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Disclaimer
This Conservation Assessment was prepared to compile information on the Harlequin Duck. 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 Harlequin Duck (Histrionicus histrionicus), please contact the interagency Special Status/Sensitive Species Conservation Planning Coordinator in the Portland, Oregon, Forest Service Region 6 and OR/WA BLM State offices. 

[bookmark: _Toc501534081][bookmark: _Toc501916340]Executive Summary 
Species and Taxonomic Group
Class Aves
Order Anseriformes
Family Anatidae
Subfamily Anatinae 
Tribe Mergini (sea ducks)
Genus Histrionicus 
Species histrionicus

Management Status
The Harlequin Duck is considered one of the most imperiled ducks in North America, despite the fact that it is not a species of concern on a global scale. It is listed as a Species of Least Concern by the International Union for the Conservation of Nature (IUCN), and its NatureServe Global rank is G4, indicating that the species is apparently secure (uncommon but not rare; some cause for long-term concern due to declines or other factors). In the U. S., it is not listed as threatened or endangered, and is not currently a candidate for listing, under the Endangered Species Act. However, breeding populations of Harlequin Ducks are listed as Sensitive Species in Oregon and Washington by the Interagency Special Status/Sensitive Species Program (ISSSSP). In Oregon, it is listed both as a Sensitive Species and a Conservation Strategy Species by the Oregon Department of Fish and Wildlife. It is not listed as sensitive, threatened, or endangered in Washington by the Washington Department of Fish and Wildlife, but it is considered a Species of Greatest Conservation Need in the Washington State Wildlife Action Plan. The Natural Heritage Programs of both states give the Harlequin Duck a rank of S2B, S3N. This means it is considered imperiled during the breeding season because rarity or other factors demonstrably make it vulnerable to extirpation. The non-breeding population is rare or uncommon, but not imperiled. Harlequin Duck is a game bird that is legally hunted in both Oregon and Washington.

Christmas Bird Count data analyzed from 1959-1988 (Sauer et al. 1996) and 1951-2016 (see Population Trends section) show stable or increasing trends in wintering populations in British Columbia, Washington, Oregon, and California. However, concern remains because several calculations of western Harlequin Duck productivity and recruitment rates were insufficient to support stable populations with current estimates of adult survival (Smith et al. 2001, Rodway et al. 2003b). High variability in productivity and frequent low estimates of breeding propensity have been reported from many sites (see Table 5). Furthermore, an analysis of winter Harlequin Duck aerial survey data from Puget Sound (WDFW 2015) reveals a significant decreasing trend from 1994-2015 (-43.5 individuals/yr; p = 0.01). In British Columbia, a significant decline of -2.6% per year from 1999-2011 was reported for Harlequin Ducks wintering in the Strait of Georgia (Crewe et al. 2012), and a reduction of up to 50% at White Rock from 1980-2015 (SDJV 2015b). Recent range contractions and apparent extirpations from former breeding streams in Oregon are of particular concern. Breeding surveys in Washington are not sufficient to estimate population trends in that state. Although conservation concern for west coast Harlequin Ducks seems warranted, uncertainty about survival, recruitment, and population growth rates make a full evaluation difficult.

Range and Habitat
The Harlequin Duck occupies two disjunct breeding areas in North America (Figure 4). In the East, they are found in Labrador, Canada, south along the coast to northeastern Gaspé Peninsula and northern New Brunswick. Western populations of Harlequin Ducks breed in coastal streams and inland mountain streams from western Alaska, northern Yukon, northern British Columbia, southern Alberta, and interior Washington to eastern Oregon. Some populations breed in the Rocky Mountains in parts of Idaho, northwestern Wyoming, western Montana, and until recently, a now-extirpated population in southwestern Colorado (Robertson and Goudie 1999). A few still reproduce in a very restricted range of the west slope of California’s central Sierra Nevada, and are uncommon to the point of near extirpation there (Beedy 2008). Western Harlequin Ducks winter along the Pacific coast from Alaska to California as well, with the highest numbers in the Aleutian Islands (Bellrose 1976).

Harlequin Ducks are known to occur in three Oregon BLM districts (Coos Bay, Northwest Oregon, Roseburg) and one in Washington (Spokane). While the final SSS list from July 2015 (see https://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/) lists Coos Bay as suspected occurrence, documented Harlequin Duck observations compiled from various state and federal data sources show several sightings from this district (see Figure 8). However, this species only has ISSSSP status for breeding populations, and while Coos Bay BLM District has several winter sightings, including one from the interior forest, there has been no confirmed breeding. They are known to breed on seven National Forests in Oregon (Columbia River Gorge National Scenic Area, Deschutes, Mt. Hood, Rogue River-Siskiyou, Umpqua, Wallowa-Whitman, Willamette), and six in Washington (Columbia River Gorge National Scenic Area, Colville, Gifford Pinchot, Mt. Baker-Snoqualmie, Okanogan-Wenatchee, Olympic).

Harlequin Ducks are excellent swimmers, completely at home in turbulent water. They are short-distance, east-west migrants that occupy disparate habitats during the breeding and non-breeding seasons. During the breeding season, harlequins are the only North American duck to nest in riparian areas along fast-flowing mountain rivers or coastal streams, and depend on aquatic invertebrate food sources (Robertson and Goudie 1999). In winter, Harlequin Ducks migrate to the intertidal rocky coastlines along the coasts of North America and Greenland (Robertson and Goudie 1999), foraging in the shallow surf by day, frequently hauling out to rest on shoreline rocks, and spending nights roosting on open water 1-3 km from shore (Rodway and Cooke 2001). For nesting, they prefer streams with little human disturbance, a healthy riparian corridor, and vegetative cover (woody debris and shrubs) in a variety of forest types and seral stages (Crowley 1994, Bruner 1997). They will place nests on the ground, in tree cavities (Cassirer et al. 1993); a depression or cavity in a stump, root wad (Latta 1993), or elevated stream bank; crevice in a cliff face (Flint et al. 1983); space beneath a deadfall; or cave within a rock pile (Crowley 1994). Woody debris, both as snags and blow down, are important to nesting harlequins (Cassirer et al. 1993, Latta 1993).

Threats
Conservation concern for Harlequin Ducks exists partly due to increasing human disturbance at both wintering and breeding sites. Potential threats to this species include degradation of breeding habitat and water quality along breeding streams, increased human disturbance of nesting sites, environmental catastrophes affecting rocky coastal shorelines (e.g., oil spills), and unknown impacts of continued harvest. Harlequin Ducks appear to be sensitive to water quality during the breeding season (Robertson and Goudie 1999), and various industrial activities, such as logging, mining, grazing, hydroelectric development, and road construction can increase sedimentation in streams, reducing prey availability (Wiggins 2005). Harlequin Ducks have been known to abandon breeding sites after floods that wash out aquatic invertebrate prey, or after females are disturbed at their nest sites by recreational boaters or fishermen. Further, the life history of this species (relatively long-lived, low or variable productivity, and older age of first reproduction) makes it slow to recover from any population losses. The Salish Sea (Puget Sound, Washington, and Strait of Georgia, British Columbia) is home to over 10,000 overwintering Harlequin Ducks (which likely includes most of the Oregon and Washington breeders), but is also an increasingly busy shipping lane. Because harlequins concentrate in larger numbers on the wintering grounds, and show high winter site fidelity, they are vulnerable to impacts during this phase of the annual cycle, and such impacts would affect many breeding populations. Research undertaken to study the effects of the 1989 Exxon Valdez oil spill revealed depressed survival rates nearly a decade after the spill (Esler et al. 2000b). Continued legal harvest is estimated to be very low, but no complete harvest information exists. Climate change may change inland breeding and/or ocean wintering conditions, but potential effects on harlequins are unknown. Insufficient data exist for Oregon and Washington populations to determine which of these threats may have the greatest impact on population size in these states. Most Harlequin Duck breeding habitat in Oregon and Washington is on public land, which enhances the ability of federal and state land management agencies to enact conservation actions during this portion of the annual cycle.

Management Considerations
Breeding season
Harlequin Ducks require healthy, dense riparian vegetation with downed woody debris for successful nesting, so management actions that promote this would be likely to help this species. The Aquatic Conservation Strategy of the Northwest Forest Plan, or similar measures that focus on protecting riparian and in-stream habitat, may be sufficient for Harlequin Duck in-stream habitat quality and riparian forest structure needs, but this has not been specifically studied. Harlequins appear sensitive to water quality, insect prey abundance, and human disturbance during the breeding season. Regulate and minimize, as possible, activities like logging, mining, and hydroelectric dams in breeding watersheds, especially along fast-flowing water, to reduce run-off and sedimentation of streams. When extracting timber, riparian buffer zones along waterways help to minimize runoff and sedimentation. Introduction of competing rainbow trout to breeding streams should be prevented if possible (LeBourdais et al. 2009). Restricting recreational use of confirmed breeding streams during sensitive periods (April – August) is another management option to consider. Limiting new roads, recreational trails, campgrounds, or boating and fishing access near known breeding streams may also be beneficial. Female Harlequin Duck mortality has been shown to be highest on the breeding grounds, suggesting that management actions designed to reduce mortality during breeding would be most likely to achieve meaningful population-level benefits (Bond et al. 2009). 

