days (males) to 44 days of age (females) after 

hatching (Sherrod 1983). Supplementary parental feeding may occur until the onset of migration, 

five to six weeks post-fledging (Sherrod 1983). 

Elevated nest and perch sites are required by peregrines for effective hunting. In Africa, 

Jenkins (2000) found that initial height attained by peregrines above their prey prior to attack 

was positively correlated with success in capture. The peregrine hunts using a variety of foraging 

strategies, with stealth attack confirmed by Dekker (2009) as being the most widely used tactic. 

Attacks may be initiated from distances as far as two kilometers away, and are often preceded by 

periods of sitting and watching (Dekker 1980). Some peregrines fixate on one to two prey 

species to the virtual exclusion of all others, but as a species, the peregrine is more appropriately 

characterized as a food generalist benefitting from a highly varied diet. In North America alone, 

a minimum of 429 species of birds (ranging in size from hummingbirds to small geese), 10 bat 

species, and 13 mammal species are recorded as having been taken by peregrines, in addition to 

four species of fish as well as large insects (mainly Orthoptera and Odonata) (White et al. 2002). 

In urban centers, diets often reflect easily available prey including Rock Doves (Columba livia), 

American Robin (Turdus migratorius) and European Starlings (Sturnus vulgaris). In urban 

centers located close to water, shorebirds are commonly taken (White et al. 2002).  

Suitable plucking and cache sites are also required by peregrines. After a successful kill, 

the peregrine will carry small prey to habitual plucking perches, such as tree snags, a cliff site or 

building for consumption, or to a cache site. Caching is particularly common during the breeding 

season, and cached prey is often used in courtship feeding. Cache sites vary greatly, ranging 

from the base of a dead tree or crevice on a cliff, to behind billboards and signs in urban areas. 



 11 

Prey items which are too heavy to carry in flight are partially consumed on the ground; remains 

may later be carried to the nest or perch, or left in place for later return (White et al. 2002). 

 

2.3 Factors attributed to the recovery of the species 

In 1965, the first International Peregrine Conference was held at Madison, Wisconsin, 

which brought to light the precipitous decline of Peregrine Falcon populations beginning in 1950 

(Hickey 1969). Organochlorine pesticides were implicated in the decline, primarily 

dichlorodiphenyltrichloroethane (DDT) and its metabolite, dichlorodiphenyldichloro-ethylene 

(DDE). Although numerous conference attendees presented possible factors having the potential 

to cause population declines, Ratcliffe (1969) is credited with providing the most compelling 

evidence implicating contamination by organochlorine pesticides, based on his assessment of 

population trends of the Peregrine Falcon in Britain. Additionally, he documented direct toxicity 

effects resulting in death, prey contamination, and accumulations of pesticide residues which 

caused reproductive failure (egg breakage, egg desertion, hatching failure, death of young). He 

also documented pathological behaviours exhibited by breeding peregrines such as egg-eating, 

which he attributed to sub-lethal doses of pesticide residues. In addition to DDT and DDE, 

Ratcliffe (1969) also implicated other organochlorines including BHC, dieldrin and heptachlor. 

Today, the scientific community widely accepts that exposure to environmental 

contaminants was the single factor that caused the near extirpation of Peregrine Falcons from 

North America. The mechanism was determined to be DDT accumulation that interfered with 

calcium deposition at egg formation, causing eggs to break under the weight of incubating adults. 

As habitat was never shown to be a limiting factor for the species, the conservation action that 

resolved the ultimate cause of the peregrine decline was the banning of DDT and restrictions on 
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the use of other persistent organochlorine compounds. These legislative restrictions in Canada 

and the United States allowed peregrine and other predatory bird populations to recover 

(Enderson et al. 1995b, U.S. Fish and Wildlife Service 2003, Holroyd and Bird 2012).  

Following the 1965 International Peregrine Conference, efforts to restore the Peregrine 

Falcon were launched across the continent and in many parts of Europe.  The immediate priority 

was to breed peregrines in captivity as a measure for saving the species from possible extinction 

(Cade 1988). Captive breeding of peregrines ensured preservation of the gene pool, and laid the 

foundation for large scale re-introduction efforts.  

Re-introduction efforts were founded on a release method rooted in traditional falconry 

known as “hacking”. This method was widely used to transition captive-bred peregrine chicks to 

the wild. Hacking involved the transfer of chicks from the breeding facility to a large box in a 

chosen release area where they would be provided food and monitored by a hack site attendant. 

They would then be released at an age when fledging would normally occur (Sherrod 1983, 

Dzialak et al. 2007). Supplementary feeding would continue until the peregrines dispersed from 

the site, in an effort to approximate the supplementary feeding provided to wild-fledged 

peregrines by their parents (Sherrod 1983). 

In most regions across North America, peregrine populations have recovered and are 

expanding due almost exclusively to natural dispersal and the establishment of new territories by 

parent-reared birds. Recoveries first documented in the 1990s have continued across the 

continent, resulting in a widespread de-listing of the species in both Canada and the United 

States. In Canada, mass releases of captive-raised falcons ended in 1996 (Holroyd and Banasch 

2012) and in 1999 in the United States (Heinrich 2009). 
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The ability of the peregrine to accept the nest box as a suitable alternative to the cliff 

ledge has been a crucial aspect of its recovery as a species. As early as the 1940’s, Hickey (1942) 

observed that a simple tray containing dirt and gravel may induce peregrines to remain and 

breed, noting that man-made structures often lacked only a situation in which the falcon could 

scrape out a nesting hollow. Accordingly, all that was required to encourage peregrines to 

occupy new sites on either man-made structures or on cliffs was the placement of such ‘bird 

boxes’. Cade et al. (1996) also indicated that “nest boxes are extremely attractive to nesting 

peregrines”. Herbert and Herbert (1965) were of the opinion that a scrape was not essential for 

laying eggs, but also recognized that scrapes tended to increase nesting success. Furthermore, 

they noted that sites permitting a scrape were sought by falcons in New York State.  

The willingness to breed in urban environments has been identified as ‘key’ in the 

recovery of North American populations of Peregrine Falcons, a characteristic presumed to 

ultimately enable peregrines to exceed their known historical abundance (Cade et al. 1996). 

Although this adaptability is likely an inherent trait (peregrines were observed historically to nest 

in the medieval castles of Europe), it may have been further induced by captive-breeding. 

Enderson et al. (1998) report that “a gravel-covered ledge provided a substrate for eggs” in 

captive breeding facilities. Since young destined for release were reared in structures similar to 

nest-boxes, introduced peregrines may have been habituated to such elements occurring in their 

natal environment, possibly serving to predispose future breeders to such features.  

Most cities are situated near water, and provide numerous prey opportunities including 

feral pigeons and starlings. Tall buildings are considered to mimic cliffs, and are characterized 

by the relative absence of predators (Fyfe 1988, Cade and Bird 1990). Cade et al. (1996) report 

that in 1993, 88 territorial pairs were known from 60 urban areas in North America. The 
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contribution of urban peregrine territories to numeric recovery goals was specifically 

acknowledged during the evaluation of the 1995 U.S. Fish and Wildlife Service proposal to de-

list the American Peregrine Falcon (Millsap et al. 1998). Growing populations of urban 

peregrines have also been documented in other parts of the world (Altwegg et al. 2014). 

In addition to exhibiting plastic nesting behaviour, re-introduced falcons may have been 

more willing to enter urban settings due to a wider variety of early experiences with different, 

usually artificial, environmental situations and a reduced fear of humans (Cade and Bird 1990). 

Once established, adult peregrines show very high fidelity to particular nest sites (White et al. 

2002), serving to reinforce the value of the site not only for actually producing young, but for 

encountering other peregrines. Once a site is established, adults are likely to continue returning 

to it in the following years, with the result that even with the turnover of pairs, particular nest 

boxes may be used for decades. Hickey (1942) coined the term ‘ecological magnetism’ to 

describe this phenomenon in its natural context, and suggested that the various characteristics 

previously identified for suitable nest locations would, in combination, result in a hierarchy of 

possible sites. He observed that peregrines could withstand considerable disturbance at “first” 

and “second” class cliffs, which the peregrines would be so attracted to that they would occupy 

them no matter how many nests or adult birds were destroyed (by shooting, at the time of his 

observations). “Third” class cliffs were considered to be marginal niches, and were not as 

‘magnetic’ in terms of attracting peregrines to use them on a consistent basis. Peregrines were 

much more easily displaced from these sites, exhibiting a lower tolerance to disturbance.
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CONNECTING STATEMENT 1:  

How juvenile Peregrine Falcons utilize the landscape is generally unknown. Due to the species’ 

capability for wide-ranging flight, satellite tracking technology is required to assess use of 

habitats and landscape features. Previous studies based on Argos technology lack the precision 

needed to identify habitat associations. The GPS tracking technology used in this study enables 

the identification of high intensity use areas, habitat associations and interactions with linear 

features comprising Manitoba Hydro’s electrical distribution network. 
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3.0 HABITAT USE BY JUVENILE PEREGRINE FALCONS IN MANITOBA 

 

3.1 Abstract 

The southern Manitoba landscape where Peregrine Falcons occur has been substantially 

altered by human activities including agriculture, urban development and the development of 

supporting infrastructure including roads and power lines. As the species is currently designated 

“Endangered” in Manitoba, home range identification and an assessment of habitat use is 

required to inform management activities undertaken on behalf of the species. 

Between 2011 and 2013, thirty juvenile Peregrine Falcons were monitored using satellite 

tracking to delineate home range areas and to determine habitat associations not previously 

recorded for juveniles of this species. Home range analysis based on kernel density estimation 

quantifies a space-filling pattern of landscape use as peregrines dispersed from the natal areas. 

While the combined home range occupies 18,892.15 km2, or 13.6% of the study area, many sites 

where peregrines occurred at low densities were not captured within its bounds. Far-ranging 

movements characterized by low residency periods outside of the home range were observed, 

possibly representing exploratory movements.  

Habitat associations determined for PTT-equipped peregrines confirm their use of open 

habitats, areas of human development and water. Sites characterized by high densities of avian 

prey such as waterbodies and Important Bird Areas are encompassed by the home range. 

Conversely, peregrine distributions appear to be limited by areas of extensive forest cover. 

Throughout the study area, juvenile falcons readily utilized human features including the wooden 

poles which constitute the Distribution and Sub-Transmission Line network. Current additions to 
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the electrical distribution network in Manitoba may facilitate the expansion of peregrine 

distributions into open habitats otherwise devoid of suitable perches.   

 

3.2 Introduction  

Odum (1971) defined the habitat of an organism as “the place where it lives, or the place 

where one would go to find it”. Elaborating on this basic concept, habitat can be considered as 

“the resources and conditions present in an area that produce occupancy-including survival and 

reproduction-by a given organism” (Hall et al. 1997). As habitat relates the presence of a species 

or individual to an area's physical and biological characteristics, it is necessarily organism-

specific (Hall et al. 1997).  

Habitat “use” refers more specifically to how an animal uses a collection of resources in 

its habitat (Hall et al. 1997). It is distinguished from habitat “selection” in that it does not imply a 

choice but merely refers to the actual distribution of individuals, through a variety of possible 

mechanisms (Hutto 1985). Habitat “selection” stems from preferences, and is exhibited when an 

animal utilizes a habitat or resource disproportionately relative to its availability. This may be 

difficult to quantify, as it is based on a proper assessment of what is truly “available” to the 

animal. “Available” resources are not necessarily “accessible”, and the determination of what 

exactly is available may be limited to the array of components subjectively identified by an 

investigator (Johnson 1980). Similarly, the failure to detect an animal in a particular habitat may 

be due to factors unrelated to “non-selection”, such as limitations in sampling protocol or 

technique (Aarts et al. 2008).     

In spite of these limitations, habitat selection is an important concept to consider as it 

implies that certain habitats or resources may be more valuable to an animal. Johnson (1980) 
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proposed a natural ordering of selection processes, recognizing the influence of extent when 

determining selection. First-order selection occurs at the landscape level, and is demonstrated by 

the physical or geographical range of a species. Within that range, the home range of an 

individual or social group reflects second-order selection. Third-order selection refers to the 

usage of specific habitat components within the home range, whereas the actual procurement of 

food items from those available at a feeding site would be an example of fourth-order 

selection (Johnson 1980).  

Implicit in this hierarchy is the recognition that wildlife-habitat relationships are scale-

dependent, and will differ among organisms (Wiens 1989, Hall et al. 1997). First-order selection 

may be subject to genetic influences, whereas smaller scale selection processes are more 

individually-directed by animals and influenced by learning and experience (Wiens 1972, Hutto 

1985, Hall et al. 1997). 

 

3.2.1 Habitat use  

3.2.1.1 Habitat associations previously identified for juvenile  

            Peregrine Falcons 

Peregrine Falcons are hatched from or released to specific locations on the landscape 

based on determinations of suitable habitat made by parent birds or conservationists. Once 

peregrines reach fledging age and disperse, a range of habitats located beyond these natal areas 

quickly becomes available. For organisms which rapidly develop the physical ability needed to 

undertake long-distance travel, such as the Peregrine Falcon, large areas may be explored by 

newly-fledged juveniles for new habitat opportunities. In addition to the variety of landscape 

features required for resting and predator avoidance, new habitats must provide ample prey 
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opportunities to recently-fledged juveniles refining their flight and hunting abilities. The habitat 

selection process can therefore be generalized into three broad stages, namely the search, 

followed by settlement, and ultimately, residency (Stamps 2001).  

As a species, the Peregrine Falcon is most often categorized as a generalist avian predator 

occurring in open habitats where potential prey is available (Ratcliffe 1980, Bird and Aubry 

1982, White et al. 2002). This does not necessarily restrict the peregrine to particular sites, as its 

ability to obtain prey in widely separated places with no apparent dependence on any certain area 

has been previously confirmed (Enderson and Craig 1997). Although direct observations of 

peregrines in particular habitats appear in the scientific literature (Dekker 1980, Dekker 1987, 

Dobler 1993), very little is known about how this wide-ranging species utilizes the range of 

habitats available to it, or how habitat use may vary between life history stages. A relatively 

large number of tracking studies have been conducted on Peregrine Falcons, yet very few 

utilized the GPS technologies required for quantifying detailed habitat associations. Most have 

relied on the Argos satellite monitoring system, which provides estimates of the location 

according to broad classes, the most accurate of which is currently associated with a spatial error 

of up to 250 m (Argos 2016). Gahbauer (2008) tested the spatial error of satellite transmitters 

used in a peregrine tracking study, and found that 68% of Location Classes 1, 2, and 3 

(considered to be “good quality” locations) were located within 1.31 km of their true position. 

However, even the best location class was found to occasionally have errors as great as 33 km. 

Consequently, the majority of studies reporting findings based on satellite tracking of Peregrine 

Falcons are not sufficiently accurate to quantify habitat associations at spatial scales finer than 

the home range, corresponding to second-order selection (Johnson 1980). 
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Of the published studies based on satellite tracking of Peregrine Falcons in North 

America, the majority have investigated landscape use of primarily female, and mostly adult 

birds (Fuller et al. 1998, Britten et al. 1999, McGrady et al. 2002). Although Gahbauer (2008) 

did investigate juvenile peregrines, the tracking study was limited to Argos technology which 

precluded identification of habitat associations. Many studies have investigated the arctic-

dwelling subspecies tundrius or did not specify which subspecies was researched. As such, 

juveniles of the anatum subspecies are under-represented in the scientific literature.  

To date, only one published study has identified habitat associations of Peregrine Falcons 

using GPS-enabled satellite telemetry. Lapointe et al. (2013) tracked ten breeding females of the 

anatum–tundrius complex in southern Quebec and found that “period” (nestling period and the 

first month after fledging) and “distance from nest” influenced habitat utilization. Of the five 

general habitat categories identified for the region, breeding females were less likely to use 

intensive agriculture croplands characterized by a decrease in the availability of high-quality 

prey, namely corn and soybean fields. Use of “other farmlands”, “other habitats” and “urban 

areas” varied throughout the breeding season. Surprisingly, Lapointe et al. (2013) found that 

females made little use of wetlands compared with “other farmlands” and “other habitats”. This 

is in contrast to observational field studies which have documented the importance of wetlands to 

hunting peregrines (Dekker 1980, Dekker 2009). 

 

3.2.1.2 Perching requirements 

Although fine-scale habitat associations have not been fully confirmed for the Peregrine 

Falcon, perch requirements of the species are well-documented in the scientific literature. The 

Peregrine Falcon is known for long distance movement and aerial pursuit, yet it has been 
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reported to spend extended periods of time perching (Jenkins 1987). Perches are important 

components of raptor habitat because they play a role in population-level processes such as 

individual spacing, predation and survival (Dzialak et al. 2007). Peregrines use perches for a 

variety of purposes, and have been known to demonstrate fidelity to particular perches even over 

different years (Enderson et al. 1995). Documented perching behaviours include resting, 

sleeping, roosting, surveying, hunting and consuming prey (Dekker 1979, Jenkins 2000, White et 

al. 2002, Dzialak et al. 2009). 

Suitable perches enable peregrines to detect and respond rapidly to stimuli by providing 

good visibility and unobstructed flight paths (Dzialak et al. 2007). Although trees generally meet 

these criteria, they are rarely used for perching (Dekker 1979). Where they are used, perch trees 

are generally characterized as being in advanced stages of decay (Dzialak et al. 2007). Key 

habitat features previously identified for perching include buildings, stones, snags, cliffs, posts 

and other vertical markers (Dekker 1979, Dobler 1993, Enderson et al. 1995, Dzialak et al. 

2007). Perches are often located close to water, in close proximity to hunting areas such as 

shorelines and tidal flats (Dekker 1979, Enderson et al. 1995).  

Effective hunting is ultimately dependent on the presence of suitable perch sites. Dobler 

(1993) found that hunts usually began and ended with perching. The stealth attack technique 

often used by peregrines when hunting may also be launched from perches (Dekker 1980, 

Dekker 2009). Perches are also used for plucking and prey consumption after a successful       

kill (White et al. 2002). 

Juveniles transitioning from fledging to independence also require suitable perches for 

the proper development of social interaction as well as prey recognition and pursuit techniques, 

necessary for development to adulthood (Dzialak et al. 2007). This may be particularly important 
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for visually-oriented diurnal predators like peregrines (Dzialak et al. 2007). As the post-fledging 

period is critical in the development of survival and social skills (Sherrod 1983), the proper 

behavioural development of young is of particular relevance for hacked juveniles (Dzialak et al. 

2007). Dzialak et al. (2009) found that hacked falcons spent more time perching than their wild 

counterparts, reflecting differences in prey abundance and predation risk between hack and nest 

sites. Where visual stimuli associated with prey abundance were limited, falcons tended to rest or 

perch inactively (Dzialak et al. 2009).  

 

3.2.1.3 Use of artificial landscape features by Peregrine Falcons 

Buildings, smokestacks, transmission or electrical towers and poles are also used by 

peregrines for perching, roosting, hunting, and nesting. The primary benefit of these artificial 

structures is that they provide birds with suitable nesting and perching sites in areas where they 

are otherwise limiting (Phipps et al. 2013, Mainwaring 2015). Peregrine Falcons are attracted to 

tall structures and readily nest at elevated sites such as on high-rise buildings, bridges and power 

plants (Cade and Bird 1990, Dekker and Taylor 2005). In the Midwestern and eastern United 

States, power plant structures have played an important role in the recovery of the species as they 

are often located along shorelines of rivers and lakes which are a source of avian prey for 

peregrines (Martell et al. 2000, Septon 2004, Dekker and Taylor 2005).  

Peregrine Falcons have also been confirmed nesting on electrical towers in the United 

States, Holland, Germany, Britain, and Spain (Bunnell et al. 1997, Harwood 2000, Red Electrica 

de España 2006). An electrical company in Spain reports that approximately 60% of the 

peregrine population contained in its operating region nests on electrical towers, rather than in 

traditional nesting places such as river gorges or cliffs. The presence of the power lines allows 
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peregrines in the region to nest where there were no other places for them to do so. Installation of 

artificial nests in the towers was found to improve nesting support, thereby improving 

reproductive outcomes (Red Electrica de España 2006). In Utah, Peregrine Falcons were 

confirmed nesting in an abandoned raven's nest on a 340-kV electrical tower situated next to a 

waterfowl management area (Bunnell et al. 1997). 

Power plant smoke stacks, towers and poles also provide elevated features used by 

peregrines for perching and hunting (Lehman 2001, Dekker and Taylor 2005, Fernie and 

Reynolds 2005). Power plants offer plenty of `structure`; such as ledges, parapets, and catwalks 

as well as various architectural nooks and crannies where peregrines can rest and seek shelter 

(Septon 2004). Hunting peregrines may strategically use the structures when they are erected in 

areas with high avian prey densities. In Alberta, peregrines frequently used the hot air above a 

power plant's smoke stacks to gain height prior to launching predatory attacks; they also utilized 

nearby electrical towers as plucking posts (Dekker and Taylor 2005). Conklin and Colwell 

(2007) repeatedly observed Peregrine Falcons strategically using electrical towers for flushing 

roosting flocks of Dunlin (Calidris alpina pacifica) in California.  

The structures themselves may even increase biodiversity when located in monoculture 

landscapes. Tryjanowski et al. (2014) demonstrated that electrical towers associated with high-

voltage power lines significantly improved avian biodiversity and abundance in an intensive 

agricultural landscape, as increased numbers of birds were associated with the shrubby 

vegetation growing underneath the towers. Perching opportunities for other avian species are 

also enhanced by the presence of towers in such landscapes. 
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3.2.2 Home range distributions  

Home range size will vary depending on local factors such as prey distribution and 

abundance (Enderson and Craig 1997). Consequently, home range estimates for this widely-

distributed, highly-mobile species will vary among sites. Enderson and Craig (1997) found that 

home ranges (95% harmonic mean contour) for five radio-marked adult peregrines of both sexes 

were highly variable, ranging between 358-1,508 km2. Females had larger home ranges than 

males. Lapointe et al. (2013) also identified variably-sized home ranges for breeding females in 

Quebec, and noted that average home range areas during the first month after fledging (201.9 

km2, range: 10.0–811.1 km2; SD = ± 261.1 km2) were significantly larger than during the 

nestling period (83.9 km2, range: 0.3–392.5 km2; SD = ± 120.7 km2). 

 

3.3 Methods 

3.3.1 Transmitter attachment 

Thirty juvenile Peregrine Falcons from Manitoba were equipped with 22-g solar powered 

Global Positioning System (GPS) enabled Platform Transmitting Terminals (PTTs) between 

2011 and 2013. Ten PTTs were deployed annually over the three-year period using a modified 

backpack harness attachment technique (Snyder et al. 1989, Kenward 2001). The 1/4 inch 

TeflonTM ribbon used to construct the harness was obtained from Bally Ribbon MillsTM (Photo 

1.1). Both wild (n=10) and hacked (n=20) falcons were equipped with PTTs, representing 33% 

and 67% of falcons included in the research. As three of the hacked falcons had wild origins, 

these were considered separately as an intermediate category (wild-hack) when analyzing 

differences between comparative groups. Sex ratios were skewed: male falcons (n=17) and 

female falcons (n=13) represented 57% and 43% of the total sample, respectively.  
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The PTTs were programmed to collect twelve daily locations, and are considered 

accurate to within 18 m (90% probability), thereby enabling the identification of specific habitat 

associations. Speed, bearing and altitude data were also collected.  

Of the 51,894 GPS locations logged during the course of the study, 21,327 were regional 

locations obtained outside of migration and overwintering areas. The majority of these regional 

locations (n=19,555) were located within the provincial boundary of Manitoba and retained for 

analysis. Landscape data equivalent to those obtained for Manitoba (described in sections 3.3.2 

and 3.3.3) were not available for the 1,772 (8%) regional locations recorded outside of  

the province.  

 

3.3.2 Delineation of the study area 

Provincial Boundary and Ecoregion GIS layers were obtained from the Manitoba Land 

Initiative website administered by Conservation and Water Stewardship (Manitoba Land 

Initiative 2014). Metadata associated with the GIS layers indicate LANDSAT resolution 

(accurate to within 30 meters). The study area was delineated according to the distribution of 

Peregrine Falcon GPS location data constrained to the boundary of the Province of Manitoba. 

This constraint was necessary to ensure consistency among digital base map data layers.  

The 19,555 peregrine locations contained within Manitoba were categorized according to 

the Ecoregion layer. As peregrine locations were scattered south of the MidBoreal Lowlands, the 

study area was delineated according to Provincial Boundary except for the northern boundary 

which followed the southern edge of the MidBoreal Lowlands ecoregion. Although a small 

number (n=13) of peregrine locations were recorded inside of the MidBoreal Lowlands 

ecoregion, it was not included in the study area due to its large size relative to the small number 
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of locations contained within it (Appendix IV). The 13 peregrine locations recorded in that 

ecoregion were removed from further analysis, resulting in a final Manitoba peregrine dataset 

consisting of 19,542 records and a finalized study area of 138,598.32 km2 (Figure 3.1). 

 

3.3.3 Compilation of the spatial habitat base map layer 

GIS spatial data were acquired for southern Manitoba, including Land Use Category 

(LUC) layers from the Manitoba Land Initiative website, and utility features data obtained from 

Manitoba Hydro. These included: Windfarm Developments (Built and Proposed), Transmission 

Lines 69 to 500 kV, as well as Distribution/Sub-transmission Network. The land use layers 

obtained from the Province of Manitoba together with the utility feature layers obtained from 

Manitoba Hydro enabled the compilation of a base map layer.  

A Bird Studies Canada GIS layer identifying Important Bird Areas (IBAs) located in 

Manitoba was also obtained (Bird Studies Canada and Nature Canada 2004-2015). Although this 

layer was not used to compile the habitat base map layer (due to correlations with LUCs), it was 

used to explore associations between IBAs and areas of concentrated peregrine activity. 

 

3.3.4 Spatial analysis to identify the distribution of juvenile Peregrine 

Falcon locations in Manitoba 

Spatial analyses were undertaken using ArcGIS ver. 10.1. Peregrine location data 

originally obtained in latitude/longitude were converted to UTM (NAD 83 Zone 14) directly in 

ArcGIS. Natal areas, corresponding to specific locations where PTT-equipped peregrines were 

hatched or hacked during the study, were identified using coordinates transmitted by PTTs 

immediately following attachment. The distribution of PTT-equipped Peregrine Falcons in  
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Figure 3.1. Distribution of Peregrine Falcon GPS data within the study area (inset: location 

       of study area within Manitoba). 
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Manitoba was then quantified using kernel density estimation (KDE), a non-parametric approach 

to generating a two-dimensional utilization distribution (UD) surface. The UD is a probabilistic 

model of home range that describes the relative amount of time that an animal spends in any 

place (Seaman and Powell 1996). 

The Geospatial Modelling Environment (GME Version 0.7.2.1 (c) Hawthorne L. Beyer 

2009-2012 www.spatialecology.com) was used to delineate KDE contours in Manitoba, 

corresponding to second-order habitat selection within the province as described by Johnson 

(1980). The combined home range or spatial extent of peregrine locations in Manitoba was 

identified with a 95% KDE contour; core use areas were identified with a 50% KDE contour. 

The default Gaussian bivariate kernel was retained, and the bandwidth option smoothed cross 

validation (SCV) was specified. The IBA layer was superimposed on the study area in order to 

identify whether or not these areas were located within the KDE contours representing high-

intensity areas of use by juvenile Peregrine Falcons in Manitoba. Locations of nest or hack sites 

were also considered (Table 3.1). 

 

3.3.5 Identifying habitat associations of juvenile Peregrine Falcons in 

Manitoba according to Land Use Category and Manitoba Hydro 

features 

Habitat associations were evaluated according to sixteen land use categories (LUCs) 

identified in Manitoba. These associations correspond to Johnson’s (1980) third-order of habitat 

selection. GPS location data recorded in Manitoba were merged with the habitat base map layer 

in ArcGIS. This enabled each location, represented by a point, to be associated with the specific 

land use category in which it was contained.  
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Table 3.1. General description and Land Use Category of nest and hack sites. 
 
Nest / Hack Site General Habitat Description Land Use Category 

Brandon 
 

Nest site located on top of building within city 
boundary; surrounding area is primarily 
agricultural 
 

Cultural Features  

Neepawa  
 

Hack site located on top of building within town 
boundary; surrounding area is primarily 
agricultural 
 

Cultural Features 

Ritchot  Hack site located in an agricultural area 
immediately south of Winnipeg 
 

Grassland Rangeland 
 

Winnipeg  
 

Nest sites located on top of buildings in 
downtown Winnipeg 
 

Cultural Features 

Rosser  
 

Hack site located on top of a grain elevator in an 
agricultural area immediately north of Winnipeg 
 

Agricultural Field 

Westbourne Hack site located at the northern boundary of a 
small farming community; surrounding area is 
agricultural 
 

Cultural Features /  
Grassland Rangeland 
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For each falcon, the number of GPS locations recorded in a particular habitat category 

was tabulated, then converted to a proportion representing relative use of a particular habitat. 

Habitat associations were evaluated with a multivariate Correspondence Analysis (CA) using the 

“R” package VEGAN 2.3-0 (CCA). Since this analysis is sensitive to the influence of rare 

categories, LUCs occupying less than 6% of the study area were combined into a single category 

named “OTHER”, after exploratory analyses confirmed that peregrines were rarely associated 

with these habitats. 

 

3.3.6 Quantifying the relationship between juvenile Peregrine Falcons and 

Manitoba Hydro features 

Peregrine Falcons and other raptors were frequently observed perched on Manitoba 

Hydro towers and poles throughout the study period. These associations were quantified for 

PTT-equipped falcons by tabulating the number of locations recorded within an increasing 

distance of Transmission Lines, as well as Distribution and Sub-Transmission Lines. This was 

undertaken for the peregrine dataset (“Actual”), as well as for a dataset consisting of randomly-

generated locations (“Random”). Both the “Actual” and “Random” datasets contained 19,542 

records located within the study area. Significant differences between the comparative groups 

were identified with a contingency table analysis using Statview ver.5.0 (analysis undertaken on 

non-nested data). 

Peregrine locations recorded within 50 m, 100 m, and 250 m of Transmission Lines (69 

to 500 kV) and Distribution and Sub-Transmission Lines were also assessed according to speed 

values (km/h) associated with each GPS position. Flight speed was used to infer behavior, in 

order to interpret how Peregrine Falcons may be interacting with the structures. Stationary 
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positions (GPS locations associated with speed values equal to zero) were assumed to represent 

behaviours confirmed with field observations as being associated with perching (resting, 

roosting, passive surveying, plucking, etc.). Where speed was recorded (speed>0 km/h), it was 

assumed that the falcon was engaged in other behaviours involving flight (displacement, active 

hunting, etc.). The number of locations associated with stationary behaviours (speed=0 km/h) 

were tabulated and compared to the number of locations indicating flight behaviours (speed>0 

km/h). A contingency table analysis using Statview ver.5.0 was undertaken on the non-nested 

data to test differences between comparative groups.  

