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Disclaimer
This Conservation Assessment was prepared to compile information on the western Purple Martin. This Assessment does not represent a management decision by the U.S. Forest Service Region 6 (USFS R6) or the Oregon/Washington Bureau of Land Management (OR/WA BLM). Although the best scientific information available was used and subject experts were consulted in preparation of this document, it is expected that new information will arise. In the spirit of continuous learning and adaptive management, if you have information that will assist in conserving the Purple Martin, please contact the interagency Special Status/Sensitive Species Conservation Planning Coordinator in the Portland, Oregon, Forest Service Region 6 and OR/WA BLM offices. 
[bookmark: _Toc524970257]

Executive Summary 
Species and Taxonomic Group
Family Hirundinidae
Subfamily Hirundininae
Genus Progne 
Species subis
Subspecies arboricola (Note: not yet recognized by all authorities)

Progne subis is the species listed on the U.S. Forest Service (USFS) and Bureau of Land Management (BLM) Sensitive Species list in Oregon, based on the nomenclature used by the Oregon Biodiversity Information Center (ORBIC). The USFS and BLM utilize the species names and the ranking mechanism from ORBIC to identify Sensitive Species in Oregon. Other entities (Integrated Taxonomic Information Service, NatureServe, and the Oregon and Washington Departments of Fish and Wildlife) recognize a western subspecies of Progne subis, P. s. arboricola. The NatureServe website notes that its distribution data for Purple Martin subspecies are “known to be incomplete or have not been reviewed,” and have not been updated to include P. s. arboricola as present in Oregon, Washington, California, Utah, Colorado, New Mexico, and British Columbia rather than just in Arizona. This Conservation Assessment recognizes the classification of three Purple Martin subspecies, and uses that nomenclature. 

Management Status
The eastern P. s. subis population is very large (10-12 million individuals), but the entire western P. s. arboricola population is thought to number <5,000 pairs. Purple Martin management status reflects little concern over the species as a whole; they are considered globally secure and have no special status at the federal level in the United States or Canada. However, it is a Species of Special Concern in California, a Sensitive-Critical species in Oregon, Red-listed in British Columbia, and a Candidate Species for listing as Threatened or Endangered in Washington. Western Purple Martins seem to have undergone an initial population increase after European colonization, followed by severe range-wide declines in the mid-20th century due primarily to habitat loss and nest site competition, and now a relatively short and recent period of population recovery. There are many records of local extirpations of western Purple Martins, especially during the 1940s – 1980s. A joint agreement between the Western Purple Martin Working Group and Partners in Flight set an objective of increasing the western population from an estimated 3,500 breeding pairs in 2005 to 6,000 breeding pairs in 2012 (WPMWG 2010). The British Columbia population objective of 800 pairs was met in 2012, and is currently up to ~1,200 pairs, almost all in nest boxes. Other jurisdictions are facing the challenge of surveying widely distributed nest box and natural cavity-nesting populations with limited resources. Due to the lack of systematic, statewide inventories, it is unknown if other state goals (>2,000 pairs in California, >1,700 pairs in Oregon, >1,500 pairs in Washington) are being met. A second objective was that at least 15% of the population would nest in natural cavities, to prevent complete reliance on human-provided housing, and progress towards this goal is also unclear (WPMWG 2010). Although Purple Martin populations have increased substantially in the Pacific Northwest since recovery efforts began 30-40 years ago, abundance is still below that of the mid-1900s, reflecting overall declines over a longer (50- to 100-year) time scale (WPMWG 2010). Purple Martins are at risk because of their small breeding population size, historic decline in numbers and range, and ongoing loss of nesting habitat. They may face potential extirpation in parts of their western range if their habitat needs are not met. 

Range and Habitat
The eastern Purple Martin (Progne subis subis) is the most widespread subspecies, breeding from south Texas to central Alberta, and from Maine and the Maritime Provinces of Canada to southern Florida (Brown and Tarof 2013). The desert Southwest subspecies, P. s. hesperia breeds in deserts of southern Arizona and the Baja California peninsula, and south to at least south-central Sonora, and possibly north into the sky islands of Arizona and New Mexico. The western subspecies P. s. arboricola, which is the focus of this report, breeds along the Pacific Coast inland to the western Cascades, from central California up north to Victoria Island, British Columbia. Western Purple Martins are also found in the Rocky Mountains and Great Basin of north-central Utah and western Colorado (Brown and Tarof 2013). These three unique subspecies are formally acknowledged by some, but not yet all, authorities (see section on Systematics below). In this paper, I use western Purple Martin or P. s. arboricola to refer to western populations of Purple Martins that occupy Oregon and Washington, as well as British Columbia, most of California, Utah, and Colorado.

The western Purple Martin appears to specialize in stands of snags killed by either fire or flooding, up to an elevation of 3500 m (Bettinger 2003). They nest opportunistically in cavities in open habitats created by disturbance like forest fire, clear cutting, or flooding from beaver ponds, which return habitats to early stages of succession with several large trees and snags retained (Horvath 1999). Purple Martins are aerial insectivores and prefer habitats with high availability of flying insects; thus, they are most abundant in mesic regions, near large wetlands and other water bodies, and at upper slopes and ridges, where aerial insects are more concentrated (Airola and Williams 2008). Besides snags in forest openings, nest sites can include coastal dunes, old pilings, and nest boxes along estuaries and rivers, gourds set on poles, and crevices in docks, bridges, and buildings (Fouts 1988; Horvath 1999, 2003). Purple Martins using natural cavities in Oregon rely heavily on Douglas-fir snags. Use of snags as breeding sites in Washington has not been well-studied. Habitat use on the wintering grounds is less well known. An initial geolocator tracking study found that the eastern subspecies has a core wintering region in highly forested areas in the Amazon Basin of northwestern Brazil, but western Purple Martins appear to occupy a geographically disparate region of southeastern Brazil, where land cover is more agricultural (Fraser et al. 2012). 

Threats
The biggest threat to western Purple Martins appears to be loss of nest sites resulting from changes in land use and/or competition from non-native bird species. Timber harvest and reforestation, snag removal, fire suppression, post-fire salvage logging, and agricultural and urban land development remain ongoing threats. The decline of Purple Martins in Oregon from the 1940s to the 1980s was associated with an increase in forestry practices that encouraged snag removal and reduced the frequency of stand-replacing fires. Many western Purple Martin populations also experienced a strong decline after the arrival and population explosion of European Starlings (Sturnus vulgaris) in the mid-1940s, and starlings appear to be responsible for some extirpations of martins from historical breeding sites. As aerial insectivores, Purple Martins are highly vulnerable to periods of cold, wet weather when they are unable forage, and to other factors causing declines in flying insect prey populations. The potential effects of climate change remain unstudied in this species, but there could be an impact if change results in less predictable spring weather, more storms, or increased drought. Increases in widespread use of agricultural pesticides are also a concern, on both breeding grounds and wintering grounds, but the exposure and contaminant levels of Purple Martins have not been measured. There is initial evidence that western populations may concentrate in one area of the Brazilian wintering grounds, which could increase the vulnerability of the entire subspecies to habitat conversion in this region, but this requires further study as well.

Management Considerations
The western Purple Martin specializes in early seral, open habitats, emphasizing the role of periodic fire for persistence and renewal of these habitat types. Where possible, consider limiting post-fire salvage logging, snag removal, and shortened logging rotations, which can all reduce Purple Martin nesting habitat. Retain snags following timber harvest or wildfire in heavily forested areas of the coast range and western Cascades, especially snags in open areas >100 m from closed-canopy forest, and where starlings are not common. Purple Martins readily colonize these newly disturbed areas. Consider creating snags years in advance of harvest so that snags decay and nest cavities become available during the early seral phase post-disturbance that is critical for Purple Martin habitat. Also consider, where possible, limiting activities such as logging, grazing, and others that could affect local hydrological processes and thus decrease insect abundance, as well as application of insecticides, in areas with known Purple Martin nesting colonies. Attempt to establish new colonies by providing nest boxes to augment the population in the short-term, and manage to promote natural habitat and cavity use over the long-term. Avoid colony establishment in areas with dense starling populations, and where possible, control development that may facilitate increases in starling abundance adjacent to existing lowland breeding sites. Erection of birdhouses has been proven to be effective in increasing local Purple Martin populations in western North America, but caution should be taken to not foster complete dependence on human-provided artificial nest sites. Climate change, and habitat loss and insecticide use on the wintering grounds, are also conservation concerns but may be largely out of the purview of managers in Oregon and Washington.

Research, Inventory, and Monitoring Opportunities
To date, there is still relatively little known about the breeding biology, life history, and demography of western Purple Martins compared to eastern populations. While many aspects of their biology are likely to be similar, their long geographic and genetic separation means that key differences may exist. More research is needed at nesting colonies in Oregon and Washington, including a better understanding of the demography of western Purple Martins using natural cavity sites. Monitoring demographic population parameters such as productivity, dispersal, recruitment, and survivorship, using the monitoring protocols adopted by the Western Purple Martin Working Group, is recommended. These data will be essential in identifying limiting factors and conducting a population viability analysis. Breeding Bird Survey routes are unlikely to provide adequate sampling of suitable habitat, and more targeted Purple Martin surveys are recommended to obtain accurate abundance and trend information for Oregon and Washington. Comprehensive population size estimates by state have not been updated since 2005, and even those were based on incomplete knowledge of populations using nest boxes and other structures; forest surveys and inventories in British Columbia and Oregon; and compilation of records, incomplete habitat surveys, and projections from available habitat in California (WPMWG 2010). Species inventories in forest habitats in Washington in particular have been identified as inadequate (WPMWG 2010). Other research needs include studies of food habits in the west, and the effects of colony size, climate change, and wintering ground conditions on western Purple Martin populations. Research on the effects of land management activities during the breeding season (e.g., cattle grazing, logging, burned timber salvage, snag retention, and insecticides) on site occupancy and reproductive success also warrant further study.
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[bookmark: _Toc524970260]A. Goal
The goal of the conservation assessment is to summarize existing information regarding the biology and ecology of the western Purple Martin (Progne subis arboricola), threats to the species, and management considerations, and to provide information to land managers to assist in the formulation of options for management activities. This species remains abundant in the eastern part of its range, but the western subspecies is of concern in Oregon and Washington due to its narrow range, small population size, reductions in available habitat and cavity nesting sites, competition for remaining cavities from non-native bird species (especially European Starlings [Sturnus vulgaris]), and possibly increases in habitat loss on Brazilian wintering grounds and agricultural insecticide use during all portions of the annual cycle. Federal management for this species follows Forest Service (FS) Region 6 Sensitive Species (SS) and/or Oregon/Washington (OR/WA) BLM Special Status Species (SSS) policies.

For OR/WA BLM administered lands, SSS policy details the need to manage for species conservation. For FS Region 6 SS policy requires the agency to maintain viable populations of all native and desired non-native wildlife, fish, and plant species in habitats distributed throughout their geographic range on National Forest System lands. Management “must not result in a loss of species viability or create significant trends toward federal listing” (FSM 2670.32) for any identified SS.

[bookmark: _Toc524970261]B. Scope
The geographic scope of this assessment and recommendations contained herein includes consideration of the known and suspected range of the Purple Martin on Forest Service and BLM lands in Washington and Oregon. Knowledge compiled from federal and non-federal lands outside of this area is included as it is relevant to the overall conservation of the species, with a focus on the western part of its range. This assessment summarizes existing knowledge of Purple Martins on USFS Region 6 and OR/WA BLM lands, but often includes data from eastern regions when data specific to the western subspecies are lacking, in order to inform management decisions. Information in this assessment was compiled from peer-reviewed scientific literature, technical reports, gray literature, personal communications, and unpublished data. Although the species is widespread and common on a continental scale, the small breeding range of the western Purple Martin, population declines documented in this region, continued pressure from non-native competitors for nest sites, and concern about long-term viability of insect prey populations affect its conservation status in Oregon and Washington. Further, the lack of subspecies-specific knowledge about the abundance, demography, and primary stressors of western Purple Martins on USFS R6 and OR/WA BLM lands, as well as unknown threats faced on migratory routes and the wintering grounds, pose a management challenge.  Uncertainty and inference are acknowledged where appropriate. Periodic updates may be necessary to keep this assessment current over time. Threats named here summarize known or suspected existing threats, which also may change with time. 

[bookmark: _Toc524970262]C. Management Status 
Global: International Union for the Conservation of Nature IUCN Red List: Species of Least Concern. For updated status visit http://www.iucnredlist.org/apps/redlist/search

NatureServe Global Rank: G5. G5 status indicates that species is apparently secure (common, widespread, and abundant). Subspecies arboricola has status TNR, or subspecies not yet ranked. For updated NatureServe status, visit http://www.natureserve.org/explorer

Canada: Committee on the Status of Endangered Wildlife in Canada (COSEWIC). No special status. Updated COSEWIC status can be found at http://www.cosewic.gc.ca

British Columbia: Species is blue-listed (denoting species or ecosystems of special concern) by the provincial government. For updated status visit http://a100.gov.bc.ca/pub/eswp/

United States: Not federally listed and not a candidate for listing under the Endangered Species Act. For updated status visit http://www.fws.gov/endangered/species/index.html

Not a U.S. Fish and Wildlife Service Bird of Conservation Concern. For updated status visit https://www.fws.gov/birds/management/managed-species/birds-of-conservation-concern.php

Interagency Special Status/Sensitive Species Program (ISSSSP): Listed as a Sensitive Species in Oregon by the ISSSSP (USDA Forest Service Region 6 and OR/WA BLM). For updated status visit http://www.fs.fed.us/r6/sfpnw/issssp

Rocky Mountain Region: Listed as sensitive by the USDA Forest Service Region 2. For updated status visit https://www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5390116

Intermountain Region: No special status in USDA Forest Service Region 4. For updated status visit https://www.fs.usda.gov/main/r4/plants-animals

Pacific Southwest Region: No special status in USDA Forest Service Region 5. For updated status visit https://www.fs.usda.gov/main/r5/plants-animals

Northwest Forest Plan: Not listed as a Survey and Manage Species under the Northwest Forest Plan. For updated status visit http://www.blm.gov/or/plans/surveyandmanage/

Partners in Flight (PIF) Conservation Strategy for Landbirds in Lowlands and Valleys of Western Oregon and Washington: Listed as focal species for riparian/open water habitats. For updated status visit http://www.avianknowledgenorthwest.net/conservation-planning/or-wa-pif-conservation-plans/87-or-wa-pif-columbia-basin-5

California: California Department of Fish and Wildlife Species of Special Concern (second priority). For updated status visit https://www.wildlife.ca.gov/Conservation/SSC/Birds

California Natural Diversity Database State Rank: S3. Vulnerable – at moderate risk of extirpation in the state due to a restricted range, relatively few populations (often 80 or fewer), recent and widespread declines, or other factors. For updated information, visit https://www.wildlife.ca.gov/Data/CNDDB/Plants-and-Animals

Idaho: Not listed as a Species of Greatest Conservation Need in the Idaho State Wildlife Action Plan. For updated status visit https://idfg.idaho.gov/species/taxa/list?category=3&srank=All&grank=All&sgcn=1

Montana: Not listed as a Montana Natural Heritage Program State Species of Concern. Is unranked by Montana NatureServe. For updated status visit http://mtnhp.org/SpeciesOfConcern/?AorP=a

Oregon: Subspecies arboricola is listed as Sensitive-Critical by Oregon Department of Fish and Wildlife in the Coast Range, Klamath Mountains, West Cascades, and Willamette Valley. Sensitive-Critical species have current or legacy threats that are significantly impacting their abundance, distribution, diversity, and/or habitat. They may decline to the point of qualifying for threatened or endangered status if conservation actions are not taken. For updated status visit http://www.dfw.state.or.us/wildlife/diversity/species/

Oregon Conservation Strategy Species (Oregon Department of Fish and Wildlife) in the Coast Range, Klamath Mountains, West Cascades, and Willamette Valley. For updated status visit http://www.oregonconservationstrategy.org/ocs-strategy-species/

Oregon Biodiversity Information Center (ORBIC) State Rank: S2B. Imperiled during breeding season – at high risk of extinction or elimination due to restricted range, few populations or occurrences, steep declines, severe threats, or other factors. View ORBIC status updates at https://inr.oregonstate.edu/sites/inr.oregonstate.edu/files/2016-rte-verts.pdf

Washington: Candidate Species under review for listing in Washington (WA Department of Fish and Wildlife). For updated status visit http://wdfw.wa.gov/conservation/endangered/list/Bird/

Listed as Species of Greatest Conservation Need in the Washington State Wildlife Action Plan (Washington Department of Fish and Wildlife). Population is very small and is essentially dependent on humans to provide nest structures, a relationship that likely has not changed since European settlement. Consequently, persistence of the population likely requires ongoing human intervention (e.g. erecting and maintaining nest structures). For updated status visit http://wdfw.wa.gov/conservation/cwcs/

Washington Natural Heritage Program State Rank: S3B. Vulnerable during breeding season - at moderate risk of extirpation in the state due to a fairly restricted range, relatively few populations or occurrences, recent and widespread declines, threats, or other factors. For updated status visit http://www.dnr.wa.gov/NHPlists

Wyoming: Listed as Species of Greatest Conservation Need in the Wyoming State Wildlife Action Plan (Wyoming Game and Fish Department). View updated status at https://wgfd.wyo.gov/Habitat/Habitat-Plans/Wyoming-State-Wildlife-Action-Plan/Birds-%281%29



Other existing Conservation Assessments and Management Plans:
Cousens, N. B. F., and J. C. Lee. 2012. Status report on the Western Purple Martin [Progne subis arboricola] in British Columbia. Prepared for the British Columbia Ministry of Environment. Victoria, BC, Canada.

Wiggins, D. 2005. Purple Martin (Progne subis): a technical conservation assessment. USDA Forest Service, Rocky Mountain Region. Available online: https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5182038.pdf
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[bookmark: _Toc524970264]A. Systematics and Synonymy
The family Hirundinidae is monophyletic (Brown and Tarof 2013), and is comprised of swallows and martins found on all continents besides Antarctica. Progne is a genus of nine closely related North and South American swallows in this family. Based on phylogenetic analysis and molecular data, the Hirundinidae can be roughly divided into two clades, with the genus Progne belonging with Tachycineta, Stelgidopteryx, Riparia, and various other New World genera that may have first evolved in the Andes (Mayr and Bond 1943, Sheldon et al. 2005). However, within the genus Progne, the Purple Martin appears to have no particularly close relatives (Moyle et al. 2008). The common name of Purple Martin refers to the glossy purple plumage of the male, and a French word for swallow-like birds. The scientific name derives from Procne, a woman in Greek mythology who was turned into a swallow to escape the revenge of her angry husband. The species name subis was given by Carl Linnaeus, and is a Latin word referring to a bird that breaks eagles’ eggs, which Purple Martins are not actually known to do. He may have chosen this name because of the vigorous way martins will harass raptors to defend their nests.

Three subspecies of Purple Martins are currently recognized in North America, though not yet by all authorities. The western Purple Martin is formally recognized by the Integrated Taxonomic Information Service and by NatureServe Explorer as a separate valid subspecies under that unique common name, but not yet by the American Ornithological Society, which has not addressed formal common names of avian subspecies since 1957. Progne subis is the species listed on the U.S. Forest Service (USFS) and Bureau of Land Management (BLM) Sensitive Species list in Oregon, based on the nomenclature used by the Oregon Biodiversity Information Center (ORBIC). The USFS and BLM utilize the species names and the ranking mechanism from ORBIC to identify Sensitive Species in Oregon. Other entities (the Integrated Taxonomic Information Service, NatureServe, ODFW, and WDFW) recognize three subspecies of Progne subis, including a western one, P. s. arboricola, first described by Behle (1968). The NatureServe website notes that its distribution data for Purple Martin subspecies are “known to be incomplete or have not been reviewed,” and have not been updated to include P. s. arboricola as present in Oregon, Washington, California, Utah, Colorado, New Mexico, and British Columbia as well as in Arizona. This Conservation Assessment recognizes the classification of the three subspecies, and uses that nomenclature in the Assessment. 