Non-breeding season 
Management considerations on wintering grounds are important as well, particularly reducing threats that have the potential to impact a large number of individuals within a small geography. Rocky shoreline areas are important for foraging harlequins in winter and should be protected from oil spills, other pollution from shipping lanes, and aquaculture development (Gaines and Fitzner 1987, Rodway et al. 2003b). Oil spills like the Exxon Valdez have been shown to reduce Harlequin Duck density, survival, and productivity for years after the incident. Any steps that could be taken to protect busy shipping lanes in Puget Sound and the Strait of Georgia from oil or other contamination would be beneficial to Harlequin Ducks. Hunting bag limits are low for legally hunted harlequins in Oregon and Washington, but no rigorous range-wide harvest assessments are available. 

Research, Inventory, and Monitoring Opportunities
While our knowledge of Harlequin Duck ecology has increased dramatically since the 1990s, sea ducks are still the least understood waterfowl in North America. Some studies have reported low breeding propensity and productivity in Harlequin Ducks, the causes of which are not understood. Further, the fact that this species occurs at low densities in its breeding range, makes it difficult to gather sufficient data for various subpopulations in the West. Evidence from the Atlantic population suggests that demographic rates can vary substantially from one stream corridor to another, making it difficult to infer region-wide population viability from smaller-scale studies that only monitor a few streams (Heath et al. 2006). No studies in Oregon and Washington have identified which, if any, threats are currently affecting population growth in this region. Potential threats are inferred based largely on data from other populations. Causes of recent range contractions in Oregon are unknown - though climate change has been suggested as a factor (Doerr 2013), no thorough assessments of the threats of climate change to this species exist. There have been three recent Harlequin Duck surveys of breeding streams in Oregon, in 1993, 2012-2014, and 2017 (Thompson et al. 1993, Doerr 2013, Doerr 2015, Carré 2018), and two efforts on National Forest lands in Washington in 2013-2014 and 2017 (Carré 2018, Singleton and Long 2018). More standardized population monitoring of harlequin occurrence at breeding streams in these states would be beneficial. Annual aerial surveys occur in Puget Sound over the winter, but it is unknown what percent of these ducks migrate to different portions of the western breeding range. Furthermore, much of the existing data regarding habitat requirements and demography comes from British Columbia and Alaska. More detailed studies on habitat selection, productivity, survival, and recruitment are needed from interior breeding populations in general, and from Oregon and Washington in particular, to assess limiting factors. The effects of forest management activities (logging, mining, grazing, roads), riparian vegetation and buffer width, and water quality on harlequin occupancy and breeding success also warrant further study, as their effects on populations have not been quantified via controlled experimental studies. Migratory connectivity and conservation genetics of this species, such as levels of genetic diversity, rates of gene flow, and effective population size, are also relatively unknown.
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I. Introduction
[bookmark: _Toc501534084][bookmark: _Toc501916343]A. Goal
The goal of the conservation assessment is to summarize existing information regarding the biology and ecology of the Harlequin Duck (Histrionicus histrionicus), 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 is of concern in Oregon and Washington due to potentially declining populations in western North America, narrow breeding habitat requirements, increasing human disturbance at breeding and wintering sites, and a lack of information regarding threats, causes of declines, factors limiting population size, and basic demographic information in the Oregon and Washington portion of its range. There is regional concern that western Harlequin Ducks may be in jeopardy, but there are insufficient data to support federal listing at this time. 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: _Toc501534085][bookmark: _Toc501916344]B. Scope
The geographic scope of this assessment and recommendations contained herein includes consideration of the known and suspected range of the Harlequin Duck 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 Harlequin Ducks on USFS Region 6 and OR/WA BLM lands, and other areas where appropriate. Information in this assessment was compiled from peer-reviewed scientific literature, technical reports, gray literature, personal communications, and unpublished data. Although the species’ range is widespread, low breeding densities contribute to a lack of knowledge about the abundance, distribution, and demography of Harlequin Ducks on USFS R6 and OR/WA BLM lands, posing a management challenge. This assessment summarizes existing knowledge, including data from other regions when needed, in order to guide management of the species. 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: _Toc501534086][bookmark: _Toc501916345]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: G4. G4 status indicates that species is apparently secure (uncommon but not rare; some cause for long-term concern due to declines or other factors). For updated NatureServe status, visit http://www.natureserve.org/explorer. 

Canada: Committee on the Status of Endangered Wildlife in Canada (COSEWIC): Eastern population is considered to be of Special Concern (downlisted in 2001, before which it was considered Endangered). Updated COSEWIC status can be found at http://www.cosewic.gc.ca. 

United States: Not federally listed and not a candidate for listing under the Endangered Species Act. It was a candidate for listing in 1991, and petitioned for listing as threatened or endangered in 1995, but in 1998 the USFWS found that listing was not warranted. For updated status visit http://www.fws.gov/endangered/species/index.html.

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

USDA Forest Service: Listed as Sensitive in Regions 2 (Rocky Mountain Region; https://www.fs.usda.gov/detail/r2/landmanagement/?cid=stelprdb5390116), 4 (Intermountain Region; https://www.fs.usda.gov/main/r4/plants-animals), and 6 (Pacific Northwest Region; https://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/). Not listed as sensitive in Region 5 (Pacific Southwest Region; 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/.

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

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: S1. Critically Imperiled in the state because of extreme rarity (often five or fewer populations) or because of factor(s) such as very steep declines making it especially vulnerable to extirpation from the state. For updated information, visit http://www.dfg.ca.gov/biogeodata/cnddb/plants_and_animals.asp.

Idaho: Tier 2 Species of Greatest Conservation Need in the Idaho Comprehensive Wildlife Conservation Strategy. For updated status visit https://idfg.idaho.gov/species/taxa/list?category=3&srank=All&grank=All&sgcn=1.

Montana: Montana Natural Heritage Program State Species of Concern. Montana NatureServe Rank: S2B. S2B: Imperiled during breeding season because rarity or other factors demonstrably make it vulnerable to extirpation. For updated status visit http://mtnhp.org/SpeciesOfConcern/?AorP=a.

Oregon: Oregon Department of Fish and Wildlife Sensitive Species for the Coast Range and West Cascades. Sensitive Species are those facing one or more threats to their populations or habitats. They have small or declining populations, are at-risk, and/or are of management concern. For updated status visit http://www.dfw.state.or.us/wildlife/diversity/species/.

Oregon Conservation Strategy: Conservation Strategy Species (Oregon Department of Fish and Wildlife). For updated status visit http://www.oregonconservationstrategy.org/ocs-strategy-species/.

Oregon Biodiversity Information Center (ORBIC) State Rank: S2B, S3N. Imperiled during breeding season because rarity or other factors demonstrably make it vulnerable to extirpation. The non-breeding population is rare or uncommon, but not imperiled. Non-breeding Harlequin Ducks in Oregon seem to have maintained relatively consistent numbers in the last decades. View ORBIC status updates at http://orbic.pdx.edu/.

Washington: Not listed as sensitive, threatened, or endangered in Washington (Washington Department of Fish and Wildlife). For updated status visit http://wdfw.wa.gov/conservation/endangered/list/Bird/.

Washington State Wildlife Action Plan: Species of Greatest Conservation Need (Washington Department of Fish and Wildlife). Declines in wintering numbers have occurred on Puget Sound, but sources of impacts have not been clearly identified. For updated status visit: http://wdfw.wa.gov/conservation/cwcs/.

Washington Natural Heritage Program State Rank: S2B, S3N. Imperiled during breeding season because rarity or other factors demonstrably make it vulnerable to extirpation. The non-breeding population is rare or uncommon, but not imperiled. For updated status visit http://www.dnr.wa.gov/NHPlists.

Wyoming State Wildlife Action Plan: Species of Greatest Conservation Need (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:
Alberta Sustainable Resource Development. 2010. Harlequin Duck Conservation Management Plan 2010-2015. Alberta Sustainable Resource Development. Species at Risk Conservation Management Plan No.4. Edmonton, Alberta, Canada. 17 pp.

Cassirer, E. F., J. D. Reichel, R. L. Wallen, and E. C. Atkinson. 1996. Harlequin Duck (Histrionicus histrionicus) United States Forest Service/Bureau of Land Management Habitat Conservation Assessment and Conservation Strategy for the U.S. Rocky Mountains.