 

3.4 Results 

3.4.1 The distribution of PTT-equipped Peregrine Falcons in Manitoba  

Figure 3.2 identifies the areas delineated by the KDE contours. The 95% KDE contours 

quantify the distribution of Peregrine Falcons within the study area which may be considered an 

estimate of the combined ‘home range’ within Manitoba. These areas encompass the natal areas, 

identified on the map, where peregrines were hacked or hatched during the study period. The 

contours extend outwards from those areas, around the margins of Lake Manitoba, and in 

scattered pockets towards the south/south-western part of the province. In total, the 95% KDE 

contours encompass 18,892.15 km2, or 13.6% of the study area. 

As shown in Figure 3.2, the core areas represented by the 50% KDE contours are 

concentrated primarily in the central and southern portions of the study area. These areas of high 

intensity use encompass 412.47 km2, or 0.3% of the study area. For the most part, they 

correspond to the natal areas, indicating that PTT-equipped peregrines spent a considerable  
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Figure 3.2. Kernel probability contours (95% and 50% KDE contours) delineated for  

                   PTT-equipped Peregrine Falcons relative to nest and hack sites. 
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amount of time in the immediate vicinity of the nest or hack site. The only exception was a very 

small core area located in northeast Winnipeg, in the immediate vicinity of the Kil-Cona Park 

recreational area. This was the only area delineated by the 50% KDE contour that did not 

encompass a nest or hack site. Measuring approximately 2.3 km long by 0.8 km wide, it was 

used by at least three different peregrines in different years. 

Table 3.2 demonstrates that most of the study area is dominated by Agricultural Field 

(31.7%), Grassland Rangeland (16.0%) and Deciduous Forest (14.4%), and to a lesser extent 

Waterbody (9.2%), Marsh (6.3%), and Mixedwood Forest (5.9%). Together, these six LUCs 

comprise 83.5% of the study area. However, LUC coverage was not available for all townships 

encompassed by the study area (primarily those located along the northern boundary). As none 

of the peregrine locations were recorded in these areas, they were excluded from consideration. 

In addition, some of the LUC coverage obtained was associated with null data values. In total, 

land use categories could not be identified for an area of 8,103.66 km2, representing 5.9% of the 

study area. 

When LUCs contained solely within the 95% KDE contours are considered, 85.3% of the 

home range is comprised of Agricultural Field (50.9%) and Grassland Rangeland (19.2%), 

together with Deciduous Forest (7.8%) and Waterbody (7.4%). Although the relative proportions 

of Agricultural Field and Grassland Rangeland increase as Deciduous Forest and Waterbody  

decrease (less-represented in the 95% KDE contours), the relative ranking of dominant LUCs 

remains the same. In contrast, the vast majority of the core areas delineated by the 50% KDE 

contours is made up of just three LUCs: Agricultural Field (42.4%), Cultural Features (20.6%), 

and Grassland Rangeland (19.4%), which together comprise 82.4% of the core areas used by  
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Table 3.2. Land Use Categories located within the study area, 95% and 50%  

                  KDE contours. 

Land Use Category Abbreviation Study Area (%)* 95% KDE (%) 50% KDE (%) 

Agricultural Field AGF 31.7 50.9 42.4 

Grassland Rangeland GRR 16.0 19.2 19.4 

Deciduous Forest DEC 14.4 7.8 6.5 

Waterbody WTR 9.2 7.4 2.6 

Marsh MAR 6.3 4.0 0.3 

Mixedwood Forest MWF 5.9 0.2 -- 

Coniferous Forest CON 3.5 0.1 0.0 

Forage Crop FOC 3.3 4.4 3.6 

Bog BOG 3.1 0.1 -- 

Open Deciduous Forest ODF 3.0 0.7 0.2 

Roads Trail Rail RTR 2.0 3.0 4.2 

Forest Cutover CUT 0.6 0.0 -- 

Cultural Features CUL 0.5 2.1 20.6 

Treed Rock TRR 0.5 0.0 -- 

Bare Rock Gravel Sand RGS 0.1 0.2 0.2 

Fen FEN 0.0 0.0 -- 

Wildfire Areas WFA 0.0 0.0 -- 

 
*adjusted: null data regions removed 
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PTT-equipped falcons. In particular, Cultural Features are vastly overrepresented in the core 

areas relative to the prevalence of those features in the remainder of the study area. An 

increased proportion of Roads Trail Rail is also found in the core areas, conversely, LUCs 

associated with forested areas and water are generally less prevalent.  

While the home range occupies a large region within the study area, many sites where 

peregrines occurred at low densities were not captured within its bounds. Far-ranging 

movements outside of the home range were observed for dispersing peregrines, perhaps 

representing exploratory movements. As exploratory movements are characterized by low 

residency periods, areas encompassed by them were not captured within the KDE contours.  

 

3.4.2 PTT-equipped Peregrine Falcons and Important Bird Areas  

Twenty-one of the 38 IBAs identified in Manitoba are contained within the study area 

(Figure 3.3). All of the IBAs located in the southern portion of the study area intersect, at least 

partially, with the home range area delineated for Peregrine Falcons (n=14). Of these, four are 

contained completely within the 95% KDE contours: Delta Marsh (near Portage la Prairie), Oak 

Hammock Marsh WMA (near Winnipeg), Grant’s Lake WMA (near Meadows), and Marshy 

Point (near Lundar). Another four IBAs overlap substantially with the peregrine home range: 

Whitewater Lake (near Boissevain), Langruth-RM of Lakeview (near Lakeview), Duck Island 

(near Alonsa) and North, West, and East Shoal Lakes (near Woodlands). These IBAs were 

heavily utilized by juvenile peregrines dispersing from the natal areas.  

The 14 IBAs which overlap with the peregrines’ home range are highly variable in size, 

ranging from 10.4 km2 (the Sand Reef Islands near Alonsa) to 1,580.3 km2 (the Southwestern 

Manitoba Mixed-Grass Prairie near Melita). All are characterized as having at least two IBA  



 36 

  

Figure 3.3. Kernel probability contours (95% and 50% KDE contours) delineated for  

                   PTT-equipped Peregrine Falcons relative to IBAs (Bird Studies Canada and  

                   Nature Canada 2004-2015) located within the study area.  
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designation criteria including “globally” or “internationally” significant. The four IBAs 

contained completely within the peregrine home range are characterized by a greater number of  

designation criteria, indicating their relative importance as areas where a greater diversity of 

avian prey species congregate (Table 3.3).  

Of the seven IBAs that do not overlap with the peregrine home range, three are located 

within 10 km of a 95% KDE contour: Dog Lake, Riverton Sandy Bar, and Kinosota/Leifur. Of 

the four IBAs located greater distances from the peregrine home range, three are positioned in 

the northern portion of the study area where peregrines were rarely recorded. These include 

Sagemace & Coleman Bay Islands, Lake St. Martin Islands, and Long Island and Long Island 

Bay. The IBA located at Proven Lake WMA, located south of Riding Mountain National Park, 

was also not contained within the peregrine home range. With the exception of Lake St. Martin 

Islands, IBAs not contained in the home range were characterized by fewer designation criteria. 

Habitat descriptions for those areas also indicate that they are characterized by more open water 

and coniferous or mixedwood tree cover. A complete summary of the 21 IBAs located within the 

study area can be found in Appendix V. 

  

3.4.3 Habitat associations identified for PTT-equipped Peregrine Falcons         

in Manitoba 

Habitat associations between PTT-equipped peregrines and LUCs are summarized in the 

ordination biplot presented in Figure 3.4. As Figure 3.4 illustrates, PTT-equipped Peregrine 

Falcons were closely associated with Cultural Features (CUL), Agricultural Field (AGF) and 

Grassland Rangeland (GRR). Peregrines were associated to a lesser extent with Roads, Trail and  
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Table 3.3. Designation criteria and habitat descriptions for IBAs completely contained 

                  within the 95% KDE contours delineated for PTT-equipped Peregrine Falcons. 

Name IBA Criteria Habitat Description 
MB001: Delta Marsh  Globally Significant: 

Congregatory Species, 
Waterfowl Concentrations, 
Migratory Landbird 
Concentrations, Nationally 
Significant: Congregatory 
Species 
 

scrub/shrub, fen, freshwater 
marsh 

MB010: Oak Hammock 
Marsh WMA  

Globally Significant: 
Congregatory Species, 
Waterfowl Concentrations, 
Continentally Significant: 
Congregatory Species, 
Shorebird Concentrations, 
Nationally Significant: 
Colonial Waterbird/Seabird 
Concentrations 
 

deciduous woods (temperate), 
scrub/shrub, native grassland, 
sedge/grass meadows, 
rivers/streams, freshwater 
marsh, bog, arable & 
cultivated lands, other 
urban/industrial areas 

MB039: Grant's Lake WMA  Globally Significant: 
Congregatory Species, 
Waterfowl Concentrations, 
Continentally Significant: 
Congregatory Species 
 

deciduous woods (temperate), 
scrub/shrub, native grassland, 
freshwater marsh, arable & 
cultivated lands 

MB087: Marshy Point Globally Significant: 
Waterfowl Concentrations, 
Continentally Significant: 
Congregatory Species, 
Nationally Significant: 
Congregatory Species 
 

deciduous woods (temperate), 
native grassland, sedge/grass 
meadows, rivers/streams, 
freshwater lake, freshwater 
marsh 

 



 39 

 

                  

Figure 3.4. CA biplot demonstrating associations of PTT-equipped Peregrine Falcons with 

                   Land Use Categories in Manitoba. (proportion explained variation CA1=0.5685,    

                   and CA2=0.2310). 
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Rail (RTR). In total, the first two axes account for 79.95% of the explained variation, indicating 

that the ordination provides a good model of the data structure. 

 

3.4.4 Use of Manitoba Hydro line features by PTT-equipped juvenile   

Peregrine Falcons 

Table 3.4 confirms that an extensive network of Hydro infrastructure currently exists 

throughout the study area. As illustrated in Figure 3.5, most of this infrastructure is concentrated 

in the southern portion, except for the east side (in the Lake of the Woods ecoregion). As a 

result, associations between PTT-equipped Peregrine Falcons and features of Manitoba’s 

electrical distribution network were commonly observed. 

Tables 3.5 and 3.6 present the total number of GPS locations recorded for Peregrine 

Falcons within specified distances of Manitoba Hydro line features. As Wind Farm 

developments are highly localized in the study area, peregrines were rarely recorded in the 

immediate vicinity of those features. Only 23 GPS locations were recorded within 5 km of Wind 

Farms (built and proposed). Consequently, only Hydro line features associated with the 

Transmission and Distribution networks were considered.  

As Table 3.5 demonstrates, the number of peregrine locations associated with 

Transmission Lines is consistently greater than those of the randomly generated dataset. These 

differences were statistically significant (X2 (6, N=19,542)=1603.653, p<.0001). Of the 19,542 

peregrine locations recorded within Manitoba 19% (n=3,712) were found within 1,000 m of 

Transmission Lines.  

PTT-equipped falcons were even more strongly associated with features comprising the 

Distribution and Sub-Transmission network. As shown in Table 3.6, the number of peregrine  
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Table 3.4. Extent of Manitoba Hydro facilities within the study area. 
 

Wind Farm (Built) 185.79 km2 

Wind Farm (Proposed) 499.96 km2 

Transmission Lines (69 to 500 kV) 7,819.27 km 

Distribution and Sub-Transmission Network 56,634.70 km 

Study Area 138,598.32 km2 
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Figure 3.5. Extent of Manitoba Hydro facilities in the study area. 
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Table 3.5. Peregrine Falcon locations (actual and random) associated with Transmission  

                  Lines (69 to 500 kV). 

 
Distance From 

Line (m) Actual Random 

25 462 2% 39 0% 

50 585 3% 69 0% 

100 1239 6% 140 1% 

250 1741 9% 344 2% 

500 2447 13% 644 3% 

1000 3712 19% 1228 6% 
 
 
 
 
 
Table 3.6. Peregrine Falcon locations (actual and random) associated with the Distribution 

                  and Sub-Transmission Network. 

 
Distance from 

Line (m) Actual Random 

25 4491 23% 418 2% 

50 8014 41% 782 4% 

100 10753 55% 1482 8% 

250 13230 68% 3335 17% 

500 15570 80% 6059 31% 

1000 17522 90% 9716 50% 
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locations associated with Distribution and Sub-Transmission Lines was substantially greater than 

those tabulated for the random dataset. A total of 41% of locations recorded for peregrines in 

Manitoba throughout the study period were located within 50 m of Distribution and Sub-

Transmission Lines (n=8,014), compared with only 4% (n=782) of randomly-generated 

locations. When a distance of 1,000 m from Distribution and Sub-Transmission Lines is 

assessed, this value increases to 90% of all locations (n=17,522). That 50% (n=9,716) of 

randomly-generated locations are also found within 1,000 m of Distribution and Sub-

Transmission Lines attests to the extent of this feature within the study area. Differences between 

true peregrine locations and the randomly generated data were statistically significant (X2 (6, 

N=19,542)=12,936.789, p<.0001). 

As Tables 3.7 and 3.8 demonstrate, 79-84% of peregrine locations recorded in the 

vicinity of Transmission Lines as well as Distribution and Sub-Transmission Lines were 

associated with speed values equal to zero. Although this result confirms the perching behaviour 

often observed during field investigations, it is not substantially different than that characterizing 

the rest of the dataset. Of the 19,542 locations recorded in Manitoba, 75% were associated with 

speed values of zero. This finding suggests that peregrines are often stationary, and frequently 

use linear structures or adjacent features for perching.  

Most of the locations recorded while the falcons were flying were associated with 

relatively low speeds, recorded at or less than 25 km/h (Tables 3.7 and 3.8). Flight speeds 

compiled from throughout the study area show that high speeds exceeding 50 km/h were very 

rare (n=39), although they were recorded more frequently in the vicinity of the Distribution and 

Sub-Transmission Network (n=23). Significant differences in flight speed according to 

increasing distances from lines were found to be statistically significant for Transmission  
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Table 3.7. Speed (km/h) recorded for Peregrine Falcon locations within 50 m, 100 m and 

     250 m of Transmission Lines (69 to 500 kV).  

 

Speed 
(km/h) Study Area 

 
50 m from Line 

 

 
100 m from Line 

 

 
250 m from Line 

 
0 14653 75% 487 83% 1042 84% 1381 79% 

1 to 25 3609 18% 83 14% 172 14% 289 17% 

26 to 50 1241 6% 14 2% 24 2% 69 4% 

>50 39 <1% 1 <1% 1 <1% 2 <1% 
 
 
 
 
Table 3.8. Speed (km/h) recorded for Peregrine Falcon locations within 50 m, 100 m and 

     250 m of the Distribution and Sub-Transmission Network.  

 

Speed 
(km/h) Study Area 

 
50 m from Line 

 

 
100 m from Line 

 

 
250 m from Line 

 
0 14653 75% 6711 84% 8904 83% 10613 80% 

1 to 25 3609 18% 1126 14% 1556 14% 2116 16% 

26 to 50 1241 6% 173 2% 287 3% 488 4% 

>50 39 <1% 4 <1% 6 <1% 13 <1% 
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Lines (X2 (9, N=19,542)=85.526, p<.0001) as well as Distribution and Sub-Transmission     

Lines (X2 (9, N=19,542)=1005.881, p<.0001). 

 

3.5 Discussion 

Animals meet their requirements for survival, growth and reproduction by exploiting 

available resources within the restrictions imposed by their physiology and environment (Aarts et 

al. 2008). The Peregrine Falcons’ expansive flight only weeks after hatching enables access to a 

substantial geographic area within a relatively short period of time, an area which must be 

efficiently searched for the resources that ensure survival. Once they are located, the juvenile 

falcon must overcome its own inexperience, possibly the largest impediment to its survival, in 

order to safely fulfill the energetic demands of its metabolism and high-powered flight.  

From this perspective it is not surprising that PTT-equipped peregrines remained in the 

vicinity of the nest or hack site for an extended period after fledging. The localized distribution 

of PTT-equipped falcons in the high-intensity use areas delineated by the 50% KDE contours 

reveals an extended dependency on natal areas characterized by open habitats (Agricultural Field 

and Grassland Rangeland) and artificial landscape structures such as buildings and other vertical 

features associated with human development (Cultural Features). As the species’ re-introduction 

into Manitoba was based on the establishment of nest sites in urban centers, the relationship 

observed between juvenile peregrines and Cultural Features is not surprising. Parents at wild 

nests may have continued provisioning their young with varying amounts of food, whereas 

attendants at hack sites ensured a reliable supply of Coturnix quail. For the three falcons that 

dispersed prematurely from the hack site and never returned, the onset of starvation and 

dehydration was almost immediate. 
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Outside of the natal areas the importance of open habitats continues to be evident. The 

95% KDE contours reveal a peregrine home range consisting of more open habitat and less 

forest than what is found throughout the study area. This may be related to foraging efficiency, 

as Jenkins (2000) observed that peregrines were more successful hunting in sparse or moderate 

cover habitats than in habitats characterized by closed cover. Peregrine associations with 

Cultural Features and Grassland Rangeland are supported by the satellite telemetry work of 

Lapointe et al. (2013), who found that PTT-equipped peregrines (adult females) utilized urban 

areas and other farmland habitats not characterized by intensive agriculture.  

Although both the core areas (50% KDE contours) and estimated home range (95% KDE 

contours) contain relatively less water than that found throughout the study area, the 

correspondence analysis (CA) identified a relationship between PTT-equipped peregrines and 

Water. This relationship has been previously recognized, particularly with respect to Peregrine 

Falcon nest site locations (Bond 1946, Cade and Bird 1990).  The LUC category “Water bodies” 

is described as follows: “Consists of all open water – lakes, rivers, streams, ponds, lagoons” 

(Manitoba Land Initiative 2014). A visual assessment of the GPS data relative to large 

waterbodies confirms that peregrines were primarily located at their shorelines, in particular, 

around the southern and eastern margins of Lake Manitoba. As descriptions of IBAs contained in 

the study area confirm that they encompass aquatic areas, regions where water is found may 

provide higher densities of avian prey.  

Areas characterized by the presence of water therefore have the potential to provide the 

greatest energy intake relative to energy expenditures, consistent with the principles of optimal 

foraging and the marginal value theorem (Charnov 1976). By incorporating areas with high prey 

densities into their foraging region, peregrines ensure ample hunting opportunities within a 
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smaller search area. Although adult peregrines are confirmed travelling large distances to obtain 

prey without being reliant on particular locations (Enderson and Craig 1997), young peregrines 

may have a more urgent need to locate habitats containing high densities of prey as hunting 

success is lower for inexperienced juveniles (Dekker 1980). As the majority of IBAs found 

within the study area are located within 10 km of the home range, these areas may be fulfilling 

such a role for dispersing juveniles.  

In addition to water, PTT-equipped peregrines were strongly associated with Agricultural 

Field, Grassland Rangeland and areas of human development (Cultural Features and Roads Trail 

and Rail). This result is not surprising given that nest and hack sites were located within these 

land use categories, and the results of the home range analysis confirm extensive use of natal 

areas. As well, the CA biplot positions Water and Agricultural Field closely together, indicating 

an association between these categories. The relationship observed with Roads Trail and Rail 

may also reflect the use of wooden utility poles which often run parallel to roadways.  

Results from the CA also confirm that PTT-equipped peregrines were not associated with 

forested areas, bogs or fens. Only one falcon was frequently relocated near Deciduous Forest 

(PTT ID=115570). A visual assessment of the distribution of GPS locations verifies that juvenile 

peregrines did not extend north into the MidBoreal Lowlands, and were generally not found in 

areas characterized by dense tree cover such as Riding Mountain National Park or the southeast 

portion of the province. In fact, the northern extent of peregrine distributions in Manitoba 

appears to be limited by local landscape characteristics which vary according to ecoregion. 

The spatial analysis of peregrine locations relative to Manitoba Hydro’s electrical 

distribution network indicates a strong association between PTT-equipped falcons and the 

Distribution and Sub-Transmission Line network. In total, 41% (n=8,014) of peregrine locations 
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recorded in Manitoba were found within 50 m of the network. Of these, 84% were stationary 

locations (speed=0 km/h), suggesting that peregrines used the network for perching. A similar 

finding was documented for Cape Vultures (Gyps coprotheres) in Africa. In that study, 20.6% 

+/-12.74% of stationary GPS locations recorded for ten vultures were found within 50 m of a 

transmission line, suggesting that the vultures were using the supporting structures for perching 

(Phipps et al. 2013). Furthermore, the close association of vultures with the power line network 

enabled the species to extend its range into areas where it would not otherwise have occurred due 

to the lack of suitable perches (Phipps et al. 2013). 

Throughout the study area, peregrines were most often recorded as being stationary. 

Although peregrines are capable of attaining very high speeds, particularly when hunting, flights 

>50 km/h were rarely recorded. As high-speed flights are of short duration and unlikely to be 

sustained, it is not surprising that they were not frequently captured with a sampling schedule of 

12 locations per day. One GPS location was associated with a speed of 127 km/h, attesting to the 

species’ flight capability, yet the vast majority of the time peregrines were stationary and 

presumably perched.  

With the exception of Dzialak et al. (2007), quantitative assessments of perch selection 

by Peregrine Falcons do not appear in the published literature. However, Peregrine Falcons are 

confirmed using exposed perches ranging from oil platforms in the Gulf of Mexico (Russell 

2005), to snags in a Kentucky forest (Dzialak et al. 2007). The use of perches for hunting has 

also been confirmed (Bird and Aubry 1982, Jenkins 2000). In the open grassland or agricultural 

habitats of Manitoba, wooden pole structures comprising the Distribution and Sub-Transmission 

network may provide such perching opportunities where few alternatives exist.  
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According to the MLI description of Land Use/Land Cover classes for Manitoba 

(Manitoba Land Initiative 2014), Grassland Rangeland is noted to have less than 10% shrub or 

tree cover. The intensive agriculture practices characterizing Agricultural Field and Forage Crop 

imply that trees and shrubs are generally absent. In such landscapes, wooden poles provide 

elevated perches which are otherwise limiting. The relative height provided by these features 

may serve to maximize line of sight, thereby conferring hunting advantages to falcons. An 

improved line of sight may also enhance a peregrine’s ability to detect approaching danger. The 

use of exposed perches outside of areas with closed tree cover may provide spacing benefits 

from the juvenile peregrine’s chief predator, the Great Horned Owl (Bubo virginianus), which is 

known to occupy softwood-dominated mixedwood habitats in Manitoba (Hinam 2001). Current 

additions to the electrical distribution network in Manitoba may serve to facilitate the expansion 

of peregrine distributions into open habitats otherwise lacking suitable perches.   
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CONNECTING STATEMENT 2: 
 
Dispersal from the nest or hack site represents the beginning of an important life history period 

during which juvenile Peregrine Falcons transition towards full independence. Rapid acquisition 

of flight, hunting and survival skills enable juvenile falcons to exploit novel habitats, often 

located several hundred kilometers from the site of origin. The GPS tracking technology used in 

this study enables the quantification of dispersal zones using a Brownian Bridge Movement 

Model. Path metrics derived from flight trajectories permit the quantification of dispersal 

movements leading to first fall migration.       
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4.0 DISPERSAL OF JUVENILE PEREGRINE FALCONS FROM MANITOBA 

 

4.1 Abstract 

Juvenile dispersal is an important life history period marked by the transition to full 

independence. Exploratory movements undertaken during the dispersal period result in 

translocation to novel areas often located a considerable distance from the nest or hack site. 

Satellite tracking of thirty juvenile Peregrine Falcons from Manitoba was undertaken to identify 

the juvenile dispersal period leading to first migration, and to determine characteristics of that 

movement as well as survivorship outcomes.  

The juvenile dispersal period was identified from flight trajectories constructed using 

Global Positioning System location data. The period following fledging and displacement from 

the natal area was found to consist of expansive movement, including exploratory movements 

characterized by short residency times which were quantified using a Brownian Bridge 

Movement Model. Virtually all of the study region, with the exception of the north-west corner, 

is encompassed by an overlapping network of contours representing the dispersal movements of 

PTT-equipped peregrines which extend well beyond Manitoba. 

There was a remarkable degree of consistency with respect to the initiation of juvenile 

dispersal although the area encompassed by the dispersal zones was highly variable. Virtually all 

measures of dispersal showed greater movements undertaken by female Peregrine Falcons. 

Although differences were not always statistically significant, the general pattern observed is 

consistent with the hypothesis of female-biased dispersal. Similarly, hacked falcons were 

generally observed to disperse more widely than wild falcons, although a great deal of individual 

variation was observed. 
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Characteristics of dispersal appeared to influence mortality outcomes. Juvenile falcons 

that did not survive the dispersal period displayed greater movements which were significantly 

different than those of survivors. Such findings have implications for conservation as the high 

risk of mortality juvenile peregrines are exposed to during the early months of the dispersal 

period suggests that it represents a potentially significant obstacle to increasing wild peregrine 

populations. 

 

4.2  Introduction  

4.2.1 Juvenile dispersal in Peregrine Falcons 

Animal dispersal generally refers to predictable, species-specific movements related to 

age and reproductive status. Natal dispersal (the movement between the natal area or social 

group and the area or social group where breeding first takes place) (Clobert et al. 2001), and 

breeding dispersal (the movement between two successive breeding areas or social groups) 

(Clobert et al. 2001), are distinguished from migration, a repeated seasonal movement to and 

from a breeding area that is temporally and spatially predictable (Bildstein 2004, Marra et al. 

2010). Natal and breeding dispersal are thought to be influenced by a range of genetic and 

environmental factors including kin interaction, inbreeding avoidance, local mate and resource 

competition, as well as temporal and spatial heterogeneity of the environment (Howard 1960, 

Greenwood 1980, Clobert et al. 2001).  

Following fledging, juvenile peregrines leave the natal territories during their first 

summer (Newton 1979). The natal dispersal period spans approximately two years, until sexual 

maturity is attained (Enderson 1969). Sub-phases of the natal dispersal period can be further 

identified. Gonzalez et al. (1989) characterized post-fledging dispersal of juvenile Spanish 
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Imperial Eagles (Aquila adalberti) into three phases: (1) exploratory flights with return to the 

natal area, (2) long distance trips away from the natal area during which some birds establish 

temporary territories in areas of apparent food abundance, and, 3) return to the vicinity of the 

natal area. Dzialak et al. (2005) further delineated stages of dispersal in hacked peregrines based 

on individual behavior: Fledging (characterized by limited movements immediately following 

release); Foray (characterized by frequent movements away and back to the release site); 

Transience (the initiation of nomadic behaviour at which time peregrines do not return to the 

release site); and Colonisation (the establishment of a defended breeding territory).  

In most species of birds, natal dispersal is far more extensive than breeding dispersal 

(Greenwood and Harvey 1982), and in peregrines, much longer movements are undertaken in the 

first year of life (Mearns and Newton 1984). Kauffman et al. (2004) noted that first-year 

peregrines were responsible for the vast majority of dispersal between habitats, with most 

movements recorded for birds moving into urban habitats from coastal areas. Dennhardt and 

Wakamiya (2013) observed that dispersal movements of peregrines in the Midwestern United 

States were often directed towards urban centers and areas with large bodies of water. Functional 

landscape connectivity (including non-forested habitat corridors) may also influence dispersal in 

peregrines (Dzialak et al. 2005). 

Natal dispersal behavior can vary in terms of distance and frequency, according to the sex 

of the disperser (Dennhardt and Wakamiya 2013). In birds, females usually disperse greater 

distances than males (Greenwood 1980). Reproductive enhancement through increased access to 

mates or resources and the avoidance of inbreeding are important in promoting sex differences in 

dispersal (Greenwood 1980). As in most birds, there is substantial evidence supporting female-

biased dispersal in Peregrine Falcons, as numerous studies have found that females generally 
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disperse over greater distances than males (Mearns and Newton 1984, Tordoff and Redig 1988, 

Tordoff and Redig 1997, Dennhardt and Wakamiya 2013). Although Restani and Mattox (2000) 

did not find such a difference, the only long-distance dispersal they documented in their study 

was undertaken by a female peregrine banded in 1990 which was captured at her breeding cliff in 

1997, approximately 690 km south of her natal site. Female-biased dispersal, seen in most birds, 

may be related to the Peregrine Falcon’s resource-based breeding system, whereby the male 

defends a resource of paramount importance to the acquisition of a mate or to the rearing of 

offspring (Greenwood 1980, Restani and Mattox 2000). 

After fledging, wild peregrines will remain in the vicinity of the natal territory before 

dispersing (Sherrod 1983). Similarly, hacked peregrines will remain in the vicinity of the release 

site, even in the absence of parents. In Canada, juveniles remained at hack sites for an average of 

22.9-27.7 days following release (Fyfe 1988), whereas peregrines in Kentucky averaged between 

16-31 days at the hack station, depending on local conditions (Dzialak et al. 2005).  

Contradictory evidence exists regarding the influence of origin (wild or hacked) on 

dispersal. Dzialak et al. (2009) found that wild falcons remained in the post-fledging area longer 

than hacked birds, whereas Tordoff and Redig (1997) did not find any significant difference in 

dispersal between hacked and wild birds. Dennhardt and Wakamiya (2013) found that hacked 

males dispersed significantly farther than wild-fledged males. Dispersal distance was not found 

to differ between hacked females and wild-fledged females (Dennhardt and Wakamiya 2013). 
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4.2.2 Investigating animal movement using the Brownian Bridge     

Movement Model 

Various methods have been developed to delineate animal home ranges, including 

minimum convex polygons (MCP), kernel density estimators (KDE) and Brownian Bridge 

Movement Models (BBMM) (Worton 1987, Powell 2000, Horne et al. 2007). Unlike other 

probabilistic home range models that assume temporal independence of location data, the 

BBMM assumes that locations are not independent and explicitly incorporates the time between 

locations into the model (Horne et al. 2007). This is of particular importance for GPS data, given 

that satellite tracking may produce a large volume of temporally autocorrelated locations 

(Fischer et al. 2013). The BBMM is therefore recommended for use with large data sets 

characterized by serially correlated locations collected with GPS technology (Horne et al. 2007, 

Walter et al. 2011). 

The Brownian Bridge Movement Model estimates the path of an animal’s movement 

probabilistically from data recorded at brief intervals, such as data obtained using GPS satellite 

tracking (Fischer et al. 2013). It is based on the properties of a conditional random walk between 

successive pairs of locations, dependent on the time between locations, the distance between 

locations, and the Brownian motion variance that is related to the animal’s mobility (Horne et al. 