The three subspecies are purported to have non-overlapping breeding distributions (Figure 1), but there is little clear morphological difference, so the presumed subspecies boundaries are unconfirmed in some areas (Brown and Tarof 2013). The eastern variety, P. s. subis, is the most widespread. They breed throughout the United States east of the Rocky Mountains, from southern Florida north to the Maritime Provinces of Canada, and from southern Texas north to Alberta. They also are purported to breed in small patches of high elevation coniferous forest (“sky islands”) in New Mexico and central Mexico, though there is some uncertainty regarding which subspecies occupies these areas. The western subspecies, P. s. arboricola, the focus of this report, breeds along the Pacific Coast from central California to southern British Columbia, in the Rocky Mountain regions of central Utah and eastern Colorado, central and western Arizona, and eastern New Mexico. They are also thought to breed in a narrow band extending south into the Sierra Madre of northern Mexico. A third subspecies, P. s. hesperia, breeds in the Sonoran desert areas of the southern Arizona, northwestern Mexico, and Baja California (Brown and Tarof 2013).


[image: ]
Figure 1. Purported breeding range of different Purple Martin subspecies in North America (map from Wiggins 2005). Note that the exact distribution of subspecies in some areas of Arizona, New Mexico, and northern Mexico is unknown and hypothesized here (Brown and Tarof 2013). 
Morphological variation between the three subspecies is subtle and they are often not visually distinguishable, but P. s. hesperia does tend to be slightly smaller (Brandt 1951, Johnston 1966, Behle 1968) and females are paler in color (Johnston 1966), while P. s. arboricola females tend to have whiter foreheads. The three subspecies are more easily separated by nesting ecology and habitat, with P. s. subis nesting colonially in eastern lowlands, P. s. hesperia nesting solitarily in desert cacti, and P. s. arboricola nesting primarily in solitary pairs (but occasionally in loose colonies) in montane aspen forests of the Rockies and coastal areas of the Pacific Northwest (Wiggins 2005). Evidence from mitochondrial DNA suggests that these subspecies diverged about 200,000–400,000 years ago, and that there is strong differentiation between western and eastern martins (Baker et al. 2008). Martins in British Columbia and Washington state are effectively one panmictic population (Baker et al. 2008), meaning that they are genetically indistinguishable, and suggesting substantial gene flow between these two areas. 

Recent but unpublished genetic work has clarified some of the relationships among western Purple Martins. They seem to consist of at least three interconnected regional populations: Puget Sound-Georgia Basin, lower Columbia River Basin and adjacent outer Washington and Oregon coast, and California (which may consist of more than one regional sub-population) (Cousens and Baker, unpub. data). Natal dispersal occurs within and less frequently between these regional populations, as in a typical isolation-by-distance model, and there is negligible recent or ongoing genetic exchange with the eastern subspecies (B. Cousens, pers. comm.). This study also included DNA samples from the geographically separated P. s. arboricola population from the Rocky Mountain foothills in Colorado and Utah that has different elevational and nest habitat preferences. Initial results of mitochondrial DNA analysis indicate that the west coast population is likely the same subspecies as the disjunct Rocky Mountain population, but with relatively recent geographic separation (70,000-100,000 years), and limited recent or ongoing genetic exchange (Cousens and Baker, unpub. data). Baker concluded that the West Coast and Rocky Mountain populations were insufficiently isolated to be considered full separate subspecies, and are best considered separate regional populations or races, pending further study (B. Cousens, pers. comm.).

[bookmark: _Toc524970265]B. Species Description
The Purple Martin is the largest North American swallow (46-56 grams), and the only one with a dark-colored belly (Brown and Tarof 2013). The adult male is entirely dark glossy purple, but often appears black in field lighting. Females are dingy grey below, and slate blue on the head and back. Females are distinguishable from other swallow species by their large size and pronounced pale grayish collar around the nape. Yearling males resemble females in overall color pattern but their collars are usually less distinct, and they can have variable amounts of blue-black feathering on the throat or belly as well (Brown and Tarof 2013). Purple Martin wings are long (adult wingspan ~18 inches), and they are excellent flyers. Their flight pattern is typical of swallows, soaring in circles, and alternating between quick flapping and short glides with the wings held horizontally (Brown and Tarof 2013).

Purple Martins are Neotropical migrant songbirds that have a widespread breeding distribution across North America and spend the winter in South America, most often Brazil. They are aerial insectivores, meaning their diet consists almost exclusively of flying insects caught on the wing. Purple Martins are secondary cavity nesters, using holes excavated in live trees or snags by other bird species, and they often nest colonially. For these reasons, they tend to experience strong competition for nest sites and mates – there are often many “floater” non-breeding individuals, particularly young males, in a given population due to the limited number of available cavity nest sites. Purple Martins are unique among wild birds in that they are highly dependent on man-made houses or gourds for nesting, particularly in the East. In eastern North America, Purple Martins have bred almost exclusively in anthropogenic nesting structures for at least the last century (Allen and Nice 1952, Morton 1988), and humans are known to have managed Purple Martin populations in pre-Columbian times (Wilson et al. 1831, Morton 1988). Native Americans in the southeastern U.S. hung gourds from trees near their villages or corn fields to encourage Purple Martin nesting and take advantage of their mobbing behavior to keep predators away from foods set out to dry (Catesby 1731, Audubon 1831). Eastern populations are particularly colonial, in part due to the clustering of nest boxes associated with humans, and have even expanded their range in the Great Plains states due to their ability to exploit the popularity of Purple Martin stewardship for members of the general public (Bridge et al. 2016). Western martin populations use natural cavities and nest solitarily more frequently than those in the East, and there is no known history of association with western Native American or First Nations peoples (Cousens and Lee 2012). However, recent decades have seen an increased frequency of and dependence on nesting in anthropogenic sites in western Purple Martins.

[bookmark: _Toc524970266]
III. Biology and Ecology
[bookmark: _Toc524970267]A. Life History
Much of our knowledge of the biology and ecology of Purple Martins is based on studies of the eastern subspecies (Progne subis subis) (Figure 2). While many aspects of life history are likely similar for western populations (Progne subis arboricola), there may be variation due to the different habitats used by P. s. arboricola and its less colonial nesting habits. Differences between the three subspecies are noted here when they are known.

Spring arrival
In eastern Purple Martin populations, males arrive before females, and arrival date is correlated with age. Subadult birds returning for their first season as potential breeders can arrive at breeding colonies several weeks later than older birds (Morton and Derrickson 1990, Stutchbury et al. 2009a), and this carries over to 2-3 week delays in nest initiation and fledging of young (Stutchbury et al. 2009a). Similar age differences in arrival schedules are observed in western Purple Martins (Cousens and Lee 2012). In southern Michigan, there is a strong correlation between earlier arrival and warmer spring temperatures (Allen and Nice 1952), but this has not been studied in western populations. A study using citizen science data across the eastern U.S. found that Purple Martins arrive relatively early to southern states in springtime (about 30 days earlier than Ruby-throated Hummingbirds [Archilochus colubris]), but then migrate northward at a slower rate (Arab et al. 2016). Spring arrival dates of Purple Martins were not correlated with winter values of the North Atlantic Oscillation Index, but martins did arrive later at higher and presumably cooler altitudes. The authors contend that this is consistent with the hypothesis that first arrival dates are partially dependent on temperature (Arab et al. 2016).
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Figure 2. Annual cycle and timing of molt, migration, and breeding of eastern Purple Martins (P. s. subis) in north-central Texas. Note that phenology may vary from martins in western North America (P. s. arboricola). Thick lines show peak activity; thin lines, off-peak. Reprinted with permission from the Macaulay Library, Cornell Lab of Ornithology (Brown and Tarof 2013).


Earliest spring arrivals of eastern Purple Martins range from January 15 in southern Florida to May 1 in southern Canada (Morton and Derrickson 1990). Spring arrival dates for western populations are less well-documented (Brown and Tarof 2013). Some individuals are observed as early as February 25 in the lower Colorado River valley (Rosenberg et al. 1991), and March 19 in Phoenix, AZ (Phillips et al. 1964), but it is not clear whether these are P. s. subis or arboricola. Members of the desert subspecies P. s. hesperia arrive in Tucson, AZ, by April 26 (Brown and Tarof 2013). For birds that are presumably western Purple Martins, Bent (1942) notes first arrival dates of April 22 for southeastern Arizona, April 21 for northern Colorado, March 1 for central California, April 9 for west-central Washington, and April 20 for British Columbia (Table 1). 

In Oregon the earliest recorded spring arrival date of western Purple Martins is March 5 (Bayer 1995), but most individuals arrive in early April (Gilligan et al. 1994), though some not until early June (Horvath 2003). At the McDonald-Dunn Research Forest in northern Benton County, OR, the dates of first arrival for Purple Martins were April 28 in 2011 and May 1 in 2012 (Vesely 2014). First recorded spring arrival in Washington is March 10, at Ridgefield National Wildlife Refuge (Kostka and McAllister 2005).


Table 1. The timing of western Purple Martin breeding season activities, as documented in reports and published literature. Locations with asterisks indicate uncertainty in the subspecies; may be P. s. arboricola or hesperia.
	Location
	Earliest Spring Arrival
	Earliest Egg-laying
	Hatching
	Fledging
	Fall Departure
	Citation

	Oregon
	
	15-May
	
	
	
	Gabrielson and Jewett 1940

	Oregon
	5-Mar
	
	
	July - early Aug
	first half of Sept
	Gilligan et al. 1994; Bayer 1995; Horvath 2003

	Oregon
	
	June 19-23
	
	
	mid-August
	Vesely 2014

	Oregon
	
	
	mid-June to early July
	
	
	L. Gayner, unpub. data

	Washington
	10-Mar
	
	
	
	22 Sept (last known)
	Bent 1942; Kostka and McAllister 2005

	British Columbia
	20-Apr
	
	
	
	
	Bent 1942

	SW British Columbia
	1-Apr
	21-May
	
	
	mid-August (one individual)
	Cousens and Lee 2012

	Pacific Northwest
	mid-April
	late May
	late June
	mid July
	
	Darling et al. 2004

	central California
	1-Mar
	
	
	
	
	Bent 1942

	northern Colorado
	21-Apr
	
	
	
	
	Bent 1942

	lower Colorado River
	25-Feb
	
	
	
	
	Rosenberg et al. 1991

	Colorado
	
	late May - early June
	mid-June
	early July
	
	Levad 1998

	SE Arizona*
	22-Apr
	
	
	
	
	Bent 1942

	Phoenix, Arizona*
	19-Mar
	
	
	
	
	Phillips et al. 1964

	Tucson, Arizona*
	26-Apr
	
	
	
	
	Brown and Tarof 2013




Divorce
The divorce rate among eastern Purple Martins is high: reported at 87% (Morton and Derrickson 1990) or 92% (Stutchbury et al. 2016a). Stutchbury et al. (2016a) found that only 1 of 12 pairs that were tracked repaired in the following year after migration. They observed that former mates do not migrate together, and in fact there is a strong mismatch in spring migration schedules of formerly paired birds, which may explain high rates of divorce. Spring arrival dates of the members of a former pair were separated by almost two weeks, making pair reunion in the face of intense nest site competition unlikely, even when both members survived the intervening migration and overwintering periods (Stutchbury et al. 2016a). Divorce rates in western populations are unknown, but Cousens and Lee (2012) note that most pairings in British Columbia only lasted for a single season, so the limited evidence available indicates that they may be quite high.



Timing of reproduction
After arrival, adult males commonly circle high above nesting sites very early in the morning, singing what is known as a ‘dawn song’, possibly to attract yearling males to these sites (Morton et al. 1990). Pairs form after females arrive and spend up to a week or more investigating potential nest sites and mates, and the pair establishes ownership of a nest cavity (Brown and Tarof 2013). Copulation is rarely observed, and may mainly occur at night inside the nest cavity, giving paired males the advantage of mate-guarding and increased certainty of paternity (Brown 1980, Morton 1987). Both eastern and western Purple Martins often delay 2-3 weeks after pairing before starting to build nests, possibly to wait for more favorable weather conditions and insect abundance (Allen and Nice 1952, Brown 1978a, Cousens and Lee 2012), as the interval between arrival and nest-building declines later in spring (Brown and Tarof 2013). Stutchbury (1991) also noted that martins delayed breeding to coincide with the rainy season in Arizona, and hypothesized that the purpose was to time peak insect abundance with nestling food requirements. 

Nest-building activity began in late May in all three years of the McDonald-Dunn Research Forest study (Vesely 2014), but nests have been built as late as July in Oregon (Horvath 2003). Earliest nests of eastern Purple Martins are initiated in late March in Florida (Bent 1942); the earliest western Purple Martins lay eggs in mid-May (Gabrielson and Jewett 1940). Egg-laying in the gourd nest sites provided at McDonald-Dunn Forest site began between June 19 – 23 (Vesely 2014), and by May 21 in southwestern British Columbia (Cousens and Lee 2012). The incubation period typically lasts 15–18 days, with a reported range of 12–20 days, and the nestling period is usually 28-29 days in the East (Bent 1942, Allen and Nice 1952, Brown and Tarof 2013). Western Purple Martins in British Columbia appear to have a similar nesting cycle to those in the east, with an incubation period of 16-20 days and nestling stage of 27-30 days (Cousens and Lee 2012). Thus, the time from first egg laid until fledging is typically 7-8 weeks, but the total nesting period can be considerably longer if nest building is delayed due to cool, wet spring weather (Cousens and Lee 2012).

Colonies
Colony sizes of the western and desert subspecies are generally smaller than that of eastern populations (Stutchbury 1991b). Although solitary nesting is common in P. s. hesperia (Stutchbury 1991b), colonies as large as 100 pairs have been reported in Arizona, though there is some uncertainty whether these were hesperia or arboricola (Brown and Tarof 2013). The arboricola subspecies is at least slightly more colonial than hesperia, as in Colorado several pairs often use different cavities in a single tree (Gillihan and Levad 2002), with an average of three pairs per colony (range 1 to 10 pairs; Levad 2003). Western Purple Martins in Oregon also range from nesting solitarily, to a few loosely clumped pairs, to colonies of up to 55 pairs nesting in a single snag or martin house (Horvath 2003). A statewide survey in Oregon found that managed colonies (where more than half of the pairs used human-provided nest houses or gourds) had a greater mean colony size (11.2 pairs, n=55, s.d.=12.0, range 1-55 pairs) than unmanaged colonies (where more than half of the pairs used snags, pilings, etc; 3.2 pairs, n=49, s.d.=3.2, range 1-16) (Horvath 1999). Hagar and Sherman (2018) also reported that snag-nesting colonies in western Oregon were generally small, often consisting of one or two pairs, and rarely as many as six. In British Columbia, western Purple Martin colonies using natural cavities are also typically small, ranging from 1-10 pairs (Cousens and Lee 2012). In California, colonies of up to 20 pairs have been documented historically (Van Rossem 1914). Colonial breeding often evolves in bird species that do not need to defend feeding territories, like aerial insectivores (e.g. Wittenberger and Hunt 1985). Purple Martins may have evolved to tolerate each other in small, loose colonies because nest sites are limiting, and many natural snags have multiple potential nesting cavities. While they readily form larger colonies in the West when provided with dense, artificial housing, large colonies are not likely to be found under natural conditions. Colonies >35 pairs are unusual even with multiple houses (Brown and Tarof 2013).

There are several commonly reported costs and benefits to nesting colonially. Multiple authors have noted the advantages of mutual defense of nest sites with neighbors. Brown (1979) observed at least 65 occasions when an eastern Purple Martin male established on a territory defended a neighbor's territory by chasing away an intruder male in his absence. Desert-dwelling Purple Martins chose loosely aggregated nest sites with relatively large nearest neighbor distances (100-400 m); nevertheless, within these groups, martins quickly formed mobs of 6-10 birds in response to a model crow (potential nest predator) at one of the nests (Stutchbury 1991b). Eastern Purple Martins exhibit no coordinated, cooperative defense of colonies (Brown and Tarof 2013), but western Purple Martins in larger colonies have been observed to mount an effective group defense by mobbing daytime predators (Cousens and Lee 2012). However, these same larger colonies might also attract more nighttime predators, to which they are more vulnerable (Cousens and Lee 2012). No mention was found in the literature of Purple Martins engaging in group defense against European Starlings or other nest site competitors. A study of P. s. subis colonies in Oklahoma (ranging from 1-54 pairs) did not detect a predator defense benefit in productivity data, as neither clutch size nor reproductive success varied significantly with colony size (Davis and Brown 1999). Older martins in larger colonies may benefit from increased opportunities for extra-pair copulations instead (EPCs, or individuals mating with a bird outside of the social pair bond; see below).

Colonial nesting is associated with significant costs as well. The destruction of eggs or young nestlings by unpaired subadult males (and rarely young females or pairs seeking a nest) have been observed repeatedly in British Columbia (Cousens and Lee 2012). These younger males are likely attempting to disrupt the resident pair’s breeding attempt in order to claim the nest cavity and/or free the female for a second pairing and nest. This behavior is difficult to detect without nearly continuous monitoring and thus is poorly understood (Cousens and Lee 2012). The extent of these losses, and their relation to colony size, have not been quantified. Preliminary data from British Columbia show that levels of infanticide by intraspecifics vary greatly between years, ranging from negligible to an estimated 5-10% of young produced (B. Cousens unpub. data).

In the Oklahoma study mentioned above, eastern Purple Martins that were members of larger colonies devoted more time to fighting rivals and mate-guarding (Davis and Brown 1999). Ectoparasitism of nestlings by the martin mite (Dermanyssus prognephilus) increased significantly with colony size, but nestling body mass only declined with parasite load in broods of six nestlings (food may be more limiting in large broods). While vigorous fights are sometimes observed (Brown and Tarof 2013), Davis and Brown (1999) surmised that Purple Martin colonies do not routinely reach large enough sizes for the costs of antagonistic interactions or ectoparasitism to be important. The authors concluded that martins did not appear to experience significant costs or benefits of coloniality; rather, groups likely form in response to limited suitable nesting sites (Davis and Brown 1999). Evidence from British Columbia also indicates no significant reproductive costs or benefits (the mean number of fledglings per nest had no correlation with colony size; Cousens and Lee 2012).

The mating system of Purple Martins nesting in colonies includes frequent extra-pair copulations, which may benefit some members of the colony at the expense of others. The cost of extra vigilance and mate-guarding may reduce time available for foraging, but be outweighed by the extra offspring accrued by older males via extra-pair matings (Morton et al. 1990). Young males are more likely to suffer the costs of energy expended on male–male competition for both social mates and extra-pair mates (Stutchbury et al. 2009a). Most extra-pair young occur in nests of subadult males (in their first breeding season) and extra-pair sires tend to be males that are two years old or more (in their second breeding season or later) (Morton et al. 1990, Wagner et al. 1996). Young males who spend more time actively guarding their mates achieve higher paternity (Wagner et al. 1996). It is unknown whether this intense competition early in the breeding season has fitness costs (Stutchbury et al. 2009a).

Territories
Eastern and western Purple Martins do not display classical territorial behavior, but adults do defend specific nest sites, and sometimes multiple compartments within a birdhouse or nearby birdhouses, from potential predators and intraspecific intruders (Wiggins 2005, Brown 1979). Males and females of the desert subspecies nesting in saguaro cactus exhibit the most territorial behavior, defending an area around their nest cavity with a radius of about 20-30 m (Stutchbury 1991b). This study also found that many breeding pairs had extra nesting cavities within 25 m of their own cavity, and sometimes even in the same saguaro – thus, Stutchbury (1991) concluded that the availability of cavities did not prevent martins from nesting closer together. However, breeding pairs of P. s. hesperia were observed to defend extra cavities up to 115 m away from their nest site (mean: 29.1 m ± 33.4 sd; Stutchbury 1991). In nest houses, eastern Purple Martins defend a much smaller area (usually less than 1-2 m), but they also can defend multiple cavities within the same nest house (Brown 1979). The potential benefits of defending multiple nest sites include access to an alternate site if the original is destroyed, reduced interference from neighboring pairs (Robertson and Gibbs 1982), increased potential for polygyny (Brown 1979, Quinney 1985), and/or increased opportunities for extra-pair copulations if other pairs are permitted to settle in those cavities (Morton et al. 1990).