Wiggins, D. 2005. Harlequin Duck (Histrionicus histrionicus): a technical conservation assessment. USDA Forest Service, Rocky Mountain Region. Available online: http://www.fs.fed.us/r2/projects/scp/assessments/harlequinduck.pdf 

[bookmark: _Toc501534087][bookmark: _Toc501916346]II. Classification and Description
[bookmark: _Toc501534088][bookmark: _Toc501916347]A. Systematics and Synonymy
Histrionicus is a monospecific genus within the tribe Mergini (sea ducks), family Anatidae. Based on a phylogenetic analysis using morphological characteristics, they appear to be basal to all sea ducks except eiders, and are perhaps most closely related to the long-tailed duck (Clangula) and the scoters (Melanitta) (Livezey 1995). The disjunct Atlantic (formerly H. h. histrionicus) and Pacific (formerly H. h. pacificus) populations were once thought to be different subspecies (Brooks 1915), but no subspecies are currently recognized. While the Atlantic and Pacific populations appear to be genetically isolated and genetic differences occur between separate breeding populations in the eastern part of the range (Robertson and Goudie 1999, Scribner et al. 2000), there is little evidence for genetic differentiation among western Harlequin Duck breeding populations (Brown 1998), or among regional wintering populations in Alaska (Lanctot et al. 1999).

Both its common name and scientific name refer to the male’s striking, almost clownish appearance. The word ‘harlequin’ comes from a mischievous, colorfully dressed character popular in classic Italian comedic theater of the 16th century. The species name histrionicus is derived from the Latin word histrio, meaning actor, or one who performs histrionics (theatrical tricks). Many colloquial names exist, including lords and ladies, painted duck, totem pole duck, rock duck, glacier duck, mountain duck, white-eyed diver, squeaker, and blue streak.

[bookmark: _Toc501534089][bookmark: _Toc501916348]B. Species Description
Harlequins are one of North America’s most striking ducks, and the males are not easily confused with any other species. The male’s plumage is slate blue with chestnut flanks. They have a bright white crescent on the face next to the bill, a small white spot behind the eye, and a larger white vertical stripe down the side of the neck. A black crown stripe is bordered by white and chestnut lines. They have two black-bordered white stripes, one as a collar between the head and the body, and another on both sides of the chest, with a lighter slate color in between. Males also have white scapulars (Stone and Huff 2009). Females have a more drab coloration: overall brownish-gray, with a lighter belly. They have three white patches on the head of variable fadedness: a round spot behind the eye, a larger cheek patch, and a smaller spot in front of the eye. Females are perhaps most similar in plumage to female Surf, White-winged, and Black Scoters of the genus Melanitta, though they are distinguishable by their smaller bill and steeper forehead. Female Buffleheads (Bucephala albeola) have only one white facial spot, extensive white in the wings, and a white (not brown) breast. Both sexes of harlequins have a blue-gray bill that is quite short. Adults have grayish legs and feet, while juvenile birds and some females have legs that are tinged with yellow. 

Harlequins are small ducks, perhaps only half the size of a Mallard (Anas platyrhynchos). Mean body mass for males is 650g; for females, 575g. Males range from 34-46cm long, while females average slightly smaller at 33-42cm. Wing length of adult males ranges from 180-217mm; adult females 172-211mm (Robertson and Goudie 1999).

Harlequins are quite vocal for a sea duck. The most common call given is a distinctive mouse-like squeak, from which they get one of their nicknames, “sea mice.” Females also make a coarse ek-ek-ek noise when trying to locate their mate or their brood. Contact calls to ducklings are a softer version of the squeak call, which is also used by females during aggressive encounters (Robertson and Goudie 1999).

[bookmark: _Toc501534090][bookmark: _Toc501916349]III. Biology and Ecology
[bookmark: _Toc501534091][bookmark: _Toc501916350]A. Life History
Among ducks, harlequins are relatively K-selected, i.e. have longer lifespans and relatively low and variable annual productivity compared to other species (Goudie et al. 1994). This favors a life history requirement for high winter survival and high levels of winter philopatry. Strong philopatry reflects the high stability of nearshore environments in winter, and confers benefits of site familiarity (knowledge of feeding areas and predation risks) and pair reunion (which has reproductive advantages) (Robertson and Cooke 1999, Smith et al. 2000).

Non-breeding season
Harlequin Ducks court and form pairs on the wintering grounds, early in the fall and months ahead of the beginning of breeding season - similar to other ducks, but not to most bird taxa (Gowans et al. 1997). Pairs reunite on wintering grounds if both members survive and return to the same area. In southwestern British Columbia, pairing begins in mid-September (Gowans et al. 1997) or October (Robertson et al. 1998b). These studies found similar timing of pair formation - over half (Robertson et al. 1998b) or between 44-70% (Gowans et al. 1997) of females were paired by December. Courtship behavior in Harlequin Ducks includes rushing (males moving quickly towards females, often with head and neck extended forward), agonistic pursuits (similar to rushing, but between males, or a female showing aggression towards either sex), and head-nodding (extending the head up, forward, and back down in an elliptical movement) (Gowans et al. 1997). Males are observed to exhibit courtship behavior more often than females. Males both feed and perform courtship behaviors more often after they have completed their prealternate molt, compared to molting males (Gowans et al. 1997). Males in good condition (Gowans et al. 1997) and those who finish molting more rapidly (Robertson et al. 1998a) acquire mates sooner and engage in courtship behaviors more often. 

Male Harlequin Ducks do not attempt to hold winter territories, and even tend to aggregate during the period prior to pair formation (Cooke et al. 1997). Males appear to engage in very little agonistic behavior during the molting period on British Columbia wintering grounds (Robertson et al. 2000). Along the British Columbia coast, there is considerable overlap in spatial use of habitat even among paired males, and no territorial boundaries were defended. Paired males were aggressive towards others only when unpaired males approached and attempted to court their mates (Gowans et al. 1997), behavior consistent with mate-guarding rather than territoriality. Foraging habitat at some winter sites seems to be distributed fairly evenly, making it difficult for dominant males to restrict the foraging opportunities of other ducks (Robertson et al. 1998a). However, in Prince William Sound, Alaska, some individuals were observed defending small (1m diameter) foraging areas directly above spawning salmon (Crowley 1994).

Unlike well-studied dabbling ducks (genus Anas), behavioral interactions among harlequins are relatively non-aggressive (Robertson et al. 1998a), but they do defend their mates from conspecifics (Inglis et al. 1989). Duck populations often have a male-biased sex ratio (Sargeant et al. 1992), increasing the strength of sexual selection because of the limited availability of unpaired females. Females are thought to benefit from the early timing of pairing by having mates to defend them from conspecifics (Gowans et al. 1997) and remain vigilant for predators  throughout the winter. Paired males in Labrador were four times more vigilant than unpaired males and their mates, suggesting that its function is not primarily for self-protection (Squires et al. 2007). Males were not more vigilant when their females were fertile, so it is unlikely they were attempting to assure paternity. Male vigilance during foraging bouts was highest when pairs fed alone near shore—a condition when feeding likely carried higher predation risk. Male vigilance may be important to female survival (Squires et al. 2007). Paired females are also harassed less by males, further increasing their available foraging time (Ashcroft 1976). This greater access to resources is important, as females that pair earlier then may accumulate greater energy reserves for reproduction by spring. In waterfowl, female body condition during the non-breeding season and early spring is an important driver of reproductive success in the subsequent breeding season (Alisauskas and Ankney 1992).

Researchers studying Eastern populations of Harlequin Ducks have suggested that they live on the edge of their energetic limits, with little flexibility in activity budgets due to their small body size and relatively harsh winter environment. This conclusion was partly based on the fact that Harlequin Ducks foraged nearly continuously during the shortened winter daylight hours (Goudie and Ankney 1986). However, this contrasts with findings from Western populations that males feed very little during the molting period (Robertson et al. 1998a), and that wintering harlequins spend substantial time hauled out and loafing (Gowans et al. 1997), indicating that they are not under severe nutritional stress. Males wintering on the Strait of Georgia, British Columbia, increased their mass prior to spring migration by an average of 45g (7%) (Esler and Bond 2010). These body reserves are likely stored and used during the subsequent breeding season, when males forage less. It is hypothesized that males have evolved a capital strategy of acquiring nutrients for breeding (using mostly endogenous reserves) to meet the energetic costs of vigilance and mate-guarding (Esler and Bond 2010).

Breeding season
In western North America, pairs begin to leave coastal areas for breeding grounds in late March, and generally all have departed by mid-May (Figure 1). Harlequin Ducks have never been observed directly during spring migration, but it is believed they travel relatively quickly and directly, following stream corridors when possible. They migrate as individuals, pairs, and small groups rather than large flocks (Robertson and Goudie 1999). Observations from the breeding grounds confirm that reunited pairs formed during winter are also present together on breeding streams (Bengtson 1972). Smith et al. (2000) found that as long as their mate was still alive, Harlequin Duck pairs that reunited on southwestern British Columbia wintering areas returned to breeding streams in Banff National Park, Alberta together. Site fidelity to nesting areas between years appears to be strong across the western range of Harlequin Ducks (eastern Prince William Sound [Crowley 1994], Idaho [Wallen and Groves 1989; Cassirer and Groves 1991, 1992], Wyoming [Wallen 1987], and Montana [Kuchel 1977]). Some males that lost their mates and failed to re-pair on the wintering area showed fidelity to their former breeding site anyways, returning to the same breeding stream without their mates, and did not pair (Smith et al. 2000).
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Figure 1. Annual cycle and timing of molt, migration, and breeding of Harlequin Ducks in coastal British Columbia. Note that phenology may vary between different populations within western North America. Thick lines show peak activity; thin lines, off-peak. Reprinted from the Macaulay Library, Cornell Lab of Ornithology (Robertson and Goudie 1999).