2007). As a result, the BBMM is well-suited for studying animal movement, and may also be 

used to quantify ecological processes such as migration and dispersal (Horne et al. 2007,   

Sawyer et al. 2009).  

By studying animal movements, researchers can gain insight into many of the ecological 

characteristics and processes important for understanding population-level dynamics (Horne et 

al. 2007). The BBMM is able to estimate movements that otherwise would not be observed using 
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other methods as it interpolates a path or “bridge” between successive locations, and is therefore 

more suited to investigations of migratory species. Migration routes or commonly used travel 

corridors are better represented by bridges generated by the model that identify pathways used by 

animals as they traverse their home range or explore new territories (Walter et al. 2011).  

 

4.3 Methods 

4.3.1 Transmitter attachment 

Thirty juvenile Peregrine Falcons from Manitoba were equipped with 22-g solar-powered 

Global Positioning System (GPS) enabled Platform Transmitting Terminals (PTTs) between 

2011 and 2013. Ten PTTs were deployed annually over the three-year period using a modified 

backpack attachment technique (Snyder et al. 1989, Kenward 2001) (Photo 1.1). A ¼ inch 

TeflonTM ribbon obtained from Bally Ribbon MillsTM was used to construct the harness. The 

PTTs were programmed to collect twelve daily ‘fixes’ (locations) considered accurate to within 

18 meters (90% probability). 

Both wild (n=10) and hacked (n=20) falcons were equipped with PTTs, representing 33% 

and 67% of falcons included in the research. As three of the hacked falcons had wild origins, 

these were considered separately as an intermediate category (wild-hack) when analyzing 

differences between comparative groups. Male falcons (n=17) and female falcons (n=13) 

represented 57% and 43% of the total sample, respectively.  

 

4.3.2 Compilation of the GIS base map layer 

The Provincial Boundary layer obtained from the Manitoba Land Initiative website was 

imported into ArcGIS ver. 10.1. This layer was used as the base map as all peregrines dispersed 
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from within Manitoba. Peregrine Falcon nest and hack sites were identified within the Provincial 

Boundary layer using the first GPS location recorded following PTT deployment, when the 

falcon was returned to the site of origin. 

 

4.3.3 Criteria for identifying dispersal from the nest or hack site 

The juvenile dispersal period was identified from flight trajectories constructed using 

Global Positioning System location data. In this study, the Juvenile Dispersal Period (JDP) was 

defined as the period spanning dispersal from the nest or hack site to first fall or outbound 

migration, corresponding generally to the “Transience” phase of natal dispersal described by 

Dzialak et al. (2005). The initiation of the JDP was identified when at least three consecutive 

locations were recorded a minimum of 8 km from the natal area, as 8 km was observed to be the 

generalized extent of localized movements. Localized movements, or “there and back” 

movements, were generally characterized by one or two locations recorded within 5 km of the 

nest or hack site which terminated with a return to the site. As these movements occurred in the 

vicinity of the natal area, they were not included in the JDP. Localized movements were 

interpreted as representing the “Fledging” and “Foray” phases of natal dispersal described by 

Dzialak et al. (2005), and the “post-fledging period” described by Powell et al. (2002). Watts et 

al. (2015) similarly excluded movements in the natal area when analyzing dispersal of PTT-

equipped Bald Eagles (Haliaeetus leucocephalus) in Maryland, USA.  

The start of the JDP defined in this study also corresponds generally to the initiation of 

dispersal for PTT-equipped peregrines identified by Watts et al. (2011). In that study, dispersal 

was defined as a “break-out flight” where for the first time the bird did not return to the natal or 

hack site for a period of at least two days. The authors note that this rule seemed to consistently 
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mark the end of the dependency period, as the majority of falcons that did not return for two days 

dispersed from the site (Watts et al. 2011).  

The dispersal period identified for each individual peregrine concluded with either 

mortality or first fall or outbound migration. The start of migration was identified when three 

consecutive locations demonstrating a persistent southerly movement were observed. For 

movements originating in Manitoba, these necessarily extended past the province’s southern 

boundary and ultimately resulted in translocation towards wintering areas. Three dispersal 

trajectories characterized as “premature dispersal” were excluded from analysis since these 

movements represented failed releases of hacked peregrines which promptly terminated in 

mortality (i.e. after release, peregrines immediately dispersed and never returned to the          

hack site). 

 

4.3.4 Quantifying dispersal using Brownian bridges 

The “R” library “BBMM” was used to delineate the zone encompassed by the JDP for 

individual peregrines based on the Brownian Bridge Movement Model (Horne et al. 2007). 

Isopleths representing the estimated utilization distribution were subsequently generated by 

importing the raster generated in “R” into ArcGIS ver. 10.1 and converting it to a polygon. Both 

50% and 95% probability contours were specified in the analysis.  

Prior to analysis, GPS coordinates originally obtained in longitude-latitude were 

converted to Universal Transverse Mercator (UTM) coordinates using the “R” library 

“PBSmapping”. Coordinates representing a sequentially-ordered subset of the GPS dataset 

corresponding to the “Transience” phase of natal dispersal described by Dzialak et al. (2005) 



 60 

were selected for input to the analysis. This dataset, which extended beyond the provincial 

boundary of Manitoba, was analyzed in its entirety. 

Walter et al. (2015) identify the input parameters specified for the BBMM in “R”:          

1) sequential location data, 2) estimated error associated with location data, and 3) grid-cell size 

assigned for the output utilization distribution. The estimated error associated with the GPS 

location data was specified as +/- 18 meters, according to technical information provided by 

Microwave Telemetry for the PTT-100 tracking unit employed in this study (Microwave 

Telemetry 2011). A grid-cell size of 250 m was specified for the output utilization distribution, 

defined relative to the spatial extent represented in the GPS data subset as well as data  

processing requirements.  

Assumptions of the BBMM include random movement between locations (conditional on 

start and end points) and location errors that are normally distributed (Horne et al. 2007). A 

maximum likelihood approach is used for empirically estimating one of the key parameters of 

the BBMM, specifically, the variance term which is related to the animal’s mobility (Horne et al. 

2007). The variance term estimated by the BBMM quantifies how diffusive the path of an  

animal is (Kranstauber et al. 2012).  

The area encompassed by the 50% and 95% isopleths generated by the BBMM was 

calculated for individual peregrines. The sizes of dispersal zones were compared according to 

Source (wild or hack) and Sex (female or male). The number of days representing the dispersal 

period was also tabulated, together with survivorship outcomes (whether or not the falcon 

survived the dispersal period). As normality assumptions could not be met, the Mann-Whitney 

U-test was used to test for significant differences between comparative groups according to 
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Source and Sex. Both Statview ver.5.0 and the Wilcoxon Rank sum test in “R” were used to 

perform statistical tests.  

 

4.3.5 Trajectory analysis  

An animal's movements define a path or trajectory through a particular area in a defined 

time period (Horne et al. 2007). Estimates of the trajectory which can be used to characterize 

dispersal include step length (estimated as the distance travelled per day by each individual 

between consecutive days), and the total dispersal distance (estimated as the distance between 

mean daily locations and the point of origin) (Margalida et al. 2013). These variables relate to the 

“search rate” of the trajectory as well as the “philopatry of search” (Doerr and Doerr 2005, 

Margalida et al. 2013). 

Daily step length, the distance travelled per day, was calculated by summing individual 

step lengths tabulated for each day of the JDP. Individual step lengths were calculated as 

straight-line distances between consecutive GPS locations recorded for individual falcons. Step-

lengths were calculated in ArcGIS ver. 10.1 using the Geospatial Modelling Environment (GME) 

(Beyer 2016) tool Calculate Movement Path Metrics for a point time series dataset. The tool 

provides step length distances in coordinate system units (i.e. meters for UTM); these were 

subsequently converted to kilometers. 

Total dispersal distance, or mean displacement of individual falcons relative to the point 

of origin, was calculated in ArcGIS ver. 10.1 using the Spatial Statistics tool “Mean Center”. 

This tool was used to calculate the spatial center of an array of GPS locations extracted from the 

JDP for sequential 3-day periods. The distance between each mean center location and the 

falcon’s point of origin (hack or nest site) was then measured manually using the Measure tool.  
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  The values generated for step length and total dispersal distance were used to quantify 

dispersal characteristics for individual Peregrine Falcons. A repeated measures ANOVA was 

used to test differences according to Sex. As only a subset of the data was suitable for the 

repeated measures analysis (due to unbalanced sample sizes caused by mortality), comparisons 

according to Source (wild/hack) could not be undertaken. Periods selected for analysis ensured a 

sufficient sample size of surviving males and females, yet allowed enough time to reasonably 

encompass natal dispersal. Similarly, a two-factor ANOVA considering both Source and Sex 

could not be undertaken due to the non-independence of the release condition from the sex of the 

falcon (survivors were generally females from wild nests). Statview ver. 5.0 was used to conduct 

the repeated measures ANOVA. 

Although dispersal parameters according to Source could not be assessed quantitatively 

with statistical testing, summary statistics were calculated for dispersal parameters which were 

hypothesized to differ between wild and hacked falcons, with shorter dispersal patterns 

hypothesized for wild falcons. This hypothesis was based on the findings of Dzialak et al. 

(2009), who noted that wild falcons remained in the post-fledging area longer than hacked birds, 

and Dennhardt and Wakamiya (2013) who identified that that hacked birds tended to disperse 

farther than wild-fledged birds (within the sexes). Movement patterns were also hypothesized to 

differ between the sexes, with females expected to disperse farther according to the species’ 

female-biased dispersal and resource-based breeding system (Greenwood 1980, Restani and 

Mattox 2000). 
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4.4 Results 

4.4.1 Overview of the Juvenile Dispersal Period  

Table 4.1 presents a summary of juvenile dispersal identified for PTT-equipped 

peregrines in this study. There was a remarkable degree of consistency with respect to the 

initiation of juvenile dispersal among PTT-equipped peregrines, observed between 10-August 

and 20-August in both 2011 and 2013. A shift to earlier dispersal was observed in 2012, with the 

departure of juvenile falcons noted between 20-July and 9-August.  

Wild falcons initiated dispersal over an eight-day period between August 10 to 18. The 

initiation of dispersal was more variable among hacked falcons, who dispersed over the course of 

a one-month period spanning 20-July to 20-August. The initiation of juvenile dispersal was more 

consistent between the sexes, although females as a group initiated dispersal approximately one 

week later than males (27-July to 20-August and 20-July to 20-August, respectively). 

Interestingly, several examples of synchronized dispersal were observed. Two wild-

hatched females hacked at the same time from Parkland Mews (Ritchot) initiated dispersal on              

05-Aug-12.  Similarly, a male and a female hatched from the same nest in Brandon both 

dispersed on 18-Aug-13, as did three females hatched from Winnipeg who initiated dispersal    

on 10-Aug-13. 

Juvenile dispersal ranged from nine to 80 days, averaging 43 days for all falcons that 

initiated dispersal from the nest or hack site. However, eight falcons did not survive to the end of 

the JDP. Virtually all of those peregrines encountered mortality within one month of initiating 

dispersal. If the 14 falcons that survived to the end of the JDP are considered separately, the 

average duration of the JDP increases to 53 days, ranging from 34 to 80 days for falcons that 

survived to migrate. 
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Table 4.1. Summary of Juvenile Dispersal Period (JDP) identified for PTT-equipped Peregrine Falcons from Manitoba. 
 

PTT ID Sex Source Site JDP start JDP end JDP # days JDP outcome # recs 

107330 M wild Brandon 12-Aug-11 21-Sep-11 40 alive 484 
107331 F hack Neepawa 10-Aug-11 03-Sep-11 24 dead 285 
107332 M hack Ritchot 13-Aug-11 26-Aug-11 13 dead 121 
107335 F hack Ritchot 20-Aug-11 18-Oct-11 59 alive 702 
107337 M wild Brandon 15-Aug-11 18-Sep-11 34 alive 420 
107338 M hack Neepawa 11-Aug-11 20-Aug-11 9 dead 116 
107339 F hack Neepawa 13-Aug-11 01-Nov-11 80 alive 934 
115567 M hack Rosser 20-Jul-12 21-Sep-12 63 alive 830 
115568 F hack Rosser 27-Jul-12 01-Oct-12 66 alive 866 
115569 M hack Rosser 22-Jul-12 15-Aug-12 24 dead 315 
115570 M hack Westbourne 09-Aug-12 10-Sep-12 32 dead 397 
115571 M hack Westbourne 30-Jul-12 07-Oct-12 69 dead 876 
115572 F wild-hack Ritchot 05-Aug-12 01-Oct-12 57 alive 747 
115573 F wild-hack Ritchot 05-Aug-12 06-Oct-12 62 alive 778 
107331r M wild Brandon 18-Aug-13 03-Oct-13 46 alive 552 
107332r F wild Brandon 12-Aug-13 03-Oct-13 52 alive 629 
107333r F wild Brandon 18-Aug-13 04-Oct-13 47 alive 570 
107334r F wild Winnipeg 10-Aug-13 03-Oct-13 54 alive 644 
107338r F wild Winnipeg 10-Aug-13 20-Sep-13 41 alive 506 
115568r F wild Winnipeg 10-Aug-13 25-Aug-13 15 dead 193 
115569r M hack Rosser 20-Aug-13 03-Oct-13 44 alive 578 
115573r M hack Rosser 13-Aug-13 29-Aug-13 16 dead 209 
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The duration of the JDP for surviving peregrines differed between hacked and wild 

falcons. On average, the JDP of hacked peregrines lasted 62.4 days, with a high degree of 

variability observed among individual falcons (SD=12.97). The JDP was shorter for wild 

falcons, lasting an average of 44.9 days (SD=7.03). Slightly less variation in average JDP was 

observed between the sexes (males=45.4 days, SD=10.90 and females=57.6 days, SD=11.30). 

 

4.4.2 Brownian Bridge Movement Models (BBMM) generated for juvenile 

PTT-equipped Peregrine Falcons from Manitoba  

Figures 4.1 and 4.2 present a compilation of all BBMMs generated for individual 

peregrines represented by both 50% and 95% probability contours, respectively. Individual 

examples of dispersal zones quantified by the BBMM are also shown in Figure 4.3 (example of a 

BBMM 50% generated for a female falcon) and Figure 4.4 (example of a BBMM 95% generated 

for a male falcon). 

During the dispersal period, peregrines were concentrated in discrete pockets scattered 

throughout the study area, extending into Saskatchewan (to the west) as well as North Dakota 

and Minnesota (to the south) (Figure 4.1). As shown by the 50% probability contours, peregrine 

activity was particularly concentrated in and around the hack and nest sites, and was very 

extensive in and around the city of Winnipeg. Areas north and north east of the city, as well as 

the southern and eastern margin of Lake Manitoba, were also heavily utilized during the 

dispersal period. In those areas contours overlapped, indicating intensive use by multiple 

individuals. As Figure 4.1 demonstrates, all of the natal areas were encompassed by areas of 

concentrated dispersal activity.  
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Figure 4.1. Individual Brownian Bridge Movement Models (BBMM) generated for  

                   PTT-equipped Peregrine Falcons (50% probability contours). 
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Figure 4.2. Individual Brownian Bridge Movement Models (BBMM) generated for  

                   PTT-equipped Peregrine Falcons (95% probability contours). 
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Figure 4.3. Example of a Brownian Bridge Movement Model (BBMM), specified at 50% 

                   probability, generated for a female falcon wild-hatched and subsequently    

                   hacked in 2012 (PTT 115572).  
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Figure 4.4. Example of a Brownian Bridge Movement Model (BBMM), specified at 95% 

                   probability, generated for a male falcon hacked in 2012 (PTT 115567).  
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When the model probability is increased to 95%, an expansive dispersal pattern emerges (Figure 

4.2). Virtually all of the study region, with the exception of the north-west corner, is 

encompassed by an overlapping network of contours representing the dispersal movements of 

PTT-equipped peregrines. As shown by the multi-colored contours, individual dispersal zones 

extend well beyond Manitoba, with several movements extending considerably into the northern 

states of North Dakota and Minnesota. Figure 4.2 also demonstrates that many of the contours 

are connected by Brownian bridges. As they represent long-distance movements characterized by 

short residency times, the connecting bridges generated by the BBMM may signify     

exploratory behaviors. 

As shown in Table 4.2, the area encompassed by the dispersal zones (BBMM 95%) 

generated for both survivors and non-survivors was highly variable, ranging from 2,448.8 km2 to 

36,865.1 km2 (n=22). The Brownian motion variance calculated for individual falcons was also 

variable, ranging from 0.20 to 0.73 km2, with larger values indicating a more diffusive 

movement pattern. 

When considering solely the core areas (BBMM 50%) generated for survivors, dispersal 

zones averaged 1,498.1 km2 for wild falcons (n=7) and 1,297.6 km2 for hacked falcons (n=5). 

Specifying a BBMM at 95% increased dispersal zones for wild and hacked falcons to 13,117.4 

km2 and 16,887.2 km2, respectively. Differences in average zone size between wild and hacked 

falcons were not significant at either level of probability (BBMM 50% U=18.0, p>.935, 2-tailed) 

(BBMM 95% U=23.0, p=0.372, 2-tailed).  

When categorized according to Sex, females generally exhibited a more expansive 

movement pattern during the JDP. Core areas (BBMM 50%) of dispersal zones calculated for 

surviving females measured, on average 1,922.4 km2 (n=9) and were significantly different than 
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Table 4.2. Summary of Brownian Bridge Movement Models (BBMM) calculated for PTT-equipped Peregrine Falcons  

                  during the Juvenile Dispersal Period (JDP) (n=22).

PTT ID Year Sex Source JDP 
outcome 

BBMM 50% 
(km2) 

BBMM 95% 
(km2) 

Brownian motion 
variance (km2) km2/day 

107330 2011 M wild alive 569.19 4,493.69 0.29 112.34 

107331 2011 F hack dead 1,848.37 12,759.13 0.50 531.63 

107332 2011 M hack dead 3,295.69 12,713.56 0.51 977.97 

107335 2011 F hack alive 675.81 6,508.00 0.20 110.31 

107337 2011 M wild alive 492.06 2,448.81 0.30 72.02 

107338 2011 M hack dead 4,164.69 18,850.06 0.73 2,094.45 

107339 2011 F hack alive 1,838.63 31,141.44 0.43 389.27 

115567 2012 M hack alive 2,655.12 36,865.06 0.47 585.16 

115568 2012 F hack alive 724.44 4,917.62 0.27 74.51 

115569 2012 M hack dead 654.12 3,250.00 0.22 135.42 

115570 2012 M hack dead 1,300.94 19,791.38 0.39 618.48 

115571 2012 M hack dead 2,981.69 13,202.75 0.40 191.34 

115572 2012 F wild-hack alive 4,438.69 32,517.75 0.63 570.49 

115573 2012 F wild-hack alive 777.37 8,763.69 0.30 141.35 

107331r 2013 M wild alive 578.62 3,243.63 0.25 70.51 

107332r 2013 F wild alive 881.94 9,752.44 0.30 187.55 

107333r 2013 F wild alive 2,797.06 17,274.19 0.39 367.54 

107334r 2013 F wild alive 2,815.71 26,618.44 0.39 492.93 

107338r 2013 F wild alive 2,351.81 27,990.87 0.53 682.70 

115568r 2013 F wild dead 1,379.88 13,260.94 0.48 884.06 

115569r 2013 M hack alive 594.12 5,004.06 0.30 113.73 
115573r 2013 M hack dead 458.06 2,539.88 0.25 158.74 
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the 977.8 km2 calculated for males (n=5) (U=39.0, p=0.028, 2-tailed). The average BBMM 95% 

measured 18,387.2 km2 for females, and 10,411.1 km2 for males. Although female dispersal 

zones were generally larger, a greater degree of individual variability was observed when the 

BBMM probability was increased to 95%. As a result, differences between the sexes were not 

statistically significant (U=35.0, p=0.096, 2-tailed). 

When considered on a per day basis to account for the substantial variation in the 

duration of the JDP (which ranged from nine to 80 days, due in part, to mortality), daily dispersal 

movements ranged from 70.5 km2 /day to 2,094.5 km2/day. The falcon with the largest daily 

dispersal zone of 2,094.5 km2 per day also had the shortest JDP of nine days, suggesting that 

daily dispersal movements may influence survivorship outcomes. This male falcon was hacked 

in 2011 (PTT ID 107338) and did not survive to the end of the dispersal period. The size of the 

BBMM was influenced by the large Brownian motion variance value of 0.73 km2 calculated for 

this falcon, which indicates more variable movement relative to other birds.  

In this study, falcons that survived to the end of the JDP generally encompassed smaller 

areas into their daily movements than did falcons who encountered mortality during that period. 

Daily dispersal movements for surviving falcons averaged 283.60 km2/day (n=14, SD=222.94 

km2/day), compared with 699.01 km2/day (n=8, SD=650.39 km2/day) calculated for falcons that 

did not survive the JDP. Observed differences in daily dispersal movements between survivors 

and non-survivors were statistically significant (U=25.0, p=0.03517, 2-tailed).    
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4.4.3 Characteristics of juvenile dispersal identified by the analysis             

of GPS trajectories  

Table 4.3 presents the step length metrics calculated for each peregrine on a daily basis. 

The total (sum) distance travelled by individual falcons during the JDP ranged considerably, 

from 715.6 km to 6,138.5 km. The maximum distance travelled per day ranged from 95.1 km to 

560.2 km. On average, PTT-equipped Peregrine Falcons travelled 40.7 km to 128.5 km each day 

of the JDP. Average step length according to (a) Source and (b) Sex are shown in Figure 4.5.  

When assessed according to Sex at Day 31, a strong but non-significant trend was 

observed between the sexes (F(1,8)=4.488, p=0.0670). Increasing the number of days assessed to 

35 (with a smaller sample size) encompassed more of the dispersal period but reduced the power 

of the test, so a non-significant result was again obtained. Decreasing the period assessed to 25 

days did not encompass enough of the dispersal period for a difference between the sexes to      

be detected.  

Table 4.4 presents the total dispersal distance relative to the nest or hack site. As shown 

in Table 4.4, total dispersal from the site of origin varied greatly, from an average of 3.8 km to 

188.0 km. The maximum dispersal distance calculated from the point of origin was even more 

variable, ranging from 7.3 km to 540.1 km. Total dispersal relative to the site of origin according 

to (a) Source and (b) Sex are shown in Figure 4.6.  

No significant difference in total dispersal distance from the nest or hack site was 

detected between the sexes when 11 time periods (of three days each) were evaluated 

(F(1,8)=4.618, p=0.0639). Decreasing the assessed time period to 8 intervals increased the power 

(due to an increase in sample size) such that a significant result was obtained (F(1,11)=5.217, 

p=0.0432). As Figure 4.7 illustrates, short distance movements from the site of origin were



 74 

Table 4.3. Step Length (km) summary for PTT-equipped Peregrine Falcons during the  

                 Juvenile Dispersal Period (JDP) (n=22). 

 

 

 

 

 

 

PTT ID Year Sex Source JDP total 
(km) 

Daily max 
(km) 

Daily mean 
(km) 

SD 
(km) 

JDP 
outcome 

107330 2011 M wild 2,799.47 396.11 68.28 59.00 alive 
107331 2011 F hack 1,368.86 219.80 54.75 59.94 dead 
107332 2011 M hack 910.55 221.06 75.88 81.50 dead 
107335 2011 F hack 2,912.25 206.49 48.54 48.55 alive 
107337 2011 M wild 1,864.77 187.08 53.28 35.66 alive 
107338 2011 M hack 1,285.23 275.18 128.52 90.06 dead 
107339 2011 F hack 5,707.18 390.38 70.46 70.51 alive 
115567 2012 M hack 6,034.39 500.24 94.29 95.41 alive 
115568 2012 F hack 3,029.17 370.85 45.21 56.48 alive 
115569 2012 M hack 1,017.12 135.86 40.68 31.41 dead 
115570 2012 M hack 2,487.89 338.99 80.25 79.30 dead 
115571 2012 M hack 3,127.00 192.92 44.67 32.54 dead 
115572 2012 F wild-hack 6,138.53 444.51 105.84 91.31 alive 
115573 2012 F wild-hack 2,929.52 560.24 46.50 80.20 alive 
107331r 2013 M wild 2,736.26 305.37 58.22 51.04 alive 
107332r 2013 F wild 3,115.07 349.30 58.77 62.51 alive 
107333r 2013 F wild 3,511.35 263.84 73.15 57.58 alive 
107334r 2013 F wild 3,841.31 261.04 69.84 60.94 alive 
107338r 2013 F wild 4,169.24 547.82 99.27 98.07 alive 
115568r 2013 F wild 1,250.27 304.84 78.14 103.13 dead 
115569r 2013 M hack 2,442.65 213.43 54.28 39.53 alive 
115573r 2013 M hack 715.64 95.14 44.73 29.84 dead 
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(a) Average Step Length (km) according to Source. 

 

(b) Average Step Length (km) according to Sex. 

 

Figure 4.5. Average step length of PTT-equipped Peregrine Falcons according to (a) Source 

      and (b) Sex (n=22) (box plot identifies min [Q1, median, Q3] max).  
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Table 4.4. Summary of Total Dispersal (km) relative to the site of origin (nest or hack  

      site) (n=22). 

PTT ID Year Sex Source 
Dispersal 

mean 
(km) 

Dispersal 
max 
(km) 

SD 
(km) 

JDP 
outcome 

107330 2011 M wild 7.05 13.18 3.97 alive 
107331 2011 F hack 107.02 135.26 26.00 dead 
107332 2011 M hack 30.51 39.93 8.80 dead 
107335 2011 F hack 79.06 125.63 46.15 alive 
107337 2011 M wild 4.42 10.69 2.76 alive 
107338 2011 M hack 49.87 89.60 41.53 dead 
107339 2011 F hack 188.01 323.21 103.83 alive 
115567 2012 M hack 69.94 540.14 138.17 alive 
115568 2012 F hack 19.04 33.45 10.01 alive 
115569 2012 M hack 24.67 72.39 30.94 dead 
115570 2012 M hack 59.30 205.15 72.34 dead 
115571 2012 M hack 37.99 103.01 33.54 dead 
115572 2012 F wild-hack 52.33 177.88 47.13 alive 
115573 2012 F wild-hack 25.54 80.10 30.31 alive 
107331r 2013 M wild 4.75 11.73 3.49 alive 
107332r 2013 F wild 16.78 59.65 20.75 alive 
107333r 2013 F wild 180.08 248.31 98.25 alive 
107334r 2013 F wild 132.54 237.62 92.70 alive 
107338r 2013 F wild 51.04 125.60 30.61 alive 
115568r 2013 F wild 41.92 114.71 47.23 dead 
115569r 2013 M hack 5.04 16.08 4.31 alive 
115573r 2013 M hack 3.81 7.32 2.08 dead 
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(a) Total dispersal relative to the site of origin (km) according to Source. 

 

(b) Total dispersal relative to the site of origin (km) according to Sex. 

 

Figure 4.6. Total dispersal distance of PTT-equipped Peregrine Falcons relative to the site  

of origin according to (a) Source and (b) Sex (n=22) (box plot identifies  

min [Q1, median, Q3] max) . 
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Figure 4.7. Dispersal distance (km) relative to the point of origin (nest or hack site) over  

        time (three individual distances > 300 km are not shown) (n=22). 
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frequently observed, indicating that peregrines often returned to the vicinity of the nest or hack 

site. Throughout the dispersal period, distances < 2 km from the site of origin were recorded. 

 

4.5 Discussion 

The classical definition of home range is provided by Burt (1943): “that area traversed by 

the individual in its normal activities of food gathering, mating and caring for young”. The 

extensive areas traversed by dispersing juvenile peregrines are therefore not considered part of a 

home range per se, as Burt (1943) also notes that “occasional sallies outside the area, perhaps 

exploratory in nature, should not be considered as part of the home range”. Nonetheless, these 

dispersal zones are worthy of consideration, as cognitive mapping may occur as an animal  

learns new things about its environment (Powell 2000). As such, exploratory movements into 

novel areas may inform future decisions regarding home range establishment and potential 

breeding opportunities.  

In this study, the period following fledging and dispersal from the natal area was 

characterized by expansive exploratory movements. These movements extended well outside of 

the study area, expanding west to Saskatchewan and south to North Dakota and Minnesota, 

confirming the potential for genetic exchange among metapopulations. As the contours generated  

by the Brownian Bridge Movement Model illustrate, vast areas of southern Manitoba are 

encompassed by the dispersal zones identified for Peregrine Falcons. 

Measures of dispersal were generally greater for hacked falcons relative to wild 

counterparts, although differences were not found to be statistically significant. The lack of 

significance may have been due, in part, to the large degree of individual variation observed 

combined with the lack of statistical power resulting from small sample sizes. Nonetheless, these 
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findings are in general accord with those presented by Dennhardt and Wakamiya (2013) who 

also identified greater dispersal movements of hacked individuals. Dispersal movements of 

marked females were also generally greater than those observed for male falcons, consistent with 

the hypothesis of female-biased dispersal (Greenwood 1980, Restani and Mattox 2000). 

Gahbauer et al. (2015) also found that females dispersing from Ontario traveled on average more 

than twice as far as males, although regional variation in dispersal distances between the sexes 

was observed in that study. 

Tordoff and Redig (1997) also observed substantial variation in natal dispersal distances 

measured for Peregrine Falcons in the American Midwest, as did Faccio et al. (2013) for 

peregrines in New England (USA). In spite of this variation, female peregrines have been found 

to consistently disperse approximately twice as far as males (Tordoff and Redig 1997, Dennhardt 

and Wakamiya 2013). In their findings of natal dispersal, Tordoff and Redig (1997) noted that 

the longest dispersal movements they observed were undertaken by two peregrines (a male and a 

female) hacked from Canada who moved to the Midwest. Faccio et al. (2013) and Katzner et al. 

(2012) also found that the average natal dispersal distance for females approximately doubled 

that observed for male falcons. 

When measures of the dispersal trajectory were evaluated, only the total dispersal 

distance representing displacement from the site of origin was found to be significantly different 

between male and female falcons (time period equal to 24 days). Nonetheless, the repeated 

measures ANOVA confirms a strong underlying trend between the sexes, with females generally 

displacing further away from the nest or hack site and moving greater distances on a daily basis.  

Although step length and total dispersal distance could not be evaluated for significance 

according to Source due to sample size constraints, dispersal measures calculated for Peregrine 
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Falcons were generally greater for hacked falcons. These findings are consistent with Margalida 

et al. (2013) who found significant differences in step length and total dispersal distance in wild 

and re-introduced populations of Bearded Vultures (Gypaetus barbatus). Birds of wild and re-

introduced populations differed in their movement patterns, with shorter dispersal observed 

among the wild population (Margalida et al. 2013).  