Extra-pair copulations and brood parasitism
Purple Martins of all subspecies are socially monogamous, but polygyny does occur occasionally (two pairs were confirmed in Texas in 1973 [Brown 1975]), and extra-pair copulations are common. In colonies of eastern Purple Martins in Maryland, 43-71% of the nestlings of subadult (yearling) males were fathered by males other than the apparent nest owner, while older males (2+ years old) only lost paternity of 4% of nestlings in their nests (Morton et al. 1990, Wagner et al. 1996a). Females may preferentially mate with older males even when they are socially paired with a younger one. It is not known how the frequency of extra-pair fertilization varies with martin colony size, but males in larger colonies spend more time mate-guarding, suggesting that they increase vigilance in response to the greater opportunities for extra-pair copulations (Davis and Brown 1999). Similar to eastern Purple Martins, adult birds in western populations likely parent most (~95%) of the nestlings they raise, while subadults may parent only 25-30% of theirs (Cousens and Lee 2012). 

Intraspecific brood parasitism, where a female lays one or more eggs in a nest belonging to another pair, may also be common among Purple Martins. Analysis of DNA from an eastern Purple Martin colony in Maryland suggested that only 1 in 140 offspring were produced by a female other than the nest owner (Wagner et al. 1996b), but another study (also in Maryland) estimated that 36% of all eggs of yearling females were the result of intraspecific brood parasitism (Morton et al. 1990). The authors hypothesized that the brood parasites were more likely to be other yearling females, as the age differences in nest initiation mean that older females are typically already incubating clutches by that time and no longer producing new eggs. There are no data available regarding whether brood parasitism behavior is prevalent in western Purple Martin populations, but Wiggins (2005) surmised that given the more dispersed nature of nest sites in the West, it is probably less common. 

Parental care
Both parents spend time incubating the eggs, but only females develop a brood patch (Hill III 1993a), and they incubate far more than the male (Brown and Tarof 2013). The young are brooded by only the female. After hatching the female still spends most of the hours of the day on the nest when the young are small; the frequency of brooding decreases as the nestlings age, and stops when they are approximately 10 days old (Allen and Nice 1952). Feeding duties are divided more equally. Female P. s. hesperia made about half of the feeding trips in a desert population breeding in saguaro cacti in Arizona (Stutchbury 1991b), as is also found in eastern nest-house populations (Allen and Nice 1952). After the young fledge, parents are highly aggressive in defending their broods. In eastern populations, these new juveniles are routinely harassed by subadult males, and also occasionally by adult males and females (Brown 1978b). Many Purple Martin broods continue to roost in the nest houses for a short while after fledging, but different broods will mingle freely when several groups return to the nest area at dusk together, and many juveniles roost in a nest house other than the one they were raised in (Brown 1978b). A radio telemetry study in Pennsylvania revealed that fledglings traveled a mean of 939 m from their nests on the first day, and the majority remained within two km of their nest site until day 13 (Tarof et al. 2011). Juveniles of eastern Purple Martins are independent from parental care 7-10 days after fledging (Brown 1978c). After 13-18 days post-fledging, young birds were detected on average 6 km from their natal site, after which they presumably move on to premigratory roosts (Tarof et al. 2011).

Fall roosts and departure
In late summer or fall, Purple Martins leave breeding sites soon after fledglings are independent, and gather at fall roosting sites before migrating further south. In the eastern U.S., roosts begin to assemble in early to late July and are common through August (Kelly et al. 2012). Final fall departure dates listed by Bent (1942) of martins from Seattle, Quebec, New Brunswick, Louisiana, and Florida were all in September and October. In regions where Purple Martins are abundant, they can form immense roosts of as many as 100,000 individuals (Allen and Nice 1952). In Oregon, the last Purple Martins to leave McDonald-Dunn Forest were hatch-year juveniles that departed in mid-August (Vesely 2014), but groups of martins congregate at Fern Ridge Reservoir in late August (Hagar and Sherman 2018). Martins may leave dry upland forest sites earlier, and gather at staging areas with more permanent wetlands before migrating. The last Purple Martins in Oregon are usually seen in the first half of September (Gilligan et al. 1994). 

Fall migration 
As part of a migration tracking study initiated by Stutchbury et al. in 2009, six Purple Martins in British Columbia were outfitted with light-level geolocator data loggers capable of approximating latitude and longitude of these individuals throughout the migratory and winter seasons. Tracking results obtained from four returning birds indicated previously unknown fall pre-migratory roost locations for western Purple Martins in Arizona and/or Mexico (Cousens and Lee 2012, Fraser et al. 2012). Overall migration rate was 2 to 6 times more rapid in spring than in fall (Stutchbury et al. 2009b). This same research group used geolocators to track paired vs. nonpaired birds of the eastern subspecies. They found that pair members departed on fall migration within four days of each other, but rarely occupied similar stopover sites in Central America or wintering sites in Brazil (Stutchbury et al. 2016a). Formerly paired birds were no more similar in fall migration timing or winter roost location than random sets of two birds (Stutchbury et al. 2016a). More information in Activity Patterns and Movements section below.

Wintering grounds
Much less is known about the life history, ecology, and behavior of Purple Martins on their wintering grounds. Some researchers have suggested that Purple Martins may begin flight feather molt in premigratory roosts (Russell et al. 1998), but then that molt is interrupted during migration (Niles 1972), while others claimed that they do not molt until after arrival to overwintering sites in Brazil (Allen and Nice 1952). Purple Martins do not seem to be territorial in the nonbreeding season, and do not segregate at wintering roosts by sex. The sex ratio of martins captured at winter sites was equal during mist netting at three different roosts in Brazil (Davidar and Morton 1993). While Purple Martins were once thought to primarily roost in urban areas in winter (e.g. Davidar and Morton 1993), recent data from geolocator tracking has revealed that the core wintering region for eastern Purple Martins is actually in highly forested Amazonian regions (Fraser et al. 2012). Purple Martins are still present in large numbers roosting near Manaus in northern Brazil as late as March 25 (Hill III 1993b), and the last individuals recorded there were on April 11 (Stotz et al. 1992) and April 12 (Stutchbury et al. 2009).

[bookmark: _Toc524970268]B. Activity Patterns and Movements
Adult site fidelity and dispersal
Dispersal is difficult to measure accurately; mean dispersal distances are usually underestimated because of the lower probability of resighting a banded individual that disperses far from your study site, which also makes it difficult to distinguish between mortality and permanent emigration. A study in northwestern Pennsylvania tried to account for this ‘finite study site’ bias by searching nearby colonies for returning banded martins within a >200 km radius. Second-year Purple Martins exhibited high breeding site fidelity between their first and second breeding seasons; 84% of females and 87% of males that were observed the next year returned to the same colony (Stutchbury et al. 2009a). Site-fidelity was even higher in older adults that bred in the same colony in their first two nesting seasons; 91% of those females and 94% of males were resighted again in their third year as returning breeders (Stutchbury et al. 2009a). A colony in Maryland, however, had much lower return rates; an average of 55% over nine years (Davidar and Morton 1993). In some cases, adults have been shown to disperse relatively large distances from the previous year’s breeding site (>150 km; Hicks 1933). While many adults return to the same breeding colonies year after year, Brown and Tarof (2013) suggest that adult dispersal is poorly understood. There are no quantified data on adult dispersal patterns in the hesperia or arboricola subspecies (Wiggins 2005), although a large, but not yet formally analyzed, dataset from the Georgia Basin in British Columbia roughly estimates that 5-15% relocate to other colonies between breeding seasons (Cousens and Lee 2012). Anecdotally, four individuals (out of 421) originally banded as nestlings at Fern Ridge exhibited natal and adult site fidelity, returning to breed there for the next four years (Hagar 2016).

Natal site fidelity and dispersal
As in most migratory songbirds, natal philopatry is weak, meaning that yearling martins tend to disperse away from their natal colonies after their first return migration from the wintering grounds. Return rates of banded nestlings averaged 5% (n = 20) in Ohio (Hicks 1933) and 1% (n = 203) in Texas (Brown and Tarof 2013). The majority (79%) of nestlings that returned to colonies near (within 8 km of) their natal sites are males, suggesting greater dispersal tendencies in females (Brown and Tarof 2013). Among banded nestlings resighted in their first breeding season in Michigan, 61% were found 0–1.6 km from their natal sites; 15.3% 1.6–40 km; 13.0% 40–80 km; 4.3% 80–160 km; 4.3% 160–320 km; and 2.1% >320 km (Allen and Nice 1952). In Pennsylvania, Hill (2003) found that 96% of 84 color-banded adult and sub-adult Purple Martins observed at a colony over a nine-year period were breeding within 37 miles of where they hatched. Relatively high levels of adult and natal dispersal and a near-contiguous distribution suggest that gene flow is likely high among eastern Purple Martin populations (Wiggins 2005). 

There are fewer data available to assess natal dispersal or philopatry in the western subspecies. Recent banding efforts in Oregon and British Columbia aim to change that. The USGS and U.S. Army Corps of Engineers (USACE) have been banding western Purple Martin nestlings at nest box sites on Fern Ridge Reservoir, Oregon, since 2011 (~150-350 nestlings annually) (Hagar et al., unpub. data). Boat surveys on Fern Ridge Reservoir in summer 2016 recorded 24 Purple Martins that were previously banded there (out of 421 total birds banded 2011-2015 [5.7%], nearly all banded as nestlings; Hagar 2016, Hagar pers. comm.). Most of these resighted birds were second-years returning to Fern Ridge to breed for the first time (Hagar 2016). To date, only one of the banded nestlings has been observed as an adult at a different site – a female who was banded at Fern Ridge in 2011, and then nested at the McDonald-Dunn Forest site in 2013 (Vesely 2014). In 2016-2017, 666 additional Purple Martins were banded, continuing the USACE nestling banding program, and the banding effort was expanded from Fern Ridge Reservoir and Cottage Grove Lake to multiple sites in the Coos Bay area and upland forest sites in Benton County (Hagar and Sherman 2018). This ongoing work may provide more information on dispersal in the future.

Mark-recapture data from a large, but not peer-reviewed, study in British Columbia (12,000 nestlings banded throughout the Georgia Basin; >1500 banded in northern Puget Sound, WA; from 1996-2010) show that 80% (Cousens et al. 2005) to 95% (Cousens and Lee 2012) of Purple Martin fledglings returned to breed in colonies other than their natal colony, and most exhibited site fidelity in future years once a breeding colony was selected. There was extensive mixing of the Georgia Basin and Puget Sound fledglings in their subsequent breeding season, meaning that each nesting colony was made up of adults from many other colonies across the region (Cousens and Lee 2012). These returning second-years dispersed widely, but many within 50 km and most within 250 km of their natal colonies (Cousens and Lee 2012). Young martins in this study dispersed a maximum distance of 300 km from natal sites in Puget Sound to first breeding attempts in British Columbia (Cousens and Lee 2012), and a maximum distance of 510 km south to Portland, OR, from natal origins in British Columbia (Cousens et al. 2005). Purple Martins were detected more often dispersing northward from Puget Sound to British Columbia than the reverse (Cousens et al. 2005), although this conclusion may be biased by the limited extent of the area to the south in which bands were regularly read. While this dataset awaits formal analysis, it has the potential to increase our understanding of both adult and juvenile dispersal patterns, at least in the northern part of the western Purple Martin range.

Foraging
Early in the season, before eggs are laid, Purple Martins are active at nest colony sites mainly during early morning and early evening hours, and spend most of the day foraging away from the colony (Cousens and Lee 2012). Once incubation begins, martins leave their nests for shorter periods on these foraging bouts (Brown and Tarof 2013). Peak activity at the colony during the early morning and evening time persists, and for this reason colonies can be inconspicuous in the middle of the day (Cousens and Lee 2012). Nonbreeding and post-breeding martins in Texas ranged up to 48 km from late-summer roosts on foraging trips (Brown and Wolfe III 1978). 

Incubation
Females perform the majority of incubation duties (Brown and Tarof 2013), but males often remain in the nest cavity for long periods of time while females are away from the nest, and may sit on the eggs during their mate’s absence (Allen and Nice 1952, McEwen and Hill III 1992). Males may be guarding offspring from nest site competitors, which are known to try to destroy eggs or nestlings to gain access to the cavity (Allen and Nice 1952). In Michigan, females incubated about 70% of daylight hours when temperatures were near normal (about 21°C), and increased nest attentiveness when temperatures dropped (Allen and Nice 1952). Off-bouts by females usually lasted 5–12 min (up to 35 min) in Michigan, and averaged 9.3 min in Ohio (Allen and Nice 1952). In Texas, breeding Purple Martin females always slept on their nests during incubation, and for about two weeks of the nestling period, and males either slept with the female in the nest cavity or in a different (empty) martin house room (Brown 1980). This pattern lasted until about June 15, after which both sexes more commonly roosted in trees (Brown 1980). No quantitative data are available on incubation patterns of western Purple Martins.

Migration patterns
Purple Martins were historically thought to migrate from breeding sites to overwintering grounds in South America overland through Mexico and Central America (Brown and Tarof 2013), but more recent data show a difference between the eastern and western subspecies. Huge pre-migratory roosts are found along the middle Gulf Coast in fall (Kimmerle 1993, Hill III and Chambers 1994), which suggests that much of the eastern population migrates across the Gulf of Mexico (Brown and Tarof 2013). Geolocator studies with tracking data from multiple eastern North American breeding sites confirmed a Gulf crossing during fall and spring migrations, though birds breeding further west are more likely to travel overland instead (Stutchbury et al. 2009b, Fraser et al. 2013). The first two Purple Martins tracked in this way (from Pennsylvania) moved surprisingly rapidly, flying south 2500 km to the Yucatan Peninsula in five days (500 km/day), but then undertook prolonged stopover periods of 3-4 weeks (Stutchbury et al. 2009b). Overall migration rate was 2 to 6 times more rapid in spring than in fall, with one female averaging 577 km/day in spring over nine days of flight and four of stopover (Stutchbury et al. 2009b). Phillips (1986) suggested that the majority of western Purple Martins migrate along the Mexican coastline (apparently avoiding the central highlands), and four tracked birds from British Columbia have confirmed an overland migration route through Mexico and Central America (Fraser et al. 2012). Cousens and Lee (2012) similarly tracked a single female Purple Martin from her breeding site on Vancouver Island. This female left her colony in mid-August, then spent a month at a fall roost location near Flagstaff, AZ. She left the roosting site on September 21, and followed an overland course to southeastern Brazil, arriving on November 3. She spent the winter there, and departed from her winter site on April 17, before returning to British Columbia on May 14 (Cousens and Lee 2012). 

However, migration is still much better understood for eastern P. s. subis. The aforementioned geolocator study revealed many other details of eastern Purple Martin migration, including a strikingly similar fall strategy across geographically separated breeding sites with high variability in departure dates and routes (Fraser et al. 2013). These disparate populations shared a very rapid (450 km/day) initial fall migration covering ≥2,000 km – contrasting with earlier descriptions of Purple Martins as leisurely diurnal migrants (Brown and Tarof 2013) - followed by prolonged stopovers in Central America, and then a slower rate of travel while continuing on to South America. Surprisingly, stopover duration in Central America was unrelated to whether birds crossed or circumnavigated the Gulf of Mexico, which suggests that crossing this major barrier via an extended flight did not require greater time to refuel. While longitude of breeding location did predict whether birds flew over or around the Gulf, the migratory route followed did not influence the overall rate of migration. Fall departure dates explained much of the variation in winter arrival dates, but route chosen did not (Fraser et al. 2013).

This type of migration pattern is more similar to a shorebird strategy, where widely separated breeding populations converge on the same staging areas during migration because they have predictable food resources (Fraser et al. 2013). However, it is not known whether Central American stopover sites have an unusually reliable or abundant supply of aerial insects, or how variation in food supply affects stopover duration. In contrast to other songbirds, Purple Martins do not exhibit a stop–refuel–resume strategy (Hedenstrom and Alerstam 1997). Instead, eastern Purple Martins gather at premigratory roosts closer to their breeding sites where they stay for 4–6 weeks before embarking on fall migration, then travel ~2,000 km in less than a week, and then entertain another prolonged stopover in Central America prior to rapid migration to Brazil (Fraser et al. 2013). The authors speculated that the convergence of many individuals in the Yucatan Peninsula (including Texas birds that make a detour to this region), reflects a high-quality staging area where birds can refuel for the longer migration to the Amazon and/or continue their annual molt (Fraser et al. 2013). Migration ecology of the western Purple Martin has not been studied in such detail.

Winter movements
Purple Martins form large nocturnal roosts on the wintering grounds, and they forage over large areas during the daytime to find the flying insects they require (Stutchbury et al. 2016a). Geolocator studies have revealed fascinating information about extensive and previously unknown intra-seasonal movements that occur on the wintering grounds. Stutchbury et al. (2016b) tracked a large number of eastern Purple Martins (n = 191) throughout the winter season in Brazil. They discovered that 44% of individuals exhibited intra-seasonal movements, which they defined as movements of ≥500 km to a different wintering site after arriving and staying at an initial winter roost site for at least 30 days. The average duration of initial roost occupancy was 66 ±3 (SE) days. The first intra-seasonal movement was a mean distance of 776 ±43 km to a second roost site where birds stayed a mean of 77.6 ±3.4 days. Eighteen of these 85 martins that moved once later underwent a second movement with an average distance of 763 ±47.5 km (maximum 1,100 km), where they occupied a third site for a mean of 58.1 ±4.6 days. Intra-seasonal movements were not coordinated in time or space, and the researchers found no evidence that they were driven by rainfall, temperature, age, sex, breeding latitude, or an attempt to track changing resource availability (Stutchbury et al. 2016b). Birds generally migrated away from the heavily forested northwestern Amazon to less forested regions to the south and east, but this may less reflect habitat preferences, and more reflect the fact that any movements away from the core wintering region are almost necessarily towards less forested landscapes. They concluded that the best explanation of intra-seasonal movements in this species is the competition-avoidance hypothesis, and they may be triggered by increasing local martin density in the core wintering region (Stutchbury et al. 2016b). Nothing is known about winter site fidelity in this species (Brown and Tarof 2013).

[bookmark: _Toc524970269]C. Food Habits
Breeding season
As aerial insectivores, Purple Martins almost exclusively pursue and consume flying insects in all seasons, and only rarely glean insects off of foliage or the ground (Brown and Tarof 2013). In the West, martins forage diurnally over open areas such as rivers, lakes, marshes, fields, and high above forest canopy (Horvath 2003). Purple Martins feed at higher altitudes than other swallows, and are considered to be North America’s highest-foraging songbird (Brown and Tarof 2013). They commonly feed at heights of at least 50 m, sometimes to 150 m (Johnston and Hardy 1962), and a new study using altitude loggers recorded eastern individuals flying up to 1889 m above ground (Helms et al. 2016). Martins typically forage alone or in pairs; rarely, groups of birds converge on swarms or mass emergences of insects (Brown and Tarof 2013). Purple Martin feeding behavior is sensitive to temperature because flying insects are less active in cold or wet weather. Eastern martins in Texas do not forage when air temperature falls below ~9°C or during rain, and they may not be able to survive sustained temperatures below 13°C due to the lack of food availability (Brown 1976). Purple Martins in Kansas and Nebraska have been observed congregating in towns during cold weather, presumably because insects are more abundant in the slightly warmer microclimate generated by cities and asphalt (Brown and Tarof 2013). Birds may also respond to poor weather by reducing foraging heights and feeding low over open water (Brown and Tarof 2013).