In British Columbia, pairs are detected along coastal streams in the first week of April (Campbell et al. 1990) (Table 1). In the Maligne Valley of Jasper National Park (Hunt and Ydenberg 2000), and Banff National Park (Smith 1998), harlequin pairs arrive in late April or early May. In the Oregon Cascades, pairs also began arriving in April (Wright et al. 2000). The timing of nest initiation varies among breeding populations. Harlequin Ducks breeding in high elevation streams in the Rocky Mountains may initiate breeding up to six weeks later than birds nesting in low elevation coastal streams. In Jasper National Park, nesting begins in mid-June, and hatching occurs in mid-July to early August (Hunt and Ydenberg 2000). Egg-laying took place from mid-May through early June in Montana (Kuchel 1977), and from 15 May – 18 June (Crowley 1999) or 26 May - 17 June (Dzinbal 1982) in coastal streams near Prince William Sound, Alaska. In Oregon, females initiated nests from 10 May - 16 May in 1994 (recorded dates may be later than actual dates, due to a delayed start to field work that year) and from 16 April - 6 June in 1995 (Bruner 1997). Hatching in south central Alaska took place from 3-15 July (Dzinbal 1982), while in the Oregon Cascades, broods were first recorded in the third week of June (Wright et al. 2000). Hatching near Prince William Sound occurred from 3-15 July; given a 28-day incubation period, incubation was initiated from 5-17 June. Broods were first observed in Sawmill Bay in late July (Dzinbal 1982). Like most ducks, the precocial chicks leave the nest 1-2 days after hatching. The fledging age of young (first flight) ranges from 42-56 days (Table 1). Harlequins are not known to re-nest after a nest is lost due to depredation (Robertson and Goudie 1999).

Dzinbal (1982) noted that females lost weight during incubation, but gained weight for the rest of the summer. Indirect evidence (stable carbon isotope signatures of their mates’ body tissues, and assuming both members of the pair arrived around the same time) indicate that the body mass of paired males decreases the longer they spend on breeding grounds (Esler and Bond 2010). Males are highly vigilant while on breeding streams, and time spent mate-guarding reduces feeding time (Rodway 1998, Goudie and Jones 2005). Males spend up to 6-7 weeks at inland nesting areas (Wright et al. 2000), but provide no parental care. Shortly after females begin incubation, males depart for their molting areas on the Pacific Coast, and most have departed by the end of June (Robertson 1997). Groups of females, likely those that have forgone breeding that year and/or females with failed nests, have also left breeding streams by the end of August. Females with successful broods might not return to the ocean until October (Robertson 1997). Juvenile Harlequin Ducks are believed to leave inland breeding streams and arrive at coastal wintering areas in small family groups, some still accompanied by their mothers (Cooke et al. 2000, Regehr 2003).

Males in southwestern British Columbia began to arrive on the wintering grounds in mid-June, and most had returned from breeding areas by the end of July. Females returned from late July through the end of September (Robertson et al. 1997). Harlequins are typically considered unusual among ducks in that they often molt and overwinter at the same location. However, recent research found that 71% of male harlequins used molting sites that differed from their eventual overwintering locations, though distances were often not large (mean = 150.3 miles, range: 10-610 miles) (Savoy et al. 2017). In British Columbia, all birds initiated molting as soon as they arrived on the non-breeding grounds (Robertson et al. 1997). Most waterfowl species undergo a simultaneous wing molt, replacing all of their flight feathers at the same time, during which they experience a flightless period of several weeks. The flightless period for male harlequins ranged from late July to late August, while the flightless period for females was timed up to two months later (probably due to their later arrival to non-breeding grounds) (Robertson et al. 1997). Similar patterns were observed in Alaska: males began acquiring basic plumage in late June and early July, became flightless in mid-late July, and began regaining flight feathers and alternate plumage by mid-August (Dzinbal 1982). The flightless period has been estimated to be about 21 days in British Columbia (Robertson et al. 1997) vs. 37 days in Prince William Sound (PWS estimate does not take into account the fact that harlequins can likely fly after only ~70% of wing feathers are regrown) (Iverson and Esler 2007).
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Table 1. The timing of Harlequin Duck breeding activities throughout their western range, documented in reports and published literature.

	Location
	Spring Arrival
	Egg-laying
	Hatching
	Fledging (first flight)
	Age of young at fledging
	Citation

	Glacier NP, Montana
	
	18 May - 9 June
	
	
	56 days
	Kuchel 1977

	northwest Montana
	
	1-25 May
	
	
	
	Diamond and Finnegan 1993

	British Columbia
	1st week of April
	
	
	
	
	Campbell et al. 1990

	Jasper NP, Alberta
	late April - early May
	mid-June
	mid-July to early Aug
	
	
	Hunt 1998; Hunt and Ydenberg 2000

	Banff NP, Alberta
	late April - early May
	26 May - 5 June
	27 June - 22 July (mean 12 July)
	
	
	Smith 1998; Smith 1999

	west-central Alberta
	
	
	1-23 July
	
	
	MacCallum and Bugera 1998; MacCallum and Godslave 2000

	Prince William Sound, Alaska
	
	15 May - 18 June
	
	
	
	Crowley 1999

	Prince William Sound, Alaska
	
	26 May - 17 June
	3-15 July
	3rd week of Aug
	
	Dzinbal 1982

	Oregon Cascades
	
	16 April - 6 June
	24 May - 25 June
	
	
	Bruner 1997

	Oregon Cascades
	
	
	3rd week of June
	
	
	Wright et al. 2000

	northern Idaho
	
	
	15 June - 1 July (mean 18 June)
	
	49 days
	Cassirer and Groves 1994

	northwest Wyoming
	 
	 
	5 July - 6 August (mean 31 July)
	 
	42 days
	Wallen 1987




Earlier molt may be advantageous for both sexes. Robertson et al. (1997) suggested that males initiate molt to develop alternate plumage sooner, which females find more attractive during courtship. However, a later study by the same author found that timing of molt was not related to pairing success; rather, it may reflect distance to the individual’s breeding area. Males that molted in a shorter period (regardless of when initiated) had higher pairing success the following autumn/winter, as molt speed may be more closely related to individual quality (Robertson et al. 1998a). Females may begin molting when they arrive to complete wing growth before the worst winter weather (Robertson et al. 1997); limited time or food resources during the breeding season may constrain females’ ability to initiate molt before they arrive on wintering grounds (Iverson and Esler 2007). Avoiding predation risk during the flightless period is likely an important factor determining female molt, as coastal areas may have different dominant predators. Predation can be high on inland breeding streams and is primarily by mustelids, which Harlequin Ducks usually escape by flying (J. C. Bond, unpub. data). On coastal areas, the most important predators are other birds (particularly Bald Eagles; Haliaeetus leucocephalus), which can be escaped by diving even during the flightless period (Iverson and Esler 2007).

Many researchers have reported evidence of long-term pair bonds in Harlequin Ducks (Gowans et al. 1997, Robertson et al. 1998b). Two studies found that in all cases where both members of a previous pair returned separately to the wintering area in British Columbia, they subsequently reunited (Robertson et al. 1998b, Smith et al. 2000). Divorce did not occur even if the female was unsuccessful at breeding the previous season, which suggests that reuniting with the same mate annually may confer important benefits (Smith et al. 2000), such as reducing the costs of courtship and pair bond maintenance (Robertson et al. 1998b). While older adults paired early in the winter, new pair bonds involving young males and females were formed early in spring (Robertson et al. 1998b).

The fact that Harlequin Duck pair bonds are formed or reaffirmed in winter, and that young often recruit into the same local populations as their parents, has important implications for the genetic and demographic structure of populations (Robertson and Cooke 1999). The strength of individual site fidelity to specific wintering grounds plays an important role in determining gene flow (or the lack thereof) among different subpopulations (Iverson and Esler 2006). While it only takes a few immigrants per generation to result in full genetic mixing, making different subpopulations indistinguishable (Slatkin 1985), such low rates of genetic exchange are not sufficient to link subpopulations demographically (Iverson and Esler 2006).


[bookmark: _Toc501534092][bookmark: _Toc501916351]B. Activity Patterns and Movements
A growing body of evidence shows that Harlequin Ducks exhibit high site fidelity to both breeding and wintering areas (Cooke et al. 2000, Robertson et al. 2000, Iverson et al. 2004, Regehr 2011). Harlequin Duck winter habitat use is likely influenced by this strong philopatry, which reflects the high stability of coastal environments, and the advantages of both site familiarity (knowledge of feeding areas and predators) and interannual pair reunion (leads to greater reproductive success and less time spent in courtship) (Robertson and Cooke 1999, Smith et al. 2000). 