The start of the juvenile dispersal period showed a high degree of consistency in this 

study, although the duration of the period varied greatly. Ranging from 34 to 80 days for falcons 

that survived to initiate fall migration, the length of the dispersal period will be influenced, in 

part, by the length of time spent in the natal area before dispersing. This, in turn, may be 

influenced by the type of habitat characterizing the nest or hack site. Dzialak et al. (2009) found 

that falcons hacked in forest habitat spent 15.2 ± 12.2 days in the natal areas before dispersing, 

whereas those hacked in agricultural habitat remained for 31.0 ± 3.3 days. Wild-hatched falcons 

spent the greatest amount of time in natal areas, averaging 35.9 ± 10.1 days. Based on these 

findings, the authors concluded that transitional habitat supporting available prey, together with 

the presence of adults, were important determinants influencing the acquisition of skills needed 

for successful dispersal (Dzialak et al. 2009). In this study, the importance of the natal area was 

exemplified by dispersal movements that frequently returned to the vicinity of the site of origin. 

Field observations also confirmed dispersing falcons returning to both nest and hack sites, even 

as late as just prior to fall migration. 

The initiation of dispersal was more variable among hacked falcons who dispersed over 

the course of a one-month period spanning 20-July to 20-August, than wild falcons who 

dispersed over an eight-day period in mid-August. Yet for hacked falcons, the juvenile dispersal 

period lasted on average, 62.4 days compared with 44.9 days calculated for wild falcons. 
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Individual variation in the length of the juvenile dispersal period may be an indication of variable 

individual success in building up sufficient energy reserves prior to fall migration.  

Characteristics of dispersal also appeared to influence mortality outcomes. Juvenile 

falcons that did not survive the JDP displayed greater daily dispersal movements which were 

significantly different than those of survivors. That all but two mortality outcomes during the 

JDP involved males is consistent with Greenwood’s (1980) observation that males who disperse 

farthest will incur the greatest costs in species with resource-based breeding systems. The impact 

of mortality during this period has been previously recognized, in both peregrines and other 

species (Gonzalez et al. 1989, Tordoff and Redig 1997). Characteristics of natal dispersal may 

significantly influence population dynamics (Dennhardt and Wakamiya 2013), resulting from 

dispersal costs to unknown areas which include lower feeding rates and higher risks of    

predation (Greenwood 1980).    

Gonzalez et al. (1989) identified that during dispersal, young Spanish Imperial Eagles 

suffered high mortality attributed to the risks of dispersal “per se” and the lack of familiarity with 

the new areas they encountered. Similar to the findings of this study, the authors found a high 

rate of juvenile mortality in the first months of the dispersal process; young that dispersed 

suffered higher mortality rates than those that remained in the natal area (Gonzalez et al. 1989). 

Mortality costs associated with long-distance juvenile dispersal have also been found in Bonelli’s 

Eagles (Aquila fasciata) (Real and Mañosa 2001). Such findings have implications for peregrine 

conservation as the high risk of mortality juveniles are exposed to during the early months of the 

natal dispersal period suggests that it represents a potentially significant obstacle to increasing 

wild peregrine populations. 
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CONNECTING STATEMENT 3: 

Following successful dispersal from the nest or hack site, juvenile Peregrine Falcons embark on 

their first fall migration. The satellite tracking technology used in this study enables the 

delineation of detailed trajectories as peregrines navigate towards the wintering grounds. High 

resolution Global Positioning System location data also enables the identification of specific 

wintering areas as well as landscape features used by peregrines during the non-breeding season.  
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5.0 MIGRATORY ECOLOGY OF JUVENILE PEREGRINE FALCONS                   

FROM MANITOBA 

 

5.1 Abstract 

Migratory routes and overwintering locations are generally unknown for Peregrine 

Falcons originating from Manitoba. Due to their extensive nature, satellite tracking technology is 

required to delineate the details of migratory movements. Migratory routes for fifteen Peregrine 

Falcons were identified from individual flight trajectories constructed from global positioning 

data acquired from bird-borne Platform Transmitting Terminals (PTTs). One Peregrine Falcon 

hatched in 2012 survived to complete a second fall migration.  

Fifteen fall migration routes were identified for marked Peregrine Falcons, of which ten 

originated from within Manitoba. Fall migratory movements were initiated within a six-week 

period spanning September to November, with complete fall migration ranging from 14 to 46 

days. Spring migratory movements tended to be more direct and of shorter duration than fall 

migratory movements. Of the six spring migration routes determined for marked Peregrine 

Falcons, four extended into Manitoba.  

Of the fifteen PTT-equipped Peregrine Falcons which initiated fall migration, ten were 

confirmed as having successfully reached wintering grounds located in the United States, 

Mexico, and Belize. Four of the 15 migrating juveniles (27%) were presumed or confirmed dead 

prior to reaching the wintering grounds, and one falcon was separated from her transmitter after 

being trapped by a falconer in Louisiana.  

Of the ten peregrines confirmed as having completed migration, six overwintered in 

undeveloped areas dominated by natural features such as wetlands, rivers or lakes. All of the 
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winter ranges located in Mexico were situated near coastal wetlands or saltwater marshes. One 

falcon spent the majority of the winter period off-shore in the Gulf of Mexico, presumably 

making use of oil platforms. Peregrine Falcons that overwintered in urban areas tended to be 

relocated frequently on a variety of power-generating facilities situated adjacent to waterbodies.  

 

5.2 Introduction 

Migration is a diverse behavior found in a variety of vertebrate and invertebrate taxa. In 

its simplest form, it is defined as a repeated seasonal movement to and from a breeding area that 

is temporally and spatially predictable (Bildstein 2004, Marra et al. 2010). Migration can be 

distinguished from other forms of movement according to the following criteria identified by 

Dingle (1996): (1) it is persistent, (2) straightened out, (3) undistracted by resources that would 

ordinarily halt it, (4) involves distinct departing and arriving behaviors (such as becoming 

hyperphagic before departure), and (5) energy is reallocated to sustain it. 

Migration is particularly common among birds, and results in migratory individuals 

spending different periods of their annual cycle in widely separated and ecologically disparate 

locations (Webster et al. 2002). The Peregrine Falcon is considered to be a “partial migrant” 

(Bildstein 2004), as not all subspecies are migratory (Ratcliffe 1980). Like other long-distance 

migrants, Peregrine Falcons breeding in northern latitudes spend more time on migration and 

wintering (non-breeding) areas than on breeding areas (Schmutz et al. 1991, McGrady et al. 

2002, Franke et al. 2011). Like other migrants, peregrines are exposed to a range of novel risk 

factors as they undertake migration to wintering areas (Newton 2007). As migrants travel to new 

areas, often through unfamiliar habitat, their abilities to find food and avoid predators may be 

jeopardized (Newton 2007). Consequently, an understanding of how events in different stages of 
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the annual cycle interact and influence subsequent events is necessary, particularly at a time 

when changes in global climate are occurring together with rapid and significant alteration of 

breeding and winter habitats for many migratory species (Webster et al. 2002, Franke et al. 

2011).  

Impacts identified at the level of the individual may have population-level consequences, 

with implications for the development of long-term conservation plans (Iñigo and Dominguez 

1989, Webster et al. 2002). Conservation plans developed for breeding grounds may be 

undermined by factors operating elsewhere, where threats caused by pollution, deforestation, and 

illegal trade may be the greatest (Iñigo and Dominguez 1989, McGrady et al. 2002). For 

example, Iñigo and Dominguez (1989) reported the opportunistic capture of Peregrine Falcons 

during autumn migration in the lowlands of the Gulf of Mexico where the falcons were known to 

congregate. Henny et al. (1982) reported examples of pesticide accumulation in Latin America 

by migratory peregrines. Weather-related environmental conditions encountered during fall 

migration have also been identified; these were determined to negatively impact adult 

survivorship of arctic-breeding Peregrine Falcons (Franke et al. 2011).  

Population-level impacts resulting from threats on the wintering grounds are best 

demonstrated by Goldstein et al. (1999), who confirmed six separate mortality incidents that 

directly resulted in over 4,000 dead Swainson’s Hawks (Buteo swainsoni). The deaths were 

caused by direct ingestion of invertebrate prey contaminated with monocrotophos pesticides 

which had been sprayed on croplands in the Pampas region of Argentina. Population-level 

impacts were likely greater than reported, as additional mass mortality events were suspected 

throughout the region. Mass mortality resulting from natural phenomena has also been reported. 

Sarasola et al. (2005) describe a mass mortality event of Swainson’s Hawks overwintering in 
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central Argentina resulting from a single hail-storm so severe that broken bones were 

documented in several individuals.  

Non-fatal effects on individuals during one period of the annual cycle can also influence 

success during the following period (Norris and Taylor 2006). Termed “carry-over effects”, these 

are thought to be widespread and likely driven by a multitude of factors (Webster et al. 2002, 

Harrison et al. 2011). When caused by conditions on the wintering grounds, carry-over effects 

have the potential to impact reproductive success and fitness on the breeding grounds (Marra et 

al. 1998, Webster et al. 2002). For example, Marra et al. (1998) found that American Redstarts 

(Setophaga ruticilla) over-wintering in quality habitats were in better physical condition and 

were able to leave for the breeding grounds sooner than Redstarts over-wintering in sub-optimal 

habitats. As early arrival times and physical condition are important determinants of reproductive 

success (Marra et al. 1998, Webster et al. 2002), individual carry-over effects also have the 

potential to impact populations (Norris and Taylor 2006, Harrison et al. 2011).  

 

5.2.1 Overview of Peregrine Falcon migration ecology 

Much of the historical information about avian migration routes and migratory 

movements is based on observations of visible migration from a few locations along routes, or on 

initial and final locations of banded individuals (Fuller et al. 1998). Satellite telemetry has 

revolutionized the study of migration, as it directly determines individual movements with a high 

degree of precision (Webster et al. 2002). Satellite telemetry has shown that migration routes of 

raptors are in closer accordance with constant geographical compass courses than with constant 

geomagnetic compass courses, suggesting that geographical (e.g. based on celestial cues) rather 

than magnetic compass mechanisms are of premiere importance for the birds’ long-distance 
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orientation (Thorup et al. 2006). For birds that fly primarily by day and regularly use soaring 

flight, the geomagnetic compass may still be important under certain conditions, such as when 

cloud cover is present, when migrating long distances east or west, or instances where resetting 

of the internal clock may be problematic (Thorup et al. 2006).  

Unlike most other raptors, falcons do not rely on soaring during migration (McGrady et 

al. 2006). As active fliers, Peregrine Falcons primarily use flapping flight (Thiollay 1980, Fuller 

et al. 1998), although occasional use of soaring may be used during migration (Dekker 1979, 

Chavez-Ramirez et al. 1994, McGrady et al. 2006). The various subspecies exhibit 

characteristics of “leapfrog migration”, whereby northern wintering populations (anatum) breed 

in the southern portions of the breeding range, and southern wintering populations breed in the 

northern portions of the breeding range (tundrius) (McGrady et al 2002, Marra et al. 2010). This 

results in differential migration distances between populations, whereby northern wintering 

populations migrate a comparatively short distance relative to southern winter populations which 

migrate to northern latitudinal extremes (Marra et al. 2010).  

Much of what is known about Peregrine Falcon migration has been determined primarily 

for adult females of the tundrius subspecies. This subspecies occupies northern latitudinal 

extremes during the breeding season and migrates extremely long distances to more southern 

latitudes during winter. McGrady et al. (2002) documented travel distances for tundrius falcons 

ranging between 4,580 and 5,844 km and traversing 40.4–46.4 degrees of latitude.  

Migration will be influenced by physical landscape features such as coastlines, river 

systems, deserts, and mountain ranges (Fuller et al. 1998, Berthold 2001). Weather and prey 

availability also influence migration (Thiollay 1980, Alerstam 1990, Schmutz et al. 1991, 
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McGrady et al. 2006). Consequently, specific routes taken by migrating peregrines do not 

necessarily correspond to the shortest distance between breeding and wintering areas  

(Fuller et al. 1998).  

Peregrine Falcons routinely enter and leave the Neotropics via trans-Caribbean and trans-

Gulf of Mexico routes (Bildstein 2004). Fuller et al. (1998) found that breeding tundrius 

peregrines from North America migrate over a relatively broad front (Berthold 2001), and 

concluded that their migration is dispersive. McGrady et al. (2002) documented migration for 

Peregrine Falcons as occurring through the middle of the continent. Coastal and land-based 

routes have been identified, together with flyways and stopover sites where migratory species 

converge (Bildstein 2004).  

The northeastern coast of Mexico is a significant migratory corridor characterized by a 

massive and continuous migration of passerines, raptors, and other birds observed to involve half 

a million birds per day (Thiollay 1980). As the central part of Mexico is a high plateau with 

elevations approximating 2,000 m, migrating birds concentrate on the coastal slopes of this relief 

to exit or enter the United States via Texas (Thiollay 1980). One numerically important point of 

convergence for raptors during fall migration is in coastal Veracruz, Mexico. From this area, 

many turn west across the Isthmus of Tehuantepec (Bildstein 2004). The Peregrine Falcon is one 

of the numerically significant migrants which uses the central 4,000-km Mesoamerican Land 

Corridor that extends from southern Texas through eastern Panama (Bildstein 2004). 

Areas of path convergence, such as that observed in coastal Veracruz, have also been 

identified as intermediary goal areas for other species in other parts of the world. Using satellite 

tracking, Alerstam et al. (2006) obtained detailed information regarding the use of intermediary 

goal areas by ospreys (Pandion haliaetus) migrating between Europe and West Africa. Migrating 
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ospreys were found to use up to three such regions during migration; these regions of path 

convergence appeared to serve a role in navigation as stopovers were not always documented 

(Alerstam et al. 2006). 

In addition to demonstrating fidelity to particular routes, Peregrine Falcons rely on 

specific stopover localities (Enderson 1965, Chavez-Ramirez et al. 1994). As migration is 

energetically expensive, stop over sites are necessary for energy accumulation during 

interruptions to long-distance flying (Alerstam�et al. 2006, Newton 2007, Franke et al. 2011). 

These areas provide ample hunting opportunities to migrating peregrines, as they are 

characterized by high prey densities (Aborn 1994). Assateague Island on the Virginia-Maryland 

coasts and the Gulf Coast of the U.S. and Mexico are confirmed stopover sites for migrating 

peregrines (Enderson 1965, Enderson 1969, Hunt et al. 1975, Aborn 1994, Mueller et al. 2000, 

McGrady et al. 2002). In particular, Padre Island, Texas and other barrier islands of the Gulf 

have been identified as important stopover sites for both spring and fall migrating peregrines 

(Hunt et al. 1975, Hunt and Ward 1988, Yates et al. 1988, Aborn 1994, Chavez-Ramirez et al. 

1994, Fuller et al. 1998, McGrady et al. 2002). Padre Island is a barrier island extending 

approximately 220 km from Corpus Christi, southward to the mouth of the Rio Grande, which is 

used by spring and fall migrants for hunting and foraging (Hunt et al. 1975, Fuller et al. 1998, 

Chavez-Ramirez et al. 1994). 

Upon leaving Padre Island, migrating peregrines may continue their migration across the 

open waters of the Gulf of Mexico. Open water crossings have been previously confirmed for 

migrating peregrines (Fuller et al. 1998, McGrady et al. 2006, Franke et al. 2011). McGrady et 

al. (2006) suggest that tailwinds, up drafts and cold fronts might be of particular importance for 

peregrines attempting water crossings. As weather may be of greater importance for peregrines 
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crossing over water than passing over land (Dekker 1979, McGrady et al. 2006), water crossings 

may be influenced by season. The Gulf of Mexico is thought to be a greater barrier to migrating 

peregrines in the spring than in the autumn due to weather conditions which characterize the 

region at that time of year (McGrady et al. 2006). Boats and oil platforms have been used by 

peregrines for perching and hunting (Byers 1957, Russell 2005); these may be of particular 

importance when adverse weather conditions are encountered over open waters. 

 

5.2.2 The timing of migration 

Schmutz et al. (1991) found that peregrines departed from Canada during August through 

October. Based on telemetry data, McGrady et al. (2002) determined that peregrines initiated fall 

migration in August and September. Russell (2005) found the seasonal timing of peregrine trans-

Gulf migration to be highly compressed into the period from late September to mid-October. 

Falcons arrived on wintering grounds in September and October, and averaged 40 days to make 

the journey (McGrady et al. 2002). The average distance of southwards migration calculated for 

tundrius peregrines was 8,624 km with peregrines travelling at an average rate of 172 km/day 

(Fuller et al. 1998).  

Peregrine Falcon migration appears to progress more rapidly in spring than in autumn 

(Schmutz et al. 1991). Dates of first arrivals for Peregrine Falcons observed in Alberta ranged 

from 27-April to 19-May, with adults arriving an average of nine days before the immature 

falcons (Dekker 1979). Most Peregrine Falcons left their wintering grounds in the first week of 

May, with the duration of northward migration averaging 30 days (McGrady et al. 2002). 

Falcons tracked on their northward migration in consecutive years appeared to use the same 

general migration paths (n=2) (McGrady et al. 2002). The average distance of northward 
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migration calculated for tundrius peregrines was 8,247 km, with an average rate of 198 km/day 

(Fuller et al. 1998).  

 

5.2.3 Overwintering locations identified for Peregrine Falcons 

During the non-breeding season, Peregrine Falcons have been confirmed in southern 

regions including the coastal Gulf of Mexico (Enderson et al. 1995, McGrady et al. 2002), Belize 

(Chavez-Ramirez et al. 1994), and inland regions of Mexico passing through the Tamaulipas and 

Veracruz to the Isthmus of Tehuantepec (Chavez-Ramirez et al. 1994). Peregrine Falcons have 

been shown to demonstrate fidelity to wintering areas (McGrady et al. 2002). Peregrines 

overwintering in the Neotropics tend to do so principally in coastal or inland aquatic and wetland 

habitats, which are characterized by highly diverse and abundant prey (Bildstein 2004). Coastal 

mudflats, tidal flats, islands, and lagunas have been identified as particularly important areas to 

overwintering peregrines (Enderson et al. 1995, Fuller et al. 1998, McGrady et al. 2002). In 

Gahbauer’s (2008) study of an eastern peregrine population, additional overwintering locations 

in the United States and Canada were documented; all were within 15 km of large waterbodies 

(either the Atlantic Ocean, Lake Ontario, or Lake Erie). One exception was a falcon that 

overwintered on the Delaware River, 75 km upstream from Delaware Bay (Gahbauer 2008). 

Overwintering in prey-rich areas permits rapid completion of molt and the accumulation of 

energy reserves for spring migration and the next breeding season (Mueller et al. 2000).  
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5.3 Methods 

5.3.1 Transmitter attachment 

Thirty juvenile Peregrine Falcons from Manitoba were equipped with 22-g solar powered 

Global Positioning System (GPS) enabled Platform Transmitting Terminals (PTTs) between 

2011 and 2013. Ten PTTs were deployed annually over the three-year period using a modified 

backpack attachment technique (Snyder et al. 1989, Kenward 2001) (Photo 1.1). A ¼ inch 

TeflonTM ribbon obtained from Bally Ribbon MillsTM was used to construct the harness. The 

PTTs were programmed to collect twelve daily ‘fixes’ (locations) considered accurate to within 

18 meters (90% probability). 

Both wild (n=10) and hacked (n=20) falcons were equipped with PTTs, representing 33% 

and 67% of falcons included in the research. As three of the hacked falcons had wild origins, 

these were considered separately as an intermediate category (wild-hack) when analyzing 

differences between comparative groups. Male falcons (n=17) and female falcons (n=13) 

represented 57% and 43% of the total sample, respectively.  

 

5.3.2 Criteria and characteristics of migration  

Following PTT deployments, location data were acquired for the period spanning 10 July 

2011 to 31 May 2014. Satellite telemetry data acquired from falcons that survived to migrate 

were overlaid onto Google EarthTM to determine migratory routes and identify wintering 

locations. Fall migration was defined as a persistent southward movement, extending beyond the 

juvenile dispersal area, which was initiated during the fall season. It was distinguished from 

juvenile dispersal by its persistence in a southerly direction. Unlike juvenile dispersal, these 
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movements extended well beyond the northern United States. Migration ended when peregrines 

settled in wintering areas.  

These criteria were applied to each trajectory in order to calculate migration distance, 

timing and duration (number of days spent migrating). Equivalent criteria were employed to 

define spring migration. Migration distance was identified in ArcGIS ver. 10.1 using the 

Measure tool to calculate the straight line distance between start and end points of the migratory 

route revealed by satellite telemetry.  

Characteristics of first migration were explored using the “R” library “Survival” to 

generate survival curves. In this analysis, “success” was defined as a complete migration which 

resulted in translocation to a wintering area (n=9), whereas “failure” represented incomplete 

migration (no distinction was made between death or PTT removal) (n=5).  Survival curves were 

generated for both migration distance (km) and duration (number of days). Survdiff {survival} 

was used to test differences between survival curves, in order to test the null hypothesis that 

characteristics of first migration did not differ between wild or hacked falcons, or according to 

sex. Annual differences were also evaluated.   

Overwintering locations were identified and investigated using Google EarthTM satellite 

imagery. General landscape characteristics were determined, and key habitat elements were 

identified wherever possible. Where available, the StreetviewTM function was employed to 

provide additional information regarding the nature of overwintering locations.  
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5.4 Results 

5.4.1 Overview of migration by PTT-equipped juvenile Peregrine Falcons 

Migration routes were identified from individual flight trajectories constructed from GPS 

location data. The details of migration are contained in Appendix VI, including: (a) a tabular 

summary of migration, (b) North American migratory flyways and (c) migration routes identified 

for individual PTT-equipped juvenile Peregrine Falcons. 

Of the 30 juvenile Peregrine Falcons equipped with PTTs, 15 survived to fall migration. 

Of these, one Peregrine Falcon hatched in 2012 survived to complete a second fall migration. 

One PTT ceased transmitting regularly-scheduled fixes due to premature failure of the solar 

battery, consequently, one migration path could not be determined. Nonetheless, survival of this 

falcon was confirmed based on sporadic transmissions received during and after fall migration.  

Of 15 fall migratory movements identified for marked Peregrine Falcons, ten originated 

from within Manitoba. Fall migratory movements were initiated within a six-week period 

spanning September to November (Appendix VI a). As shown by the maps contained in 

Appendix VI (c), the Mississippi Flyway was utilized by the majority of fall migrants, although a 

small number of migrating falcons ventured into the Central Flyway during fall migration. Four 

falcons directly crossed the Gulf of Mexico; five others travelled around the Gulf or ended their 

migratory flight within the continental United States.  

Spring migratory movements tended to be more direct and of shorter duration than fall 

migratory movements (Appendix VI c). Spring migration also spanned a six-week period, and 

was initiated between March and May (Appendix VI a). On average, spring migration ranged 

from six to 23 days. Most spring migrants used the Central Flyway, but some crossing over to 
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the Mississippi Flyway was also observed. Of the six spring migration routes determined for 

marked Peregrine Falcons, four extended into Manitoba.  

 

5.4.2 Characteristics of first fall migration 

Ten marked Peregrine Falcons are confirmed as having completed their first fall 

migration, although the exact route could not be determined for the falcon carrying the faulty 

PTT (PTT 115566) (Table 5.1). Of the fifteen juvenile peregrines that attempted migration, four 

were confirmed or presumed dead along the way, and one was trapped and subsequently released 

without her PTT by a falconer in Louisiana.  

Figure 5.1 summarizes the straight-line distances travelled by all falcons who attempted 

migration. For falcons who succeeded in completing their first fall migration (and whose exact 

routes could be determined), the distance between departure and arrival locations ranged from 

942 to 3,709 km (Table 5.1). Hacked falcons travelled an average distance of 3,149 km (n=3, 

SD=823) to reach the wintering grounds, whereas wild-hatched birds migrated an average of 

2,781 km (n=5, SD=554) (Table 5.2, Figure 5.2.a.). These differences were not statistically 

significant (X2(1, N=12)=1.6, p=0.212). One female falcon hatched at a wild nest in downtown 

Winnipeg and subsequently hacked south of the city migrated a much shorter distance: this wild-

hack peregrine only displaced 942 km, reaching less than half of the straight-line distance 

travelled by other marked falcons.  

When categorized according to Sex, average migration distance ranged from 2,939 (n=4, 

SD=627) to 2,508 km (n=5, SD=1,087) for male and female falcons, respectively (Table 5.2, 

Figure 5.2.b.). These values become virtually identical when the short-distance migrant (a 

female) is removed as an outlier. Significant differences in distance travelled during migration 
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Table 5.1. Summary of first fall migration by PTT-equipped Peregrine Falcons (parentheses indicate incomplete migration). 
 

PTT ID Hatch 
Year 

Sex 
(M/F) 

Origin 
 Source 

Fall    
Migration  
Start Date 

Distance      
(km) 

Number of 
Days 

107330 2011 M Brandon wild 21/09/2011 2,532 46 

107335 2011 F Ritchot hack 18/10/2011 3,709 14 

107337 2011 M Brandon wild 18/09/2011 (1,657) (15) 

107339 2011 F Neepawa hack 01/11/2011 2,204 26 

115566* 2012 M Winnipeg wild -- -- -- 

115567 2012 M Rosser hack 21/09/2012 3,534 21 

115568** 2012 F Rosser hack 1/10/2012 (2,239) (54) 

115572 2012 F Ritchot wild-hack 01/10/2012 942 27 

115573 2012 F Ritchot wild-hack 06/10/2012 (1,749) (46) 

107331r 2013 M Brandon wild 03/10/2013 (3,064) (40) 

107332r 2013 F Brandon wild 03/10/2013 2,280 14 

107333r 2013 F Brandon wild 04/10/2013 3,411 22 

107334r 2013 F Winnipeg wild 03/10/2013 2,337 30 

107338r 2013 F Winnipeg wild 20/09/2013 3,348 31 

115569r 2013 M Rosser hack 03/10/2013 (774) (10) 
 
*PTT failure: confirmed near Steinbach, MB (02/10/2012) then Arkansas (near Little Rock) by 26/10/2012; reached Memphis, TN 01/11/2012  
until 23/02/2013 when PTT failed 
**captured by falconer in Louisiana 24/11/2012 (PTT was removed when falcon was released)
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Figure 5.1. Distance (km) travelled by PTT-equipped Peregrine Falcons during first  

       fall migration.

0 500 1000 1500 2000 2500 3000 3500 4000

107330
107335
107337
107339
115567
115568
115572
115573

107331r
107332r
107333r
107334r
107338r
115569r

Distance (km)

PT
T 

ID

 incomplete migration

complete migration



 99 

Table 5.2. Distance (km) of complete first fall migration. 
 

 Hack Wild Wild-Hack Male Female 

 x̅ 3,149 2,781 941.7 2,939 2,508 

SD 823 554 -- 627 1,087 

max 3,709 3,411 -- 3,534 3,709 

min 2,204 2,280 -- 2,280 942 

n 3 5 1 4 5 
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(c) Year 

 
Figure 5.2. Survival curves representing the proportion of migrants travelling a specified  

        distance (km) during first fall migration categorized by (a) Source, (b) Sex  

       and (c) Year. 
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were not identified between the sexes (X2(1, N=14)=0.5, p=0.46), or among years (X2(2, 

N=14)=0.2, p=0.885) (Figure 5.2.c.). 

           Figure 5.3 presents the number of days individual falcons spent migrating, including both 

incomplete and complete movements. As indicated in Table 5.1, fall migration ranged from 14 to 

54 days. Although hacked falcons tended to migrate longer distances, they spent, on average, 

fewer days migrating (Table 5.3). On average, hacked falcons travelled for approximately 20 

days before reaching the wintering grounds (n=3, SD=6.0). Although wild falcons spent on 

average, 29 days migrating (n=5, SD=11.9), differences between hacked and wild falcons were 

not statistically significant (X2(1, N=12)=0.1, p=0.8) (Figure 5.4.a.). The duration of migration 

was comparable for the short-distance migrant (wild-hack falcon), who flew a highly convoluted 

route for 27 days (Table 5.3). 

No significant difference in the duration of migration was detected between the sexes 

(X2(1, N=14)=0.3, p=0.586), as both male and female falcons spent approximately 26 days on 

migration (nmale=4, SD=14.0:  nfemale=5, SD=6.8) (Figure 5.4.b.). Similarly, between year 

differences in the duration of migration were not detected (X2(2, N=14)=1.2, p=0.539) (Figure 

5.4.c.). 

 

5.4.3 Overwintering locations and key habitat elements 

Of the fifteen PTT-equipped Peregrine Falcons that initiated fall migration, ten 

successfully reached wintering grounds located in the United States, Mexico, and Belize. 

Overwintering locations are shown in Figure 5.5 and key habitat elements identified for those 

locations are summarized in Table 5.4.  
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Figure 5.3. Duration (days) of first fall migration for individual PTT-equipped  

             Peregrine Falcons. 
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Table 5.3. Duration (number of days) of complete first fall migration.  
 

 Hack Wild Wild-Hack Male Female 

 x̅ 20.3 28.6 27.0 25.8 25.6 

SD 6.0 11.9 -- 14.0 6.8 

max 26 46 -- 46 31 

min 14 14 -- 14 14 

n 3 5 1 4 5 
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(c) Year 

 
Figure 5.4. Survival curves representing the proportion of migrants travelling for a  

        specified Duration (days) during first fall migration categorized by (a) Source,  

        (b) Sex and (c) Year. 
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Figure 5.5. Overwintering locations identified for PTT-equipped Peregrine Falcons. 
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Table 5.4. Summary of overwintering locations identified for PTT-equipped  

      Peregrine Falcons. 