Parents of both sexes help to feed nestlings (Brown and Tarof 2013). Nestling provisioning trips of Oklahoma birds ranged up to 922 m (Helms et al. 2016). Purple Martins (P. s. hesperia) in the desert Southwest may feed far from their nesting sites over habitats different from those required for nesting (Phillips et al. 1964, Brown and Tarof 2013). Another study of food delivered to nests in Maryland found that the number of feeding trips per nestling were negatively related to the number of offspring, suggesting that food availability limits brood size (Wagner et al. 1996b). Starvation of chicks was fairly common; 15 of 80 (20%) pairs lost one nestling, and one pair lost two, to starvation. Seventeen out of the 305 nestlings in the study (5.6%) appeared to starve to death (Wagner et al. 1996b). The sensitivity of adults and nestlings to cold, wet weather, and starvation risk may be especially true in British Columbia and the Pacific Northwest, where martins live at or near the northern limit of their breeding range (Cousens and Lee 2012).

The type of insects eaten as prey probably reflect local availability and vary throughout the breeding season (Johnston, 1967). Detailed studies of diet composition have occurred only in Kansas, Oklahoma, and Alberta, Canada (all P. s. subis). The Oklahoma study found that nestlings were provisioned primarily with winged reproductive forms of social insects (ants, honey bees, and termites), which made up 88% of prey individuals and 45% of prey biomass. While 83 different prey species were documented, the five most common species accounted for 87% of prey individuals (Helms et al. 2016). In Kansas, a total of 57 insect families were found in Purple Martin diets (Johnston, 1967), and only 14 were found in a more limited study in Alberta (Walsh 1978). These included insects in the orders of beetles (Coleoptera), true bugs (Hemiptera), flies (Diptera), dragonflies and damselflies (Odonata), leafhoppers (Homoptera), grasshoppers and crickets (Orthoptera), butterflies and moths (Lepidoptera), wasps and bees (Hymenoptera), caddis flies (Trichoptera), and spiders (Araneida). In Texas, martins have been observed feeding on cicadas (Brown 1981a). Despite frequent claims that martins eat a substantial number of mosquitoes (Wade 1966), there is no credible evidence that this occurs, and the high-altitude foraging habits of martins make this very unlikely (Kale II 1968). 

The only quantitative study of Purple Martin foraging habitat preferences was carried out in Illinois by Graber et al. (1972). They classified different habitat types in their rural study area and found that in descending order, martins preferred to forage over fallow fields, shrubby areas, oat fields, soybean fields, alfalfa fields, and cornfields (Graber et al. 1972). There have been no quantitative studies of food items or foraging behavior in western Purple Martins.

Nonbreeding season
Generally, Purple Martins in winter forage over large areas during the daytime to find the flying insects they require for food (Stutchbury et al. 2016a). No details are known about foraging behavior or prey items taken during the nonbreeding season.

[bookmark: _Toc524970270]D. Range, Distribution, and Abundance
Range
The eastern Purple Martin (Progne subis subis) is the most widespread subspecies, breeding from south Texas to central Alberta, and from Maine and the Maritime Provinces of Canada to southern Florida (Brown and Tarof 2013). The desert Southwest subspecies, P. s. hesperia breeds in deserts of southern Arizona and the Baja California peninsula, and south to at least south-central Sonora, and possibly north into the sky islands of Arizona and New Mexico, though there is some debate whether these birds are P. s. subis. The western subspecies P. s. arboricola, which is the focus of this report, breeds along the Pacific Coast inland to the eastern Cascades, from central California up north to Victoria Island, British Columbia, and locally into the interior (Klamath County, OR, and west of the Cascades and Sierra Nevadas in California). Western Purple Martins are also found in the Rocky Mountains and Great Basin of north-central Utah and western Colorado (Brown and Tarof 2013).

Purple Martins winter in the central South American lowlands from eastern Bolivia to northern Brazil, and rarely in northern Argentina (Wiggins 2005, Fraser et al. 2012, Brown and Tarof 2013). Their winter distribution has been challenging to describe in detail due to difficulties in visually distinguishing this species in its winter plumage from other South American martins in the Progne genus (Brown and Tarof 2013). All Purple Martin subspecies were once assumed to mix in their overwintering range in the Amazon Basin, despite little evidence of this from banded birds (one bird banded in Oregon in 1975 was recovered in the state of Sao Paulo, Brazil; Hill III and Dellinger 1997). Recent geolocator tracking studies have clarified the core wintering region for eastern Purple Martins as the northwestern Amazon (Fraser et al. 2012). The majority of P. s. subis (76%) from northern and south-central North American breeding populations overwintered in northern Brazil near the Amazon River, in a region with relatively high cover by undisturbed forest, not in the more agriculturally-dominated areas of southern Brazil (Fraser et al. 2012). Six individuals of the western subspecies P. s. arboricola, banded in British Columbia appear to have a separate core wintering region in southeastern Brazil, ~3000 km southeast from the primary wintering region of the eastern subspecies (Fraser et al. 2012).
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Figure 3. Map of eBird data showing frequency of Purple Martins reported in Washington and Oregon during the approximate breeding season (April – August), all sightings 1900-2018. Darker purple pixels represent areas where a higher percentage of eBird checklists submitted by citizen scientists contain one or more Purple Martin sightings; frequency ranges from 0-2% of checklists (lightest purple) to 40-100% of checklists (darkest purple). Gray pixels represent areas where someone has submitted an eBird checklist, but Purple Martins were not recorded.
Citizen science data submitted to the database at www.eBird.org align with these descriptions (Figures 3 and 4). During the breeding season, Purple Martins in Oregon and Washington are most dense in coastal regions and east to the Cascades. Fewer martins are observed east of the Cascades. There are only a couple of sightings of Purple Martins in Washington and California in November, at a time when the eastern subspecies is still observed with greater frequency in the south-central and southeastern U.S. (Figure 3). 

The non-breeding season months also show a scattering of birds in Mexico, Central America, and the Caribbean, as well as in northern South America, Brazil, Bolivia, and Paraguay (Figure 4). While eBird data collected by citizen scientists are carefully reviewed and vetted, raw data presented here are not controlled for effort. Effort in South America, in particular, is likely to be quite low, and the winter distribution shown here may be influenced by the frequency of visits of eBird participants to these areas.
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Figure 4. Map of eBird data showing frequency of Purple Martins reported during the 
approximate winter season (November – February), all sightings 1900-2018. Note that in November, many individuals are still present in the southern U.S. where they do not overwinter. Darker purple pixels represent areas where a higher percentage of eBird checklists submitted by citizen scientists contain one or more Purple Martin sightings; frequency ranges from 0-2% of checklists (lightest purple) to 40-100% of checklists (darkest purple). Gray pixels represent areas where someone has submitted an eBird checklist, but Purple Martins were not recorded. 

Distribution in Pacific Northwest
The Purple Martin has been observed on five National Forests (Fremont-Winema, Rogue River-Siskiyou, Siuslaw, Umpqua, and Willamette), one National Scenic Area (Columbia River Gorge), and four BLM districts in Oregon (Coos Bay, Northwest Oregon, Medford, and Roseburg) (Stone and Huff 2009; Figure 5). Confirmed breeding has been reported recently (in the year 2000 or after) on BLM-managed lands in the Coos Bay, Northwest Oregon, and Roseburg Districts (Figure 5). Breeding occurred historically on the Fremont-Winema, Rogue River-Siskiyou, Siuslaw, and Umpqua National Forests, the Oregon side of the Columbia River Gorge National Scenic Area, and on Medford BLM District lands (mostly recently in 1998). In Oregon, the Purple Martin is an uncommon and local summer resident, primarily inhabiting the Coast Range and Willamette Valley (Horvath 2003). They are locally common at Fern Ridge Reservoir, in Lane County, and at some coastal estuaries and colonies along the Columbia River from Hood River to Astoria (Horvath 1999). Martins are rare breeders in the west Cascades foothills and interior Umpqua basin (Hunter et al. 1998, Horvath 1999). Transients are uncommon to rare in western Oregon, and rare to very rare east of the Cascades (Anderson 1989, Gilligan 1994; Figures 3 and 5). 

Purple Martins were historically more widespread in Oregon; breeding areas used to include Jackson and Klamath counties and Drews Reservoir in Lake County (Gabrielson and Jewett 1940, Browning 1975, Lund 1978). They appeared to be extirpated as breeders in these areas as of a 1998 survey (Horvath 1999), but recent sightings indicate they do occasionally breed in southern Oregon. Purple Martin males have been recorded as present throughout the breeding season in Jackson County in recent years, including in the Table Rocks Management Area (Figure 3; F. Lospalluto, pers. comm.), which is cooperatively owned and managed by the Medford BLM and The Nature Conservancy. More compellingly, adults were observed feeding fledglings near Ashland, OR, in summers 2015-2017 (K. Schneck, pers. comm.) – within the Medford District boundary, but not on BLM-managed lands. A 2016-2017 survey in western Oregon found 16 active sites where at least 17 pairs of Purple Martins were confirmed to be nesting in snags (out of a total of 84 sites surveyed across the Northwest Oregon, Coos Bay, and Roseburg BLM Districts), and no evidence of Purple Martin occupancy of 19 sites in the Elliott State Forest (Hagar and Sherman 2018). In addition, 68 nests were found at 48 sites on private timberlands (Hagar and Sherman 2018). However, the author believes that these numbers are likely not comprehensive due to the inaccessibility of some of the BLM sites (Hagar 2016).

Purple Martins have been observed on four National Forests in Washington (Olympic, Gifford Pinchot, Mt. Baker-Snoqualmie), and one National Scenic Area (Columbia River Gorge). Breeding has been recorded recently (in the year 2000 or after) on the Gifford Pinchot National Forest and the Washington side of the Columbia River Gorge National Scenic Area. Although Purple Martins are present in the single BLM District comprising all of Washington (Spokane), they have not been observed on BLM-managed lands in this state, which are mostly in eastern Washington (Figure 5). The species is very rare east of the Cascades (Woodruff 1995, Kostka and McAllister 2005; Figures 5 and 6).
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Figure 5. Documented Purple Martin observations from 1901-2017, compiled from various state and federal data sources (U.S. Forest Service’s NRIS, BLM’s GeoBOB, Oregon’s ORBIC, and Washington’s WDFW datasets). Background colors show BLM and USFS land ownership. Dot colors denote whether nesting was confirmed (orange) or unknown (yellow); dot sizes denote the number of individuals detected at each location (records with unknown numbers are included in the smallest dot category).
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Figure 6. Locations of known active Purple Martin colony sites in Washington, 1963-2004 (from Cousens et al. 2005).


In Washington, Purple Martins were rarely noted in the mid-1800s, and populations may have increased following European settlement (Lund 1978, Kostka and McAllister 2005). In more recent decades (since the 1980s), western Purple Martins have nested in colonies in Puget Trough; the Olympia-Shelton area; Fort Lewis; San Juan and Bainbridge Islands; Woodard Bay; Hylebos waterway; Vashon Island; Seabeck marina; Lake Nahwatzel; Ridgefield and Steigerwald National Wildlife Refuges; Everett, Tulalip, and Camano Islands; and Skagit and Whatcom counties (Kostka and McAllister 2005; Figures 5 and 6). Purple Martins now breed locally north to Ferndale, throughout the Puget Trough, west to Hoquiam at Grays Harbor, south to Washougal, and along the lower Columbia River east to Bingen (Kostka and McAllister 2005). Purple Martins in Washington occur primarily along the shorelines of Puget Sound, the northern shores of the Olympic Peninsula, Grays Harbor, Long Beach and extend up the Columbia River for 240-280 km (Kostka and McAllister 2005). 

In British Columbia, the western Purple Martin is limited to the coastal lowlands surrounding the Strait of Georgia, the Nanaimo Lowlands, the Gulf Islands and the Fraser Lowlands within the Georgia Depression Ecoprovince (or Georgia Basin) of extreme southwest British Columbia, at elevations below 200 m (Cousens and Lee 2012). 

In California, western Purple Martins were once fairly common, though scattered irregularly throughout the state west of the Great Basin, Mojave, and Colorado deserts at low to mid- elevations (<2000 m; Grinnell and Miller 1944). They were in greatest abundance in coastal portions of northwestern California, but also bred locally in the Modoc Plateau, Cascade Range, and Sierra Nevada, and throughout most of the central coast region and the northern Central Valley (Williams 1998). They were never known to breed on the floor of the central and southern San Joaquin Valley (Airola and Williams 2008). Populations of Purple Martins are still densest in central and northern coastal coniferous forests, and more localized in the Sierra Nevada, interior foothills, and southern California. The species’ range has contracted substantially on the central and southern coastal slope and in the Central Valley, and at least locally, in the Sierra Nevada and Cascades; a significant but declining population remains in Sacramento (Airola and Williams 2008, Airola and Kopp 2017). Lava Beds National Monument had hosted a unique population of lava tube-nesting martins since 1899 (Williams 1998), but they have been recently extirpated (Cousens et al. 2016).

Abundance
The Western Purple Martin Working Group estimated the population in 2005 at ~3500 pairs for California, Oregon, Washington, and British Columbia (based on knowledge of populations using nest boxes and other structures; forest surveys and inventories in BC and OR; and compilation of records, incomplete habitat surveys, and projections from available habitat in CA) (WPMWG 2010). The 2005 estimates for each region were: 1,300 pairs in California, 1,100 in Oregon, 700 in Washington, and 400 in British Columbia (WPMWG 2010). In 2010, a different assessment estimated the British Columbia Purple Martin population at ~585 nesting pairs, or <1,300 individuals including non-breeding birds (Cousens and Lee 2012). The BC population has since increased to ~1200 pairs in 2016-2018 (B. Cousens, pers. comm.). Previous statewide estimates from censuses in Oregon found 168 pairs (Lund 1978) and 784 minimum pairs (Horvath 1999), and the continued increase may reflect the installation of more artificial nest structures (Horvath 1999). In Oregon and Washington, some specific nest box colonies are well-monitored, but no comprehensive, statewide estimates have been made since 2005.

In California, western Purple Martins have declined dramatically in the last 50-70 years, to a rough statewide population estimate of between 950-1,850 nesting pairs, with a concurrent contraction in range (Airola and Williams 2008, Airola 2009). Martins are now absent or nearly so in areas of formerly occupied low elevation habitat in southern California and the Central Valley (Airola and Williams 2008). The statewide population has likely declined since the last estimates in 2008, due to the 80% decrease in the well-monitored Sacramento population since 2004 (Airola and Kopp 2017), and the recent extirpation of the Lava Beds population (D. Airola, pers. comm.). No comprehensive estimates exist for the Rocky Mountain and Intermountain regions, but 250–500 pairs were estimated to nest in Colorado over a decade ago (Kingery and Graul 1978, Gillihan and Levad 2002).

[bookmark: _Toc524970271]E. Population Trends
The Breeding Bird Survey (BBS), started in 1966, is a continental-scale survey of breeding birds in North America, carried out by volunteer observers, and is one of the most important large-scale monitoring efforts tracking population change (Sauer et al. 2017b). Data from BBS suggest that the overall Purple Martin population is relatively stable on a continental scale, with threatened populations only on the Pacific Coast, in New England, and in Maritime Canada (Wiggins 2005). The Purple Martin has been designated as sensitive by several western states and provinces in part because of concerns about long-term population declines in the western subspecies in particular, and in the aerial insectivore guild in general. Population trends of P. s. arboricola along the Pacific Coast and in the Rocky Mountains are more difficult to measure, as martins occur at relatively low densities and are typically not well-surveyed by BBS routes (Wiggins 2005, Tautin et al. 2008, Cousens and Lee 2012). 

Aerial insectivores
Many aerial insectivorous birds in North America – including swifts, swallows, nightjars, and some flycatchers - have experienced steep population declines since the mid-1980s, particularly among long-distance migrants (Nebel et al. 2010, Sauer et al. 2011). Twenty out of 33 aerial insectivores studied show negative trends in abundance (Sauer et al. 2014). This specialized group has experienced more severe declines than any other foraging guild, including an estimated 60% decline since 1970 in Canada (North American Bird Conservation Initiative
Canada 2012). A recent analysis of BBS data found a strong geographic pattern; declines of aerial insectivores appear more prevalent in northeastern North America (Nebel et al. 2010). Another analysis of BBS data of Purple Martins alone confirmed a pattern of strong declines in the Northeast, mid-Atlantic, and upper Midwest, but increasing trends with a few localized declines in Washington and Oregon (Fraser et al. 2012). The most recent study instead reported that guild-wide declines were not actually more severe in the northeast, and that this may be an artifact of grouping multiple species together (Michel et al. 2016). This study also used BBS data, and found extensive within-species synchrony in trends and limited agreement across species except at smaller spatial scales (Michel et al. 2016). The authors suggest that a single guild-wide driver of trends is unlikely, and instead populations respond to species- and region-specific environmental change. The Purple Martin data point (representing a number of survey routes) in Oregon showed steep decline, matching negative trends for most other Pacific Northwest aerial insectivores in the study (Michel et al. 2016). 

Breeding Bird Survey
Published analyses of BBS data indicate that the range-wide breeding population of Purple Martins has been stable over the last 40 years (Tautin et al. 2008), but show evidence of declines in this species in the Pacific Northwest (but see potential increasing Purple Martin trends in California; Michel et al. 2016). Online BBS analysis tools using annual indices produced by robust hierarchical models that correct for multiple sources of bias (Sauer et al. 2017a) generally show significantly positive trends in this region from 1966-2015 (Table 2, Figure 7). However, BBS results should be interpreted with caution, as BBS data are better suited for monitoring trends in Purple Martin populations east of the Rockies, where populations are larger and there is more habitat overlap with survey routes (Tautin 2007). In the western U.S., Purple Martins are not often found in rural areas where survey routes tend to be located (Wiggins 2005, Cousens and Lee 2012), and their patchy distribution, wide-ranging foraging habits, and limited numbers makes detection challenging (Tautin et al. 2008). For instance, from 1968-2004 an average of <6 individuals per year were recorded during all BBS surveys in California (Airola and Williams 2008), which does not provide a robust dataset for trend analysis. Purple Martins have only ever been detected on 6-7 BBS routes in Washington and British Columbia, and 15 routes in Oregon, which yield trend estimates rated as unreliable (Table 2; Sauer et al. 2017a). The Canadian Breeding Bird Survey (Environment Canada 2010) considers their data to be insufficient to provide distribution or population trend information on western Purple Martins in British Columbia, and does not distinguish between subspecies (Cousens and Lee 2012).
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Figure 7. Population abundance trends in Purple Martin breeding areas across North America from 1966-2013. Percent change per year is derived from Breeding Bird Survey data with annual abundance indices annual produced by robust hierarchical models (Sauer et al. 2017a). This map should be interpreted with caution, as small sample sizes in Oregon and Washington indicate results may be unreliable (see text for details).  Maps available at https://www.mbr-pwrc.usgs.gov/bbs/tr2013/trend2013_v1.html. 


Trends in the Pacific Northwest
Part of the seemingly conflicting trend data may stem from the fact that western Purple Martins have undergone a pattern of population increase (initially benefitting from association with humans), then an extended period of decline, and are now in a phase of initial population recovery. For instance, martins in this region appeared to increase in abundance from early records of European settlement up until the 1940s (Cousens et al. 2005), concurrent with increasing use of cavities in buildings and other structures for nesting which may lower the risk of nest predation (Jewett et al. 1953, Richmond 1953, Fraser et al. 1997, Kostka and McAllister 2005). The arrival in the mid-1940s and subsequent population explosion of the European Starling on the west coast preceded a steady decline of the urban populations (and possibly wild-nesting birds, though these were not well-monitored) over the next several decades (Brown 1981b, Campbell et al. 1997, Smith et al. 1997). Also during this time, ongoing habitat loss due to agricultural and urban development in coastal lowland areas, large-scale timber harvest, snag removal and post fire salvage, and fire suppression that reduced stands of fire-killed snags likely contributed to the decline (Cousens et al. 2005). By the early to mid-1970s, Purple Martins were extirpated from most of their previous range in the Pacific Northwest, including the British 
Table 2. Breeding Bird Survey trends of western Purple Martins are presented as the ratio of annual adult abundance indices for the first and last years of the study interval (Sauer et al. 2017a). Significant results (95% confidence intervals do not overlap zero) are in bold font, and near-significant results (90% confidence intervals do not overlap zero) are in italic font. Sample sizes (n) reflect the number of routes within each region where Purple Martins have been detected. Credibility measures (Red [R] = important data deficiency, sample sizes <5 routes or abundance <0.1 birds/route; Yellow [Y] = data deficiency, sample sizes <14 routes or abundance <1.0 birds/route; dash [-] = not available) for these regions are rather low, indicating that BBS trends are not likely to be reliable (Sauer et al. 2007a). 
	 