While it appears that food resources influence the winter distribution and abundance of some sea ducks, foraging characteristics of Harlequin Ducks suggest that they may be more time-limited than food-limited. Several studies have concluded that harlequins are obligate diurnal foragers (e.g. Goudie & Ankney 1986), and winter day length is short. It is unknown whether they do not feed at night because they are visual predators that don’t see well in low light, or because predation risk near shore is too high (Rodway and Cooke 2001). This need to forage for much of the day, plus high winter philopatry, may mean that harlequins are dependent on predictably abundant food sources, and may explain their generalist diet (Esler et al. 2000a). In the Aleutian Islands, Harlequin Ducks spent the majority of daylight hours feeding (males: 70% of time, females: 76%) (Fischer and Griffin 2000). However, more time was spent foraging in the evening (perhaps to prepare for the overnight fasting period), in midwinter, during bouts of cold weather, and during high tides. As the winter season progressed, percent time feeding first increased and then decreased for both sexes, and may be negatively correlated with day length (Fischer and Griffin 2000). A different study reported relatively low foraging effort (4.1 ± 0.5 hours/day) by Harlequin Ducks wintering near Dutch Harbor, Alaska, suggesting high food availability (Reed and Flint 2007).

In winter, Harlequin Ducks are often observed hauling out (a behavior in which aquatic species temporarily leave the water) and loafing on boulders and rocky coastlines. In a behavioral study of harlequins wintering along the southwestern British Columbia coast, the greatest percentage of individuals were engaged in feeding, swimming, or maintenance behaviors (preening, bathing, resting, etc.) (Gowans et al. 1997). An intermediate percentage of birds were either hauling out or exhibiting courtship behavior, while the fewest birds were flying or being alert/vigilant at any given time. Males tended to spend more time feeding and courting, and less time acting alert or hauling out, as the season progressed, while females showed no temporal trends in any behavior (Gowans et al. 1997). Preening is also observed offshore, which means birds may defer some activities until night to increase the time available for foraging during the day (Rodway and Cooke 2001).

During the winter in the Strait of Georgia, British Columbia, Harlequin Ducks move every day between nearshore feeding areas and offshore resting areas. Groups of harlequins were never seen near shore during the night, and only spent crepuscular and nocturnal periods near shore when constrained by food availability and the length of daylight (Rodway and Cooke 2001). Generally, around sunset birds in small flocks moved 1–3 km offshore, where they spent the night scattered in small groups over an area at least 1 km wide and 10 km long parallel to the shore. Known pairs always departed together, and other flocks of two birds were observed frequently, suggesting that departure times for paired males and females are the same (Rodway and Cooke 2001). The timing of morning arrival to feeding areas and nighttime departure of Harlequin Ducks were influenced by food availability and limited day length constraining foraging time. Birds extended the time available for feeding by arriving about 10 minutes earlier during winter (Rodway and Cooke 2001). Harlequins exhibited more similar arrival than departure times, which may be due to greater energy constraints after fasting through the night. Arrival and departure times were more synchronous, and relatively unaffected by cloud and wind conditions, during the winter, suggesting that most birds required the full daylight period to forage to meet their daily energy requirements. Variation in arrival and departure times increased as the season moved towards spring, suggesting a relaxation of time constraints as day length increased (Rodway and Cooke 2001). 

Harlequin Ducks did change their daily activity patterns in response to superabundant schools of spawning Pacific herring (Clupea pallasi). On average, they arrived at nearshore feeding areas a few minutes later and departed almost an hour earlier during spawning time, likely due to the greater ease of meeting daily energy needs during this time of increased food availability (Rodway and Cooke 2001). They also had more variable arrival and especially departure times, and greater response to cloudy and windy weather during spawning (Rodway and Cooke 2001). Resighting of marked individuals has shown that birds from other wintering areas also move to these spawning sites for a portion of the winter season. They tend to stay for 2-3 weeks, and then move back to their regular wintering grounds, but few birds travelled more than 80km to take advantage of herring spawning sites (Rodway et al. 2003a).

In Prince William Sound, Alaska, where harlequins nest along coastal streams closer to the ocean, paired ducks spent about 47% of their time near rocks and headlands during prenesting and laying (10 May - 21 June), and about 26% of their time each in Stellar Creek and in lee (i.e. protected) waters (Dzinbal 1982). Paired females spent more time feeding (21% vs 13%), but less time resting (41% vs 46%) and interacting (1% vs 3%) than their mates (Dzinbal 1982). Harlequins breeding near the coast of Prince William Sound fly downstream from nest sites to estuaries and adjacent rocky intertidal zones, where they forage on small crustaceans, invertebrates, and polychaetes (Crowley 1994). They can show up at intertidal delta as early as 0330, which is considered diurnal because nighttime only lasts from ~2300-0400 during an Alaskan summer (Dzinbal and Jarvis 1982, Crowley 1991, Crowley 1994). While on breeding streams, males demonstrate a high degree of vigilance and low rates of feeding (Inglis et al. 1989, Rodway 1998, Goudie and Jones 2005, Squires et al. 2007). A study in Labrador, Canada, found that harlequin males on breeding grounds spent only about 17% of time feeding (Rodway 1998). They spend more time being vigilant when females are feeding, especially in locations where they may be more vulnerable to predation (Squires et al. 2007). Once incubation begins, females remain on the nest throughout the entire day, leaving only for one or two hours in the evening to feed (Hunt 1998, Smith 1998).

In the mountains of Oregon, where birds are unable to make daily flights to the coast, both single and paired males, radio-marked and tracked for at least five days (n = 4) averaged 2.2 (range 1-3.5) km movement on streams in 1995. Average movement for paired females was 2 km, while the average for non-nesting or unknown status females was 10 km (Bruner 1997). Males across the range leave breeding streams shortly after females begin incubation, and do not help further with brood-rearing. Males in the interior of Oregon had left the streams in the study area by the first week in June in 1994 and 1995. Non- and failed-nesting females were last observed on 12 July in 1994 and on 15 June in 1995. Females with broods were last observed on the study area on 24 August in 1994 and on 8 August in 1995, after which all harlequins depart for the coast (Bruner 1997).

Knowledge of migratory connectivity, or the movements of various wintering subpopulations of Harlequin Ducks to specific breeding streams, is limited. Harlequins wintering in Puget Sound and the Strait of Georgia seem to breed throughout the western cordillera (Figures 3 and 4), but low breeding densities make this difficult to study (Wiggins 2005). On the wintering grounds, there appears to be considerable mixing of birds from different breeding areas (Wiggins 2005, Savoy et al. 2017). Thus, some Oregon and Washington breeding harlequins winter in the Strait of Georgia, but the percent that migrate to the coasts of British Columbia versus Washington, 
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Figure 2. Summary of resightings of marked individuals and recovery locations of Harlequin Ducks banded in western North America. Red triangles show breeding area captures or relocations, and green circles show non-breeding captures or relocations. Black lines connect breeding and non-breeding areas, but do not necessarily reflect migration paths. (Smith and Smith 2003, cited in Savoy et al. 2017).



Oregon, or California are unknown. Similarly, of the roughly 3000 Harlequin Ducks that winter in Puget Sound, it is unknown what percent breed in coastal Washington/British Columbia, interior Oregon and Washington, or the Rocky Mountains. One older and two very recent studies are attempting to shed more light on patterns of migratory connectivity. In 2001-2002, Dan Rosenberg of the Alaska Department of Fish and Game (ADFG) used satellite transmitters to track male harlequins from their wintering areas in Prince William Sound. He found that two males departed for Siberia for the breeding season, while others migrated just a few miles inland along a coastal stream (Woodford 2004). Since 2016, nine males have been captured and marked in six streams by the Washington Department of Fish and Wildlife (WDFW), including the South Fork Skokomish, Big Quilcene, South Fork Snoqualmie, White Chuck, and Tieton Rivers. To date, marked males have spent the molting period nearshore from Lake Ozette, Washington, to Castle Rock, California (J. Evenson, WDFW, pers. comm.). Savoy et al. (2017) placed GPS satellite transmitters on 17 males captured at breeding sites in Montana, Wyoming, Washington, and Alberta. The majority of these tracked males molted and wintered between the Salish Sea and Queen Charlotte Sound (Figure 3).
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Figure 3. Breeding locations of 17 male Harlequin Ducks tagged with GPS satellite transmitters in 2016 (10 in Alberta, 4 in Montana, 1 in Washington, 2 in Wyoming), and connections to Pacific coast molting locations. Lines connecting breeding and non-breeding areas do not necessarily reflect migration paths (reprinted with permission from Savoy et al. 2017).