PTT ID Hatch 
Year Sex Origin Location Dominant Features 

107330 2011 M Brandon USA/Texas urban Calpine Electrical Plant 
located in Edinburg 

107335 2011 F Ritchot BELIZE natural Agricultural rangelands & 
undeveloped habitats 

107339 2011 F Neepawa USA/Texas natural Choke Canyon Reservoir 
State Park (lake & dam) 

115566 2012 M Winnipeg USA/Tennessee urban Memphis & areas near the 
Mississippi River & 

tributaries 
115567 2012 M Rosser MEXICO natural Undeveloped habitats &   

coastal wetlands 
115572 2012 F Ritchot USA/Iowa urban Keokuk Lock, Dam, & 

Power Plant on the 
Mississippi River 

107332r 2013 F Brandon USA/Texas urban San Antonio & Browning 
Lake facilities (power plant, 

cooling pond & dam) 
107333r 2013 F Brandon MEXICO natural Undeveloped habitats and 

neighboring towns around 
Laguna de Sayula, a 

continental salt marsh 
included on the  Ramsar List 
of Wetlands of International 

Importance2 
107334r 2013 F Winnipeg Gulf of Mexico natural Located approximately 150 

km off-shore, south of 
Houston, Texas in an area 

characterized by a high 
density of oil platforms: 

falcon occasionally ventured 
into Houston & surrounding 

areas 
107338r 2013 F Winnipeg MEXICO natural Undeveloped habitats & the 

Celestun Biosphere Reserve; 
a coastal wetland reserve & 

wildlife refuge 

                                                
2 http://www.ramsar.org/wetland/mexico 
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As Table 5.4 demonstrates, six of the ten peregrines overwintered in undeveloped areas 

dominated by natural features such as wetlands, rivers or lakes. All of the winter ranges located 

in Mexico were situated in areas characterized by the presence of coastal wetlands or saltwater 

marshes where high densities of avian prey may be found (Bildstein 2004). Similarly, winter 

ranges located in natural areas of the southern United States were also situated in areas known 

for high avian biodiversity. One falcon spent the majority of the winter period off-shore in the 

Gulf of Mexico. In addition to a high density of oil platforms, seabird colonies may also have 

been located in the area. Another falcon spent the wintering period in Belize, in an area 

dominated by agricultural rangelands and undeveloped habitats. 

Peregrine Falcons overwintering in urban areas tended to be relocated frequently on a 

variety of power generating facilities situated adjacent to water features such as rivers, lakes or 

cooling ponds. The spatial patterns obtained from those areas indicate that the falcons spent 

extensive periods of time perched on industrial features associated with oil refineries and various 

types of power plants (Figure 5.6). Presumably, the steel structures associated with the industrial 

facilities provided perching opportunities for both resting and launching attacks at prey likely to 

be present at nearby water features. 
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Figure 5.6. GPS locations obtained from a female Peregrine Falcon overwintering in Texas  

         during 2013-2014 (PTT 107332r).   
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5.5 Discussion 

The migration and overwintering ecology of Peregrine Falcons originating from 

Manitoba is virtually unknown, as prior to this research, the only available information was 

obtained from the opportunistic recovery of bands retrieved after mortality events. As the 

peregrine migration literature is dominated by information relating to female adult birds 

primarily of the tundrius subspecies, very little is known about juvenile Falco peregrinus  

anatum migration.  

The findings of this research confirm that first migration is a precarious period for 

juvenile Peregrine Falcons. Of 15 juveniles to initiate first migration, 27% (n=4) died before 

reaching the wintering grounds. Two of the falcons that died were wild-hatched from nests in 

Brandon; the others were hacked (Rosser) and wild-hacked (Ritchot). Lowered survival rates of 

juvenile birds during migration has been previously identified, for both raptors and non-raptorial 

species (Sergio et al. 2011, Guillemain et al. 2013, Rotics et al. 2016).  

Fall migratory movements were initiated within a six-week period spanning                  

18-September to 1-November. The start of this departure period coincides with departure dates 

noted by Franke et al. (2011), who found that tundrius falcons initiated their outward migration 

during the third week of September, as well as the beginning of peak peregrine migration 

documented by Worcester and Ydenberg (2008). The departure period identified in this study is 

slightly later than the August departure dates identified by McGrady et al. (2002), and later than 

the August through October departure dates identified by Schmutz et al. (1991) for peregrines 

departing from Canada. This may be due to subspecies differences or differences in how the start 

of migration was determined in observational studies relying on band recoveries compared with 

studies employing satellite tracking. 
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Most of the marked peregrines undertaking their first fall migration followed the 

Mississippi Flyway, composed of the Canadian provinces of Saskatchewan, Manitoba, and 

Ontario, as well as the American states of Alabama, Arkansas, Indiana, Illinois, Iowa, Kentucky, 

Louisiana, Michigan, Minnesota, Mississippi, Missouri, Ohio, Tennessee, and Wisconsin (Ducks 

Unlimited 2016). As the Mississippi Flyway is identified by Ducks Unlimited as “the most 

heavily used migration corridor for waterfowl and other birds”, migrating peregrines following 

this corridor are likely to encounter abundant concentrations of avian prey. Interestingly, the 

Central Flyway was utilized more during spring migration, although it should be noted that this 

finding is based on six observations of spring migration. Consistent with Schmutz et al. (1991), 

spring migratory movements tended to be more direct and of shorter duration than those 

observed in fall. 

The importance of the northeastern coast of Mexico to migrating peregrines (Thiollay 

1980, Bildstein 2004) was confirmed for juvenile peregrines originating from Manitoba. 

However, the importance of Padre Island, Texas as a stopover site was not confirmed as in other 

studies (Hunt et al. 1975, Hunt and Ward 1988, Yates et al. 1988, Fuller et al. 1998, Chavez-

Ramirez et al. 1994, McGrady et al. 2002). Peregrine Falcons originating from Manitoba tended 

to direct their movements towards the Louisiana coastline, either following a coastal, slightly 

inland southern route along the Gulf coast (n=5) or passing directly over the Gulf of Mexico 

(n=4). These trajectories confirm that migrating peregrines do undertake open water crossings 

previously documented by other researchers (Fuller et al. 1998, Bildstein 2004, Russell 2005, 

McGrady et al. 2006, Franke et al. 2011) Observed migration distances ranging between 942 and 

3,709 were less than those documented by McGrady et al. (2002) for tundrius females (4,580 and 

5,844 km) and much less than the average migration distance of 8,624 km determined for 
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tundrius peregrines by Fuller et al. (1998). Yet the 14 to 54-day travel period identified for 

juvenile peregrines from Manitoba is not inconsistent with the 40-day average identified by 

McGrady et al. (2002) for fall migration. Although hacked falcons travelled on average, greater 

distances over shorter time periods than wild falcons in this study, significant differences were 

not detected perhaps due to the small sample size. 

The detailed trajectories derived from the satellite tracking data revealed that many 

migratory paths were highly convoluted, at least for some portions of the route. Together with 

several examples of “reverse” migration where directional changes were observed, the 

observation by Fuller et al. (1998) that specific routes taken by migrating peregrines do not 

necessarily correspond to the shortest distance between breeding and wintering areas is 

confirmed. One striking example of this was observed during the fall 2011 migration. A male 

peregrine (PTT 107330) hatched from a wild nest in Brandon departed from Manitoba on        

21-September. Upon reaching Louisiana, he launched a direct flight over the Gulf of Mexico 

from the coastal area south of New Orleans. Upon reaching the Mexican shoreline on the 

opposite side, he reversed direction and began “backtracking”, this time following the Gulf of 

Mexico coastline and venturing inland on numerous occasions. After 46 days, his 

multidirectional migration eventually terminated in Edinburg, Texas, where he stopped to 

overwinter. In all, his trajectory encompassed 9,700 km, compared with the 2,532 km straight-

line distance calculated from his migratory start and end points. Similarly, a female falcon wild-

hacked from Ritchot in 2012 flew 4,440 km to reach her overwintering destination located 942 

km away in Keokuk, Iowa (PTT 115572). 

Overwintering locations confirmed in this study concur with research findings indicating 

that during the non-breeding season, Peregrine Falcons can be found in Belize, the coastal Gulf 
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of Mexico, and at coastal locations in Texas (Chavez-Ramirez et al. 1994, Enderson et al. 1995, 

Fuller et al. 1998, McGrady et al. 2002). The importance of coastal or inland aquatic and wetland 

habitats including coastal mudflats, tidal flats, islands, and lagunas was evident, as these habitats 

characterized many of the locations occupied by Manitoba peregrines. As Bildstein (2004) 

indicates, these areas are characterized by highly diverse and abundant prey.  

Peregrine Falcons overwintering at previously undocumented inland locations in Iowa 

and Tennessee were closely associated with rivers, as was an eastern peregrine that overwintered 

inland next to the Delaware River (Gahbauer 2008). The overwintering sites identified in 

Keokuk, Iowa (PTT 115572), and Memphis, Tennessee (PTT 115566) were centered primarily 

in urban settings along the Mississippi River. Although not located in areas traditionally 

identified as prey-rich overwintering locations for peregrines, the fact that the falcons returned 

the following year suggests that they provided suitable habitat and an adequate prey base. 

Fidelity to wintering areas was confirmed for all peregrines that survived to migrate in 

subsequent years. The wild-hack female hatched in 2012 showed intensive use of a portion of the 

Upper Mississippi River where the Keokuk Lock and Dam are located (PTT 115572). Fidelity to 

wintering areas previously documented by McGrady et al. (2002) was also confirmed by the 

male wild-hatched falcon originating from Winnipeg in 2012 who returned to Memphis, 

Tennessee the following winter (although observed in urban areas next to the Mississippi River, 

his faulty PTT 115566 prevented confirmation of his exact locations throughout the winter), as 

well as the female hacked from Neepawa in 2011 (PTT 107339) who returned to the Choke 

Canyon Reservoir (Texas) the following season. 

Use of reservoirs by peregrines has also been documented in other parts of the United 

States. Barnes et al. (2015) found that anthropogenic habitat manipulation associated with the 
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impoundment of water along the Colorado River substantially altered faunal assemblages, 

essentially creating man-made ecosystems. These were characterized by open-water habitats 

supporting vast numbers of wintering and migrating aquatic birds, providing a stable prey base 

for peregrines (Barnes and Jaeger 2012, Barnes et al. 2015). 

Peregrine Falcons overwintering in urban areas tended to be relocated frequently on a 

variety of power-generating facilities situated adjacent to water features. Use of non-traditional 

wintering areas was also demonstrated by a female hatched from Winnipeg in 2013, who spent 

her first winter approximately 150 km off-shore, south of Houston, Texas. Although the 

resolution of satellite imagery precluded confirmation that she was overwintering on oil 

platforms, her locations in (apparently) open water in an area known for its high density of oil 

developments strongly suggests they were being used (the lack of movement eliminates the 

possibility that she was on a boat).  

High intensity use of oil platforms by overwintering peregrines has also confirmed by 

Enderson et al. (1995) and Russell (2005). A female immature peregrine banded in Greenland in 

1993 was found to frequent off-shore oil drilling towers off the Texas Gulf coast near South 

Padre Island (Enderson et al. 1995). Russell (2005) documents extensive use of oil platforms in 

the Gulf of Mexico, particularly by juvenile Peregrine Falcons. Utilized by numerous other 

raptor species, the Gulf of Mexico platforms are also utilized by a very wide range of species and 

a very large number of birds at one platform at one time (recorded as high as 800 individuals). 

Consequently, Russell (2005) identifies Peregrine Falcons as “...perhaps the most striking 

beneficiaries of platforms”, going as far as to suggest that “Peregrine Falcons might eventually 

establish a breeding population on the Gulf platform archipelago”. However, collisions with 

platforms, most common in fall, are also documented by the author. 
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CONNECTING STATEMENT 4: 

The first year of life is highly uncertain for a juvenile Peregrine Falcon. Dispersal processes 

facilitate relocation to new habitats but also expose peregrines to novel risks. Global Position 

System technologies enable rapid identification of mortality events, which in turn, permit 

retrieval of the carcass for necropsy. Mortality events for juvenile Peregrine Falcons are 

investigated to determine survivorship outcomes and identify mortality factors impacting 

Peregrine Falcons in their first year. 
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6.0 SURVIVORSHIP AND FACTORS IMPLICATED IN MORTALITY  

 

6.1 Abstract 

Previous studies have established high but variable rates of first-year mortality in 

Peregrine Falcons. Ensuring a stable provincial population necessitates an understanding of 

mortality factors impacting the species in order to maximize survivorship outcomes. In addition 

to natural factors such as disease and predation, juvenile peregrines are thought to be impacted 

by human-induced mortality resulting from shooting, electrocution and collisions with artificial 

landscape features including buildings, power lines and communication towers.  

As mortality is difficult to confirm for such a wide-ranging species, satellite telemetry 

was used to investigate survivorship outcomes of thirty juvenile Peregrine Falcons originating 

from Manitoba between 2011 and 2013. When mortality occurred, global positioning data 

obtained from bird-borne Platform Transmitting Terminals enabled carcass recovery and the 

investigation of mortality sites.  

First-year mortality was found to substantially reduce juvenile Peregrine Falcon 

populations during each year of the study period. Sixteen of 30 Peregrine Falcons were 

confirmed dead during the study period (53%), and although it could not be confirmed, mortality 

was suspected in another seven cases (23%). Four peregrines were confirmed alive to project end 

(13%), and three were categorized as having “unknown” outcomes (10%).  

All of the observed mortality occurred during the first year of life. Hacked male falcons 

appear to be at greatest risk of mortality. Field investigations of mortality sites revealed that 

approximately half of confirmed mortality events could not be attributed to any particular cause, 

although post-mortem examinations consistently ruled out shooting. Mortality sites were 
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generally located in open habitats characterized by agricultural or grassland landscapes, and were 

often situated within a distance of 250 m from tree cover or water.  

Five Peregrine Falcons were recovered in the immediate vicinity of power lines or poles 

located in agricultural settings. Although a causal relationship was not established, two 

necropsies documented injuries or marks that could have resulted from negative interactions with 

the electrical distribution network. These findings suggest that the network may pose a mortality 

risk to dispersing juvenile Peregrine Falcons in Manitoba and elsewhere. Collisions with 

buildings, bridges, or other stationary man-made features were not documented in this study 

although it should be noted that landscape characteristics of mortality sites located further than 

700 km from the source location could not be verified with field investigations.  

 

6.2 Introduction 

6.2.1 Survivorship outcomes identified for Peregrine Falcons 

In 1979, Dekker suggested that first-year mortality is likely high, based on the 

observation that few subadult peregrines were observed on the breeding grounds. Ratcliffe 

(1980) noted that, under natural conditions, newly fledged peregrines no longer under the care of 

their parents likely suffer heavy mortality, due to their inexperience and inability to cope with 

factors such as predation, adverse weather and disease. 

Numerous studies since that time have confirmed that survival is age-specific, 

characterized by lower survival of juvenile birds (Kauffman et al. 2003, Craig et al. 2004, Faccio 

et al. 2013, Gahbauer et al. 2015, Smith et al. 2015). Decreased survivorship of juveniles relative 

to adults has been confirmed in a variety of organisms (Lack 1954). 
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Mortality estimates for juvenile Peregrine Falcons range widely, from 20% confirmed 

mortality reported by Gahbauer et al. (2015) to 70% (Enderson 1969, Tordoff and Redig 1997), 

with decreasing rates of mortality occurring after the first year (Kenward 1974, Ratcliffe 1980, 

Craig et al. 2004). An estimated survival rate of 79-86% has been identified for adult peregrines 

in North America (Enderson and Craig 1988, Tordoff and Redig 1997, Kauffman et al. 2003, 

Craig et al. 2004, Faccio et al. 2013), with no difference between second-year and adult 

survivorship documented in some studies (Kauffman et al. 2003, Faccio et al. 2013). Table 6.1 

presents an updated comparison of estimated Peregrine Falcon survival rates worldwide 

originally compiled by Kauffman et al. (2003).    

Most first-year mortality occurs in the first few months after fledging or release (Tordoff 

and Redig 1997, Faccio et al. 2013), with a large proportion occurring within the first month of 

flight (Powell et al. 2002, Gahbauer et al. 2015). The period shortly after fledging through to first 

migration has been previously identified as the most hazardous period for Peregrine Falcons 

(Ratcliffe 1980, Sweeney et al. 1997, Kauffman et al. 2003), particularly for hacked juveniles 

without parents who lack the protection and information transfer that characterizes parental 

influence among wild raptors (Dzialak et al. 2007b).  

Males have been reported dead within their first month of flight more frequently than 

females (mortality rates of 36% and 23%, respectively) (Gahbauer et al. 2015). Not all studies 

have found that sex influences survival of first-year birds (Tordoff and Redig 1997, Faccio et al. 

2013), but Tordoff and Redig (1997) do identify sex differences in territorial adults (93% 

survival for females compared with 79% for males).  
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Table 6.1. Updated comparison of survival rates estimated worldwide for Peregrine Falcons originally reported by  

      Kauffman et al. (2003). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 *extrapolated; does not include losses during migration     **survival to independence from the hack site 
    ***confirmed survival explicitly identified as an underestimate    ****based on reported confirmed mortality rate of 20%

Source Region 
SURVIVAL 

First-year Second-year Adult 
Enderson 1969 North America 30%   

Enderson 1969 eastern N.A.   75% 

Mebs 1971 Finland 29%  81% 

Mebs 1971 Germany 44%  72% 

Lindberg 1977 Sweden 41%  68% 

Newton & Mearns 1988 Scotland 44%  91% 

Tordoff & Redig 1997 Midwestern USA 23%  86% 

Enderson & Craig 1988 Colorado   79% 

Nelson 1988 British Columbia   68% 

Olsen & Olsen 1988 southeast Australia   95% 

Powell et al. 2002* Iowa 53%   

Kauffman et al. 2003 California 38% 86% 85% 

Craig et al. 2004 Colorado 54% 67% 80% 

Dzialak et al. 2007b** Kentucky USA 81%   

Faccio et al. 2013*** New England USA 9%   

Gahbauer et al. 2015**** southern Ontario, Massachusetts 
& Pennsylvania 80%   
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 Whether peregrines are wild-reared or hacked may also influence survivorship outcomes. 

Survival estimates of hacked peregrines following dispersal was lower than for wild young in 

California (Kauffman et al. 2003). Increased mortality during the establishment phase of 

reintroduction projects has been widely documented and may be attributed to several factors 

including inexperience and elevated stress of released individuals (Teixeira et al. 2007, Murn and 

Hunt 2008). Conversely, captive-bred peregrines hacked in the Midwest consistently had better 

survival rates than young fledged from wild nests (Tordoff and Redig 1997), suggesting regional 

variation in hacking outcomes. For peregrines hacked in urban areas, human intervention has 

been shown to increase survivorship outcomes (Gahbauer et al. 2015).  

Location may also influence survivorship outcomes. Kauffman et al. (2003) documented 

positive effects of urban habitats on first-year survival: a survival rate of 65% was recorded for 

first-year birds fledged in urban areas, compared with 28% in non-urban or rural areas. Gahbauer 

et al. (2015) noted that urban nests tend to be monitored, consequently, grounded fledglings are 

often rescued by human observers. Such interventions may substantially reduce mortality 

outcomes resulting from entrapment, starvation, exposure, traffic, dogs, or injury (Cade and Bird 

1990). In southern Ontario where almost half of fledglings were rescued, Gahbauer et al. (2015) 

noted that rescued individuals subsequently accounted for half of the (confirmed) next generation 

of offspring hatched during the study period. 

 

6.2.2 Overview of mortality factors  

Historically, shooting (Shor 1976) and predation by other raptors (mainly Great-horned 

Owls, Bubo virginianus) (Powell et al. 2002) were identified as important mortality factors 

impacting wild Peregrine Falcon populations. Following the establishment of peregrines in urban 
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centers, causes of mortality have shifted towards factors associated with human developments. 

Further emphasis on mortality factors associated with development is due to recovery bias: 

although peregrines are capable of expansive movements, carcasses tend to be retrieved 

primarily in human settlements. Such recoveries may not fully capture the range of factors 

implicated in peregrine mortality. Urban areas are primarily associated with collision risk 

(Tables 6.2 and 6.3). As shown in Table 6.2, death resulting from collision accounted for more 

than half of confirmed mortality in Manitoba (Martinez-Welgan 2009). In a study of eastern 

peregrines, collisions, primarily with buildings, were also found to be the most commonly 

encountered mortality factor, but other hazards, such as vehicles and power lines, become of 

greater concern after the first few weeks of flight (Table 6.3) (Gahbauer et al. 2015). Death and 

injury resulting from collisions with buildings, windows, motor vehicles, and utility lines have 

been extensively documented in other regions (Cade and Bird 1990, Redig and Tordoff 1994, 

Sweeney et al. 1997, Holz et al. 2006, Harris and Sleeman 2007, Katzner et al. 2012, Faccio et 

al. 2013). Additionally, death by poisoning (Redig and Tordoff 1994, Faccio et al. 2013), 

territorial conflict (Sweeney et al. 1997), and electrocution (Hohenberger 1996, Powell et al. 

2002) have also been confirmed. Remarkably, Faccio et al. (2013) reported a relatively high 

proportion of peregrines colliding with aircraft. 

Nestling losses have also been widely documented (Bradley et al. 1997, Martinez-

Welgan 2009, Anctil et al. 2014, Gahbauer et al. 2015), with exposure to adverse weather 

frequently implicated (Bradley et al. 1997, Anctil et al. 2014). Anctil et al. (2014) found that 

rainfall directly caused more than one-third of the 26 recorded nestling mortalities in arctic 

peregrines. Juveniles were especially affected by heavy rainstorms averaging ≥8 mm/day. 
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Table 6.2. Mortality factors identified for Peregrine Falcons in Manitoba, 1981-2009. 
 

Primary Cause of Death* Total % 

Collision 21 51% 

Exposure 8 20% 

Electrocution 2 5% 

Nest box injury 2 5% 

Undefined injury 2 5% 

Entanglement 1 2% 

Fall 1 2% 

Illness (confirmed) 1 2% 

Shooting 1 2% 

Smokestack 1 2% 

Submersed in oil 1 2% 

Total 41 100% 
*in four cases, Peregrines were not found dead but euthanized due to extensive injury. 

 
 
 
Table 6.3. Mortality factors identified for Peregrine Falcons in Southern Ontario,  

       Massachusetts, and Pennsylvania, 1988-2006. (from Gahbauer et al. 2015) 

Cause of death Fledgling 
(<1 month) 

Juvenile 
(>1 month) 

Adult 
(>1 year) 

Collision: building 38 (61%) 2 (8%) 3 (16%) 

Collision: vehicle 4 (6%) 5 (19%) 2 (11%) 

Collision: aircraft 1 (2%) 8 (31%) 1 (5%) 

Collision: power lines 4 (6%) 4 (15%) 1 (5%) 

Territorial battle - - 7 (39%) 

Other raptor/predation 5 (8%) 1 (4%) - 

Drowning 4 (6%) -  

Other 6 (10%) 6 (23%) 5 (26%) 

Unknown 18 12 12 

Total 80 38 31 



 124 

Although direct observations confirmed that fatalities occurred in less than two hours under such 

conditions, the frequency of heavy rain had a much greater impact on nestling survival than the 

total amount of precipitation recorded during the rearing period (Anctil et al. 2014). In Manitoba, 

death by exposure was the second most common cause of death identified (n=8), while injuries 

sustained in the nest box also contributed to nestling mortality (Martinez-Welgan 2009).  

Nestling losses due to trichomoniasis have also been identified at urban nests in New Jersey 

(Gahbauer et al. 2015). 

 

6.2.3 Avian mortality resulting from electrocution or collision                   

Power lines, electrical towers, poles, and wind farms may contribute to avian mortality by 

causing electrocution or collision-related death (Cade and Bird 1990, Haas et al. 2005, González 

et al 2007, Lehman et al. 2007, Drewitt and Langston 2008, Hager 2009). Birds sitting on power 

poles or conducting cables are killed when they cause short circuits (Haas et al. 2005). Arcing 

can occur when an organism or object comes too close to an energized power line, even if 

contact is not made (Great River Energy, undated). Medium-sized and large birds which use 

poles for perching, roosting, or nesting are particularly at risk (Haas et al. 2005). When located in 

predominantly treeless areas such as cultivated lands, electrical towers and poles offer artificial 

perching sites and so the probability of birds using them and subsequently dying from 

electrocution increases (González et al. 2007, Demerdzhiev et al. 2009). 

In flight, birds may collide with electrical towers, poles or the cables of power lines 

which are often difficult to see. In most cases, the impact of collision leads to immediate death or 

to fatal injury and mutilation (Haas et al. 2005). Peregrines are particularly vulnerable to 
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colliding with wires, as even fence wires, constructed near nest sites or hunting areas, may 

increase the probability of adult or young falcons being injured (Olsen and Olsen 1980). 

 
 

6.2.3.1 Electrocution 

Although electrocution has been previously highlighted as a problem affecting large 

raptors such as eagles, electrocution of raptors as small as kestrels has also been documented 

(Guil et al. 2011). Electrocutions are seemingly higher in raptor species because they often live 

around power lines, use the towers or poles supporting the power lines, and therefore spend large 

proportions of their lives around potentially dangerous conductors (Janss 2000, Simmons 2011). 

Towers and poles associated with electrical distribution networks provide unobstructed flight 

paths and good visibility, which are important characteristics of perches for visually oriented 

diurnal predators like peregrines (Dzialak et al. 2007). 

Electrocution mortality affects different species in different ways, depending on the 

particular behaviour of each species (Janss 2000, Lehman 2001). Sub-adults may be at greater 

risk of electrocution than adults (González et al. 2007), but perch behaviour related to roosting, 

feeding and breeding habits are also key factors (Bevanger 1998, Janss 2000). The Peregrine 

Falcon has been characterized as susceptible to electrocution by Janss (2000), who found a large 

proportion of electrocuted peregrines relative to live sightings in Spain. The Peregrine Falcon 

may have a high level of risk exposure, as the species is reported to spend the majority of its time 

perching, engaged in a variety of behaviours including loafing, roosting, still-hunting, 

maintaining territory, detecting predators, and identifying conspecifics for social interactions 

(Jenkins 1987, Haas et al. 2005, Dzialak et al. 2007). High maneuverability during flight further 

contributes to this species’ electrocution risk (Janss 2000). 
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Electrical tower or pole placement, configuration, as well as environmental variables will 

also influence avian mortality (Bevanger 1998, Haas et al. 2005, Demerdzhiev et al. 2009, Tinto 

et al. 2010). Towers and poles with a dominant position in the landscape, especially those placed 

on hilltops and surrounded by low vegetation cover, are associated with higher electrocution 

rates (Tinto et al. 2010). Power poles constructed on pre-stressed concrete or metal with upright 

insulators are ranked as the most dangerous of all types, whereas poles with suspended insulators 

are considered to be fairly safe (Haas et al. 2005).  

Lehman (2001) reports that nearly all raptor electrocutions in the United States occur on 

comparatively low-voltage distribution lines which transmit electricity at voltages below 69 kV 

supplying individual users and businesses, as opposed to transmission lines which are typically 

energized at 115 kV and above. This is confirmed by Hohenberger (1996), who witnessed four 

trained peregrines electrocuted on either transformer or single-phase distribution lines. Single-

phase distribution lines are frequently the most desirable perches for raptors in rural landscapes, 

yet wooden poles with upright insulators as well as poles that are grounded may pose one of the 

greatest threats to wild raptors, particularly when wet (Hohenberger 1996, Haas et al. 2005).  

Hohenberger (1996) also documented the electrocution of a Peregrine Falcon on a 7.6-kV 

single-phase wooden distribution pole that was lacking a ground wire. The incident occurred in 

the rain when both falcon and pole were wet, and the wet pole conducted to the ground. Poles 

with ground wires going close to the top of the pole may also pose a threat to birds wearing 

falconry transmitters (Hohenberger 1996). 
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6.2.3.2 Collision                   

Birds are vulnerable to collisions with stationary structures including wind turbines, 

communication masts, tall buildings, windows, power lines, and fences. Traumatic injuries 

resulting from collision have been implicated as a significant source of avian mortality in many 

parts of the world (Redig and Tordoff 1994, Sweeney et al. 1997, Haas et al. 2005, Drewitt and 

Langston 2008, Simmons 2011, Rioux et al. 2013). In the United States, collision with stationary 

structures including utility lines was identified as the leading cause of injury and death among 

Midwestern peregrines (Redig and Tordoff 1994, Sweeney et al. 1997). Collisions with power 

lines have also been recorded in other parts of the world including South Africa and Saudi 

Arabia (Naldo and Samour 2004, Simmons 2011). In urban South Africa, an estimated 60–70% 

of all deaths recorded for African Peregrine Falcons over a 21-year study period were caused by 

collisions with power lines (AR Jenkins unpublished data, referenced in Simmons 2011). That 

such impacts may be underestimated is suggested by the low reporting rate below power lines 

but high incidence of traumatic death recorded for the species (Simmons 2011). 

Traumatic injuries resulting from collision may include fractures, dislocations and soft 

tissue trauma (Sweeney et al. 1997, Veltri and Klem 2005). Veltri and Klem (2005) examined 

several hundred avian fatalities caused by collision with towers or windows. Although they 

documented traumatic injuries such as coracoid displacement and fractures, most of the samples 

they examined showed no evidence of skeletal fractures. Virtually all samples had subdermal 

intracranial hemorrhaging, with subdermal injuries found to be more severe in tower kills. Based 

on these findings, they concluded that extravascular bleeding in and around the brain was the 

likely cause of death in most collision fatalities.   
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Not all bird species are equally susceptible to collision, and some species suffer 

disproportionately high levels of collision mortality (Drewitt and Langston 2008). Avian risk 

factors for collision with power lines include species, flight characteristics, behaviour, age, and 

season (Rose and Baillie 1992, Bevanger 1994, Bevanger 1998, Janss 2000, Drewitt and 

Langston 2008, Martin and Shaw 2010). Although heavy-bodied species with high wing loading 

and low aspect (i.e. ‘poor’ flyers) are characterized as particularly vulnerable to collision 

(Bevanger 1998, Janss 2000), fast-flying, highly maneuverable species such as peregrines are 

also at risk of collision (Rose and Baillie 1992, Hager 2009). Veltri and Klem (2005) reference a 

pathology report documenting a broken neck in a juvenile Peregrine Falcon resulting from a high 

speed window collision.  

Intense behavioural interactions can also lead to collisions, irrespective of the bird’s size 

and aerial agility (Simmons 2011). Simmons (2011) found that even raptors living in and around 

towers were susceptible to impacts with the power line, as they seemed less aware of obstacles 

around them when preoccupied with activities such as territoriality or courtship. Age and season 

are also considered to be risk factors, with first year birds significantly more likely to be victims 

of collision, particularly during the late summer to early fall dispersal period (Rose and Baillie 

1992, Sweeney et al. 1997, Veltri and Klem 2005, Gahbauer et al. 2015). 

Vision is another important aspect to be considered when evaluating the “collision 

potential” of a bird species (Bevanger 1994). Visual acuity is essential for avian survival, since 

birds rely on sight to avoid obstacles and obtain food items. However, field of view and acuity of 

vision vary greatly among groups of birds (Bevanger 1998). High visual acuity is documented in 

raptors, which frequently pursue and capture moving prey, sometimes spotting it from a great 

height or distance (Gaffney and Hodos 2003). Although the reported acuities for raptors are high, 
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aspects of their vision may make them vulnerable to collisions with power lines since they have 

not evolved with narrow wires in their aerial environment (Gaffney and Hodos 2003, Martin and 

Shaw 2010, Simmons 2011).  