	N
	Credibility measure
	1966-2015
	1966-1985
	1990-2015

	 Region of BBS routes
	
	
	Trend
	95% CI
	Trend
	95% CI
	Trend
	95% CI

	USFWS Region 1 (WA/OR/ID)
	-
	-
	4.69
	 1.46-8.23
	3.96
	-2.45-9.74
	5.20
	1.35-10.06

	USFWS Region 8 (CA/NV)
	-
	-
	2.90
	 0.68-4.84
	2.68
	-2.94-6.27
	3.39
	1.06-5.93

	Western BBS region
	136
	R
	-3.71
	 -9.38-0.84
	-9.59
	-20.47-0.34
	1.77
	-1.32-5.11

	Northern Pacific Rainforest (WA/OR/CA)
	-
	-
	3.92
	2.05-5.89
	3.88
	0.73-7.50
	4.14
	1.79-6.73

	Northern Pacific Rainforest (all)
	44
	Y
	5.35
	 2.83-8.52
	4.05
	-0.17-8.57
	6.54
	2.90-12.25

	Oregon
	15
	Y
	4.35
	0.72-8.33
	3.99
	-3.18-10.32
	4.60
	0.43-10.15

	Washington
	7
	R
	6.34
	0.72-13.93
	5.43
	-7.94-20.36
	6.94
	0.17-20.48

	California
	38
	Y
	2.90
	 0.68-4.84
	2.68
	-2.94-6.27
	3.39
	1.06-5.93

	British Columbia
	6
	R
	12.58
	 2.31-34.68
	9.35
	-22.35-52.45
	14.84
	2.12-55.53




Columbia lower mainland, much of southeast Vancouver Island and most of western Washington (Cousens et al. 2005). However, they experienced a strong rebound following widespread volunteer recovery efforts and addition of manmade nest houses, initiated in Washington in the mid-1970s and British Columbia in 1985 (Fraser et al. 2000, Cousens et al. 2005).

In contrast to BBS data, many anecdotal or colony-specific observations from the Pacific Northwest illustrate the multi-decade period of decline. For instance, a Purple Martin pre-migratory roost containing 7000–12,000 birds that existed in the mid-1940s in Seattle, WA (Higman 1944, Larrison 1945), now seems to have completely disappeared. Large fall roosts are no longer found anywhere in the northwest, which some researchers have interpreted as illustrating the magnitude of decline (Tautin et al. 2008). Anecdotal reports suggest a drastic decline of western Purple Martins in Oregon from 1940 to the 1980s (Sharp 1986), which Horvath (2003) attributed to large snag removal to reduce fire danger and an increase in the European Starling population. While western Purple Martins were reported to be common in the southern Willamette Valley during the 1940s (Gullion 1951), populations appeared to be in steep decline through most of the state during the 1940s – 1980s (Sharp 1986), with a concurrent contraction in breeding range (Horvath 1999). For instance, Horvath (1999) did not document a single Purple Martin in Coos County, OR, but a nest box program initiated in 1998 recorded ~100 pairs using nest boxes in the Coos Bay area in 2017 (Metzler 2017). In another anecdote, a nest box program along the lower Columbia River, OR, increased the number of local nesting pairs from 80 in 1985, to >400 in 1995, to 570 in 2018 (Fouts 1996; R. Price, pers. comm.). Others have noted that the number of breeding pairs in Washington has rebounded from just a few known pairs in the 1970s to an estimated 700 pairs in 2004 (Cousens et al. 2005). This pattern of steep decline and recent recovery is also common to British Columbia (Cousens and Lee 2012), and perhaps also widespread in Oregon (Copley et al. 1999).

In California, researchers have also noted substantial population decline since the 1940s, as well as local extirpations (Airola and Williams 2008). Martins have abandoned formerly occupied lowland habitat in southern California, and are nearly extirpated from the interior Central Valley (Airola and Williams 2008) where they were once reportedly abundant (Ridgeway 1877, Tautin et al. 2008). The well-monitored Sacramento area population declined by 81% from 2004 to 2016 (Airola and Kopp 2017). Lava Beds National Monument historically supported a unique population of lava tube-nesting martins (Williams 1998), but none have been recorded breeding there since 2009 (Cousens et al. 2016). In British Columbia, western Purple Martins declined in abundance from the 1960s to 1980s, also following the arrival of non-native European Starlings, an aggressive competitor for nesting cavities (Brown 1981b). Only five pairs were known to breed in British Columbia in 1985, but this grew to 600 pairs in 2006 following a widespread nest box construction program (Lee et al. 2007), and 585 pairs in 2010 (Cousens and Lee 2012). Still, the Western Purple Martin Working Group maintains that the overall western population has substantially declined in the last 50-100 years. Despite establishment of nest box programs that have promoted this initial population recovery, western Purple Martin abundance is still below that of the mid-1900s (WPMWG 2010).

[bookmark: _Toc524970272]F. Demography
Nesting ecology of the western, desert, and eastern subspecies of Purple Martins differs greatly, particularly in typical colony sizes and nesting habitat, which means that the factors limiting population growth are likely to be different in each region (Wiggins 2005). However, most studies have been conducted on eastern populations, and these demographic data may or may not apply to martins in Oregon and Washington.

Clutch size, productivity, and nest success
In Pennsylvania, older pairs tend to have earlier first egg dates (May 31) than males paired with younger females (June 5) (Tarof et al. 2011). Clutch sizes of Purple Martins are typically 4-5 eggs (Table 3), with yearlings producing fewer eggs on average than adult birds (Brown and Tarof 2013). In western Oregon, clutch size is typically 3-6 eggs, with a mean of 4.6 (n=126) (Fraser et al. 1997, Horvath 1999; Table 3). In British Columbia, clutch sizes range from 2-7 eggs with subadult birds typically laying 4-5 eggs and adults usually laying 5-6 eggs (Cousens and Lee 2012). 

Yearlings generally produce fewer offspring per nest than older birds (Brown 1978d), perhaps because young adults forage less efficiently. Annual reproductive success of eastern Purple Martins ranges from 2.3 (in Pennsylvania; Hill et al. 1995) to 4.17 (also in Pennsylvania; Tarof et al. 2011) fledglings per nest. In Oregon’s McDonald-Dunn Forest survival rates of eggs and nestlings were remarkably high. The number of fledglings per nest in 2011- 2013 ranged from 4.5 to 5.0, and every egg laid in a gourd during these years resulted in a nestling that fledged successfully (Vesely 2014; Table 3). For comparison, the Silver Lake colony in Washington had a mean of 4.1 fledglings per nest in 2013 (Bruker 2013, cited in Vesely 2014), and the Fern Ridge colony in Oregon had 2.6 fledglings per nest in 2011 (Swift 2011, cited in Vesely 2014). In British Columbia, mean productivity was 3.09 young fledged per pair from 1997-2010, but individual colonies ranged from <0.5 young/pair following poor weather in 2008 to 5.0 young/pair after favorable summer weather in 2010 (Cousens and Lee 2012).

Purple Martins are nearly always single-brooded; second broods after a successful first nest are rare in this species (2 out of 35 eastern pairs in north-central Texas attempted it [Brown 1978b], but no other reliable records exist). However, pairs of all subspecies frequently nest again after the loss of their first clutch or brood (Brown 1978d, Brown and Tarof 2013). As far as it is known, western Purple Martins are single-brooded throughout their breeding range (Cousens and Lee 2012). In western Oregon, most young fledge in July and early August, although some nestlings are still being fed in late August (Horvath 2003; Table 1).


Table 3. Reproductive data available for western Purple Martins, as documented in reports and published literature. Locations with asterisks are a different subspecies: P. s. hesperia.
	Location
	Clutch Size
	Number of fledglings (per nest)
	% of young fledged
	Citation

	Oregon
	
	
	25% from 1st nests; 90% from 2nd nests
	Crowell and Nehls 1975

	Oregon
	
	2.6 (# years = 1)
	
	Swift 2011

	Oregon
	
	range 4.5-5.0                 (# years = 3)
	
	Vesely 2014

	northern Puget Sound
	
	1.0 (per PAIR;             # years = 1)
	
	Kostka unpub. data

	Washington
	
	4.1  (# years = 1)
	
	Bruker 2013

	British Columbia
	4.6
	
	
	Fraser et al. 1997

	British Columbia
	range 2-7; mean 4.8
	range 0-7; mean 3.09 (per PAIR;          # years = 14)
	
	Cousens and Lee 2012

	Arizona*
	3.9
	
	
	Stuchbury 1991b




Floaters
Both males and females can and often do breed at one year of age (i.e. the spring and summer after they were born) (Brown and Tarof 2013). However, floater populations of nonbreeding individuals exist, and these floating individuals are more likely to be young males (Stutchbury 1991a). Young males can fail to find mates even if they hold territories with suitable nest cavities (Rohwer and Niles 1997). The prevalence of unmated males varies: 12.9% of yearling males in a Maryland colony went unmated (n = 179), versus only 3.6% of adult males (n = 167) and 0.6% of females (n = 302) (Wagner et al. 1996a), and some yearling male P. s. hesperia held territories but did not attract mates (Stutchbury 1991b). Compared to other species of cavity-nesting swallows, floaters are actually less common in Purple Martins, because of the common apartment-style nest houses that allows many yearlings to claim unused rooms or cavities, at least in the East (Stutchbury and Robertson 1985, Stutchbury 1991a). The exact proportion of floaters is difficult to measure, even in a banded population, because unbanded bachelors are not identifiable by nest site and they move between colonies, so their breeding status is often uncertain (Cousens and Lee 2012). Anecdotal observations suggest that floater males likely comprise at least 5-10% of the British Columbia population (Cousens and Lee 2012). Floaters move between colonies searching for opportunities to mate, but they tend to congregate at larger colonies as the breeding season advances (Cousens and Lee 2012). The percent of floaters or non-breeding individuals in Oregon and Washington Purple Martin populations is unknown. 

Survival
Brown (1978b) found relatively high juvenile survival 4-5 days after fledging for eastern Purple Martin populations in Texas. Twenty of the 26 broods he studied in 1974-1975 had a 100% survival rate from time of fledging until they left their grouping areas. The other six broods lost a member, but it was unclear whether the fledgling died or was adopted by another pair, which is not uncommon at this stage (Brown 1978b). A large mark-recapture study of 3990 banded fledglings in northern Pennsylvania (from 1998-2002) estimated apparent annual survival of juveniles (i.e. from fledging to returning to breeding sites the following spring) at 0.27 ± 0.027 SE (Tarof et al. 2011). The best model of survival showed that survival probability decreased with later fledge dates and larger brood sizes. A similar analysis of Purple Martin Conservation Association data (from 1995-2007) also estimated juvenile survival over this time interval at 27% (Tautin et al. 2006). Young eastern Purple Martins survived from fledging to reaching premigratory roosts at a much higher rate (0.87 ± 0.03 SE) than the later stage that included leaving these roosts through migration and winter (0.32 ± 0.04 SE) (Tarof et al. 2011). Most juvenile mortality (81%) occurred after the onset of migration (Tarof et al. 2011). 

Annual survivorship, based on band recovery data from across North America, was estimated at 60.9% ± 2.2 SE for adults and 32.2% ± 4.5 for first-year birds using older software, program SURVIV (Francis 1995). Annual adult survival was also studied in more detail in northern Pennsylvania. The best model included age-specific survival (different rates for birds 1 year old, 2-4 years old, and 5+ years old) and an age by sex interaction (Stutchbury et al. 2009a). One-year-old females had lower survival rates (0.48 ± 0.03 SE) than young males (0.59 ± 0.02 SE), but sex differences were not apparent in older birds (2-4 years old: females, 0.64 ± 0.02; males, 0.62 ± 0.02). Eastern Purple Martins at least five years old had intermediate rates of apparent survival, higher than that of juveniles but lower than that of the middle age category (females: 0.51 ± 0.06; males: 0.52 ± 0.05) (Stutchbury et al. 2009a). While a higher probability of permanent emigration can contribute to lowered observed survival of younger birds, the authors thought that this was unlikely to have a large effect, because they recorded few floaters and detectability at large pre-migration roosts was high. Survival models that varied by year were not well-supported, so there was no evidence of an effect of annual variation in prevalence of West Nile virus nor the El Niño Southern Oscillation Index (Stutchbury et al. 2009a). 

In British Columbia, a 14-year non-peer-reviewed study of western Purple Martins yielded non-breeding season survival estimates of 38-59% (of all age classes combined), with a mean of 46% (Cousens and Lee 2012). This calculation is fairly crude – it would be expected to somewhat overestimate full annual survival, but the difference is likely to be small because adult survival is thought to be relatively high during nesting. However, the inclusion of recently fledged birds that leave breeding colonies for their first migration and winter period is likely to depress the calculated estimate compared to adult non-breeding survival alone. The authors also found a significant positive relationship between the population-wise survival rate between nesting seasons, productivity the previous season, and population growth rate, indicating that changes in abundance at their study site are highly correlated to both survival and prior productivity (Cousens and Lee 2012). No data specific to Oregon and Washington are available regarding juvenile or adult survival. 

Life span
The longest-lived western Purple Martins known are two 11-year old females, banded in British Columbia in 1998 and resighted in 2009 (Cousens and Lee 2012). While mortality is high for newly fledged juveniles during fall migration, resulting in a mean lifespan of just 1.0 years, those that survive the first winter can expect to live to 2-3 years old. Few will live longer than 4-5 years (Cousens and Lee 2012).

Projection model
A population projection matrix model completed by Wiggins (2005) used demographic data from multiple subspecies: studies of P. s. hesperia in Arizona (Stutchbury 1991b), the summary in Brown and Tarof (2013), and survival data from Francis’ (1995) demographic analyses. The model suggested that Purple Martin population dynamics are more sensitive to variation in survival rates than reproductive rates, particularly survival of adult birds (Wiggins 2005). Although reproductive success and survival of juveniles are also important factors, adult survival appeared to be most limiting to population growth. However, note that this model was completed in 2005, before rigorous data on juvenile survival were available – and due to a lack of data from western populations, it combined data from all three subspecies. 
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Breeding season
Eastern Purple Martin populations have been almost totally dependent on anthropogenic nest sites for the last 200 years (Brown and Tarof 2013), and the desert subspecies nests in cavities in saguaro cacti (Stutchbury 1991b). These represent major differences in ecology and habitat from western Purple Martins, which still often use natural cavities excavated by woodpeckers, and they will not be discussed here. Generally, western Purple Martins prefer habitats with high availability of aerial insects; thus, they are most abundant in mesic regions, near large wetlands and other water bodies, and at upper slopes and ridges, where aerial insects are more concentrated (Airola and Williams 2008). While in Oregon Purple Martins can nest at elevations up to 3500 m (Bettinger 2003), in British Columbia, Purple Martins are only found at elevations <200 m, likely because at the northern limit of their breeding range, cooler temperatures at higher elevations limit aerial insect food availability (Cousens and Lee 2012).

Purple Martins in Oregon nest opportunistically in cavities in open habitats, often those created by disturbances like forest fire or clear cutting, which return habitats to early stages of succession (Horvath 1999). An older study in Oregon reported that Purple Martins typically nested in snags of Jeffrey pine (Pinus jeffreyi) or spruce (Picea spp.) (Gabrielson and Jewett 1940). A 2002 survey in Oregon reported finding 10 colonies in fire-killed snags in two 15-year old burned areas in southern Oregon, and another 43 colonies in snags in clearcuts mostly 1-6 years old (Bettinger 2003). A 1998 survey in Oregon found that all recorded nesting sites were in open habitat, at least 6.1 m from live trees, and 70% of colonies were over water (Horvath 1999). Proximity to open water was not an obligate requirement, however, as some colonies were found three miles from the nearest water source (Horvath 1999). At the McDonald-Dunn Research Forest in northern Benton County, Oregon, nesting and foraging activities of two study colonies were centered on young forest stands with shorter canopies (heights averaging less than 4.6 m, but with scattered large snags and live trees that were retained after the last forest harvest (Vesely 2014). A 2016-2017 study in western Oregon found that Purple Martin distribution in upland forest is restricted to areas of early seral habitat, and the probability of snag occupancy is positively correlated to the area of early seral habitat within a stand. Purple Martins were more common in recently disturbed private timberlands where this habitat type was more common than on public forest lands (Hagar and Sherman 2018). 

In coniferous regions of California, Purple Martins are most numerous in low- to mid-elevation forests (0-1829 m) composed of redwoods, ponderosa pine (Pinus ponderosa), Jeffrey pine, and mixed conifer species, typically with canopy cover <20% within 100 m (Airola and Williams 2008). Purple Martins historically used fire-killed snag stands in Oregon white oak (Quercus garryana), and other open oak woodland and oak savanna ecosystems, throughout their western range (Brown and Tarof 2013; Fraser et al. 1997; Horvath 2000; Wiggins 2005; Airola and Williams 2008). Purple Martins in the mountains of Sonora, Mexico (presumably P. s. arboricola), also breed in high elevation pine forests (Russell and Monson 1998). 

Nest sites
Besides snags in forest openings, nest sites in Oregon can also include coastal dunes, old pilings, and nest boxes along estuaries and rivers, gourds set on poles, and crevices in docks, bridges, and buildings (Fouts 1988; Horvath 1999, 2003). A summary of known colonies a decade ago found that 75% of pairs nested in gourds or nest boxes put out for Purple Martins, and the remaining 25% in other site types, including other types of manmade structures not built specifically for martins, and natural cavities (Horvath 1999). Prior to European colonization of the western U.S., Purple Martins nested primarily in snags, but in 1998 only 5% of the known population in Oregon used snags as nest sites (Horvath 1999). The decline in snag use is likely related to the loss of snags via logging practices and fire suppression, and competitive exclusion by European Starlings (Sharp 1986, Fouts 1988). Bettinger (2003) surveyed snag-nesting Purple Martins in western Oregon in 2002, and reported that 85 of 86 snags (99%) in burns and clear cuts with active nests were conifers, and 53 of 54 snags (98%) with tree species identified were Douglas-fir (Psuedotsuga menziesii). In addition, 77% of 89 cavities where the original excavator could be identified were excavated by Northern Flickers (Colaptes auratus), and another 15% were excavated by Pileated Woodpeckers (Dryocopus pileatus) (Bettinger 2003). 

During the 2016 breeding season, Hagar (2016) conducted surveys in Coos Bay, Roseburg, and Northwest Oregon BLM Districts, the Elliot State Forest (managed by the Oregon Department of Forestry), and some private timberlands. The study identified potential nesting sites based on elevation (below 1219 m), disturbance history (e.g., burned or clear-cut within last 10 years, or older harvest units that regenerated poorly), availability of residual snags, and recent BLM records of incidental Purple Martin sightings (Hagar 2016). Twenty-nine snags were found being used as nest sites, of which 27 were conifers, primarily Douglas-fir. Two hardwood species were utilized: an alder (Alnus rubra) and a madrone (Arbutus menziesii). Hagar (2016) also concluded that most cavities originated from woodpeckers, probably Northern Flicker. A continuation of this initial effort additionally found that Purple Martins readily nested in snags of many different heights and trunk diameters, but did appear to show a preference for large openings around the nest site (Hagar and Sherman 2018). Nest snags had significantly larger distances from the forest edge than unused snags, and Purple Martins infrequently used snags that were <100 m from closed-canopy forest (Hagar and Sherman 2018). At the McDonald-Dunn Research Forest, Purple Martins mostly nested in human-provided gourds, but snags used included one big-leaf maple (Acer macrophyllum), two Oregon white oak, and several Douglas-fir (Vesely 2014). On BLM land near Roseburg, Douglas-fir were also the primary snag species used before the colony’s conversion to nest gourds (L. Gayner, pers. comm.). This differs markedly from western Purple Martins in Colorado, which often use live aspen trees as nest sites (71 of 80 nests studied; Gillihan and Levad 2002).