Capture-mark-recapture data reveal high philopatry to wintering sites near Montague Island in Prince William Sound Alaska: 0.95 (95% CI: 0.87–1.00) of harlequin females returned to the same site, and 1.00 (0.92–1.00) males (Iverson et al. 2004). Between-year return rates in western Prince William Sound were similar: 0.92 (0.80–0.98) for females, and 0.96 (0.79–1.00) for males - among the highest documented for waterfowl (Iverson et al. 2004). Between-year movements for all detections of recaptured birds ranged only from 3–52 km (Iverson et al. 2004). A radio telemetry study, also in Prince William Sound, examined within-winter movements of Harlequin Ducks. 75% of radio-tagged females remained in the specific bay or coastline area where they were originally captured, 94% remained on the same mid-scale island or mainland region, and 98% that began the winter in the 4500 km2 study area stayed there until winter’s end (Iverson and Esler 2006). Home range analyses further supported these findings, indicating a small scale of individual movements, with 95% kernel home range estimates averaging only 11.5 km2 ±/2.2 SE (Iverson and Esler 2006). New immigrant females were uncommon, accounting for only 4% of the adult female population at a scale of approximately 100 km2 (Iverson and Esler 2006). A study in the Strait of Georgia, British Columbia, found that annual dispersal rates and distances were not significantly different between sexes, but distance moved was inversely related to age (Regehr 2011). 2-4% of adults (third year and older) compared to 7-11% of subadults (hatch year and second year) moved among wintering locations year to year. Adult harlequins were highly site faithful regardless of sex and paired status, with 95% of individuals remaining to molt and overwinter in the same location (Regehr 2011). No age differences in dispersal were found in Alaska (Iverson and Esler 2006), suggesting that movement patterns of Harlequin Ducks may vary geographically (Regehr 2011). However the sample size of subadult birds in that study (n = 62) was much smaller than in Regehr’s 2011 study (n = 343). 

Taken together, these results indicate that wintering subpopulations may be demographically independent at a much finer spatial scale than genetic data indicate (Iverson et al. 2004). Given winter pair formation, high levels of winter philopatry, and the fact that juveniles may migrate with their mothers to wintering areas, the distribution and dispersal movements of Harlequin Ducks on the wintering grounds would be important in determining genetic structure. Winter populations could become genetically differentiated regardless of whether or not they contain a mix of individuals from multiple breeding areas (Regehr 2011). Winter movements of subadults (Regehr 2011) were sufficient to explain results of previous genetic analyses that detected no fine scale differences in genetic structure among subpopulations (Lanctot et al. 1999). Low annual movement rates (0.001) between the northern and southern Strait of Georgia and little dispersal by either sex suggest that multiple demographically independent populations may function within the Coast range of British Columbia (Regehr 2011). Any gene flow that occurs probably results from the male-biased sex ratio and the fact that unpaired males are not constrained to site fidelity in order to reunite with a mate (Regehr 2011). Unpaired males spend more time moving than other individuals (Rodway 2007b), presumably searching for new mates, and were slightly (though not significantly) more likely to change wintering sites (Regehr 2011). Another author has suggested that because females show more philopatry to breeding streams than males, winter mixing of different breeding populations may account for considerable gene flow if males from different sub-populations follow females to breeding streams (Wiggins 2005).
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C. Food Habits
Non-breeding season
In winter, Harlequin Ducks typically forage close to shore, often in the shallow intertidal zone, and are diet generalists, consuming a wide variety of small prey items (Robertson and Goudie 1999). However, in areas of extensive intertidal habitat, they can forage as far as 2 km offshore (Rodway et al. 2003b). They are obligate diurnal foragers (Goudie & Ankney 1986). A very early study of harlequins taken from various parts of the western range found that they consume a nearly entirely animal diet (98.3%) made up primarily of crustaceans (57.1%), such as crabs and amphipods, and mollusks (24.7% percent), including many limpets (Acmaea) and chitons (Chiton) (Cottam 1939). Cottam (1939) found chitons to be the dominant molluscan food. These are comparatively rare as a food item for other duck species, but the harlequin is able to specialize in these due to their ability to dislodge shells firmly attached to rocky coastal surfaces. The number of different species taken as prey by harlequins varied greatly but averaged 12.2 per stomach – a high diversity compared to other ducks, indicating a more generalist diet (Cottam 1939).

In the Strait of Georgia, British Columbia, snails and limpets were found in 90% of 54 duck stomachs sampled and also had highest prey biomass. The next most common items were fish and fish eggs, crabs, and chitons (Vermeer 1983). In Puget Sound, Washington, the principal food items taken were snails, limpets, crabs, and chitons - all prey associated with rocky substrates (Gaines and Fitzner 1987). In the Aleutian Islands, gastropods, crustaceans, and diptera larvae made up 83% of the diet, but composition changed seasonally as harlequins began to substitute fly larvae for crustaceans as winter progressed (Fischer and Griffin 2000). No other studies have reported fly larvae in the winter diet, although this is common on breeding grounds. 

Wintering Harlequin Ducks are known to aggregate around superabundant schools of spawning Pacific herring. Aggregations of up to 3,400-5,500 individual ducks have been observed, representing 55–87% of the total wintering population in the Strait of Georgia, British Columbia (Rodway et al. 2003a). Curiously, these aggregations only occurred at a small fraction of the available spawning sites – suggesting that either winter food resources are not particularly limiting, or that other factors prevent harlequins from finding all spawning areas. Harlequins that are relatively close by (<100 km away) exhibit a quick response, with flock sizes often increasing at a particular location on the same day that spawning occurs, but few birds travelled more than 80km to spawning sites (Rodway et al. 2003a). Maximum harlequin numbers were not reached until several days after the onset of spawning (Rodway et al. 2003a).

It is unknown how important this superabundant food source is to overwintering Harlequin Ducks, but it does not seem critical. For instance, the body mass of females overwintering in British Columbia increased 7% from late winter to premigration. Females feeding on herring roe became heavier earlier than those eating marine invertebrates (crabs, limpets, snails), but by mid-April, females at spawning and non-spawning sites had similar body masses (Bond and Esler 2006). Those that fed on roe stabilized in body mass while the others caught up, suggesting that there is an optimal premigratory body mass regardless of access to additional food (Bond and Esler 2006). Building nutrient reserves prior to the breeding season is important for both sexes, but males, like females, do not necessarily require herring spawn to acquire them (Esler and Bond 2010). For males, consumption of this superabundant resource also led to earlier timing of body mass gain, but no difference in final body mass at the end of winter (Esler and Bond 2010). There may be other advantages to large winter aggregations besides food resources, such as social interaction and increased pairing opportunities, or reduction in predation risk (Esler and Bond 2010).

Breeding Season
Diet information for western Harlequin Ducks during the breeding season is not as robust. Early studies found that stoneflies are an important component of the diet, and caddisflies and mayflies are also regularly consumed (Cottam 1939, Wallen 1987, Hunt 1998). Hunt (1998) also found that Harlequin Ducks in the Maligne River watershed, Alberta, were more likely to use feeding sites with higher stonefly (Plecoptera) nymph biomass, but duck abundance was not related to total invertebrate biomass (McCutchen and Ydenberg 2004). In a study in the Oregon Cascades, caddisfly larvae (Dicosmoecus gilvipes) were the primary prey, comprising over 80% of the harlequin diet during brood-rearing late June – July (Wright et al. 2000). However, there was no correlation between caddisfly and harlequin abundance (Wright et al. 2000). This finding is similar to studies conducted in Idaho and Washington, where Harlequin Duck occurrence was not related to total stream invertebrates (Cassirer and Groves 1994, Farrell 1997). In a ‘natural experiment’ following flood conditions in 1996, most of the potential breeders left the Quartzville Creek system, Oregon, prior to incubation (Wright et al. 2000). The authors thought this was likely due to reduced caddisfly and other aquatic invertebrate abundance after they were washed downstream in high flows. 

Harlequin persistence on streams, breeding propensity, and reproductive success may depend on insect food availability (Wright et al. 2000), and a number of authors (e.g. Bengtson 1972, Rodway 1998) have suggested that Harlequin Ducks may be food-limited on breeding streams. Prey availability might be a determinant of harlequin productivity, as females use the energy from consumed stream insects (rather than stored marine-derived nutrients) for forming clutches (Bond et al. 2007) and raising young (Gardarsson and Einarsson 1994). Other researchers have noted that only about 20% of available anadromous salmon streams in Prince William Sound are occupied by breeding ducks, and concluded that factors other than food resources may limit productivity of coastal harlequin populations (Crowley 1994). In Newfoundland, breeding females devoted relatively low and consistent proportions of daylight hours to feeding (38.5% ± 1.4sd) (Goudie and Jones 2005). The low variability implied that foraging time was not tracking variation in food resources, and birds could have budgeted considerably more time to feeding if it were necessary to meet energetic requirements. The authors found no support for the hypothesis that females are food-limited during the breeding season and may need to defer breeding when food resources are scarce (Goudie & Jones 2005).