Raptors have large, forward-facing eyes characterized by excellent binocular vision but 

poor peripheral vision (Bevanger 1998, Kane and Zamani 2014). Each eye has two foveae 

(retinal regions with enhanced visual acuity) oriented at different angles with respect to the head 

axis, so raptors must tilt their heads to scan their field of view (Kane and Zamani 2014). By 

searching the area below them and pitching their head downwards, a blind spot projects in the 

frontal hemisphere above the binocular field, such that the birds may frequently be unable to see 

what lies directly ahead of them. In falcons, the bifoveal retina and frontal eyes allow 

approximately 60o binocular or three-dimensional perception but at the expense of a 200o blind 

zone (Schmidt-Morant 1992 cf. Bevanger 1994). An extensive blind zone may help to explain 

why even some raptors with highly binocular vision fly into power lines (Bevanger 1994, 

Bevanger 1998, Martin and Shaw 2010). Inability to see power lines may also occur as birds fly 

upwards, either from the ground close to a power line array or in trying to avoid collision with 

conductors which lie directly ahead (Martin and Shaw 2010). 

Pursuit strategies utilized by birds have evolved in the context of their unique flight 

capabilities and their need to pursue rapid, erratically moving prey in complex environments 

(Kane and Zamani 2014). Peregrine Falcons may utilize lateral (possibly foveal) vision to detect 

and approach prey, using a pursuit strategy in which the prey is kept at an optimal visual angle 

while the falcon follows a forward-facing flight trajectory resembling a logarithmic spiral 

(Tucker et al. 2000). This may be part of a motion camouflage strategy, a pursuit strategy 

whereby relative position or motion is maintained between predator and prey (Justh and 
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Krishnaprasad 2006, Kane and Zamani 2014). Since falcons maintain their prey’s image at visual 

angles consistent with using their shallow fovea (used primarily for visualizing objects at close 

range (<8 m) with either monocular or binocular vision), forward vision is not brought to bear 

upon the prey until very close contact is made (Tucker 2000, Tucker et al. 2000, Martin and 

Shaw 2010, Kane and Zamani 2014).  

Vulnerability to collision may also depend on factors external to the species, including 

power line design and location, topography, and weather (Bevanger 1994). Power lines with 

conductor cables arranged on one level reduce the risk of collision (Haas et al. 2005). Location is 

an important factor in minimizing collision impacts, but site selection is often subject to a range 

of constraints (Drewitt and Langston 2008). Wind farms, power lines, fences, and 

communication towers should be located away from wetlands and other areas where large 

numbers of vulnerable birds concentrate to nest, feed, or roost, known migratory or daily flight 

routes, and areas that support scarce and threatened species (Drewitt and Langston 2008). Some 

collisions occur when visibility is reduced due to lower light levels or weather conditions, but 

many collisions do occur under daytime light levels and when visibility is high (Drewitt and 

Langston 2008, Martin and Shaw 2010). 

Measures to reduce the probability of collision have usually involved marking power 

lines with devices such as flags or reflective balls designed to increase the probability of 

detection from a greater distance (Bevanger 1994, Janss and Ferrer 1998). The underlying 

assumption of these measures is that the power line is below the limit of visual resolution within 

the flight avoidance distance of many bird species. However, despite using such devices for 

several decades, the probability of mortality caused by power line collisions remains high for 

many species (Janss and Ferrer 1998, Janss and Ferrer 2000, Drewitt and Langston 2008). 
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6.3 Methods 

6.3.1 Transmitter attachment 

Thirty juvenile Peregrine Falcons from Manitoba were equipped with 22-g solar powered 

Global Positioning System (GPS) enabled Platform Transmitting Terminals (PTTs) between 

2011 and 2013. Ten PTTs were deployed annually over the three-year period using a modified 

backpack attachment technique (Snyder et al. 1989, Kenward 2001) (Photo 1.1). A ¼ inch 

TeflonTM ribbon obtained from Bally Ribbon MillsTM was used to construct the harness. The 

PTTs were programmed to collect twelve daily ‘fixes’ (locations) considered accurate to within 

18 meters (90% probability). 

Both wild (n=10) and hacked (n=20) falcons were equipped with PTTs, representing 33% 

and 67% of falcons included in the research. As three of the hacked falcons had wild origins, 

these were considered separately as an intermediate category (wild-hack) when analyzing 

differences between comparative groups. Male falcons (n=17) and female falcons (n=13) 

represented 57% and 43% of the total sample, respectively.  

 

6.3.2 Identifying survivorship outcomes  

Data downloads were conducted every three days throughout the study period in order to 

evaluate the Activity Sensor data which were transmitted together with the GPS location data. 

Mortality was suspected when the Activity Sensor did not record peregrine movements for 

extended time periods (more than one day). Suspected mortality sites were identified by viewing 

the last recorded GPS location together with satellite imagery in Google EarthTM. This enabled 

the identification of terrain characteristics and road access to the site.  
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Field data associated with mortality events were compiled whenever possible. When 

mortality occurred within a distance of 700 kilometers from Winnipeg, a detailed investigation of 

the mortality site was undertaken as quickly as possible with the objective of retrieving the 

falcon and/or PTT. Peregrine Falcons retrieved from mortality sites were submitted for necropsy, 

in order to acquire as much information as possible relating to the mortality event, and to 

confirm whether or not metallic shards (from shooting) were present in the carcass. As it was not 

cost-effective to investigate mortality sites located at greater distances, carcass recovery and 

mortality site investigations were also coordinated with local agencies whenever mortality 

occurred in distant locations of the United States or in urban areas of Mexico. Two of the five 

searches conducted by outside agencies were successful in recovering Peregrine Falcon remains 

and transmitters; photographs of mortality sites were always received. 

Mortality events were categorized as either ‘confirmed’ or ‘presumed’, depending on 

whether or not falcon remains were recovered. Where mortality could not be confirmed, 

subjective interpretations of the data stream resulted in a designation of either “mortality-

presumed” or “off-line”, when PTT failure was suspected (as evidenced by the pattern of battery 

drain). These interpretations were based on assessments of battery drain, history of PTT 

functionality, circumstances associated with the last transmission, and a satellite image of the last 

recorded location. In some cases, these designations were verified the following field season: 

two Peregrine Falcons equipped with PTTs categorized as “off-line” due to PTT failure were 

subsequently confirmed alive, and one PTT categorized as “mortality-presumed” was recovered 

the following year, together with the scattered remains of the falcon. 
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6.3.3 Characterizing the mortality site and identifying potential  

     mortality factors  

Landscape characteristics were summarized for each mortality site. These were compiled 

using field notes from investigated sites together with the interpretation of satellite imagery. A 

500 m (diameter) buffer was generated in Google EarthTM around the GPS coordinate identifying 

each mortality site. Within the buffer, values for percent coverage were assigned for Urban 

landscapes (features built by humans), Open Habitat/Agricultural landscapes (grasslands, 

rangelands, croplands), Tree Cover, and Water. The presence or absence of Linear Features was 

also specified (roads, utility lines, and/or railway lines). Where available, the StreetViewTM 

function was used to provide photographic information for the mortality site; this was 

particularly useful when determining the presence of utility lines, including transmission lines, 

which were not always visible in the satellite imagery. 

Where possible, Peregrine Falcons were retrieved from mortality sites. External 

observations of the carcass were made to assess condition (intact/dismembered, 

decomposed/fresh), position (laying on front/side/back, straight/extended/bent forward), and 

location relative to features in the immediate vicinity of the mortality site (both artificial and 

natural). Visual inspections of the PTT were also made (damaged/tooth marks/scorching). 

Carcasses were submitted for necropsy in either the U.S. or Canada, depending on which 

jurisdiction the mortality site was located in.  

 

6.3.4 Survivorship analysis  

Kaplan-Meier survival curves representing the probability of survival after fledging 

(approximated by PTT deployment dates) were generated using the “R” library “Survival”. 
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Survivorship was assessed according to Source (wild n=9, hacked n=14) (falcons that were wild-

hatched then hacked were not included in the analysis due to a small sample size of n=3), Sex 

(males n=18, and females n=8), and Hatch Year (2011 n=9, 2012 n=8, 2013 n=9). Survdiff 

{survival} was used to test differences between survival curves, in order to test the null 

hypothesis that mortality did not differ between groups or years. In total, 26 records were 

included in the survivorship analysis, including 22 mortality records (both presumed and 

confirmed) and four records for Peregrine Falcons confirmed alive by project end.  

 

6.4 Results 

6.4.1 Survivorship outcomes determined in this study 

Of the 30 Peregrine Falcons equipped with PTTs, a total of 23 are confirmed or presumed 

to have encountered mortality by project end, representing a mortality rate of 77% for the study 

period. Locations where mortality occurred are shown in Figure 6.1. 

Survivorship outcomes documented throughout the study period are presented in Table 

6.4 according to hatch year. Most of the peregrines died the same year they were hatched, except 

for one hatched in 2011 that died in April of 2012, and another hatched in 2012 that died in 

February of 2013. No mortality was identified during the second year of life. Mortality ranged 

from a peak of 90% during the 2011 hatch year (n=9), to 70% for each of 2012 and 2013 (n=7) 

(Table 6.4). No mortality was recorded during 2014 (note however that no juveniles were 

released in 2014, and the study concluded in May of that year).  
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Figure 6.1. Mortality locations identified for PTT-equipped Peregrine Falcons during the study period, 10 July 2011 to  

       31 May 2014. (red=confirmed mortality, yellow=presumed mortality)
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Table 6.4. Survivorship outcomes summarized by hatch year. 
 

Survivorship Outcome 2011 2012 2013 Total 

mortality-confirmed 6 6 4 16 

mortality-presumed 3 1 3 7 

alive-confirmed 0 1 3 4 

unknown outcome 1 2 0 3 

Total 10 10 10 30 
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As indicated in Table 6.4, sixteen of the 23 identified mortality events were confirmed 

with the recovery of a carcass. This represents 53% of survivorship outcomes determined for the 

30 Peregrine Falcons during the study period. Presumed mortality events represent 23% of 

survivorship outcomes (n=7). Four Peregrine Falcons were confirmed alive to project end, for a 

confirmed survival rate of 13%. Three of these survivors were equipped with PTTs during 2013; 

the other surviving falcon received her transmitter during 2012. Survivorship outcomes could not 

be determined for the remaining three Peregrine Falcons, due primarily to PTT battery failure. 

Figure 6.2 presents the locations where Peregrine Falcons encountered mortality within 

Manitoba (recovery locations for two Peregrine Falcons recovered alive that subsequently died 

are not shown). Of the 23 mortality events recorded for Peregrine Falcons during the course of 

the study, approximately half occurred within the province (n=11) (Table 6.5). All of these 

mortalities were recorded prior to fall migration. Twelve mortality events occurred outside of 

Manitoba, either during or after fall migration. Eight occurred in the United States; four were 

recorded in Mexico.  

Tables 6.6 and 6.7 summarize characteristics of Peregrine Falcon mortality observed 

during the course of the study, for both CONFIRMED and PRESUMED mortality, respectively. 

Males sustained a majority of the observed mortality, representing 70% of the total (n=16). As 

57% of falcons included in the study were male, the mortality figure suggests a disproportionate 

mortality rate for male falcons. The mortality rate of 30% calculated for female falcons (n=7) is 

less than the representation of that sex in the study (43%). 

Similarly, the mortality rate of 65% (n=15) calculated for captive-bred falcons exceeds 

their representation in the study. Of the Peregrine Falcons included in the study, 57% were 

captive-bred and subsequently hacked (n=17), while 33% (n=10) were wild falcons reared by 
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Figure 6.2. Mortality locations identified in Manitoba for PTT-equipped Peregrine Falcons, 2011-2013. 
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Table 6.5. Regional locations of Peregrine Falcon mortality. 
 

Mortality Location 2011 2012 2013 Total 

Manitoba 5 3 3 11 

USA 3 3 2 8 

Mexico 0 2 2 4 

Total 8 8 7 23 



 140 

Table 6.6. Summary of PTT-equipped Peregrine Falcon mortality (2011-2013), CONFIRMED (n=16).  
 

PTT ID Sex Source Hatch 
Year 

Mortality 
Month 

Source 
Location 

Mortality 
Location 

Distance from 
 Source Location 

 (km) 
107331 F hack 2011 SEP Neepawa Manitoba 115 

107332 M hack 2011 AUG Ritchot Manitoba 22 

107333 M hack 2011 JUL Ritchot Manitoba 24 

107334 M wild 2011 JUL West Winnipeg Manitoba <1 

107336 M hack 2011 AUG Neepawa Manitoba <1 

107338 M hack 2011 AUG Neepawa USA 342 

115569 M hack 2012 AUG Rosser Manitoba 63 

115570 M hack 2012 SEP Westbourne USA 216 

115571 M hack 2012 OCT Westbourne Manitoba 84 

115573 F wild/hack 2012 NOV West Winnipeg-Ritchot USA 1,746 

115574 M wild/hack 2012 JUL West Winnipeg-Ritchot Manitoba <1 

115575 F hack 2012 AUG Ritchot USA 460 

115568r F wild 2013 AUG West Winnipeg USA 155 

115570r M hack 2013 JUL Rosser Manitoba <1 

115573r M hack 2013 AUG Rosser Manitoba 28 

115574r F hack 2013 AUG Ritchot Manitoba 8 
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Table 6.7. Summary of PTT-equipped Peregrine Falcon mortality (2011-2013), PRESUMED (n=7).  
 

PTT ID Sex Source Hatch 
Year 

Mortality 
Month 

Source 
Location 

Mortality 
Location 

Distance from 
Source Location 

(km) 
107330 M wild 2011 DEC Brandon USA 2,613 

107335 F hack 2011 APR Ritchot Gulf of Mexico 3,030 

107337 M wild 2011 OCT Brandon USA 1,655 

115567 M hack 2012 FEB Rosser Mexico 3,609 

107331r M wild 2013 NOV Brandon Mexico 3,065 

107338r F wild 2013 DEC West Winnipeg Mexico 3,280 

115569r M hack 2013 OCT Rosser USA 880 
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parents. The mortality rate identified for that group was 26% (n=6). Two of the three wild-hack 

Peregrine Falcons also encountered mortality. 

As shown in Figure 6.3, almost half of the observed mortality occurred during the months 

of July and August, in the weeks immediately following fledging (n=11). Mortality shows a 

consistent pattern of decline throughout fall and winter; no mortality was observed after      

spring migration.  

Most of the early mortality occurred in areas situated within a short distance of the nest or 

hack site, but in four instances, mortality occurred in the immediate vicinity of the source 

location (<1 km away). As Figure 6.4 illustrates, most of the juvenile falcons had displaced more 

than 50 km from their source location before encountering mortality. Almost half (43%) 

encountered mortality at distances greater than 250 km from their original location (n=10). 

However, this varied depending on whether peregrines were hacked or wild; wild-hatched 

Peregrine Falcons disproportionately encountered mortality at distances greater than 250 km 

from the nest site (Table 6.8). 

 

6.4.2 Landscape characteristics of mortality sites and factors implicated    

in mortality 

Site investigations conducted in the field yielded information that allowed for the general 

categorization of mortality sites. Table 6.9 provides a generalized summary of landscape features 

associated with each mortality site (including both confirmed and presumed mortality; two 

Peregrine Falcons recovered alive that subsequently died in locations other than the recovery site 
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Figure 6.3. Month during which Peregrine Falcon mortality occurred (n=23).  
 
 
 
 
 

Figure 6.4. Distance of Peregrine Falcon mortality site from source location (n=23).  
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Table 6.8. Distance of mortality site from source location for hacked, wild and wild-hacked  

        Peregrine Falcons (n=23).  

 

DISTANCE 
(km) HACKED WILD WILD – 

HACKED 

<50 6 40% 1 17% 1 50% 

50-250 4 27% 1 17% 0  

>250 5 33% 4 67% 1 50% 

Total 15  6  2  
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Table 6.9. Summary of landscape features associated with Peregrine Falcon mortality sites. 
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Notes 
 

107330 M wild 10% 90% - - yes immediate vicinity of power plant (Texas) 

107331 F hack - 75% - 25% yes recovered next to Whitewater Lake (Manitoba) 

107332 M hack - 100% - - yes recovered 60 m north of transmission towers (Winnipeg) 

107334 M wild 100% - - - yes recovered after car collision (Winnipeg) 

107335 F hack - - - 100% no open water during spring migration (Gulf of Mexico) 

107336 M hack 100% - - - yes recovered hack site in Neepawa** (Manitoba) 

107337 M wild 5% 10% 20% 65% yes next to Crown Lake during fall migration (Arkansas) 

107338 M hack - 100% - - yes recovered from base of wooden utility pole (Minnesota) 

115567 M hack <5% 85% 10% <5% yes tropical jungle immediately adjacent to road (Mexico) 

115569 M hack - 95% - 5% yes recovered from base of wooden utility pole (Manitoba) 

115570 M hack - 75% - 25% yes recovered under transmission lines (North Dakota) 

115571 M hack - 100% - - no recovered in open field (Manitoba) 

115573 F wild/hack - 70% 20% 10% no recovered next to slough during fall migration (Arkansas) 

115574 M wild/hack 5% 70% 15% 10% yes recovered scavenged near wooden utility pole (Manitoba) 

115575 F hack - 65% 35% - yes recovered from ranch (premature dispersal) (Minnesota) 

107331r M wild 100% - - - yes transmission line in city during fall migration (Mexico) 



 146 

107338r F wild - - 75% 25% yes tropical jungle near water (Mexico) 

115568r F wild - 85% 10% 5% yes recovered from agricultural field near fence (North Dakota) 

115569r M hack <5% 90% 5% <5% no agricultural field during fall migration (Iowa) 

115570r M hack <5% 80% 15% <5% yes recovered from shelterbelt next to corn field (Winnipeg) 

115573r M hack - 94% <5% 5% yes recovered in agricultural field next to dirt road (Manitoba) 
 

*excludes two Peregrine Falcons retrieved alive that subsequently died in captivity 
** exact recovery location is unknown
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are excluded). Additionally, one Peregrine Falcon was recovered by a member of the public who 

reported the band number to the Bird Banding Office. Mortality site characteristics could not be 

determined as details of the recovery were not reported (the recovery location is presumed to be 

in the vicinity of the hack site in Neepawa, based on the mortality date indicated by the          

GPS data). 

  As shown in Figure 6.5, 71% of mortality sites were dominated by Open Habitat or 

Agricultural landscapes (n=15). These included sites located in Canada, the United States, and 

Mexico. Tree Cover rarely dominated mortality sites; this landscape feature was only 

characteristic of a mortality site located in Mexico. Water was not a dominant feature at 

mortality sites except during the migratory period. The two locations where water was prevalent 

included a site next to a lake in Arkansas, located along a fall migration route, and the open 

waters of the Gulf of Mexico, during spring migration. The sites dominated by Urban landscapes 

included mortality locations identified for three peregrines which themselves originated from 

urban settings.  

Linear features were frequently located within the buffer delineated for the mortality site. 

As indicated in Table 6.9, 81% (n=17) of mortality sites were characterized by the presence of a 

linear feature, most often a road. As indicated by the supplementary notes, at least 29% (n=6) of 

mortality sites were also characterized by the presence of a transmission or utility line3.  

Potential mortality sites were always investigated as quickly as was logistically possible, 

however, even with the recovery and post-mortem examination of peregrine carcasses, cause of 

death could not be identified with certainty. The determination of causal mortality factors was

                                                
3 the occurrence of transmission/utility lines at uninvestigated sites for which StreetView was not 
available could not be determined; however field investigations in other areas confirmed that 
they frequently ran parallel to roadways. 
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Figure 6.5. Dominant landscape characteristics identified at Peregrine Falcon mortality 

       sites (n=21) (excludes two Peregrine Falcons retrieved alive that subsequently  

       died in captivity).  
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further complicated by decomposition, which proceeded rapidly following death, particularly 

during the hot summer months. Although decomposition of the carcasses prevented definitive 

conclusions to be drawn regarding cause of death, shooting was eliminated as a possible 

mortality factor in all samples examined since X-rays were consistently negative for metallic 

shards or projectiles (Appendix VII).  

Site investigations revealed that 38% (n=6) of confirmed mortality was directly 

associated with human features (Table 6.10). Of these, one was caused by a car collision, and 

five involved the retrieval of a peregrine carcass at or near the base of a wooden utility pole 

(n=3), or in the vicinity of transmission line wires (n=2) (Figure 6.6). Of these, three carcasses 

were retrieved from utility structures located in Manitoba (one transmission line, two sub-

distribution wooden pole structures). All five mortalities associated with either transmission lines 

or utility poles involved male falcons, four of which were captive-bred.   

An equal number of mortalities occurred in locations where there was no identifiable 

landscape risk posed by human features. A typical example of this type of mortality site is shown 

in Photo 6.1. Such mortality events were attributed to predation by other raptors or other natural 

causes. Although one mortality did occur as a result of a peregrine colliding with a car, roads 

were not generally considered a landscape risk since shooting and extensive trauma were 

consistently eliminated by necropsy.  

Losses resulting from premature dispersal from the hack site accounted for 19% of 

confirmed mortality (n=3). One of the peregrines which failed to return to the hack site upon 

release was recovered dead on a ranch in Minnesota, two others were retrieved alive but in 

decimated condition (one died the following day in captivity, the second was euthanized several 

months after being taken back into captivity). 



 150 

Table 6.10. Summary of factors associated with confirmed mortality outcomes. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
________________________ 
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Figure 6.6. Summary of factors associated with confirmed mortality outcomes (n=16). 
 
 
 
 
 

0 1 2 3 4 5 6

Unknown

Car Collision

Premature Dispersal

Transmission/Distribution & Sub-Transmission*

Natural Factor

Number of Occurrences

Factor Total 

Human Feature 6 

Natural Factor 6 

Premature Dispersal 3 

Unknown 1 

Total 16 



 151 

 
 
Photo 6.1. Peregrine Falcon mortality site (Iowa, USA) October 2013. (photo credit: J.Auel) 

 
 

6.4.3 Survivorship probabilities for juvenile Peregrine Falcons                

from Manitoba 

Survivorship was determined for the 26 Peregrine Falcons whose outcomes were 

confirmed to project end. No distinction was made between presumed and confirmed mortality 

for this analysis. Table 6.11 presents survivorship periods for each falcon, measured in number 

of days since fledging which was approximated by PTT deployment dates. Table 6.12 

summarizes four records which were excluded from consideration: three survivorship outcomes 

could not be determined4, and one record was eliminated as death was imposed by euthanasia. 

 

                                                
4 one of the Peregrine Falcons categorized as having an “Unknown” outcome due to PTT battery 
failure was confirmed alive in Brandon during the summer of 2013 (hacked from Neepawa in 
2011: PTT ID 107339) 
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Table 6.11. Survivorship periods (number of days) identified for Peregrine Falcons,  

        2011-2014 (confirmed survivorship outcomes n=26). 

 
PTT ID Days Outcome PTT ID Days Outcome 

107330 158 -- 115572 680 alive 

107331 55 -- 115573 127 -- 

107332 45 -- 115574 6 -- 

107333 3 -- 115575 9 -- 

107334 3 -- 107331r 123 -- 

107335 252 -- 107332r 320 alive 

107336 45 -- 107333r 320 alive 

107337 85 -- 107334r 323 alive 

107338 41 -- 107338r 165 - 

115567 240 -- 115568r 47 - 

115569 43 -- 115569r 90 - 

115570 67 -- 115570r 3 - 

115571 94 -- 115573r 34 - 

min = 3 days x̅ = 130 days 

max = 680 days median = 76 days 
 
      (Mortality occurrence:  max = 252 days     x̅ = 79 days     median = 51 days) 
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Table 6.12. Records excluded from survivorship analysis. 

 

PTT ID Deployment 
Year Sex Source Outcome 

107339 2011 F Neepawa 
hack 

unknown 
offline:PTT failure 

115566 2012 M Winnipeg 
wild 

unknown 
offline:PTT failure 

115568 2012 F Rosser 
hack 

unknown 
offline:PTT removed 

115574r 2013 F Ritchot 
hack 

dead 
euthanized 
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All of the mortality recorded for Peregrine Falcons during the course of this study 

occurred during the first year of life. Survivorship ranged widely, from a minimum of three days 

to a maximum of 680 days after fledging. On average, Peregrine Falcons survived for a period of 

130 days. This figure differs greatly from the median value of 76 days, due to the large range in 

survivorship periods determined for individual falcons.  

Less variation is observed when falcons confirmed alive to project end are excluded from 

the analysis. The maximum period before mortality occurred was determined to be 252 days. 

This Peregrine Falcon encountered mortality during her first (return) spring migration, but on 

average, mortality occurred after 79 days, or less than three months after PTT deployment and 

fledging. This represents the period coinciding with juvenile dispersal from the nest or hack site, 

prior to first (fall) migration. The median value of 51 days indicates that half of the mortality 

confirmed for peregrines in this study occurred in the early part of the juvenile dispersal period. 

The distribution of individual survivorship periods is shown in Figure 6.7. 

Figure 6.8 presents the survivorship curve and 95% confidence intervals for PTT-

equipped peregrines whose survival was assessed. The probability of survival decreases rapidly 

immediately after fledging, and stabilizes by approximately 250 days. As shown in Figure 6.9, 

the probability of survival decreases most rapidly for hacked falcons. By 100 days, the 

probability of survival is approximately 68% for wild falcons, compared with approximately 

17% for hacked falcons. After 180 days, the probability of survival stabilizes to approximately 

35% for wild falcons, but the probability of survival for hacked falcons declines to zero by 250 

days (although this figure does not account for two hacked falcons with unknown outcomes). 

Differences in survival between wild and hacked falcons were determined to be statistically 

significant (Xc
 2(1, N=23)=4.07, p=0.0436).  
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Figure 6.7. Survivorship (number of days) confirmed for Peregrine Falcons. 
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Figure 6.8. Probability of survival after fledging. 
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Figure 6.9. Probability of survival after fledging according to Source. 
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Although the probability of survival decreases more rapidly for male falcons than for 

female falcons, declines occurred during approximately similar time periods (Figure 6.10). 

Substantial declines in survival probabilities are first observed within 60 to 70 days for both 

sexes. The probability of survival continues to drop rapidly for male falcons. By 100 days, the 

probability of survival declines to approximately 28%. Survival probabilities also decline for  

female falcons between 80 to 250 days, although the rate of decline is not as substantial as that 

observed for male falcons during the comparable period. For female Peregrine Falcons, a 29% 

survivorship probability is not observed until 250 days. Survival differences between the sexes 

were found to be statistically significant (Xc
 2(1, N=26)=7.08, p=0.0078). 

As Figure 6.11 illustrates, the 2013 hatch year is associated with the highest probability 

of survival. However, it should be noted that the possible survivorship period for that year was 

limited to less than 365 days as 2013 was the third and final field season. Although survivors 

were confirmed only in 2012 and 2013, differences in survivorship among years were not 

statistically significant (X2(2, N=26)=3.1, p=0.208). 

 

6.5 Discussion 

First-year mortality of juvenile Peregrine Falcons documented in this study averaged 

77% over the three-year study period (n=23 of 30). If confirmed mortality is solely considered, a 

minimum mortality rate of 53% (n=16 of 30 peregrines) is obtained. These figures are not 

surprising considering that within a few weeks of fledging, juvenile peregrines must become 

skilled aerial hunters while coping with a multitude of natural and artificial hazards never before 

encountered (Cade and Bird 1990).  
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Figure 6.10. Probability of survival after fledging according to Sex. 
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Figure 6.11. Probability of survival after fledging according to Hatch Year. 
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The first-year mortality rate documented in this study is higher than most figures 

presented in the published literature, with the exception of Tordoff and Redig (1997) and Faccio 

et al. (2013) who confirmed first-year survival at 9-23% based solely on re-sighting. As it is 

likely that not all surviving peregrines were visually located, Tordoff and Redig (1997) provide a 

conservative estimate of 30% first-year survival (70% mortality). However, directly comparable 

data do not exist, as few studies have utilized GPS technology to track juvenile peregrines. 

Survivorship outcomes and mortality factors are difficult to confirm for such a wide-ranging 

species without the use of continuous and accurate GPS monitoring. Without the ability to locate 

specific mortality locations, carcass recovery which is necessary to confirm mortality is limited 

to opportunistic encounters biased towards areas where people are located. 

The mortality rate reported in this study lies within the broad range of first year mortality 

rates reported for other raptorial species. Mortality rates exceeding 50% are not unusual for first 

year raptors (Murn and Hunt 2008), reported as ranging between 60-90% for the family 

Accipitridae (Thiollay 1994 cf. Murn and Hunt 2008). First-year mortality rates reported for 

other species outside the Falconidae include 66% for Ferruginous Hawks (Buteo regalis) in 

Alberta (Schmutz and Fyfe 1987), and 53% for Osprey (Pandion haliaetus) in the northeastern 

United States (Henny and Wight 1969). Both of these species are known to be commonly 

associated with power lines (Gilmer and Wiehe 1977, Avian Power Line Interaction Committee 

2006). Murn and Hunt (2008) indicate that the 75% mortality rate documented in their study of 

captive-bred Red Kites (Milvus milvus) is generally higher than what is expected for the species; 

they attribute the increased mortality to hacking protocol which included hacking kites                    

prior to fledging.  
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Most of the observed mortality occurred during August, which coincides with the early 

dispersal period characterized by long-distance movements from the nest or hack site. During 

this time, juvenile falcons are refining newly-acquired flying and hunting abilities. Wild falcons 

become increasingly independent of their parents, who display aggression towards their offspring 

after the young have been on the wing for approximately five to six weeks (Sherrod 1983). 

Mortality did not vary substantially according to distance from the nest or hack site, 

although hacked falcons tended to die closer to their site of origin. Mortality occurring close to 

the nest or hack box has also been identified by Powell et al. (2002). Wild falcons more often 

encountered mortality at distances greater than 250 km, suggesting that mortality risk increases 

with distance for wild peregrines. Increases in mortality risk as dispersal distance increases has 

been previously documented for other raptors (Real and Mañosa 2001) as well as for other taxa 

(Johnson et al. 2009). Juveniles presumably suffer higher mortality not only because of their lack 

of hunting experience, but also from the risk associated with dispersal, due in part to 

unfamiliarity with the new areas they encounter (González et al. 1989). 

 The increased mortality rate documented for males in this study concurs with the finding of 

Gahbauer et al. (2015) that male peregrines in southern Ontario died within their first month of 

flight more frequently than females. This may be related to their small size and agility; Dekker 

(1979) noted that males are more given than females to pursue and swoop repeatedly at fleeing 

prey. Such a behavioural difference may put the sexes at a differential risk of collision-related 

death. Conversely, Faccio et al. (2013) did not find an effect of sex on survival. 