Use of natural cavities by western Purple Martins in Washington is not well-known, and the Western Purple Martin Working Group has identified inventories in forest habitats in Washington as inadequate (WPMWG 2010). In Washington, most known martin nest sites are in low-elevation coastal areas, where they utilize wood pilings over water and occasionally natural cavities (Smith et al. 1997). In the Washington Department of Fish and Wildlife (WDFW) geospatial database, only 26 out of 343 colonies recorded between 1970-2017 used natural cavities in trees (and in one instance a rock pile), but these do not constitute a random or comprehensive sample. A new graduate student study initiated in 2017 at Joint Base Lewis-McChord, just south of Tacoma, WA, found 13/47 Purple Martin nests in ponderosa pine, 13/47 in black cottonwood (Populus balsamifera), and 21/47 in Douglas-fir (Scalici et al., unpub. data). Similar manmade and natural nest sites are used in south coastal British Columbia, but artificial nest gourds and boxes have become an increasingly important resource (Campbell et al. 1997). In California, about 85% of the state population (25% of the entire North Pacific population) still nests in natural cavities, with the remaining 15% nesting in bridges and power poles (WPMWG 2010). However, in states and provinces other than California the known use of natural nest sites comprises less than 5% of the population (WPMWG 2010). 

In Monterey County, California, Purple Martin nests were located from sea level to 1400 m, and were placed in cavities in ponderosa pine snags, live sycamores (Platanus occidentalis; native to the eastern U.S.), and under highway bridges (Roberson and Tenney 1993) Conifer snags appear to be the most common nesting substrate, and are thought to be used by >70% of the California population, but dead-top trees and hardwood snags are also used occasionally (Airola and Williams 2008). Purple Martins in California tend to select very tall, large trees (medians for height = 22 m and dbh = 119 cm; Williams 1998). In the Washington study mentioned above, martins on average nested in larger snags, but the range included some quite small snags (mean snag height of 17.9 m [range: 3.3-36.3 m], and mean dbh of 81.4 cm [range: 24-153 cm]. Nest cavity heights ranged from just 1 m high to 24.5 m (mean: 9.6 m) (Scalici et al., unpub. data). No analyses of nest site selection (compared to unused cavities) have been done with these data to date, but may be a future part of this study. Elsewhere in the West, Purple Martins nest in large dead pines in New Mexico (Bailey 1928), and in the mountains of northeastern Arizona (Coues 1878, Mearns 1890) and southeastern Arizona (Kimball 1921). Live aspens within coniferous forests of Utah (Woodbury et al. 1949) and Colorado (Gillihan and Levad 2002) are also used. 

Fall roost sites
A recent study used weather surveillance radars (WSR) to detect 234 Purple Martin roosts in eastern North America between 2009 and 2014, and classify habitat type of the surrounding landscape (Bridge et al. 2016). Roosts were primarily associated with forest, cropland, urban, and water land cover types. Cropland roosts were the most common, although there was an apparent preference for urban sites. Roost persistence from year to year was highest for urban and water roosts, intermediate for cropland roosts, and lowest for forest roosts (Bridge et al. 2016). The authors suggested that urban and water roosts were more stable and less vulnerable to drought and other types of environmental stochasticity, which promoted roost persistence. However, they were unable to eliminate annual variability in availability of these different land cover types as a factor. Bridge et al. (2016) found no relationship between roost persistence and regional population trends derived from BBS data. The authors contend that urban roosting sites may be becoming increasingly important for eastern Purple Martins, consistent with the close association they have developed with humans (Bridge et al. 2016). Large fall roosts apparently no longer exist in Oregon and Washington (Tautin et al. 2008), although groups of martins from across the region can be found congregating at the beginning of migration, such as at Fern Ridge Reservoir in western Oregon in late August (Hagar and Sherman 2018). No references were found for habitat specific to fall roosts of the desert or western Purple Martin subspecies.

Nonbreeding season
Purple Martins were first found to occupy large winter roosts of up to 10,000-20,000 birds of multiple martin species in the central parks of large cities in the interior of the Brazilian state of Sao Paulo (Davidar and Morton 1993). About 70% of these roosting birds were Brown-chested Martins (Phaeoprogne tapera), and ~29% were Purple Martins, but subspecies identification was not known as they are difficult to distinguish in winter. One such roost in Manaus occurred inside buildings housing an oil refinery, with martins sleeping on hot pipes in heavily polluted air (Davidar and Morton 1993; Hill III 1993b). The authors did not think that urban winter roosts would offer protection from predators (cats or raptors) or humans that kill birds as pests, but they speculated that there may be an advantage in the lack of biting insects that serve as vectors for blood parasites (Davidar and Morton 1993). However, the fact that these urban roosts were discovered first is likely an artifact of greater number of human observers in these habitat types.

In contrast, more recent evidence from geolocator tracking of eastern Purple Martins demonstrates that the core wintering region is in relatively undisturbed areas of the northwestern Amazon (Fraser et al. 2012). Forest cover at these winter roosts is very high; typically over 90% in a 50 km radius of estimated roost sites. Most (76%) of the 89 P. s. subis studied (from breeding populations in the northern and south-central U.S.) overwintered in this region, and not in urban nor agricultural landscapes. Non-breeding sites of tracked individuals had an average of only 4% agricultural land cover within a 50 km radius (Fraser et al. 2012). The small sample size of western Purple Martins (n = 6) tracked in this study seemed to use a geographically disparate area in southeastern Brazil. Land cover was not studied in this area in detail, but it may be more of an agricultural landscape (Fraser et al. 2012).
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Migratory Connectivity 
Available data suggest very weak migratory connectivity in this species at certain spatial scales (i.e., populations that are separated on the breeding grounds use the same wintering grounds). An early study marked Purple Martins with ultraviolet paint at a single winter roost in the Sao Paulo province of Brazil, and later found these individuals nesting from Texas to Ontario, and from Kansas to New Jersey (Coulson 1985). Fraser et al. (2012) more recently found a similar mixing of breeding populations from across the eastern U.S. on the wintering grounds. This means that a large portion of eastern Purple Martins may be dependent on one heavily forested region in northwestern Brazil for overwintering habitat, and may be vulnerable at a subspecies level to habitat change in this area. In contrast, the western Purple Martins in this study wintered in a different region of southern Brazil that already has a greater agricultural footprint (Fraser et al. 2012). Far fewer individuals of the western subspecies were tracked (n = 6), and they were all from British Columbia, so it is unclear if the population of western Purple Martins is similarly vulnerable to habitat conversion in a limited geographic area in South America.

Competition
Competition for limited cavity nesting sites is a substantial source of adult, nestling, and egg mortality for eastern Purple Martins. Non-native species, especially House Sparrows and European Starlings may kill adults and nestlings, and/or remove eggs in order to gain access to the nest site (Brown 1981b). The extent to which interspecific competition plays a role in regulating Rocky Mountain P. s. arboricola populations is unknown (Wiggins 2005), but starlings were not observed nesting in aspen stands occupied by Purple Martins in three years of study in western Colorado (Gillihan and Levad 2002). In coastal Oregon populations, there is evidence that western Purple Martins have abandoned some formerly occupied colonies due to competition with starlings (Horvath 2000). Primary nest excavators tend to be limited to Pileated Woodpeckers and Northern Flickers, thus, there are many native avian competitors for secondary cavities as well, potentially including many species of woodpeckers, swallows, bluebirds, chickadees, nuthatches, and some wrens. In the desert Southwest, Purple Martins appear to compete for nest holes with flickers, Gila Woodpeckers (Melanerpes uropygialis), and Brown-crested Flycatchers (Myiarchus tyrannulus; Stutchbury 1991a). Purple Martins (presumably P. s. arboricola) breeding in the Chiricahua Mountains of southeastern Arizona had antagonistic interactions with flickers and Acorn Woodpeckers (Melanerpes formicivorus) around potential nest sites (Wiggins 2005). No quantified data are available on the influence of other native cavity nesters on Purple Martin populations. The limited availability of nest sites leads to strong intraspecific competition as well. Destruction of eggs or nestlings occurs at least occasionally by floater males hoping to gain reproductive opportunities (Brown and Tarof 2013). When competition does not result in direct mortality, the availability of nest cavities is likely to limit productivity and population size in this species.

Predation
Documented predators of adults and fledglings include other bird species such as hawks and owls, corvids, Mississippi Kites (Ictinia mississippiensis), Merlins (Falco columbarius), and Great Blue Herons (Ardea herodias) (Cousens and Lee 2012, Brown and Tarof 2013). Several types of mammals, including bobcats (Lynx rufus), raccoons (Procyon lotor), squirrels (Sciurus spp. and Tamiasciurus spp.), Townsend’s Chipmunk (Eutamias townsendii), and several species of snakes may also prey on adults on the nest at night, or consume eggs and young (Cousens and Lee 2012, Brown and Tarof 2013). Purple Martins are particularly vulnerable to nest predation, especially by owls at night (Barred Owl, Strix varia; Great-horned Owl, Bubo virginianus). This sometimes becomes a repeat problem at certain colonies, and has been cited as a primary cause of colony abandonment (Cousens and Lee 2012, Brown and Tarof 2013). Hagar and Sherman (2018) suggest that western Purple Martins may select nest sites further from forest edges to reduce predation risk from forest predators like squirrels and owls. Little is known about predators of Purple Martins in their wintering range (Brown and Tarof 2013).

Disease and Parasites
In one study, no evidence was found of a relationship between yearly variation in Purple Martin survival and prevalence of West Nile Virus in Pennsylvania (Stutchbury et al. 2009a). An outbreak of this disease occurred in 2001 during the study period, so if it had major impacts on the population this would have been detected (Stutchbury et al. 2009a).

Western Purple Martins can become infected by a large diversity of ectoparasites including cimicid bugs, ticks, fleas, dipterans, dermestid beetles, lice, and mites (Wiggins 2005). In western populations (hesperia and arboricola subspecies), the most prevalent ectoparasites are cimicids, also known as ‘martin bugs’, of the family Cimicidae (Hesperocimex sonorensis, Sonora; H. cochimiensis, Baja California; H. coloradensis, Colorado, Utah, and west coast from British Columbia to southern California; Usinger 1966, Loye and Regan 1991), the flea (Ceratophyllus idius, Hill III 1994a), and the blowfly (Protocalliphora hirundo, Sabrosky et al. 1989). Interestingly, cimicids in the genus Hesperocimex have never been found in eastern Purple Martin nests, despite extensive searching, and other genera of cimicids are found only occasionally. The fact that the two martin subspecies in the western U. S. have evolved different martin bug (Hesperocimex sp.) associations within the Cimicidae, and that the eastern martin subspecies appears to lack an associated cimicid nest parasite may be further evidence of the long period of isolation and independence of the eastern and western subspecies (B. Cousens, pers. comm.). 

Most bird nest parasites live primarily in the nest rather than on the host (except during feeding and for some, dispersal between nest sites), but only a few (fleas, mites and cimicids) remain and overwinter in the nest. After >30 years of recovery effort in British Columbia and >40 years in Washington, nest boxes in many colonies are now used each year, and no longer sit empty for a 'fallow season' to allow nest parasite loads to die back, which over several years can build up to high levels that can affect productivity if not removed (B. Cousens, unpub. data). In some eastern martin nests, mites (family Dermanyssidae) can number in the thousands. A mite removal experiment showed that they can have significant fitness costs to adults (e.g., reduced clutch size) and nestlings (e.g., reduced mass and higher mortality; Moss and Camin 1970), though others found that nest mites had a limited effect on clutch size, brood size, or nestling mass (Davis and Brown 1999). Also in the East, Hill (1994) found that martin nests in houses without parasites fledged nearly double the number of young than nests in infected houses. 

Reported endoparasites include nematodes, trematodes, and protozoans (Haemoproteus prognei, Leucocytozoon spp., Trypanosoma avium). Of these, blood parasites in the genus Haemoproteus are the most well-studied. Many species of Neotropical migratory songbirds are infected with some form of blood parasite, and, during spring migration the most common is the hematozoan Haemoproteus (Garvin et al. 2006), which is likely transmitted during fall migration or at winter roost sites (Davidar and Morton 1993). Researchers tested blood sampled from Purple Martins during the breeding season and overwinter, and found that average annual prevalence of H. prognei was 28% at a breeding colony in Maryland (17% of yearling birds; 37% of adults), and 24% at a winter roost in Brazil (0% of yearling birds; 36% of adults) (Davidar and Morton 1993). Even though infected birds aged one year or older exhibited return rates similar to uninfected birds, the authors felt that the low infection rates found in surviving birds aged one year and younger was evidence of high mortality due to H. prognei among immunologically naive first-year martins (Davidar and Morton 1993). Those that survive the initial acute infection then maintain a chronic infection as adults. A follow-up to this study further investigated cross-infections by a filarial nematode and H. prognei. 17% of one-year-old Purple Martins at a Maryland colony were infected with the filarial nematode, and 17% were infected with the hematozoan H. prognei (Davidar and Morton 1993, 2006). The return rate of one-year-olds infected with H. prognei was high (41%), but individuals infected with filaria had very low return rates (9%), as did those cross-infected with both parasites (18%) (Davidar and Morton 2006). None of the two-year-old Purple Martins sampled at the breeding colony had both parasites, which further suggests high mortality of co-infected one-year-olds (Davidar and Morton 2006). Infection by, and resistance to, blood parasites may be a major determinant of overwinter survival in eastern Purple Martins.

No studies have investigated individual or population level effects of disease, nest parasites, or endoparasites in the western Purple Martin.
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Habitat loss on breeding grounds 
Many references have cited limited nest cavity availability as the primary factor affecting distribution and abundance of Purple Martin populations (Williams 1998). The loss of dead snag nesting sites through habitat conversion, timber harvest, lack of natural fire regime, or other forest management practices in western North America can be harmful to Purple Martin populations. Much of the historical, naturally open wild habitats in western North America, like stands of remnant snags from wildfires, open oak woodlands and savannas, and riparian flood-killed stands, has been degraded or lost.

Substantial habitat loss in coastal areas has resulted from lowland urban and agricultural development throughout the Pacific Coast (WPMWG 2010). In British Columbia, western Purple Martins originally occupied what has become the most heavily developed area of the province, the coastal lowlands of the Georgia Basin (Cousens and Lee 2012). Over the last century, much original upland nesting habitat in British Columbia has also been lost to human development and changes in land use. Remnant natural habitat has become severely fragmented, or overgrown to the point that it is no longer suitable habitat, or is vulnerable to further development (Cousens and Lee 2012).

Forest management
Forest management practices also impact the availability of cavity nesting sites for Purple Martins. Snag removal during timber harvest, fire suppression, and burned timber salvage remain ongoing threats on some lands (Cousens and Lee 2012). The decline of Purple Martins in Oregon in the 1940s-1980s was associated with an increase in forestry practices that at the time encouraged snag removal and reduced the frequency of stand-replacing fires (Horvath 2003, Vesely 2014). These practices have now been largely reversed on public lands, and the acreage of forest area burned by wildfire has increased in the last 30 years (Dennison et al. 2014). Snag retention within harvested areas on public lands has also improved. While some researchers believe adequate guidelines for post-burn snag retention may still be lacking (Hutto 2006), policies were put into place to retain snags on National Forest lands under the Northwest Forest Plan (NWFP). For instance, NWFP guidelines for salvaging state that “snags are to be retained within the harvest unit at levels sufficient to support species of cavity-nesting birds at 40% of potential population levels based on published guidelines and models” – but no population models exist for western Purple Martins, nor do we know the number and size of snags needed to support a certain population level, to evaluate whether NWFP guidelines are sufficient for martin habitat needs. Further, Recovery Action 12 states that “In lands where management is focused on development of spotted owl habitat, post-fire silvicultural activities should concentrate on conserving and restoring habitat elements that take a long time to develop (e.g. medium and large snags…).” It has not been quantified to what extent lands managed for spotted owls and potential Purple Martin habitat overlap, but guidelines in the NWFP to retain snags in harvest units or post-fire would benefit martins in those areas. Post-fire salvage logging has detrimental effects on many cavity-nesting species (Hutto and Gallo 2006), and post-fire management of burned forests in California was specifically noted to reduce habitat value for martins in the past (Airola and Williams 2008). The extent of threats like salvage logging and fire suppression to Purple Martin habitat are unknown, and their extent can vary greatly from one administration to another. Reductions in timber harvest over the last two decades have also decreased the availability of early seral forest habitat on public lands managed under the NWFP, with its emphasis on Late-Successional Reserves (Kennedy and Spies 2004, Swanson et al. 2011). Purple Martins may be caught between public lands that support snag retention, but don’t often provide large enough post-disturbance clearings, and private timberlands, where openings of sufficient size are more common in harvest units, but snags are typically scarce (Hagar and Sherman 2018). 

Purple Martins are also often associated with standing open water, so management activities that affect hydrological processes may have significant consequences for martin populations (Wiggins 2005). Water diversion projects for irrigation or other major changes to water quality and quantity could affect the abundance of their insect prey base. Timber harvest may significantly reduce water retention, and livestock grazing can lead to increased runoff and decreased persistence of ephemeral water sources (Kovalchik and Elmore 1992, Wiggins 2005). If such alterations to local hydrological regimes in Purple Martin habitat (near beaver ponds, wet meadows, oak savanna, and forest openings) cause decreased insect abundance, it could lead to poor Purple Martin condition or reproductive success (Wiggins 2005).

Competition
Other bird species, and particularly non-natives such as European Starlings and House Sparrows, are commonly cited as competing with Purple Martins for nest sites. One early study, using data from questionnaires given to martin box owners in Mississippi, suggested that starlings are not a serious threat to eastern Purple Martins, and that House Sparrows may be more of a threat due to their willingness to nest communally, but this conclusion is in the minority (Jackson and Tate Jr. 1974). Additional research in Texas showed that removal of starling management from eastern Purple Martin colonies resulted in a significant increase in starling abundance with a concurrent decrease in martin abundance (Brown 1981b). At control colonies that continued to be managed, Purple Martin numbers did not decrease (Brown 1981b). Brown (1977) reported that House Sparrows are not behaviorally dominant to Purple Martins, and unlike starlings generally cannot exclude them from nest sites. He also suggested that the only real adaptation of martins to interspecific competition is early spring arrival (Brown 1981b).

There have been no experimental studies of nest site competition in the Pacific Northwest, but there are many anecdotal observations of local declines or extirpations where starlings have become established. European Starlings are resident year-round, and so can claim nest cavities as winter roost sites or very early in spring, begin nesting before martins return from migration, and exclude them from cavity nest sites (Cousens and Lee 2012). Many western Purple Martin populations (in Oregon, Washington, and California) experienced a strong decline after the arrival and population explosion of starlings in the mid-1940s, and some population recovery after nest box programs alleviated nest site competition (Cousens et al. 2005). In coastal areas of Oregon, starlings have taken over many of the nest sites historically occupied by Purple Martins (Horvath 1999). Martins that bred inland, using snags as their primary nesting substrate, faced almost no competition from starlings (Horvath 1999). Purple Martins have nearly disappeared from former breeding areas in California’s Central Valley, and the few that remain nest in concrete bridges in urbanized Sacramento, where starling competition is apparently minimized (Airola and Grantham 2003, Airola and Williams 2008).