For Harlequin Ducks breeding on salmon-bearing streams near Prince William Sound, late incubation and brood rearing corresponds with the annual anadromous salmon run. Salmon roe provides a substantial increase in available food for females and ducklings (Dzinbal 1982, Dzinbal and Jarvis 1982). On one Alaskan creek, harlequins that bred close enough to intertidal deltas fed in these areas almost exclusively until the first week of July (Dzinbal 1982). After this time, harlequins shifted to feeding areas in the lower creek rather than just outside the mouth, coincident with a substantial increase in both the abundance of salmon and in the drift rate of invertebrates and loose salmon eggs in the creek (Dzinbal 1982).
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D. Range, Distribution, and Abundance
The Harlequin Duck occupies two disjunct breeding areas in North America (Figure 4). In the East, they are found in Labrador, Canada, south along the coast to northeastern Gaspé Peninsula and northern New Brunswick. Western populations of Harlequin Ducks breed in coastal streams and inland mountain streams from western Alaska, northern Yukon, northern British Columbia, southern Alberta, and interior Washington to eastern Oregon. Some populations breed in the Rocky Mountains in parts of Idaho, northwestern Wyoming, and western Montana. Harlequin Ducks have apparently disappeared as a breeding species in Colorado (Robertson and Goudie 1999), as well as from former breeding areas in Idaho and Montana (Cassirer et al. 1996, Reichel et al. 1997), and in northern California (Philips 1925, Cassirer et al. 1991). A few still reproduce in a very restricted range of the west slope of California’s central Sierra Nevada, and are uncommon to the point of near extirpation there (Beedy 2008).
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Figure 4. Distribution of the Harlequin Duck in North America. Note that breeding habitat is restricted to rivers and lakes within the highlighted areas, and that harlequins are also found in Europe and Asia outside of this map area. Reprinted with permission from the Macaulay Library, Cornell Lab of Ornithology (Robertson and Goudie 1999).
Western Harlequin Ducks winter along the Pacific coast from Alaska to California, with the highest numbers occurring in the Aleutian Islands (Robertson and Goudie 1999). The Sea Duck Joint Venture has roughly estimated the total population of the Pacific Flyway management unit at 150,000-250,000 (SDJV 2015a), but others have suggested that the Aleutian Islands alone may harbor anywhere from 147,000 – 1,000,000 individuals (Bellrose 1976, Byrd 1992). Although estimates are not precise, this likely represents the majority of the western population. Estimates from other areas in Alaska include 9,600 in Kodiak (Forsell and Gould 1981), 18,000 in Prince William Sound (Lance et al. 1999), and 55,000 in southeast Alaska (Conant 1996), but many of these numbers have not been updated in some time. The total known wintering population is 8,000 - 10,000 in the Strait of Georgia and 12,000 - 15,000 in British Columbia, but these estimates are likely conservative because many coastal areas remain unsurveyed (Rodway et al. 2003b). The Washington Department of Fish and Wildlife has conducted winter aerial surveys of the Puget Sound and Strait of Juan de Fuca since 1994, with the current wintering population there estimated at around 3,000 individuals (WDFW 2015). No abundance estimates exist for birds wintering off of other parts of Washington, Oregon, or California, but the largest concentrations of harlequins wintering along the Oregon coast are typically found in Lane, Lincoln, and Coos counties (Bayer 1994). 
Citizen science observations submitted to the international database at www.eBird.org provide one source of data for the distribution of Harlequin Ducks. Data from eBird during the approximate non-breeding season (September – March) show a high concentration of sightings in Puget Sound (and north of the border in the rest of the Salish Sea), with smaller concentrations occurring on the Pacific side of the Olympic Peninsula, and becoming gradually less common down the Pacific Coast to the Bay Area (Figure 5). Breeding season eBird data (approximately April – August) show clusters of sightings in the interior Olympic Peninsula, and on both slopes of the Cascades from northern Washington south through the Willamette National Forest, Oregon (Figure 6). While eBird data are collected by citizen scientists and carefully reviewed and vetted, raw data presented here are not controlled for effort. For a bird as sparsely distributed as Harlequin Duck, locations of observations are likely biased towards places where people are likely to be out bird-watching (e.g., clustering of winter sightings around coastal towns). Christmas Bird Count (CBC) data shows a similar wintering distribution (Figure 7), with the densest counts in Oregon/Washington occurring around Puget Sound.
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Figure 5. Map of eBird data showing frequency of Harlequin Ducks reported in Washington and Oregon during the non-breeding season (September – March), all sightings 1900-present. Darker purple pixels represent areas where a higher percentage of eBird checklists submitted by citizen scientists contain one or more Harlequin Duck 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 harlequins were not recorded. 
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Figure 6. Map of eBird data showing frequency of Harlequin Ducks reported in Washington and Oregon during the breeding season (April-August), all sightings 1900-present. Darker purple pixels represent areas where a higher percentage of eBird checklists submitted by citizen scientists contain one or more Harlequin Duck 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 harlequins were not recorded.










[image: ]Figure 7. Winter distribution of Harlequin Ducks in North America based on Christmas Bird Count (CBC) data. Different shades of red represent the average number of harlequin ducks counted on CBC surveys (adjusted for effort) for the period 1959 to 1988 (https://www.mbr-pwrc.usgs.gov/cbc/cbcnew.html). CBC Data is provided by National Audubon Society and through the generous efforts of Bird Studies Canada and countless volunteers across the western hemisphere (National Audubon Society 2010).



Density and Abundance
Highest nesting densities from the central Oregon Cascades range have been reported at 0.5 nests/km on Quartzville Creek, while brood densities ranged from 0.15-1.2 broods/km (Bruner 1997). In Washington, Harlequin Ducks were recorded at breeding densities of up to 1.82 ducks/km in 2013, and up to 2.58 ducks/km in 2014 (Singleton and Long 2018). Breeding densities on stream reaches in Idaho used by Harlequin Ducks averaged 0.15 pairs/km (Cassirer et al. 1991), and ranged from 0.67 - 0.91 pairs/km (Kuchel 1977). In Idaho, all sightings occurred at elevations of 600-1200 m. The authors estimated that the adult population in Idaho during the breeding season is less than 100 individuals, distributed mainly on 28 streams over approximately 38,000 km2 in northern and north-central Idaho (Cassirer et al. 1991).

In 1996, Cassirer et al. estimated that Washington state contained the greatest numbers of breeding pairs of Harlequin Ducks in the Pacific Northwest and Rocky Mountain regions (minimum 275 pairs), followed by Montana (110), Oregon (50), Idaho (48), and Wyoming (40), but these estimates have not been recently updated. Thompson et al. (1993) reported a similar estimate for Oregon of 47 pairs in the western Cascades, while Marshall (1992) thought <50 pairs, and 20 years earlier Bellrose (1976) estimated 100 breeding pairs in the state. There are insufficient data available in Oregon and Washington to understand the degree to which breeding population abundance varies from year to year. 

Occurrence in Oregon
Harlequin Ducks are known to occur in three Oregon BLM districts (Coos Bay, Northwest Oregon, Roseburg), and seven National Forests in Oregon (Columbia River Gorge National Scenic Area, Deschutes, Mt. Hood, Rogue River-Siskiyou, Umpqua, Wallowa-Whitman, Willamette) (Figure 8). However, this species only has ISSSSP status for breeding populations, and while Coos Bay BLM District has several winter sightings, including one from the interior forest, there has been no confirmed breeding. Nests or broods have been observed on tributaries within seven river basins of the western Cascades: Clackamas, McKenzie, Middle Fork Willamette, Molalla, North Santiam, Sandy, and South Santiam (Dowlan 2003). Pairs and/or broods have been detected frequently on the North Umpqua River and its tributaries, and a few on the South Umpqua River, but nesting has not been confirmed on the mainstem Umpqua. Breeding has been observed in the Hood River basin (Dowlan 2003). A female with three juveniles were observed on the South Fork Coquille River in the Rogue River-Siskiyou National Forest in 2007, the first breeding record for Coos County. Follow-up surveys documented one female in 2010, but found no evidence of breeding (Powers Ranger District 2010). Few records exist from the eastern Cascades, but harlequins have been reported on the White River, Metolius River, and Klamath River, as well as a few sightings in the Coast Range. Broods were found in northeastern Oregon prior to 1935 (Dowlan 2003). 

Almost nothing was known of this species’ breeding status in Oregon prior to the 1990s. In 1993, several agencies including BLM, USFS, USFWS, and ODFW completed intensive surveys over 411 km of streams in the Cascades Range of Oregon, followed by mid-summer brood surveys on 274 km of streams (Thompson et al. 1993). In 2012-2013, surveys were repeated on BLM and USFS land (Doerr 2013). In 1993, probable breeders were found on 15 streams in four ranger districts of the Willamette National Forest, and 10 streams in three districts were occupied in 2012 or 2013 (Doerr 2013, Table 2). In Mt. Hood National Forest, harlequins were detected on nine streams in three ranger districts in 1993 and on four streams in two districts in 2013 (Doerr 2013, Table 2). No Harlequin Ducks were observed in the former Eugene BLM District in 2012-2013, and four unique streams were occupied in the former Salem BLM District (additional to the streams from adjacent Willamette National Forest; Doerr 2013, Table 3). Note that these two districts have since been combined into the Northwest Oregon District. In 2017, surveys on tributaries of both sides of the Columbia River Gorge National Scenic Area (CRGNSA) detected no Harlequin Ducks, but there were incidental detections on Eagle Creek and Hood River (detection was just south of the CRGNSA boundary) that year (Carré 2018; Table 4).