 The increased incidence of mortality among hacked juveniles is consistent with Kauffman 

et al. (2003) who found that survival of hacked peregrines following dispersal was lower than for 

wild-reared young. Tordoff and Redig (1997) came to an opposing conclusion; Powell et al. 
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(2002) suggest that longer periods spent at the hack site during the post-fledging season could 

increase survivorship to the migratory period. Although the pre-dispersal dependence period is 

considered “risky” for newly-fledged falcons, Kauffman et al. (2003) suggest that there may be  

a fitness advantage conferred to wild birds that learn to fly and hunt under the protection               

of parents.   

 Reduced survivorship of hacked young has been observed in other species, including 

Griffin Vultures (Gyps fulvus) (Sarrazin and Legendre 2000), Harpy Eagles (Harpia harpyja) 

(Campbell-Thompson et al. 2012), and the northern Aplomado Falcon (Falco femoralis 

septentrionalis) (Brown et al. 2006). Consequently, both Campbell-Thompson et al. (2012) and 

Sarrazin and Legendre (2000) recommend delayed-age reintroduction protocols. Delayed release 

of mature flight-fit individuals rather than pre-fledged young from artificial nests was also 

recommended by Murn and Hunt (2008) for Red Kite reintroduction projects. The authors 

observed that flight skills of mature Kites, developed prior to release, enabled individuals to 

avoid potentially lethal interactions with power lines and avoid aggressive inter-specific 

encounters. Mature Kites were observed to be accomplished fliers with superior skill and 

coordination only one week after release from an aviary large enough to permit flight; the aviary 

also enabled kites to assess their location prior to release.  

In this study, factors directly causing mortality could not be identified in most cases. 

Only once during the study period was mortality directly observed: in 2011, a fledging peregrine 

was seen colliding with a vehicle in downtown Winnipeg (T. Maconachie, pers. comm.). 

Consequently, “cause and effect” relationships between falcon mortality and possible risk factors 

could not be established. Nonetheless, it appears that Peregrine Falcons originating from 

Manitoba are at most risk from “natural” mortality not attributed to any human or artificial 
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landscape features, occurring primarily in open habitats including agricultural and grassland 

landscapes. Natural mortality factors may include predation by other raptors, disease, parasites, 

climatic factors, or starvation resulting from the inadequate development of hunting skills 

(Ratcliffe 1980, Dzialak et al. 2007b, Gahbauer et al. 2015). Necropsy reports obtained during 

the course of this research identify starvation, dehydration, and endoparasites as contributing 

factors causing death in peregrines originating from Manitoba (Appendix VII).  

Mortality identified as “natural” may have also resulted from impaired function following 

poisoning or contamination. Dekker (1979) observed immature peregrines feeding on the carcasses 

of ducks apparently killed by botulism, and lead exposure in urban peregrines has been previously 

documented (DeMent et al. 1986, Cade and Bird 1990). A necropsy report obtained for a wild 

PTT-equipped peregrine recovered during this study also identified lead exposure in the carcass 

(Appendix VII). This female falcon, recovered from rural North Dakota in September 2013, had 

been hatched from an urban eyrie in downtown Winnipeg that same year. 

When mortality associated with human factors is exclusively considered, study findings 

indicate that Peregrine Falcons originating from Manitoba are most likely to die when they are in 

the immediate vicinity of transmission or sub-distribution lines, particularly the supporting 

structures associated with the distribution and sub-transmission network. Mortalities confirmed 

near the distribution and sub-transmission network may have been caused by collisions with 

lines or poles, electrocution, or other factors which pose a risk when peregrines are exposed on 

perches in open habitats. The scientific literature has established that species characteristics 

(including both behavioural and anatomical characteristics), render the Peregrine Falcon 

particularly vulnerable to collision with artificial landscape features. Due to their perching 

behaviour, they are also at increased risk of electrocution, shooting, and attack by aerial 
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predators, although it should be noted that shooting was not confirmed as a mortality factor in 

this study.  

The intensive use of wooden poles for perching increases the probability of recovering a 

peregrine carcass in the vicinity of a pole or power line even if death resulted from natural 

factors. However, of the five mortalities associated with transmission lines or utility poles, two 

of the carcasses recovered prior to carcass decomposition showed some evidence of injury. The 

first was a falcon recovered a short distance away from a single-phase sub-distribution pole 

located south of Winnipeg (Dr. Postey, Pathology Report Appendix VII): “Bird C: circular black 

area with a pinpoint black focus in the center located immediately caudal to the sternum on the 

ventral body. Post mortem autolysis is too advanced to identify specific cause of death. X-rays 

are negative for fractures or projectiles… In Bird C there was a single focus that resembled a 

burn mark (contact with electrical wire) but with the advanced autolysis this is just speculation”. 

This describes a probable electrocution; the mark noted in the report is likely the exit hole for the 

current (Patricia Kennedy, pers. comm., 19 December 2016). Subtle evidence of electrocution 

found during necropsies is documented in Lehman et al. (2010), who indicate that electrocution 

of raptors on powerlines is not always obvious. Lehman et al. (2010) also document injuries 

sustained by raptors that presumably resulted from falls off of poles after electrocution occurred.   

This description is also consistent with scientific findings that that nearly all raptor 

electrocutions occur on comparatively low-voltage distribution lines which transmit electricity at 

voltages below 69 kV (Lehman 2001). Of the mortalities confirmed near power lines in this 

study, all but one was associated with low voltage distribution lines. PTTs recovered from those 

falcons did not show any evidence of electrocution (no burn marks or scorching), and most PTTs 

remained functional after being retrieved from mortality sites.  
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The second falcon, recovered immediately beneath transmission lines in North Dakota, 

had sustained injuries consistent with a high-speed collision. The falcon had a “1.5 cm 

penetrating wound, involving fracture of the proximal tip of the left coracoid bone… There is 

hemorrhage in the cavity between the muscles… X-ray of the carcass did not reveal any metallic 

particles…An exit wound was not found” (Dr. Jon Ayers, Pathology Report Appendix VII). 

Other than the adjacent highway, no other landscape features were present in the surrounding 

landscape which was characterized exclusively by open fields and small wetlands. The fracture, 

combined with the open hemorrhage and lack of exit wound, suggests that the falcon had 

sustained its injury during a high-speed flight. Still alive, it fell into the right-of-way where it 

remained for several days before succumbing to its injury. This was the only carcass retrieved in 

fresh condition, indicating that death had occurred shortly before it was recovered.   

Peregrine Falcon mortality resulting from collision or electrocution with power lines has 

been confirmed in various studies throughout the world, but in contrast to other investigations 

(Hager 2009), no window or building collisions were documented during the course of this 

research. This study confirms that juvenile Peregrine Falcons spend a considerable amount of 

time in the immediate vicinity of low-voltage distribution lines; these appear to function as 

important perch sites in landscapes where few alternative perching opportunities exist. Perching 

behavior on power lines in areas otherwise devoid of suitable perches has also been confirmed 

for Cape Vultures (Gyps coprotheres) in Africa (Phipps et al. 2013) and Imperial Eagles (Aquila 

adalberti) in Spain (González et al. 2007). Range expansion and other benefits provided by 

perching on such features may be outweighed by the risk associated with a high frequency of 

exposure to potential mortality factors (González et al. 2007, Phipps et al. 2013). 
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Considering the extensive electrical distribution network that currently exists in 

Manitoba, it is evident that substantial portions of the study area pose a mortality risk to 

dispersing juvenile Peregrine Falcons. By providing perch opportunities associated with 

mortality risk, these structures may be functioning as ecological traps (Kokko and Sutherland 

2001, Schlaepfer et al. 2002, Battin 2004). Ecological traps are created by maladaptive habitat 

selection, and may pose a serious threat to conservation when they have population-level 

consequences (Battin 2004). Species characteristics related to high-speed pursuit strategies, 

intense behavioural interactions, and anatomical characteristics associated with raptor vision may 

further intensify the risk posed by such features in the environment. 

Traditional mitigation techniques for raptors include line marking, the installation of 

perch deterrents, and siting hydroelectric lines away from critical areas used by the species 

(Avian Power Line Interaction Committee 2006, 2012). In Manitoba, line marking or the 

installation of perch deterrents on poles would be cost-prohibitive due to the sheer number of 

lines and poles which would require marking. Furthermore, species characteristics including 

high-speed pursuit strategies, intense behavioural interactions, combined with anatomical 

characteristics associated with raptor vision would likely render attempts at line marking futile. 

Although new transmission and sub-distribution lines could be located away from high intensity 

use areas such as nest sites or areas around Lake Manitoba, falcons are still highly likely to 

encounter existing line features on the landscape, both in Manitoba and elsewhere.   
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7.0 SYNTHESIS AND MANAGEMENT RECOMMENDATIONS 

 

7.1 Synthesis  

Satellite tracking of juvenile Peregrine Falcons identified that they were generally 

associated with the open habitats that characterize the landscapes of southern Manitoba. 

Dispersing juveniles were frequently located in open agricultural and rangeland areas, and were 

generally not found in habitats characterized by forest cover. Such an association may be due, in 

part, to selection favouring a strategy that maximizes space for hunting and enhanced 

maneuverability while at the same time minimizing obstacles in the local environment of this 

high-speed aerial predator.  

PTT-equipped falcons were also found to be associated with water. GPS locations were 

frequently recorded around the margins of waterbodies such as Lake Manitoba, indicating the 

importance of shorelines, mud flats and riparian areas. The association between PTT-equipped 

peregrines and the Important Bird Areas of Manitoba confirms the value of habitats which, as a 

result of their ecological importance, provide high densities of avian prey. Sites such as Delta 

and Oak Hammock Marshes, commonly known for their abundant and diverse avian 

communities, were intensively used by multiple individuals over the course of this study 

including both hacked and wild-hatched falcons. Habitats characterized by high levels of avian 

biodiversity were also used by overwintering peregrines located at internationally designated 

wetlands and wildlife reserves in both Mexico and the United States.  

Shorelines, riparian and wetland habitats provide areas where avian prey are 

concentrated, thereby potentially increasing hunting efficiency during a life history period 

characterized by vulnerability. Peregrines that gravitate to these areas find themselves in novel 
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habitats, needing to sustain the increased caloric demands of dispersal at a time when flight and 

hunting skills are still developing. Peregrines anticipating the energetic demands of subsequent 

migration have an added burden of accumulating sufficient fat stores before climatic conditions 

deteriorate, resulting in dispersal of the prey base.  

Although PTT-equipped peregrines frequented various open habitats across the study 

area, the importance of the site of origin was evident throughout the period leading to first 

migration. Peregrines remained in the immediate vicinity of the nest or hack site during the first 

weeks after fledging, and many returned to the site after initiating dispersal, often on multiple 

occasions. Nest sites in urban areas, characterized by the land use category “Cultural Features”, 

were well-represented in the high intensity core use areas delineated by the 50% KDE 

probability contours.  

An association with roadways was also evident, due in part to the presence of electrical 

distribution poles which often run parallel to roads, particularly in rural areas. Disproportionate 

use of features comprising Manitoba Hydro’s electrical distribution network was confirmed in 

this study, in particular, the Sub and Distribution network. This network delivers electricity at 

voltages less than 69 kV which is distributed primarily with wooden pole and crossbar 

supporting structures. PTT-equipped falcons and other raptors, including Red-tailed (Buteo 

jamaicensis) and Swainson’s Hawks (Buteo swainsoni), were frequently seen perched on these 

structures during field investigations.  

The prevalence of these features on the landscape, combined with the peregrines’ affinity 

for them, suggests that they may be influencing peregrine distributions in Manitoba. 

That most peregrine locations recorded in close proximity to these structures were stationary 

suggests an energy conservation strategy and also implies some degree of residency. Inferred 
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behaviours of stationary peregrines include resting, surveying and perch hunting. Such 

behaviours would be facilitated by an elevated perch, particularly when situated in a monoculture 

agricultural landscape characterized by the absence of alternative perching structures. Wooden 

poles in open agricultural habitats may enable peregrines to hunt more effectively by providing a 

higher vantage point, and may enhance predator detection by improving line of sight. They may 

also facilitate spacing from predators by providing alternatives to perches in trees where nesting 

Great Horned Owls (Bubo virginianus) may be present.  

Many over-wintering peregrines also exploited the opportunities presented by elevated 

structures associated with power supply and distribution, including power plants and oil 

platforms. The physical infrastructure associated with such facilities includes smokestacks, steel 

transmission towers, scaffolding, and other features that provide open, elevated perches relative 

to the surrounding landscape. Oil platforms may be especially appealing: not only do they 

provide perches that would not otherwise exist in the open ocean, they also concentrate prey as a 

multitude of other avian species descend upon them.  

Although the benefits provided by such artificial structures are readily apparent, five 

mortality outcomes were confirmed in the immediate vicinity of poles or transmission lines. 

Carcasses were recovered at the	base of wooden utility poles as well as directly under power 

lines, raising the possibility that these structures may be creating sink habitats or functioning as 

ecological traps (Kokko and Sutherland 2001). Although a causal relationship was not 

established in this study, two peregrine necropsies documented injuries or marks that could have 

resulted from negative interactions with electrical distribution networks (one in Canada, one in 

the United States).  
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As these peregrines had been equipped with PTTs, it is possible that the units themselves 

predisposed the falcons to an increased mortality risk. However, none of the PTTs recovered 

from mortality sites showed any evidence of scorching, and Microwave Telemetry did not note 

signs of electrocution on PTTs returned for refurbishment. The possibility of an increased 

collision risk is also possible, but more difficult to investigate. Yet collision-related injury and 

death in the absence of backpack transmitters is well-documented for the species, due in part to 

anatomical and behavioural factors. As juveniles are particularly susceptible to collision risk, it is 

surprising that no PTT-equipped peregrines collided with windows or buildings during the study 

period, given the prevalence of this mortality factor in other regions. 

The possibility of negative and potentially fatal interactions between peregrines and 

electrical distribution networks is not surprising, given the accumulated scientific literature 

documenting raptor electrocution and collision-related death and injury in many parts of the 

world. Peregrine electrocutions identified in the literature are primarily associated with low-

voltage distribution lines in rural landscapes, generally comparable to the structures and 

landscapes used by peregrines in this study. The mortality risk associated with these structures is 

potentially elevated the more time falcons spend in close proximity to electrified components 

and poles. Should mortality occur as a result of this association, its population-level impact will 

be determined by the extent to which it is additive rather than compensatory, a question this 

study was not designed to address.		

While several mortalities were associated with artificial landscape features, 

approximately half of confirmed mortality outcomes could not be attributed to any human factor. 

Six falcons were recovered from locations characterized by the absence of artificial structures, 

and post-mortem examinations consistently ruled out shooting as a possible cause. These 
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mortality sites were generally located in open agricultural landscapes and were usually found 

within a distance of 250 m of tree cover or water. Categorized as “natural” mortality in this 

study, a range of factors are suspect including predation, disease, parasites, and starvation.  

Such factors may further complicate the observed relationship between peregrines and 

the electrical distribution network, as disease or starvation may render individuals more 

susceptible to negative interactions with its components. Peregrines in a comprised physical state 

may be at increased risk of accidents with power lines or poles when associated with them under 

such conditions. Conversely, the intensive use of wooden poles for perching increases the 

probability of recovering a peregrine carcass in the vicinity of a pole or power line even when 

death was caused naturally. 

Regardless of cause, first-year mortality was found to substantially reduce the sample 

size during each year of the study period. Juvenile dispersal was identified as a particularly risky 

period, especially for captive-bred birds. Hacked falcons dispersed more widely and were more 

likely to die during the dispersal period; increased movements of hacked peregrines were also 

observed during migration although the differences were not significant. Hacked individuals 

have been confirmed as dispersing more widely in other species as well (Margalida et al. 2013). 

The dispersal movements observed for surviving falcons have important population-level 

implications, as forays into other provinces and the United States confirm the potential for 

connectivity between metapopulations. 

 

7.2 Management recommendations 

Since re-establishing the Peregrine Falcon as a breeding species, Manitoba has averaged 

the establishment of one pair per decade of conservation effort. No more than four breeding pairs 
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have ever been confirmed in the province in any given year since 1989, when the first clutch was 

laid on the Radisson (then Delta) Hotel in downtown Winnipeg. In spite of the fact that 

population declines have been observed, most notably in 2003 when no peregrines were wild-

hatched at monitored nest sites in the province, the annual production of peregrines in Manitoba 

currently shows an increasing trend. However, confirmed pairs are currently limited to an urban 

population that has not yet demonstrated the stability and growth to be considered secure. 

Fluctuating annual production characterized by periods of expansion and contraction may be the 

pattern for this population, given that the northern extent of the subspecies’ range lies         

within Manitoba.  

Although findings from this research indicate that mortality of hacked juvenile falcons 

may be higher than that observed for wild-hatched counterparts (presumably due to the absence 

of parents during the high-risk juvenile dispersal period), captive-breeding may improve 

survivorship outcomes for nestlings by providing shelter, food and protection from predators. 

In Manitoba, supplementation of the provincial population by captive-breeding has accounted for 

approximately one-third of peregrines produced over the past decade. Since 2005, Parkland 

Mews has released 39 peregrines into the province, including both juvenile and adult birds. Some 

of these have directly contributed to Manitoba’s breeding population: one urban nest in 

Winnipeg which consistently produced young between 2010 and 2014 was established by adult 

captive-bred falcons originating from Parkland Mews.  

Ensuring a stable provincial population will require careful consideration of mortality 

factors that can be managed. At the landscape level, conservation of shoreline, riparian and 

wetland habitats will ensure that concentrations of avian prey remain available to falcons. 

Locally, nestling losses in wild populations may be minimized with strategic placement of nest 
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boxes to ensure protection from climatic factors, particularly rainfall, as weather patterns change 

in response to global warming (IPCC 2007, Anctil et al. 2014). Active monitoring of nest sites 

should continue to ensure early detection of emerging threats such as trichomoniasis infestations 

which have already impacted urban nests in other jurisdictions (Gahbauer et al. 2015). 

Wild peregrine populations in Manitoba may continue to benefit from supplementation 

using delayed hack re-introduction strategies. Although juvenile hack provided the foundation 

for the peregrine’s recovery, it appears to be an inefficient method of augmenting wild 

populations. Releasing older, flight-fit individuals rather than pre-fledged young potentially by-

passes the high degree of mortality experienced by juveniles in the first year, whether caused by 

human or natural factors. Improved survivorship outcomes for released adults over other age 

classes have already been demonstrated in a range of raptorial species (Sarrazin and Legendre 

2000, Murn and Hunt 2008, Campbell-Thompson et al. 2012). Of particular relevance to 

peregrines in Manitoba is the finding of Murn and Hunt (2008) that flight skills of mature Red 

Kites (Milvus milvus), developed prior to release, enabled individuals to avoid potentially lethal 

interactions with power lines. Kites matured in captivity, and prior to release were given the 

opportunity to develop their flight skills in an aviary erected at the release location. This 

produced Kites who were accomplished fliers with superior skill and coordination only one week 

after release from the aviary. 

Delayed hack is also expected to reduce losses incurred when juveniles prematurely 

disperse from the hack site. Premature dispersal accounted for 10% of losses sustained during 

this study and has been documented in other re-introduction projects involving juveniles. The 

hold-over period in captivity can be used to not only improve the flight and hunting skills needed 

for survival but to optimize the probability of reintroduction success by ensuring proper 
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attachment to the release site. Although based on only two observations, the establishment of 

adult-released falcons at an urban nest in Winnipeg provides an optimistic basis for the 

suggestion that captive-bred falcons released as adults can adapt to wild conditions and 

successfully breed.  
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Appendix I Summary of Peregrine Falcon specimens collected in Manitoba.  
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1. Western Foundation of Vertebrate Zoology (California, USA-email correspondence March 
17, 2011)   René Corado, Collections Manager 
i. Catalog Number:  WFVZ#65882 
 

 
 
TEXT ON CARD READS AS FOLLOWS: 
 

Common Name, American Peregrine Falcon 
Scientific Name , Falco peregrinus naevius 
Date when Collected  May 20-87     No. AOU 356 (Ridgeway, 1881) 
No. of Eggs in set  Two (2)   Set Mark   414 3/2.6. 
Collector   O.G.Turner Jr. 
Locality   near Gladstone-Manitoba 
Identification  Positive    Stage of Incubation  Fresh 
Nest composed of  sticks + rough pieces of bark with some moss + feathers 
Placed on ledge of a high bluff and cliff 40 or 45 feet up-almost inaccessible 
Supplementary Notes: 

• acquired with the collection of William J. Sheffler in 1967 (R. Corado 2011)  
• “no DNA testing that I know of.  However, this set is very dark, and I checked it against 

the 650 sets we have of Prairie Falcon and none match it.  It matches perfectly our 
peregrine sets, so I am quite sure (99%), based on all my experience with Peregrine eggs 
over the past 25 years, that it is indeed a Peregrine egg” (R. Corado 2011)  

 
 
2. University of Manitoba Ornithology Collection (Accessed January 21, 2013) 
i. Falco peregrinus ummz 2866 
28 September 1997 (collector: Rodnisky) near Swan River, Manitoba 
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• male / immature 
• found injured, had been shot 

 
ii. Falco peregrinus ummz 3142 
   21 September 2005 (collector: L. Schroeder) near Sanford, Manitoba 

• female / immature 
• road killed 

 
iii. Falco peregrinus ummz 3143 
   20 May 2004 (collector: unknown) near Roblin, Manitoba 

• male / mature 
• shot 

 
iv. Falco peregrinus ummz 3144 
   June 2003 (collector: W. Batke) near Grand Rapids, Manitoba 

• female / immature 
• found dead  

 
3. Manitoba Museum Ornithology Collection (Accessed July 3 2013) 
i. Falco peregrinus anatum Tray 1-2 # 676  
15 September 1922 (collector: C.G. Harrold) Gimli, Manitoba 

• male / immature 
 
ii. Falco peregrinus Tray 1-2 # 4105 
20 July 1984 (collectors: J.L. Wylie, R.W. Nero, B. Have) Winnipeg, Manitoba 

• male / immature (nestling from CWS Wainwright re-introduction project) 
 
iii. Falco peregrinus Tray 1-2 # 4872 
29 September 1995 (collector A. Schritt) 8 km N of Rosenfeld, Manitoba 

• male / immature 
• found dead 

 
iv. Falco peregrinus Tray 1-2 # 4883  
25 April 1996 (collector: B. Jones) Winnipeg, Manitoba 

• female  
• street kill 

 
v. Falco peregrinus Tray 1-2 # 5165 
Department of Natural Resources 

• no data 
 
vi. Falco peregrinus Tray 1-2 # 5262 
12 April 1996 (collector: T. Maconachie) Winnipeg, Manitoba 

• female 
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• internal bleeding at right leg, right wing broken, very heavy internal and external 
bleeding, lower spine damaged 

 
vii. Falco peregrinus Box 3-2-101 (skeleton) 
14 September 1984 (collector: Manitoba Department of Natural Resources) Winnipeg, Manitoba 

• female 
• found at bottom of incinerator chimney (University of Manitoba) 

 
viii. Falco peregrinus 1-2-5285 (skeleton-badly damaged) 

• 1987/10/07 
• source: MB Dept of Nat. Resources  
• no data 

 
ix. Falco peregrinus 1-2-5329 
23 July 1997 (collector: J. Moyer) Winnipeg, Manitoba 

• immature 
• window strike, broken right wing 

 
x. Falco peregrinus 1-2-5325 
18 October 2001 (collector: B. Fleet) Road 25N, east off Hwy 9, Manitoba 

• male 
• appears to have been shot 

 
xi. Falco peregrinus 1-2-5318 
25 August 1998 (collector: T. Maconachie) Brandon, Manitoba 

• female / immature 
• fell from nest 

 
4. Sam Waller Museum (Town of the Pas-email correspondence January 30, 2014) 
William Shepherd, Museum Curator 

• single specimen collected by the Museum’s founder  
• purchased and not personally collected  
• date associated with the specimen: 26 September 1948  

(not clear if this refers to collection date or purchase date) 
•  specimen is 43 cm long from beak to tail  

 
5. Canadian Museum of Nature (Ottawa-online search and email correspondence February 3, 
2014)   Michel Gosselin, Collection Manager (Birds) 
 
 i. Catalog Number: CMNAV 17120 

• juvenile tundrius : Manitoba, Oak Lake, 19 Sept. 1921 
 ii. Catalog Number: CMNAV 20054 

• 1st year anatum : Manitoba, Regent, 22 May 1925 
  iii. Catalog Number: CMNAV 20073 

• 1st year tundrius : Manitoba, Regent, 27 May 1925 
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 iv. Catalog Number: CMNAV 69 
• mounted adult anatum : Manitoba, York Factory 
• received in 1884 (probably acquired by R. Bell during his visit to York F. in 1880 or 1884) 

 v. Catalog Number: CMNAV 72 
• Manitoba, York Factory 
• received in 1884 (probably acquired by R. Bell during his visit to York F. in 1880 or 1884 
• specimen exchanged with Fort Anne Museum in 1927 

 vi. Catalog Number: CMNAV E5887 
• 3 eggs received from William Isbister, Nelson House, c. 1885 

 
6. Provincial Museum of Alberta (Edmonton-online search) 
One specimen: 
10. Taxon: Falco peregrinus 
Institution Code: PMAE 
Collection Code: Provincial Museum of Alberta 
Catalog Number: 351219 
Collector/Observer: Unknown 
Date (yyyy-mm-dd): 1928-9-12 
Country: Canada 
Province/state: Manitoba 
Locality: Regent 
Longitude: -100.333 
Latitude: 49.35 
 
Canadian Biodiversity Information Facility (search by taxonomic name “Falco peregrinus” 
http://www.cbif.gc.ca/  Accessed January 30, 2014 
-no additional Manitoba records recorded in any facilities 
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Appendix II Summary of the Manitoba Peregrine Falcon recovery effort. 
  



 198 

a) Total and wild production of Peregrine Falcons in Manitoba, 1981-2014. 

Year Total Wild Production Year Total Wild Production 

1981 4 -- 1998 4 4 

1982 4 -- 1999 5 5 

1983 3 -- 2000 4 4 

1984 7 -- 2001 1 1 

1985 4 -- 2002 1 1 

1986 4 -- 2003 0 0 

1987 4 -- 2004 4 4 

1988 3 -- 2005 11 7 

1989 9 4 2006 8 5 

1990 13 2 2007 10 7 

1991 32 2 2008 3 3 

1992 10 2 2009 14 7 

1993 10 5 2010 11 9 

1994 16 10 2011 14 7 

1995 10 6 2012 18 11 

1996 9 9 2013 13 9 

1997 9 9 2014 15 13 

   Total 287 146 
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b) Graphic summary of total and wild production of Peregrine Falcons in Manitoba,  
     1981-2014. 
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c) Location and total production of hack and nest sites in Manitoba. 
 

Site Location Total Production 

1 McKenzie Seeds Building Brandon 79 

2 Old School House Gimli 4 

3 Yellowhead Manor Neepawa 4 

4 Provincial Gov’t Building Portage la Prairie 6 

5 Regency Towers Portage la Prairie 6 

6 Parkland Mews Ritchot 24 

7 Paterson Grain Rosser 6 

8 Selkirk Selkirk 1 

9 Munro Farm Supply Westbourne 2 

10 Confederation Building Winnipeg 4 

11 Fort Osborne Barracks Winnipeg 4 

12 Logan-Downtown Winnipeg 7 

13 Mary Speechly, Univ. of Manitoba Winnipeg 42 

14 Provincial Legislature Winnipeg 3 

15 Radisson Hotel-Downtown Winnipeg 63 

16 St Boniface Basilica Winnipeg 1 

17 United Grain Growers Building Winnipeg 4 

18 West Winnipeg Winnipeg 14 

19 West Winnipeg 2 Winnipeg 6 

20 Winnipeg Grain Exchange Winnipeg 4 
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d) Methods used to re-establish the Peregrine Falcon in Manitoba, 1981-2014. 
 
 

Method Total Percentage 

Hacked 130 45% 

Fostered 11 4% 

Wild-hatched 146 51% 

Total 287 100% 

 
 
 
 
 
e) Summary of wild production of Peregrine Falcons in Manitoba, 1989-2014. 
 
 

Site Location Total Status 

McKenzie Seeds Building Brandon 57 currently active 

Selkirk Selkirk 1 currently active 

Radisson Hotel-Downtown Winnipeg 58 currently active 

Logan-Downtown Winnipeg 7 currently active 

West Winnipeg Winnipeg 14 currently active 

St Boniface Basilica Winnipeg 1 not active 

Mary Speechly, Univ. of Manitoba Winnipeg 5 not active 

Provincial Legislature Winnipeg 3 not active 

 Total 146  
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f) Number of wild Peregrine Falcon breeding pairs confirmed in Manitoba, 1989-2014. 
 
 

Year Breeding Pairs Year Breeding Pairs 

1989 1 2002 1 

1990 1 2003 0 

1991 1 2004 2 

1992 1 2005 2 

1993 3 2006 2 

1994 3 2007 2 

1995 2 2008 1 

1996 3 2009 2 

1997 3 2010 3 

1998 2 2011 3 

1999 2 2012 4 

2000 1 2013 3 

2001 1 2014 4 
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Appendix III PTT deployment summary. 
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a) Summary of 2011 PTT deployment outcomes. 
 

PTT ID Sex Location Status Comments 

107330 M Brandon OFFLINE  
Presumed dead in Edinburg, Texas (USA) 

107331 F Neepawa DEAD 
 

Recovered near Whitewater Lake, 
Manitoba 

107332 M Ritchot DEAD 
 

Recovered in Winnipeg near Hydro 
facilities 

107333 M Ritchot DEAD 
 

Recovered in Winnipeg after premature 
dispersal from hack site 

107334 M Winnipeg DEAD 
 

Recovered in Winnipeg after colliding        
with a car 

107335 F Ritchot OFFLINE 
 

Presumed dead over open water (Gulf of 
Mexico ˜150 km N San Felipe MX) 

107336 M Neepawa DEAD 
 

Recovered, last confirmed location at 
hack site in Neepawa, Manitoba 

107337 M Brandon OFFLINE 
 

Presumed dead south of Horseshoe Bend, 
Arkansas (USA) 

107338 M Neepawa DEAD 
 

Recovered at the base of a utility pole in 
Minnesota, USA 

107339 F Neepawa ALIVE 
 

Last confirmed in Manitoba in 2013 
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b) Summary of 2012 PTT deployment outcomes. 
 