Weather and climate change
The most commonly noted cause of mortality in Purple Martins is exposure to adverse weather conditions (Wiggins 2005), and it may be the greatest source of overall mortality (Brown and Tarof 2013). Purple Martins are vulnerable to starvation in prolonged cold and wet weather, as they cannot feed when flying insects are not active, and do not forage during periods of heavy rain or in temperatures below 9°C (Brown 1976). When nest site limitation is alleviated, weather conditions on the breeding grounds are likely the next most important factor limiting Purple Martin populations (WPMWG 2010), occasionally causing considerable adult and nestling mortality, particularly in the northern parts of their range (Brown and Tarof 2013). Poor foraging conditions during the nestling period can lead to starvation of nestlings, and thus reduced productivity and subsequent recruitment of juveniles into the breeding population. In one example, hard May freezes in the northeastern states in 1966-1967 drastically reduced local abundance of martins (Rosche 1968). Other intense weather events, such as an Atlantic hurricane in 1972, have led to large-scale mortality of adults and nestlings in the Appalachians, and subsequent abandonment of breeding areas for many years (Hall 1972, Tate 1972). An estimated 80% of active nests failed after a period of cold weather in Oregon in June 1975 (Lund 1977). The WPMWG noted general low productivity across the Purple Martin’s western range related to adverse weather in 2007-2008, including 50% nestling loss in British Columbia (Cousens and Lee 2012), that resulted in reduced adult abundance in 2008-2009 (WPMWG 2010).

Nebel et al. (2010) found that more populations of aerial insectivores breeding in northeast North America are declining compared to their southern counterparts, although this conclusion has since been disputed (Michel et al. 2016). Following this line of thought, Fraser et al. (2012) hypothesized that northern breeding populations of eastern Purple Martins may be more constrained in their ability to respond to climate change than southern populations. Climate change is expected to disproportionately affect populations in more seasonal (i.e., northern) habitats due to an increasing asynchrony between peak food availability and timing of breeding, if long-distance migrants are unable to adjust spring arrival to accelerated spring phenology of leaf emergence and insect abundance (Visser et al. 1998, Both et al. 2010). Whether this phenological mismatch is likely to impact martins in Oregon and Washington is not well understood. In addition, if climate change in the Pacific Northwest causes increased frequency and/or severity of storms (Dalton et al. 2013), especially during early spring and the nestling period, Purple Martins and their young may experience increased risk of starvation even without such a mismatch. Long-term summer drying trends associated with reduced snowpack (Dalton et al. 2013) could also impact Purple Martins due to their preference for nest sites near water, but this possibility has not been studied either.

Small populations
Genetic diversity of British Columbia populations (even after recent bottlenecks experienced in the Pacific Northwest) appears to be at a sustainable level, and inbreeding is not a current concern. Future conservation concerns for western Purple Martins are related to small population sizes (vulnerability to local extinctions, lowered ability to recover from stochastic events) rather than loss of genetic diversity (Baker et al. 2008).

Habitat loss on wintering grounds
Habitat loss on the wintering grounds has long been suggested as a possible cause of population declines observed in many species of migratory birds (e.g. Terborgh 1989, Sherry and Holmes 1995, Faaborg et al. 2010). Fraser et al. (2012) discovered that individual Purple Martins breeding across the eastern range shared a wintering region in highly forested areas of northern Brazil, with an average of 91% forest cover and only 4% agricultural land cover within a 50 km radius. They showed that populations of the eastern subspecies, P. s. subis, whose breeding sites were separated by ~2000 km, nevertheless had almost completely overlapping non-breeding ranges in Brazil (Fraser et al. 2012). Extensive forest loss in the eastern Amazon has occurred in the past few decades (Morton et al. 2006), and the future of this area of northern Brazil in unclear. The core winter area for eastern Purple Martins encompassed only about 20% of the entire wintering distribution of the species, yet supports an estimated 80% of the eastern population (Fraser et al. 2012). This high subspecies-level dependence on one region of Brazil increases vulnerability to habitat change in a single central Amazonian region. While the authors found no evidence that wintering location and habitat explained spatial variation in trends in breeding populations (Fraser et al. 2012), this is partially due to the fact that they primarily studied the eastern subspecies, which all overwintered in the same general area. The core wintering area for western Purple Martins, ~3000 km southeast, appeared to be in a more agricultural area but was inferred from a much smaller sample size (Fraser et al. 2012), so it is unknown whether the western subspecies is similarly dependent on one wintering region. If so, they may be vulnerable to habitat conversion for agriculture.



Pollution
Nebel et al. (2010) offered a different explanation for their findings that aerial insectivore populations breeding in the northern part of North America were more likely to exhibit declining trends: that northeastern regions receive relatively higher levels of atmospheric pollutants, including acid precipitation, due to greater levels of industrialization and human impact. These in turn may have negative effects on insect abundance, and thus productivity of aerial insectivores (Nebel et al. 2010). While another study contradicts the claim that declines in aerial insectivore populations are more prevalent in the northeast (Michel et al. 2016), any pollution that reduces abundance of flying insects also has the potential to impact Purple Martins.

Insecticides 
Agricultural pesticide use has been implicated in widespread declines of birds (e.g. Mineau and Whiteside 2013, Hallmann et al. 2014), including aerial insectivores like Purple Martins, as pervasive use over large spatial scales may cause broad changes in the availability of insect prey (Nocera et al. 2012). In North America, insecticides of high toxicity to birds have been widely applied for decades, despite evidence of frequent avian mortality even when used according to label instructions (Mineau and Whiteside 2013). High concentrations of insecticides have been shown to substantially reduce insect populations, and are correlated to declines in bird populations and reproductive success (e.g. Boatman et al. 2004, Poulin et al. 2010, Mineau and Whiteside 2013, Hallmann et al. 2014). Purple Martin populations in agricultural areas of the Central Valley and Klamath Basin (Sacramento, and Lava Beds National Monument, CA) experienced steep declines or extirpations over the last two decades, significantly correlated to the increasing annual usage of neonicotinoid insecticides in these watersheds (Cousens et al. 2016). Martins nesting in the Shasta Lake area, with no reported neonicotinoid use, experienced no significant declines (Cousens et al. 2016). Migratory birds that occupy agricultural landscapes on North American breeding grounds and fall roosting sites, Central American migratory routes, or South American wintering grounds, could increase their pesticide exposure, and face either direct mortality or indirect effects via reduction in food availability (e.g. Basili and Temple 1999, Goldstein et al. 1999). 

Building on Nebel et al.’s (2010) (now disputed) findings that aerial insectivore declines are worse in the Northeast, and worse for those that migrate to South America rather than Central America, Fraser et al. (2012) investigated whether this could be due to the fact that birds breeding at more northern latitudes face higher mortality on the wintering grounds due to insecticide use in South America. They found that Purple Martins originating from declining northern breeding populations were not more associated with agricultural landscapes in winter than stable southern breeding populations. Instead, eastern populations of Purple Martins mixed extensively on the wintering grounds in northern Brazil, indicating that differences in wintering location and habitat did not explain purported spatial variation in breeding population trends (Fraser et al. 2012). However, the few western Purple Martins that were tracked in this study wintered in a separate region of southeastern Brazil, which is a more agricultural landscape, suggesting that pesticide use in South America is a potential threat to overwintering P. s. arboricola. There have been no studies of pesticide accumulation in breeding or wintering Purple Martins, nor of its effects on insect availability in overwintering habitats.


Human interference
There are anecdotal reports of humans purposely destroying Purple Martins as pests. In one account from Quintana Roo, Mexico, Eugene Morton noted that people would kill Purple Martin migrants, because the large roosts can damage electric wires (pers. comm., cited in Brown and Tarof 2013). Winter roosts in Brazilian cities are also vulnerable to human interference, as Davidar and Morton (1993) observed that humans sometimes kill birds using urban winter roost sites. Authors have noted that in California and British Columbia, humans sometimes destroy conspicuous nest box sites on marine pilings through boat damage or vandalism (Airola and Williams 2008, Cousens and Lee 2012). There are no data on the frequency of such human-induced mortality events, and these may largely be isolated incidents (Wiggins 2005).

[bookmark: _Toc524970277]B. Conservation Status
The eastern P. s. subis population is very large (10-12 million individuals; PIF estimate), but the entire western P. s. arboricola population is thought to number <5,000 pairs (PIF/WPMWG estimate). Purple Martin management status reflects little concern over the species as a whole; they are considered globally secure and have no special status at the federal level in the United States or Canada. However, several western states have listed it as a sensitive species, and Washington has initiated the process to add it to the state’s Threatened and Endangered species list. Given its genetic distinction from the eastern subspecies (Baker et al. 2008), Purple Martin’s regional conservation status should be determined on the basis of its occurrence as a unique subspecies, and as the only subspecies occurring in these jurisdictions, including Oregon and Washington (B. Cousens, pers. comm.). Grouping it together with the far more abundant eastern subspecies (P. s. subis) is likely not appropriate.

A joint agreement between the Western Purple Martin Working Group and Partners in Flight set an objective of increasing the western population from an estimated 3,500 breeding pairs in 2005 to 6,000 breeding pairs in 2012 (WPMWG 2010). The British Columbia population objective of 800 pairs was met in 2012, and is currently up to ~1,200 pairs, almost all in nest boxes (B. Cousens, pers. comm.). Other jurisdictions are facing the challenge of trying to survey widely distributed nest box and snag cavity nesting populations with very limited resources, and it is unknown if other state goals (>2,000 pairs in California, >1,700 pairs in Oregon, >1,500 pairs in Washington) are being met (B. Cousens, pers. comm.). The WPMWG estimated regional populations in 2005 (based on knowledge of colonies using nest boxes and other structures; forest surveys and inventories in BC and OR; and compilation of records, incomplete habitat surveys, and projections from available habitat in CA) at 1,300 pairs in California, 1,100 in Oregon, 700 in Washington, and 400 in British Columbia (WPMWG 2010), but this information is now out of date. A 2016-2017 survey of Purple Martins nesting in natural cavities in western Oregon found at least 17 pairs on BLM lands, and 68 nests on private timberlands (Hagar and Sherman 2018), but these numbers are not comprehensive for the state. The 2008 estimated statewide population for California was 950-1,850 pairs, short of the WPMWG goal (Airola 2009). A second stated objective in the WPMWG (2010) document was that at least 15% of the population would nest in natural cavities, and progress towards this goal is also unclear.

Long-term BBS trend estimates (1966-2015) in the Pacific Northwest are confusingly very positive, but note that these estimates are unlikely to be reliable (Table 2). Depending on the timeframe, long-term trends may obscure the oft-noted pattern of initial population increase after European colonization, followed by steep declines in the mid-20th century, and now a relatively short and recent period of population recovery, often due to the initiation of nest box programs. However, western Purple Martins are not well-detected by standard BBS protocols for several reasons, and trends derived from these data are not considered reliable (Wiggins 2005, Tautin et al. 2008, Cousens and Lee 2012). Western Purple Martins generally breed in low densities in scattered colonies, so detection is inconsistent and depends on whether a colony or day roost site is located close to a survey route, and whether local weather is favorable for martin activity on the survey day (B. Cousens, pers. comm.). Furthermore, Purple Martins nest later than most other songbirds, do not have territorial songs, and tend to forage at high altitudes, making detection more difficult. In fact, despite recent population increases, Purple Martins are still detected on only 6-7 BBS routes each in Washington and British Columbia, which yields trend estimates rated as unreliable (Table 2; Sauer et al. 2017a).

There are many records of local extirpations of western Purple Martins, especially during the period from the 1940s – 1980s, including the disappearance of a large fall roost in Seattle, Washington (Kostka and McAllister 2005), abandonment of formerly occupied breeding sites in coastal Oregon as well as several counties in southern Oregon (Horvath 2003), and extirpation from areas of the central and southern coastal slope, Central Valley, and the Sierra Nevada and Cascades in California. Anecdotal reports from this time suggested a drastic decline in Purple Martin abundance from 1940-1980s (Sharp 1986). Recently, some West Coast populations have made comebacks in response to the implementation of nest box programs, notably in British Columbia and Washington (Cousens et al. 2005). There is also evidence that western Purple Martins may be undergoing recent recovery in local areas in Oregon (e.g., lower Columbia River, Coos Bay, Fern Ridge Reservoir), again largely because of the effectiveness of artificial nest box programs (Horvath 1999). After >30 years of recovery of its western Purple Martin populations, British Columbia has seen a recent 150 km northward breeding range expansion, and the beginning of a shift back to nesting in snags and other natural cavities (B. Cousens, pers. comm.). Although Purple Martin populations have increased substantially in the Pacific Northwest since recovery efforts began 30-40 years ago, abundance is still below that of the mid-1900s, reflecting overall declines over a longer (50- to 100-year) time scale (WPMWG 2010).

Conservation concern remains for the entire guild of North American aerial insectivorous birds, where steep and ongoing declines first noted in the early 1990s (Böhning-Gaese et al. 1993) are ongoing. A recent analysis of BBS data showed that 20 of 33 aerial insectivorous species are experiencing negative trends (Sauer et al. 2014). In Canada, aerial insectivores are undergoing the most severe decline of any ecological guild – an estimated 60% decline since 1970 (NABCI Canada 2012). If widespread changes in land use, agricultural practices, or climate are causing decreases across the entire guild on a continental scale, this should elevate concern for western Purple Martins as well.

[bookmark: _Toc524970278]C. Known Management Approaches
By far the most widespread and reportedly effective management approach has been alleviating insufficient nest sites as a limiting factor through the construction of artificial nest boxes, houses, and gourds (Brown and Tarof 2013). Such efforts have often been led by a mix of scientists and laypeople supported by Purple Martin conservation organizations, such as the continental Purple Martin Conservation Association (PMCA) and many smaller regional martin groups.
One successful example is the Western Purple Martin Working Group, formed in 1998 by ornithologist and conservationist J. Cam Finlay to address declines specifically in the P. s. arboricola subspecies (Tautin et al. 2008). The WPMWG now includes representatives from diverse state and federal agencies, universities, conservation organizations, and members of the public interested in Purple Martins (Tautin et al. 2008). The WPMWG meets annually, and has completed objectives such as developing recovery plans, conducting research where information gaps exist, educating people who want to manage martin houses, and providing nest sites (Cousens et al. 2005). Their impressive success includes increasing the number of Purple Martin pairs breeding in British Columbia from 5 known in 1985 to 600 in 2006 (Lee et al. 2007), and a ~300% increase from 2000-2010 of martins nesting in predator- and competitor-resistant nest boxes (Cousens and Lee 2012). In Washington, a similar program allowed the known breeding population to improve from a few pairs in the 1970s to approximately 700 pairs in 2004 (Cousens et al. 2005). Nest box installation projects in the 1970s-1990s were believed to be the best hope for reestablishment of Purple Martin colonies in much of western Oregon (Horvath 2003), and a nest box program was initiated in California in 2002, where martins had not been known to use manmade boxes for nesting (Airola et al. 2018). The Coos Bay program in western Oregon has increased the number of nest boxes available from three in 1998 to 128 in 2017 – with a concurrent increase in the number of nesting pairs, from a few to 100 in 2017 (80 of which appeared to successfully fledge young) (Metzler 2017). The northern California program has not been as successful: only one of six sites where nest boxes were established attracted nesting pairs. The successful site (Shelter Cove, Humboldt County) did not attract nesting pairs until 2007; two nesting pairs occupied boxes or gourds that year, up to a maximum of 13 pairs in 2010 (Airola et al. 2018). The authors believe nest boxes do have the potential to be an effective tool for recovering Purple Martin populations in California. Overall, erection of birdhouses is proving to be at least locally effective in western North America, where it was once thought that martins would not be willing to accept artificial nest sites (Brown and Tarof 2013). It is unknown whether these programs also bolster Purple Martin populations nesting in natural cavities.

Many techniques are recommended in the literature for improving Purple Martin reproductive success in managed nest houses. For instance, local increases in colony size can be achieved by trapping and removing non-native nest competitors (House Sparrows and starlings; Tarof and Brown 2013). Supplying more birdhouses, and installing porch dividers to allow martins to nest closer together, may permit a larger proportion of nonbreeding floater individuals to breed (Brown and Tarof 2013). There is a wealth of information available on how to best construct martin houses to exclude predators and competitors. These will not be described in detail here; refer to the Purple Martin Conservation Association website for more information (https://www.purplemartin.org/purple-martins/2/purple-martins/). Nest house managers should note that Purple Martins prefer cavities with some nest material already present. Replace old nest material with fresh to avoid intensive flea and nest mite infestations, rather than remove it completely (B. Cousens, pers. comm.). Nest boxes that are used consistently each year, and do not sit empty for a season to allow nest parasite loads to die back, can build up to high levels of infestation that can affect productivity if not removed (B. Cousens, unpub. data).

All of the measures described above can be highly effective at the local level (Brown and Tarof 2013), but if we are to provide artificial nest sites to aid in Purple Martin recovery, then we have a responsibility to ensure that we are not encouraging nesting in ecological traps where reproductive success is low. Thus, education in how to properly provide stewardship for martin colonies is key. Some managers have expressed concern over promoting an entire subspecies to become dependent on human-supplied nesting sites, as has happened in the eastern U.S. This is reflected in the WPMWG’s objective of maintaining at least 15% of the western Purple Martin population as breeding in natural cavities (WPMWG 2010). Recent research has established that Purple Martins raised in artificial nest houses can later accept natural snag cavities and nest successfully when they return as breeders (Cousens et al. unpub. data, Hagar and Sherman 2018). Cousens (pers. comm.) suggested that well-managed predator- and competitor-resistant artificial housing can be very effective for rebuilding depressed populations in the wild, but such colonies should be kept small and allowed to eventually saturate available nest sites, rather than be continually expanded to accommodate all new recruits. This should encourage these recruits to reoccupy natural cavities nearby instead, which may also require habitat management (see Management Considerations). Efforts should be made to not foster complete conversion to nest boxes and dependency on humans. Instead, new artificial nest sites should be used to bolster populations in the short-term and then carefully tapered off to encourage new recruits to expand into nearby natural habitat (Altman 2000, Cousens and Lee 2012, Vesely 2014). In a best case scenario, western Purple Martins will become more widespread in early successional forests and clearcut harvest units where snags and wildlife trees are retained (Vesely 2014).

A unique approach was briefly applied by the Purple Martin Preservation Alliance (PMPA) in southwestern Pennsylvania. They experimented with translocating Purple Martin families to help recolonize an area that declined greatly in abundance following Hurricane Agnes in 1972, and had not yet recovered as of 10 years ago (Tautin et al. 2008). In 2007, they successfully moved a breeding pair 5 km to a new breeding location, at night, along with their nest and five 11-day old nestlings, which later fledged (PMPA 2008). However, six other transplant attempts were not successful (the parents abandoned the new nest sites for the day, but resumed parental care after the nests were returned to their original locations that evening) (PMPA 2008). It is unknown whether this technique would be applicable to the restoration of western Purple Martin populations to formerly occupied habitats.

[bookmark: _Toc524970279]D. Management Considerations
Habitat loss/Forest management
The western Purple Martin appears to be a fire- and flood-killed habitat specialist, emphasizing the role of periodic stand-replacing fire and more frequent stand-maintaining fire for persistence and renewal of these habitat types. Frequency of fire is increasing following decades of fire suppression (Dennison et al. 2014), and may be sufficient to create habitat for martins if adequate numbers of large trees are retained in suitable sites (Airola and Williams 2008). However, post-fire salvage logging and snag removal can degrade or eliminate Purple Martin nesting habitat (Williams 1998). Management of burned forests has reduced habitat value for martins in the past in California (Airola and Williams 2008), but recent extensive wildfires offer perhaps the greatest opportunity for altered management to maintain recently created, valuable habitat for martin populations (Tautin et al. 2008). Horvath (2003) recommended retention of large snags following timber harvest or wildfire in areas of the coast range and western Cascades where starlings are not common. Using prescribed burns, and allowing some natural fires to burn, may help to maintain forest openings, and prevent conifer encroachment into meadows (Gillihan and Levad 2002). Consider retaining an adequate supply of snags on forested lands by incorporating Purple Martin habitat considerations into post-fire burn recovery and timber harvest plans (Airola and Williams 2008). Consider creating snags in large forest openings (e.g. via topping or girdling), especially >100 m from forest edges (Hagar and Sherman 2018), and within 16 km of existing Purple Martin colonies (Rodrick and Milner 1991). While awareness of the importance of retaining snags and residual large trees has increased, continue to consider their role in providing Purple Martin habitat. 

Recent work from western Oregon has shown that Purple Martins have a strong positive association with early seral forest patches, and that probability of snag occupancy is significantly correlated to area of early seral habitat, and distance from closed canopy forest (Hagar and Sherman 2018). Further, Purple Martins did not appear to select nest sites in larger snags (no significant difference in dbh between used and unused snags), and may use differently sized snags in proportion to their availability (Hagar and Sherman 2018). While martins in this study were observed nesting in tall stumps when these were the only snags available (cavities as low as 2.5 m), this is not the same as evidence that these provide sufficient or optimal nesting habitat, and it is not known if nest success varies with cavity height or snag size. Tall, large-diameter snags are likely to support more additional wildlife species as well as more martin pairs (Hagar and Sherman 2018). The Purple Martins in this study were relatively rare on public lands managed under the Northwest Forest Plan (NFP), which has likely decreased the acreage of early post-disturbance forest, and were more common on private timberlands. The authors discovered that no Purple Martins occupied the Elliott State Forest in 2016-2017, despite intentionally created snags within areas of recent timber harvest, probably because these snags were too close to the harvest unit edges (Hagar and Sherman 2018). The low occupancy rate on BLM lands compared to earlier survey efforts (like Bettinger 2003) may be partially due to overall population decline, but abundance over time has not been well-monitored in forest habitats. Land managers could do more to opportunistically manage early seral forest with snags following wildfire on public lands, as Purple Martins readily colonize newly disturbed areas in dynamic forests. While post-disturbance openings of sufficient size were more abundant on private timberlands, snags were less often retained in private harvest units (Hagar and Sherman 2018). Further, short harvest rotations on industrial timberlands may prevent the development of large snags to replace legacy wildlife snags (Hagar and Sherman 2018). Snags created during logging may not have enough time to undergo sufficient decay to be used as nesting cavities before the regenerating stand has grown past the window of suitable early seral condition (Hagar and Sherman 2018). Snags could be planned and created several years in advance of harvest, so that new nest cavities will be available immediately post-harvest (Hagar and Sherman 2018). Further, NFP guidelines state that “following stand-replacing disturbance, management should focus on retaining snags that are likely to persist until late successional conditions have developed and the new stand is again producing large snags.” If managed to mimic natural succession, with adequate snag retention and/or creation, private and public timberlands may be able to increase available nesting habitat for Purple Martins – but note that reproductive success in different managed habitat types has not been studied.

Management recommendations from California include retaining large trees in oak and sycamore woodlands occupied by Purple Martins (Airola and Williams 2008). In many areas of the Pacific Northwest, only 5-35% of the historic distribution of open oak woodland and savanna remain (Altman and Stephens 2012). Restoration of oak woodlands in Oregon and Washington, including removal of encroaching conifers (see more information in Altman and Stephens 2012), may also represent an important opportunity to benefit this species. As mentioned in the Threats to Species section, livestock grazing, road building, and timber harvest may all contribute to degradation of local water quality, decreased water flow, and a consequent decrease in the abundance of flying insects which could impact Purple Martin populations (Wiggins 2005). Consider, where possible, limiting these activities and others that could affect local hydrological processes in areas with known martin nesting colonies (Wiggins 2005). In the Rocky Mountain region, one of the most important management considerations is encouraging aspen regeneration, preserving large, live aspen trees, and reducing heavy browsing by elk and cattle that suppresses the maturity of aspen stands (Wiggins 2005), but this is likely less applicable in Oregon and Washington, where Purple Martins are not dependent on live aspens.
Additional habitat recommendations and management suggestions for the western Purple Martin from the PIF Conservation Strategy for Landbirds in Lowlands and Valleys of Western Oregon and Washington (Altman 2000) include the following:
“Where ecologically appropriate and where European Starling and House Sparrow presence is minimal, initiate the following actions within or adjacent to open water:
a. retain old pilings for potential use as nest sites
b. retain or create >1.2 snags/ha (3/ac), >30 cm (12 in) dbh, and >6 m (20 ft) high (above water)
c. use nest boxes as short-term management until natural cavities are available
d. open air space and easy access to cavities (i.e., no physical obstructions within 10 m)”

Competition
Altman (2000) further recommended that all attempts to establish new colonies should consider the European Starling population in the area, and avoid colony establishment in areas dense with starlings. Where possible, control development that may facilitate increases in starling populations adjacent to existing lowland breeding sites. Consider nest box programs to help alleviate nest site competition as a limiting factor where Purple Martins have been extirpated or threatened with extirpation, and where there is commitment to long-term management from nest box stewards. Make efforts to not foster complete conversion to nest boxes and permanently alter breeding biology for populations that still successfully nest in trees, bridges, or power poles (Vesely 2014). It is not recommended to provide new artificial nest sites indefinitely; instead, use nest boxes to bolster populations in the short-term and then carefully reintroduce intraspecific competition to encourage new recruits to expand into nearby natural habitat (Cousens and Lee 2012). Because Northern Flickers and Pileated Woodpeckers excavate cavities used by Purple Martins, managing for these species may indirectly benefit martins by increasing available nest sites (Rodrick and Milner 1991, Wiggins 2005).

Weather/Climate change
Purple Martins are known to be sensitive to weather conditions that alter insect abundance, and may suffer increased mortality given less predictable spring weather or phenological mismatches caused by advances in the timing of spring in northern breeding areas, both possibilities of future climate change. Climate change is a large and complex issue that is largely outside of the scope of this assessment, and it has potential but unstudied effects on western Purple Martin populations. As possible, increase resiliency of coastal and streamside lowlands, open oak woodlands, and forest clearings, and protect habitats that may become suitable for Purple Martins under future climate scenarios.
Small Populations
To avoid problems experienced by small populations (increased risk of local extirpation due to environmental or demographic stochasticity), strive to reach the WPMWG’s objective of 1,700 pairs in Oregon and 1,500 in Washington through expansion of existing colonies and establishment of new colonies. This is more ambitious than the goal written in the Altman (2000) Partners in Flight plan of increasing the population of Purple Martins to >1,000 pairs in western Oregon by 2010. Loss of genetic diversity and elevated levels of inbreeding are not considered to be threats at this time.

Wintering Grounds
The extent of habitat loss on the wintering grounds in southeastern Brazil and its impact on Purple Martin populations is unknown and warrants further study. Management approaches for mitigating habitat loss in South America are outside of the scope of this assessment, but may be important. Inviting Latin American colleagues to participate in Purple Martin conservation organizations and working groups could help increase awareness of this problem and facilitate collaborative solutions. Encouraging long-term protection of winter roost sites (i.e., preventing excessive deforestation and reducing widespread application of agricultural pesticides) in Brazil should also be a priority (Brown and Tarof 2013). However, additional research is necessary to inform potential management actions on wintering grounds. 

Pollution/insecticides
Several studies have shown that agricultural insecticides have adverse effects on non-target species like birds, and even that prevalence of toxic insecticides explains bird population declines better than habitat loss through agricultural intensification in general (e.g. Boatman et al. 2004, Poulin et al. 2010, Mineau and Whiteside 2013, Hallmann et al. 2014). Even a casual association with croplands may place birds at risk, due to pesticides drifting onto adjacent lands and affecting food supply (Mineau and Whiteside 2013). Some insecticides, like neonicotinoids, have relatively long half-lives and are water soluble, giving the potential to persist in surface and ground water (Hallmann et al. 2014). Purple Martin populations in agricultural areas of the Central Valley and Klamath Basin experienced steep declines over the last two decades, significantly correlated to the increasing use of neonicotinoid insecticides (Cousens et al. 2016). Altman (2000) and Rodrick and Milner (1991) recommend avoiding applying insecticides within 12 km of known Purple Martin nesting colonies. Future management decisions should take into account the persistent and potentially cascading trophic effects of insecticides on ecosystems. Increased restrictions on agricultural and residential insecticide application close to suitable Purple Martin habitat would likely benefit this species (as well as other aerial insectivores). 

Human interference
Where possible, protect occupied and suitable bridge sites from uses that restrict air space and Purple Martin access, and uses that cause excessive human disturbance (Airola and Williams 2008). Consider educating boaters on Purple Martins and their conservation status to reduce accidental or purposeful destruction of nests placed in bridges and pilings (they are sometimes viewed as undesirable in private marinas; Cousens and Lee 2012).
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V. Research, Inventory, and Monitoring Opportunities
To date, there is still relatively little known about the breeding biology, life history, and demography of western Purple Martins compared to the eastern subspecies. Survival and productivity data are especially scarce from Oregon and Washington. While many aspects of the biology of different subspecies are likely to be similar, their long geographic and genetic separation may lead to key differences between subspecies that we are not aware of. Ongoing demographic studies by Vesely (2014) and Cousens and Lee (2012) will add valuable information to our body of knowledge, but more research is needed at other known nesting sites, including a better understanding of demography in natural cavity sites. These data would better equip managers to identify mechanisms underlying population change and recommend conservation action. Refined or updated data regarding clutch size, timing of breeding, reproductive success, adult and juvenile survival, philopatry, and other key aspects of the demography of the P. s. arboricola subspecies are needed for Oregon and Washington especially. These data are crucial when carrying out population viability analyses (Wiggins 2005), and identifying potential threats and limiting factors.

An initial population projection model completed by Wiggins (2005) using data from various subspecies suggested that Purple Martin population growth is more sensitive to variation in survival rates than to variation in reproductive rates, and that the adult survival has more influence on population dynamics than juvenile survival. Obtaining better estimates of demographic rates specific to western populations is a key information need for refining and expanding on such modelling efforts. Monitoring of demographic population parameters such as productivity, recruitment, and survivorship, using the monitoring protocols adopted by the Western Purple Martin Working Group (Cousens and Airola 2006a, b), is recommended. Natal and adult dispersal of Purple Martins from established colonies, and recruitment to new colonies, have also been more well-studied in the East and are relatively unknown in the West (Tautin et al. 2008), although projects banding nestlings have been started by several research groups and are providing initial data (Cousens et al. 2005, WPMWG 2010, Vesely 2014, Hagar and Sherman 2018). Dispersal patterns are important for understanding recruitment and population dynamics. The Motus tracking system, a new technology using automated radio-telemetry arrays to study the movements of small organisms (Taylor et al. 2017), may be particularly applicable to studying survivorship and dispersal in this species due to their tendency to show site fidelity to known breeding colonies. A Motus antenna tower can detect a miniature transmitter tag on a bird that flies within a 500 m to 15 km radius (depending on antenna design) (Taylor et al. 2017), so a single breeding colony may be covered by one or two towers. This would allow automated ‘resighting’ of banded individuals for a mark-recapture survival database, even by towers erected by other research groups, and could potentially detect dispersal between colonies.

BBS survey routes do not adequately sample suitable habitat (Wiggins 2005, Tautin et al. 2008, Cousens and Lee 2012), and targeted Purple Martin surveys are recommended to obtain more accurate abundance and trend information for Oregon and Washington. Comprehensive population size estimates by state have not been attempted since 2005 (WPMWG 2010), and need updating. WPMWG (2010) recommends conducting annual reviews of species population status in each state and province to assess progress towards regional goals. If funding is limited, complete surveys every five years would be helpful. The use of methods adopted by this group (Cousens and Airola 2006a, 2006b) will increase consistency and allow comparison between study sites. Very little data on Purple Martin use of natural cavities are available from Washington, and inventories in forest habitats in that state have been identified as inadequate (WPMWG 2010). Wiggins (2005) recommends choosing a subset of known colony sites to revisit each year, counting the number of pairs using the site, and recording habitat variables (distance to forest edge and to water, land cover composition in 200 m radius, etc.) and nest tree characteristics (species, height, dbh, etc.). A more complete inventory of Purple Martin occurrence in recently burned forests will also facilitate protecting occupied sites and other suitable sites in formerly occupied areas (Airola and Williams 2008). Special attention should be paid to any apparent displacements by European Starlings (Wiggins 2005), as the factors that contribute to increased or decreased nest site competition are also not well-understood. No experimental studies of removing or otherwise managing nest site competitors have been done in the Pacific Northwest.

Studies of the relationship between local land management activities (e.g., cattle grazing, logging, post-fire timber salvage, application of agricultural insecticides) and Purple Martin site occupancy and breeding success would help to clarify the effects of such practices on local populations (Wiggins 2005). For instance, Hagar and Sherman (2018) found that Purple Martins would accept a range of cavity heights for nesting, including snags that were little more than tall stumps when they were the only snags available in a harvest unit. Mean snag height and cavity height were lower on private timberlands, where martins nested more frequently than on public lands – but it is unknown how cavity height affects reproductive success. While Purple Martins were relatively abundant on private timberlands (Hagar and Sherman 2018), these sites could function as ecological traps if they tend to provide lower cavity heights where predation rates are likely to be higher. An experimental study of Purple Martin use of areas with different timber harvest treatments (varying prescriptions for snags retained or created, patch size, harvest rotation length, etc.) or post-fire management treatments would also be informative. No controlled studies exist documenting the impact of such forest management actions on Purple Martin abundance or reproductive success. Studies are needed to determine the number and size of snags that should be retained or created to provide Purple Martin nesting habitat, and whether existing NWFP guidelines are sufficient. While Rodrick and Milner (1991) recommended avoiding applying insecticides within 12 km of known Purple Martin nesting colonies, no quantified data are available regarding the radius at which insecticide restrictions would be most beneficial, nor have pesticide exposure and accumulation levels in martins been measured.

Studies designed to measure the costs and benefits of different colony sizes would help us understand whether Purple Martin colonies form primarily because nest sites are limited or in order to facilitate extra-pair copulations (Brown and Tarof 2013). Such studies would also have management implications: if reproductive success is a function of colony size, there may be an ‘ideal’ colony size that could be managed for to maximize productivity (Cousens and Lee 2012). Non-breeding floater individuals are common among colonies in the East, most of which are yearling males, but also some females (Brown 1978a, Stutchbury 1991a, b). The proportion of floaters and the number that do not breed is unknown for western populations outside of British Columbia, where it has only been estimated anecdotally (Cousens and Lee 2012). A better understanding of the factors that contribute to the number of floaters might provide insight into how to expand the proportion of breeding individuals in a given subpopulation. 

To date Purple Martin food habits have only been studied in Kansas, Oklahoma, and Alberta. There is a clear need for further studies in Oregon and Washington, as the P. s. arboricola subspecies uses different habitat types and likely utilizes a different prey base (Wiggins 2005). Information on the foraging habits and insect prey of western Purple Martins will help to assess how martins may respond to habitat changes caused by management activities or climate change (Wiggins 2005). Research on the effects of land management activities during the breeding season (e.g., cattle grazing, logging, burned timber salvage, and insecticide use) on insect abundance also warrant further study. Increased use of agricultural insecticides on breeding grounds or near migration stopover habitat may also impact non-target insect prey abundance (e.g. Nocera et al. 2012, Hallmann et al. 2014, Forister et al. 2016), and accumulation levels, direct mortality, or indirect impacts on Purple Martins have not been examined in quantified studies. Climate change has the potential to affect Purple Martins through altering spring weather conditions or food supply, but no studies were found addressing this issue in this species. 

Much less is known about Purple Martins after they leave North America, and how they interact with sympatric tropical species within the genus Progne, with which they have been observed to share roosting sites (Brown and Tarof 2013). The core wintering range of western Purple Martins is in southeastern Brazil, and deforestation and agricultural development are extensive in some parts of the winter range (Fraser et al. 2012). Agricultural landscape cover in Brazil may influence aerial insect food supply, body condition, and/or spring departure timing in Purple Martins, but no field studies have yet examined these factors (Stutchbury et al. 2016a). Studies are needed to evaluate the full winter range of western Purple Martins, the impact of tropical habitat loss in that range, and to estimate pesticide loads or potential exposure on the wintering grounds. This would improve our understanding of how wintering versus breeding threats drive population change of western Purple Martins. The lack of synchrony in trends among multiple aerial insectivores and regions on the breeding grounds suggests that non-breeding conditions, e.g. climate or land use on the wintering grounds or along migratory routes, may be important drivers of some aerial insectivorous bird population trends (Michel et al. 2016).
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Definitions of Terms

Adult dispersal
Movement of a second-year or older animal from its breeding site in one year to a different breeding site the following year (can occur after a longer round-trip migration rather than directly).

Colony
A group of Purple Martin pairs that nest in the same small area, or even in different cavities within the same nest box or snag.

Extra-pair copulation
In a socially (not sexually) monogamous species, a copulation that occurs with an individual that is not the pair-bonded mate and social partner.


Extra-pair fertilization
In a socially monogamous species, this results in a fertilized zygote by a sexual partner outside of the two mates that share a longer-term pair bond.

GeoBOB (Geographic Biotic Observations Database) 
An upgraded version of the ISMS database developed in 2004 but used solely by OR/WA BLM (and NWFP CA BLM), designed to store existing Survey and Manage data as well as BLM Special Status/Sensitive Species data. GeoBOB holds spatial representations of species observations and survey effort using ArcGIS, ArcSDE, and Oracle technologies.

Habitat disturbance 
Natural or human caused disturbances that likely may have impacts on the species habitat, its life cycle, microclimate, or life support requirements.

Management considerations 
Potential management activities designed to achieve the conservation of a species at a site. Management considerations are not mandatory. 

Migratory connectivity 
The geographic linking of individuals and populations between one life cycle stage and another (for instance, between breeding and overwintering grounds).

Molt 
The periodic replacement of feathers by losing old, worn feathers and growing new ones.

Monitoring 
The collection of information used to determine if management actions are meeting objectives of standards and guidelines and if they comply with laws and management policy. Monitoring is used to determine if standards and guidelines are being followed (implementation monitoring), if they are achieving the desired results (effectiveness monitoring), and if underlying assumptions are sound (validation monitoring). Monitoring usually collects information on a sampling basis, provides standardized data, and occurs at multiple levels and scales. 

Natal dispersal
Movement of a first-year bird from its natal site to the site of its first breeding attempt (can occur after a longer round-trip migration rather than directly).

NRIS (Natural Resource Information System) 
A set of standard corporate databases and computer applications used by the Forest Service nation-wide to record basic natural resource data. NRIS Fauna and NRIS TES Plants will be the primary repositories for Forest Service Sensitive Species information.

ORBIC (Oregon Biodiversity Information Center)
Part of the Institute for Natural Resources (INR), based at Portland State University. ORBIC leads INR's biodiversity and conservation work, and its key function is to maintain, develop, and distribute biodiversity information in Oregon. It houses the most comprehensive database of rare, threatened, or endangered species of Oregon.

Philopatry
The tendency of an individual to return to the same location between seasons or years. Philopatry in migratory species can refer to any location used during the annual cycle. 

Productivity
	A measure of reproductive rate typically given in the number of offspring per pair or per adult, and either per year or per breeding attempt.

Range 
The limits of the geographic distribution of a species.

Suitable habitat 
Abiotic and biotic environmental conditions within which an organism is known to carry out all life history aspects. 

Viability 
Ability of a wildlife or plant population to maintain sufficient size to persist over time in spite of normal fluctuation in numbers; usually expressed as a probability of maintaining a specified population for a specified period. 

Viable population 
A wildlife or plant population that contains an adequate number of reproductive individuals appropriately distributed on the planning area to ensure the long-term existence of the species. Refer to page 123 in Chapter 3 and 4 of the FSEIS for the Northwest Forest Plan for further clarification
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