PTT ID Sex Location Status Comments 

115566 M Winnipeg UNKNOWN 
 

Solar battery malfunctioned shortly after 
deployment 

115567 M Rosser OFFLINE 
 

Presumed dead in Mexico: PTT placed 
into “inactive” status 

115568 F Rosser UNKNOWN 
 

Trapped by falconer in Louisiana and 
released without transmitter 

115569 M Rosser DEAD 
 

Recovered at the base of a utility pole SE 
of Flee Island, Manitoba 

115570 M Westbourne DEAD 
 

Recovered under transmission lines in 
North Dakota, USA 

115571 M Westbourne DEAD 
 

Recovered in open field near Starbuck, 
Manitoba 

115572 F Ritchot ALIVE 
 

Last location recorded at project end in St. 
Paul, Minnesota (USA) 

115573 F Ritchot DEAD 
 

Recovered next to a slough in Arkansas, 
USA 

115574 M Ritchot DEAD 
 

Recovered at Parkland Mews, remains 
scattered ˜15 m from hydro pole 

115575 F Ritchot DEAD 
 

Recovered in Minnesota, USA after 
premature dispersal from hack site 
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c) Summary of 2013 PTT deployment outcomes. 
 

PTT ID Sex Location Status Comments 

107331r M Brandon OFFLINE 
 

Presumed dead in Tampico, Mexico 
 

107332r M Brandon ALIVE 
 

Last location recorded at project end in 
Winnipeg, MB (North Transcona) 

107333r M Brandon ALIVE 
 

Last location recorded at project end in 
Saskatchewan 

107334r F Winnipeg ALIVE 
 

Last location recorded at project end in 
Saskatchewan 

107338r F Winnipeg OFFLINE 
 

Presumed dead in the state of Yucatan 
(Mexico) 

115568r F Winnipeg DEAD 
 

Retrieved in North Dakota (USA) 
 

115569r M Rosser DEAD 
 

Presumed dead in Iowa (USA) 
 

115570r M Rosser DEAD 
 

Recovered from farm property near       
hack site 

115573r M Rosser DEAD  
Recovered east of St. Eustache, Manitoba 

115574r F Ritchot DEAD 

 
Retrieved alive from farm property north 
of LaSalle, Manitoba (euthanized several 

months later in captivity due to  
poor body condition from mycotic pneumonia) 
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Appendix IV Distribution of GPS Peregrine Falcon data in Manitoba showing locations  

            recorded outside of the study area in the Mid-Boreal Lowlands ecoregion. 
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Appendix V Summary of Important Bird Areas (IBA’s) located within the study area. 
 

a) IBA designation criteria. 

b) IBA habitat characteristics. 
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a) IBA designation criteria. 
Location IBA Criteria 

MB001: Delta Marsh Globally Significant: Congregatory Species, Waterfowl Concentrations, Migratory Landbird 
Concentrations, Nationally Significant: Congregatory Species 

MB002: Douglas Marsh Globally Significant: Congregatory Species, Nationally Significant: Threatened Species 

MB009: Netley-Libau Marsh Globally Significant: Congregatory Species, Waterfowl Concentrations, Migratory Landbird 
Concentrations, Nationally Significant: Congregatory Species 

MB010: Oak Hammock Marsh WMA 
Globally Significant: Congregatory Species, Waterfowl Concentrations, Continentally Significant: 
Congregatory Species, Shorebird Concentrations, Nationally Significant: Colonial Waterbird/Seabird 
Concentrations 

MB011: Oak Lake/Plum Lakes Area 
Globally Significant: Congregatory Species, Waterfowl Concentrations, Colonial Waterbirds/Seabird 
Concentrations, Continentally Significant: Congregatory Species, Nationally Significant: Congregatory 
Species, Wading Bird Concentrations 

MB015: Whitewater Lake 
Globally Significant: Congregatory Species, Waterfowl Concentrations, Shorebird Concentrations, 
Continentally Significant: Congregatory Species, Nationally Significant: Congregatory Species, Wading 
Bird Concentrations 

MB024: Southwestern Manitoba Mixed-Grass 
Prairie Nationally Significant: Congregatory Species 

MB028: Proven Lake WMA Nationally Significant: Congregatory Species 

MB031: Dog Lake Globally Significant: Congregatory Species, Continentally Significant: Colonial Waterbird/Seabird 
Concentrations, Nationally Significant: Congregatory Species 

MB032: Duck Island Nationally Significant: Congregatory Species 

MB033: Langruth - Rm of Lakeview Globally Significant: Waterfowl Concentrations, Continentally Significant: Congregatory Species, 
Wading Bird Concentrations 

MB038: North, West, and East Shoal Lakes Globally Significant: Congregatory Species, Waterfowl Concentrations, Continentally Significant: 
Congregatory Species, Nationally Significant: Threatened Species, Congregatory Species 

MB039: Grant's Lake WMA Globally Significant: Congregatory Species, Waterfowl Concentrations, Continentally Significant: 
Congregatory Species 

MB081: Sagemace & Coleman Bay Islands Nationally Significant: Congregatory Species, Wading Bird Concentrations 

MB083: Lake St. Martin Islands Globally Significant: Congregatory Species, Continentally Significant: Congregatory Species, Nationally 
Significant: Congregatory Species, Colonial Waterbird/Seabird Concentrations 

MB085: Long Island and Long Island Bay Continentally Significant: Congregatory Species 

MB087: Marshy Point Globally Significant: Waterfowl Concentrations, Continentally Significant: Congregatory Species, 
Nationally Significant: Congregatory Species 

MB091: Riverton Sandy Bar Globally Significant: Congregatory Species, Colonial Waterbirds/Seabird Concentrations 
MB092: Sand Reef Islands Globally Significant: Congregatory Species 
MB093: Sandy Bay Marshes Nationally Significant: Congregatory Species 
MB100: Kinosota/Leifur Nationally Significant: Threatened Species 
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b) IBA habitat descriptions. 
Location Habitat Area (km2) 
MB001: Delta Marsh scrub/shrub, fen, freshwater marsh 308.2 
MB002: Douglas Marsh deciduous woods (temperate), scrub/shrub, sedge/grass meadows, freshwater marsh, bog 151.5 

MB009: Netley-Libau Marsh deciduous woods (temperate), scrub/shrub, native grassland, sedge/grass meadows, rivers/streams, 
freshwater lake, freshwater marsh, other urban/industrial areas 335.6 

MB010: Oak Hammock Marsh 
WMA 

deciduous woods (temperate), scrub/shrub, native grassland, sedge/grass meadows, rivers/streams, 
freshwater marsh, bog, arable & cultivated lands, other urban/industrial areas 67.6 

MB011: Oak Lake/Plum Lakes Area deciduous woods (temperate), scrub/shrub, sedge/grass meadows, rivers/streams, freshwater lake, 
freshwater marsh, arable & cultivated lands, rocky flats & barrens 654.1 

MB015: Whitewater Lake sedge/grass meadows, freshwater lake, inland saline lake, other urban/industrial areas 139.8 
MB024: Southwestern Manitoba 
Mixed-Grass Prairie 

deciduous woods (temperate), scrub/shrub, native grassland, rivers/streams, arable & cultivated lands, 
improved pastureland 1580.3 

MB028: Proven Lake WMA deciduous woods (temperate), sedge/grass meadows, freshwater lake, arable & cultivated lands 44.4 

MB031: Dog Lake deciduous woods (temperate), freshwater lake, freshwater marsh, coastal cliffs/rocky shores (marine), 
arable & cultivated lands, improved pastureland 223.6 

MB032: Duck Island deciduous woods (temperate), freshwater lake, freshwater marsh 24.1 

MB033: Langruth - Rm of Lakeview deciduous woods (temperate), native grassland, sedge/grass meadows, freshwater marsh, other 
urban/industrial areas 146.9 

MB038: North, West, and East Shoal 
Lakes 

deciduous woods (temperate), scrub/shrub, native grassland, sedge/grass meadows, rivers/streams, 
freshwater marsh, rocky flats & barrens 211.6 

MB039: Grant's Lake WMA deciduous woods (temperate), scrub/shrub, native grassland, freshwater marsh, arable & cultivated 
lands 15.5 

MB081: Sagemace & Coleman Bay 
Islands 

coniferous forest (temperate), deciduous woods (temperate), mixed woods (temperate), scrub/shrub, 
native grassland, freshwater lake, freshwater marsh, coastal cliffs/rocky shores (marine) 181.1 

MB083: Lake St. Martin Islands freshwater lake 384.5 
MB085: Long Island and Long 
Island Bay freshwater lake, freshwater marsh, cliffs/rocky shores (inland), other 87.3 

MB087: Marshy Point deciduous woods (temperate), native grassland, sedge/grass meadows, rivers/streams, freshwater lake, 
freshwater marsh 116.7 

MB091: Riverton Sandy Bar freshwater lake, other 18.2 
MB092: Sand Reef Islands freshwater lake, freshwater marsh, cliffs/rocky shores (inland) 10.4 

MB093: Sandy Bay Marshes deciduous woods (temperate), scrub/shrub, native grassland, sedge/grass meadows, freshwater lake, 
freshwater marsh 141.8 

MB100: Kinosota/Leifur coniferous forest (temperate), deciduous woods (temperate), native grassland, rivers/streams, freshwater 
marsh, mud or sand flats (freshwater), arable & cultivated lands, improved pastureland 76.5 
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Appendix VI Peregrine Falcon migration summary. 

a) Tabular summary of migration. 

b) North American migratory flyways.  

c) Migration routes identified for individual PTT-equipped juvenile   

     Peregrine Falcons.     
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a) Tabular summary of migration. 

PTT ID HATCH 
YEAR SEX ORIGIN 

FALL    
MIGRATION 

START 
DATE 

FALL    
MIGRATION  

START 
LOCATION 

FALL    
MIGRATION 
END DATE 

WINTER 
LOCATION 

SPRING 
MIGRATION 

START 
DATE 

SPRING 
MIGRATION 
END DATE 

SUMMER 
LOCATION 

107330 2011 M Brandon 21/09/2011 CANADA (MB) 06/11/2011 USA (TX)    

107335 2011 F Ritchot 18/10/2011 CANADA (MB) 01/11/2011 BELIZE 09/04/2012   

107337 2011 M Brandon 18/09/2011 CANADA (MB)      

107339 2011 F Neepawa 01/11/2011 USA (ND) 27/11/2011 USA (TX) 27/04/2012 06/05/2012 USA (ND)* 

115566 2012 M Winnipeg **   USA (TN)    

115567 2012 M Rosser 21/09/2012 CANADA (MB) 12/10/2012 MEXICO    

115568 2012 F Rosser 1/10/2012 CANADA (MB) 24/11/2012 ***    

115572 2012 F Ritchot 01/10/2012 USA (MN) 28/10/2012 USA (IA) 07/04/2013 29/04/2013 CANADA (MB) 

115572 2012 F Ritchot 29/09/2013 USA (MN) 02/10/2013 USA (IA) 25/03/2014 31/03/2014 USA (MN) 

115573 2012 F Ritchot 06/10/2012 CANADA (MB)      

107331r 2013 M Brandon 03/10/2013 CANADA (MB) 12/11/2013     

107332r 2013 M Brandon 03/10/2013 CANADA (MB) 17/10/2013 USA (TX) 16/04/2014 21/04/2014 CANADA (MB) 

107333r 2013 M Brandon 04/10/2013 CANADA (SK) 26/10/2013 MEXICO 05/04/2014 17/04/2014 CANADA (MB) 

107334r 2013 F Winnipeg 03/10/2013 USA (ND) 02/11/2013 Gulf of Mexico 09/04/2014 18/04/2014 CANADA (MB) 

107338r 2013 F Winnipeg 20/09/2013 CANADA (MB) 21/10/2013 MEXICO    

115569r 2013 M Rosser 03/10/2013 CANADA (MB)      
* PTT failure: subsequently confirmed alive in Brandon the following summer 

 ** PTT failure: confirmed near Steinbach, MB (02/10/2012) then Arkansas (near Little Rock) by 26/10/2012; reached Memphis, TN 01/11/2012 until 23/02/2013 when PTT failed 
*** captured by falconer in Louisiana 24/11/2012 (PTT was removed when falcon was released)
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b) North American migratory flyways.  

 
image credit: www.fws.gov 
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c)  Migration routes identified for individual PTT-equipped juvenile Peregrine Falcons.  
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107330	Fall	migration	2011:	

	
	
	
	
	
	
	
	
	
107335	Fall	migration	2011:	
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107337	Fall	migration	2011:	

	
	
	
	
	
	
	
	
107339	Fall	migration	2011:	
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107339	Spring	migration	2012:	

	
	
	
	
	
	
	
	
115567	Fall	migration	2012:	
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115568	Fall	migration	2012:	

	
	
	
	
	
	
	
	
	
115572	Fall	migration	2012:	

	
	
	
	



 220 

115572	Spring	migration	2013:	

	
	
	
	
	
	
	
	
115572	second	Fall	migration	2013:	
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115572	second	Spring	migration	2014:	

	
	
	
	
	
	
	
	
115573	Fall	migration	2012:	
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107331r	Fall	migration	2013:	

	
	
	
	
	
	
	
	
107332r	Fall	migration	2013:	
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107332r	Spring	migration	2014:	

	
	
	
	
	
	
	
	
107333r	Fall	migration	2013:	
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107333r	Spring	migration	2014:	

	
	
	
	
	
	
	
	
107334r	Fall	migration	2013:	
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107334r	Spring	migration	2014:	

	
	
	
	
	
	
	
	
	
107338r	Fall	migration	2013:	
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115569r	Fall	migration	2013:	
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Appendix VII Peregrine Falcon necropsy reports, 2011-2013. 
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Wildlife Diagnostic Report
Canadian Cooperative Wildlife Health Centre

Western College of Veterinary Medicine
52 Campus Drive

University of Saskatchewan, Saskatoon, SK S7N 5B4
Ph: # (306) 966-5815 Fax: (306) 966-7439
Email: ccwhcwesternnorthern@usask.ca

Diagnosis Date : 2013-01-22 Necropsy # : D1207013
Incident Information

Incident Code : 85222
Cross Ref: : PTT107333
Species : Peregrine Falcon (Falco peregrinus)
Age : Unknown
Sex : Unknown
Weight : 393.1grams
Date Received : 2012-03-14

Location : Address : 1790 Henderson Highway,
Winnipeg, Manitoba
Latitude : 49.9520108 Longitude :
-97.078654

Finder/Submitter Information
Submitter : 
Vince Crichton
Manitoba Conservation-Wildlife Branch
Manitoba Conservation - Wildlife Branch
Winnipeg, Manitoba
Phone : 204 945-6815

Finder : 
Unknown

Information Provided With Specimen
One Peregrine Falcon submitted for necropsy March 14, 2012 from Manitoba Conservation. This falcon was part of the
Manitoba "PEFA" Falcon Recovery Program.  PTT107333 was deployed on a captive bred male (A sideways U) on July 12,
2011 at Parkland Mews, St. Norbert Manitoba. 
Transmissions were received until July 15, 2011.  The last GPS location received from the falcon was determined to be in the
vicinity of Stergeon Road, northwest of the Winnipeg International Airport.  No data were obtained for PTT107333 after that date,
indicating that the transmitter could not communicate with the satellite (likely due to the position of the falcon, as subsequent
testing of the transmitter confirmed that it was still operating). Activity readings associated with the last lcoation indicate that the
falcon was still alive. 
On July 17, 2011 the falcon was located at 1790 Henderson Highway (Winnipeg), in front of an apartment block adjacent to a
sidewalk.  The falcon was found alive, in an upright position, by a member of the public. She transported the falcon to Wildlife
Haven. Staff at Wildlife Haven determined that the falcon was extremely dehydrated; admission weight was 410grams. No
injuries were apparent, and 20cc of fluids were administered. 
The following morning (July 18, 2011), the falcon was found dead in his pen (mortality weight 430grams). The carcass was
submitted to Manitoba Conservation for necropsy.
 

Diagnosis and Interpretation
Final Diagnosis 
 
1) emaciation
2) small multifocal bony and collagenous nodules on the ribs
 
Interpretation 
 
This falcon appears to have died of starvation and dehydration. There were no significant underlying disease processes
identified except for the small boney and cartilagenous nodules on the medial aspect of three of the ribs. These are likely a
result of localized trauma or inflammation which has long sinced resolved. This injury would have occurred months previously.

Test Results
 
Necropsy 
 
This juvenile (based on the presence of a bursa and feathering) male peregrine falcon was in very poor body condition, there
were no fat stores present throughout the specimen) and weighed 393.1grams.  There were three left ribs with 1mm hard
calcifications present.  There was a small amount of bruising present around the left hip joint, no fracture was present.  The
spinal cord long with the rib growths were fixed in formalin. Bands present 816-829-978 and red A over U.
 
Histology 
 
The following tissues are histologically normal: heart, kidney, thyroid, brain, lung, prroventriculus, gizzard, pancreas, intestines
 
Lesions are present in the following tissues:
Skeletal muscles: Myofibers are moderately atrophied.
Bursa of Fabricius: There is marked depletion of lymphocytes. The tissues are moderately autolyzed and there is freezing
artifact. Nuclear debris is abundant throughout the section.
Ribs: Two ribs are present and on each there is a 4-5 mm diameter nodule of cartilage and trabecular bone with a gradual
transition between the two tissue types. In one case the nodule is attached to the rib by mature fibrous connective tissue and
the associated rib is markedly expanded by cartilage and bone. On the other rib the nodule is attached to the bone by trabecular
bone.
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Veterinary Diagnostic Laboratory 
North Dakota State University 

Dept. 7691, Van Es Hall 
PO Box 6050 

Fargo, ND  58108-6050 
(701) 231-7527

________________________________________________________________________________ 

Accession Number: 12-7763 
Date Received: 10/04/12                     Report sent: 10/10/12 
Referring Vet: 
Billed To: PAID 
________________________________________________________________________________ 

 

________________________________________________________________________________ 

Species: Peregrine Falcon                         Sample ID: 
________________________________________________________________________________ 

REPORT OF LABORATORY EXAMINATION 

    A Peregrine Falcon, avian is presented for Necropsy. 

    NECROPSY: 
    There is an approximately 1.5 cm penetrating wound, involving 
    fracture of the proximal tip of the left coracoid bone. The 
    penetrating wound extends deep between the pectoralis thoracicus and 
    supracoracoideus muscles of the left "breast". There is hemorrhage 
    in the cavity between the muscles with numerous small maggots 
    approximately 3 to 4 mm in length present. 
    There is evulsion of the toe nail of the third left digit with 
    ankylosis of the 1st and 2nd phalangeal joints. 
    The stomach contains a partially digested small avian. 

    DIAGNOSIS: Traumatic wound involving the left "shoulder" with 
    fracture of the proximal coracoid. 
    Left foot - Third digit toe nail evulsion with phalangeal ankylosis 

    COMMENTS: Necropsy finding are consistent with a penetrating wound 
    involving the left shoulder and left pectoral muscles. X-ray of the 
    carcass did not reveal any metallic particles; however my best 
    theory is that this was a projectile wound. The carcass was in good 
    condition (very little autolysis) and the maggots were quite small 
    so the best estimate of time of death is 12 to 24 hours prior to 
    being found. 

    ADDENDUM-OCTOBER 10, 2012 

    Additional information from conversation with Isabel Martin - Welgan 
    concerning this Peregrine Falcon death.  I believe the injury that 
    caused the disablement leading to death to be a penetrating wound 
    from a foreign object and not a projectile as originally theorized. 
    (An exit wound was not found). 

______________________________ 
Jon R. Ayers, DVM, PhD 
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 Case # 12-12032 
 Client # 105171 

Frank Baldwin 
Wildlife Branch Conservation and Water 
Stewarship 
Box 14 200 Saulteaux Crescent 
Winnipeg  MB  R3J 3W3 

Owner # 106393 
Isabel Martinez-Welgan 
110 Avalon Road 
Winnipeg  MB  R2M 2L5   

  
 Date Submitted: October 26, 2012 Species: Avian Peregrine Falcons 

 
Case Report:  Dr. Rosemary Postey  
 
HISTORY:  Found dead.  
 
GROSS EXAMINATION: The remains of 4 Peregrine falcons are received.  
BIRD A: On the right leg is a red metal band with the information K3. On the left leg is a 
silver metal band with the information Avise Bird Band Write Washington DC USA 1807-
08309. Bird is completely desiccated with no internal organs. The head is separated 
from the body, skull is intact. There are no obvious fractured bones. Post mortem 
autolysis is too advanced to identify cause of death. X-rays are negative for fractures or 
projectiles.  
 
BIRD B: On the right leg is a red metal band with the information LU. On the left leg is a 
silver metal band with the information Avise Bird Band Write Washington DC USA 816-
82947. Bird is completely desiccated with no internal organs. There are 1.0cm maggots 
and also beetles on the carcass. There are no obvious fractured bones. Post mortem 
autolysis is too advanced to identify cause of death. X-rays are negative for fractures or 
projectiles. 
 
BIRD C: On the right leg is black metal band D22. On the left leg is a white metal band 
no markings. There are maggots. The right wing is missing. Body is frozen. An 
autolysed liver and gizzard remain in the body cavity. There are no obvious fractures 
(other than the separated wing) or contusions. Interestingly there is a circular black area 
with a pinpoint black focus in the center located immediately caudal to the sternum on 
the ventral body. Post mortem autolysis is too advanced to identify specific cause of 
death. X-rays are negative for fractures or projectiles.    
 
BIRD D: There is a piece of paper on the body with the information Neepawa Sept 1, 
PEFA/730/Len/11, 864.4 gm. There are no bands on the legs. Body is frozen. Body is in 
reasonable fresh condition. This is a female bird. There are no obvious fractures or 
contusions. The eyes are sunken into the orbit (but the bird has been frozen). There are 
some body fat stores present. The abdominal air sac and peritoneal lining contain a 
tangle of multiple 7-14cm long thread like white nematodes. There are also nematodes 
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in the lumen of the esophagus. The liver is congested. The proventriculus and gizzard 
are empty. There are minimal intestinal contents. No other significant abnormalities are 
observed.  
 
VIROLOGY:  
PCR RT Influenza A matrix Pooled lung / trachea  Negative  
 
 
HISTOPATHOLOGY: Bird D: 
ESOPHAGUS: Within the epithelium is a cross section of a single nematode.  
SKELETAL MUSCLE: Rare muscle fibers are expanded with circular protozoa cysts 
filled with bradyzoites.  
LUNG: Nematodes within the sections characterized as having a cuticle and bi-
operculated eggs suggestive for Capillaria sp.  
AIR SACS: Within the peritoneal cavity lining and air sacs (identified by ciliated 
epithelium lining) are multiple cross and longitudinal sections of nematodes that contain 
thick shelled embryonated oocysts. Both male (smaller) and female (larger with uterus 
and eggs) nematodes are identified on Parasite I.D. examination. Histologically these 
nematodes have cuticle, coelomyarian musculature, uninucelate intestinal tract and 
embryonated oocyts with a size that is consistent with Serratospiculum. Embryonated 
oocyts are also observed in the feces. Within the air sac there are infiltrates of low to 
moderate numbers of mixed inflammatory cells.  
INTESTINE: There are sections of multiple tapeworms within the lumen characterized 
by a tegument filled with parenchyma that contains calcareous corpuscles and a uterus 
with oocysts.  
BRAIN, TRACHEA, HEART, GIZZARD, LIVER, KIDNEY, SPLEEN, PANCREAS: No 
significant abnormalities are observed.  
 
PARASITOLOGY: 
Fecal flotation    Serratospiculum sp. few Several fluke eggs 
seen as well. 
Parasite I.D. from Peritoneal cavity:  Serratospiculum sp.  
 
COMMENT:  Several endoparasites are observed within Bird D. A large number of 
worms were observe within the abdominal air sacs and were identified as 
Serratospiculum sp. Nematodes of the genus Serratospiculum sp. are air sac parasites 
of birds. They use arthropods as intermediate hosts. Adult worms can cause 
degenerative changes in the air sac tissues and may predispose birds to pneumonia, 
occlusion of blood vessels during migration. In this bird there is evidence of 
inflammation in the air sacs and if respiration was compromised sufficiently this could be 
the cause of death. In addition tapeworms were found in the lumen of the intestinal 
tract, nematodes with operculated eggs consistent with Capillaria sp. and protozoa in 
the skeletal muscle suggestive for Sarcocysts. These are most likely incidental findings. 
There was no evidence of trauma or gunshot or pellet gun wounds.   
In Bird C there was a single focus that resembled a burn mark (contact with electrical 
wire) but with the advanced autolysis this is just speculation. The exact cause of death 
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in Bird A, B&C is undetermined due to advanced autolysis. X-rays did not reveal any 
significant trauma or projectiles. If you have any questions please contact Dr. Postey at 
204-945-7639 or rosemary.postey@gov.mb.ca.  
 
FINAL DIAGNOSIS:  
BIRD D: 

1) AIR SACS, PERITONEAL CAVITY: AIR SACULITIS WITH NEMOTODEIASIS 
(SERRATOSPICULUM)  

2) GASTROINTESTINAL TRACT: CESTODES 
3) CAPILLARIA SP. AND FLUKE EGGS IN FECES 

BIRD A, B, C:  
1) ADVANCED POSTMORTEM AUTOLYSIS WITH DESSICATION AND 

PREDATION BY BEETLES AND MAGGOTS 
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 Client ID : 102751 Case No : 13-12076 
 Dr. Dale Douma 

CVO Public Health 
CVO Office 
545 University Crescent 
Winnipeg MB 

Owner ID : 105171 
Isabel Martinex-Welgan 
110 Avalon Road 
Winnipeg MB R2M 2L5 

 Reference : MWBP 2013-003 
 

 Submitted : 16 Oct 2013 
 

Species : Avian 
 

 
Case Report:  Dr. Rosemary Postey  
 
HISTORY:  Submitted 3 Peregrine Falcons, bred captive released wild.  1 died last year 
and 2 died this year. 1 found alive something wrong with feet and euthanized.  
Wondering about gout.  
 
NECROPSY: Three Peregrine Falcons are received.  
A: Body weight is 250gm. On the left leg is a metal band that is inscribed with CAN 
GOVT CV01113. This bird has extensive advanced post mortem changes. The body is 
dessicated. All the internal organs are gone and a few maggots remain in the body. 
There is no obvious evidence of trauma. Radiographs are negative for penetrating 
foreign bodies such as bullets, pellets or buckshot.  
B: Body weight is 700gm. On the left leg is a metal band that is inscribed with CAN 
GOVT CV011112. This is a female bird. The eyes are sunken into the sockets. The skin 
is difficult to remove and the musculature is tacky (dehydration). There are minimal 
body fat stores. The skin over the ventral surface of the hocks is thickened, hyperemic, 
ulcerated and crusting. On cut surface there is underlying subcutaneous edema. There 
is increased joint fluid in the right tibiotarsal joint and the synovium is reddened and wet. 
Approximately mid sternum there is a focal crusting skin lesion. When the skin is 
removed there is an indentation into the sternum bone. The skin around the nares is red 
and the oral cavity is reddened. The esophagus, stomach and digestive tract are empty. 
The gall bladder is dilated with bile. In the abdominal air sac is a tan friable mass. A 
small tan nodule is also present within the right lung lobe. There is no obvious evidence 
of trauma. Radiographs are negative for penetrating foreign bodies such as bullets, 
pellets or buckshot.  No other significant abnormalities are observed.  
C: Body weight is 500gm. On the left leg is a metal tag inscribed with Call 1-800-327-
BAND, 22683076, Aurel MB 20708 USA. There is advanced post mortem autolysis. The 
head is desiccated. On the pads of both feet there is focal ulceration and crusting of the 
skin. There are small amounts of body fat stores. The esophagus, stomach and 
intestinal tract are empty. There is no obvious evidence of trauma. Radiographs are 
negative for penetrating foreign bodies such as bullets, pellets or buckshot. No other 
significant abnormalities are observed.  
 
TISSUES: Histopathology, virology, frozen  
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OTHER: Radiographs, photographs 
 
HISTOPATHOLOGY: 
BIRD  B: 
LUNG: Multifocally within the lung parenchyma and the posterior thoracic air sac are 
granulomas characterized by a central core of eosinophilic cellular and karyorrhectic 
debris (necrosis) bounded by numerous epithelioid macrophages, fewer viable and 
degenerate heterophils with few multinucleated giant cells (foreign body type). Within 
granulomas are many, often radially arranged, lightly basophilic to transparent hyphae 
regularly septate, thin- and parallel-walled, with acute angle dichotomous branching.  
LIVER, KIDNEY, INTESTINE, BURSA, PROVENTRICULUS, SKELETAL MUSCLE, 
HEART, BRAIN, TRACHEA: No significant abnormalities are observed.  
BIRD C:  
SKELETAL MUSCLE: There is individual muscle fiber degeneration.  
SKIN: There is serocellular debris and keratin degeneration on the skin surface.  
INTESTINE, PROVENTRICULUS, TRACHEA, ESOPHAGUS, LUNG, LIVER, SPLEEN, 
HEART, BRAIN: No significant abnormalities are observed.  
 
VIROLOGY:  
PCR Avian Influenza:  NEGATIVE 
PCR West Nile Virus:  NEGATIVE 
 
FINAL DIAGNOSIS: 
Bird A:  

1) POSTMORTEM AUTOLYSIS, DESSICATION, ADVANCED POSTMORTEM 
AUTOLYSIS WITH PREDATION BY MAGGOTS 

BIRD B:  
1) DERMATITIS HOCKS WITH ARTHRITIS 
2) DERMATITIS STERNUM  
3) STERNUM: DEVIATION 
4) LUNG, AIR SAC: MYCOTIC PNEUMONIA & AIR SACCULITIS 
5) DEHYDRATION 
6) NO FOOD 

BIRD C:  
1) BUMBLEFOOT 
2) SKELETAL MUSCLE: MILD MYOPATHY 
3) NO FOOD 

 
COMMENT: Tests for Avian Influenza and West Nile Virus are NEGATIVE. Autolysis 
was too advanced in bird A for a complete necropsy, virology testing or histopathology. 
Radiographs were negative for ballistic projectiles or fractures due to trauma. Bird B had 
dermatitis on the leg and arthritis. But it also had a fungal infection in the lung and air 
sac which would have caused death eventually. Radiographs were negative for ballistic 
projectiles or fractures due to trauma. The exact cause of death in Bird C is 
undetermined. There was evidence of bilateral skin lesions on the foot pads which 
would have made standing painful. There also was evidence of muscle degeneration in 
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the skeletal muscles. The cause of this muscle injury is not known. The digestive tract 
was empty suggesting this bird had not eaten for a period of time although there were 
still some internal body fat stores. Radiographs were negative for ballistic projectiles or 
fractures due to trauma. 
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