Table 2. Breeding season detections of adult Harlequin Ducks on Oregon National Forest lands during 1993, 2012, and 2013 (data from Doerr 2013). In 2012-2013, 59% fewer adult harlequins were detected in the early breeding season compared to similar surveys conducted in 1993, representing a significant decline in breeding pairs on streams within the Willamette NF and Mt. Hood NF. On the northern part of Willamette NF, the population size appeared to be stable.

	 
	1993
	2012
	2013

	 
	km
	count
	km
	count
	km
	count

	Willamette NF
	
	
	
	
	
	

	Detroit RD
	
	
	
	
	
	

	Breitenbush River
	17.7
	4
	17.7
	1
	0
	n/a

	Blowout Creek/Cliff Creek
	6.3
	2
	6.3
	0
	0
	n/a

	Devil's Creek
	0
	n/a
	0
	2a
	0
	n/a

	French Creek
	0
	n/a
	0
	2a
	0
	n/a

	Marion Creek
	3.9
	0
	3.9
	4
	0
	n/a

	North Santiam River
	17.4
	2
	17.4
	7
	0
	n/a

	Sweet Home RD
	
	
	
	
	
	

	Canyon Creek
	0
	n/a
	3.2
	3
	3.2
	0

	Moose Creek
	0
	n/a
	5.9
	4
	5.9
	0

	Owl Creek
	0
	n/a
	2.2
	0
	2.2
	0

	Quartzville Creek
	5.8
	2
	5.8
	5
	6.4
	5

	Soda Fork
	0
	n/a
	3.7
	5
	0
	n/a

	South Santiam River
	0
	n/a
	11.9
	3
	0
	n/a

	McKenzie River RD
	
	
	
	
	
	

	Lookout Creek
	4.2
	1
	4.2
	2
	5.9
	2

	Smith Creek
	3.5
	1
	3.5
	0
	3
	0

	McKenzie River upper trail
	8.4
	0
	8.4
	0
	4.6
	0

	Horse Creek
	11.6
	3
	11.6
	0
	14
	0

	South Fork McKenzie
	31.6
	12
	31.6
	0
	36
	0

	Mainstem McKenzie
	
	
	
	
	32
	2

	Middle Fork RD
	
	
	
	
	
	

	Salmon Creek
	4.8
	2
	4.8
	0
	5.5
	0

	Little Fall Creek
	6
	2
	6
	0
	5.6
	0

	Fall Creek
	22
	5
	22
	0
	17.1
	0

	Portland Creek
	6.1
	3
	6.1
	0
	5.8
	0

	TOTAL
	 
	39b
	 
	19b
	 
	n/a

	
	
	
	
	
	
	

	Mt Hood NF
	
	
	
	
	
	

	ZigZag RD
	
	
	
	
	
	

	Sandy River
	14.5
	8
	0
	n/a
	20.3
	6

	ZigZag River
	8.4
	3
	0
	n/a
	9
	7

	Lost Creek
	7.1
	2
	0
	n/a
	4.8
	0

	Hood River RD
	
	
	
	
	
	

	Lake Branch-Hood River
	10.9
	2
	0
	n/a
	8
	0

	West Fork-Hood River
	9.3
	22
	0
	n/a
	8.3
	24

	East Fork-Hood River
	20.9
	23
	0
	n/a
	16.5
	16

	White River
	22.5
	9
	0
	n/a
	9.8
	0

	Clackamas River RD
	
	
	
	
	
	

	Fish Creek-Clackamas River
	10
	2
	0
	n/a
	2.4
	0

	Collowash River
	17.4
	4
	0
	n/a
	14.1
	0

	TOTAL
	 
	75c
	 
	n/a
	 
	53c


aducks were observed incidentally, and not during surveys
btotals are added without streams not surveyed in 1993, to facilitate comparison to 2012
cdifferent numbers of stream kilometers were surveyed in 1993 and 2013



Table 3. Breeding season detections of adult Harlequin Ducks on Oregon Bureau of Land Management Northwest Oregon District lands during 1993, 1997, 2012, and 2013 (data from Doerr 2013). The population size on the former Eugene BLM District has been consistently low over this 20-year period, and in the former Salem BLM District the population appears relatively stable.

	 
	1993
	1997
	2012
	2013

	 
	km
	count
	km
	count
	km
	count
	km
	count

	Former Eugene BLM
	
	
	
	
	
	
	
	

	Bear Creek
	1.6
	2
	1.6
	0
	5.4
	0
	1.6
	0

	Deer Creek
	0
	n/a
	0
	n/a
	3.5
	0
	3.5
	0

	Gale Creek
	0
	n/a
	2.5
	0
	4.6
	0
	2.4
	0

	Marten Creek
	4.5
	0
	4.5
	2
	6.9
	0
	6.9
	0

	mainstem McKenzie River
	0
	n/a
	0
	n/a
	0
	n/a
	48
	1

	TOTAL
	 
	2
	 
	2
	 
	0
	 
	1*

	
	
	
	
	
	
	
	
	

	Former Salem BLM
	
	
	
	
	
	
	
	

	Quartzville Creek
	10.8
	4
	0
	n/a
	10.8
	10
	10.8
	11

	Canal Creek
	0
	n/a
	0
	n/a
	1.8
	4
	1.8
	2

	Table Rock Fork-Molalla River
	13.8
	8
	0
	n/a
	13.8
	4
	13.8
	6

	Mainstream Molalla River
	18.3
	13
	0
	n/a
	18.3
	1
	18.3
	0

	North Santiam River
	13
	9
	0
	n/a
	13
	0
	13
	4

	TOTAL
	 
	34
	 
	n/a
	 
	15**
	 
	21**


*this single detection occurred during a float survey that was not conducted in other years
**totals are added without including Canal Creek to facilitate comparison to 1993, when that reach was not surveyed 
Occurrence in Washington
Harlequin Ducks occur in six National Forests in Washington (Columbia River Gorge National Scenic Area, Colville, Gifford Pinchot, Mt. Baker-Snoqualmie, Okanogan-Wenatchee, Olympic) and one BLM District (Spokane). Data compiled from 1901-2017 regarding year-round Harlequin Duck sightings from various state and federal spatial datasets (U.S. Forest Service’s NRIS, Bureau of Land Management’s GeoBOB, Oregon state’s ORBIC, and Washington state’s WDFW) show observations clustered throughout the Cascades Range, in the Puget Sound area, and on the Olympic Peninsula, with a few scattered records in northeastern parts of Washington and Oregon (Figure 8). USFS surveys were conducted for breeding Harlequin Ducks on National Forest lands in Washington during 2013 and 2014 (Singleton and Long 2018). In 2013, 39 streams totaling 353.3 km were surveyed for Harlequin Ducks; in 2014, 9 streams totaling 118.6 km were surveyed (Figure 9). Four streams were surveyed in both years. Adult Harlequin Ducks were detected during the breeding season along 22 of the streams surveyed during 2013 and 9 of the streams surveyed in 2014 (Figure 9). Ducklings or family groups were detected during post-fledging surveys at 17 of the streams surveyed in 2013 and 5 of the streams surveyed in 2014 (Singleton and Long 2018). In 2017, surveys on tributaries of both sides of the Columbia River Gorge National Scenic Area (CRGNSA) detected no Harlequin Ducks, but there was an incidental detection on White Salmon River (Carré 2018).



Table 4. Detections from breeding season surveys for Harlequin Ducks in the Columbia River Gorge National Scenic Area in 2017 (prior to the September 2017 Eagle Creek wildfire). Columns give the number of stream kilometers surveyed, and the number and type of individuals observed, with ‘x/y’ format denoting data from two separate days (Carré 2018).

	 
	2017

	 
	km
	count

	OR Side of Gorge
	
	

	Bridal Veil Creek
	3.3/3.9
	0/0

	Eagle Creek
	incidental
	1 male

	Herman Creek
	1.6
	0

	Hood River
	incidental
	2+ juveniles

	Multnomah Creek
	2.7/2.7
	0/0

	Oneonta Creek
	2.5/3.2
	0/0

	Tanner Creek
	1.6/1.6
	0/0

	
	
	

	WA side of Gorge
	
	

	Hamilton Creek
	1.6/1.6
	0/0

	Wind River
	many pts 
	0

	Little Wind Salmon River
	4.4
	0

	White Salmon River
	incidental
	1 female

	Woodard Creek
	NA/4.2
	0/0
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Figure 8. Documented Harlequin Duck 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. Colors of dots denote season: Red = breeding (Apr-Aug), Yellow = migration (Sept and Mar), Blue = non-breeding (Oct – Feb), Gray = unknown date. Please note that agency observations include very few winter records; thus, this map is not indicative of the full winter distribution. Also, males are often present on the coast during the summer after leaving breeding streams. 
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Figure 9. Harlequin Duck detection locations and stream reaches surveyed on National Forest lands in Washington during 2013-2014, during the breeding season (April 15 to June 1) or the post-fledging season (July 1 to Aug 31). Surveys were focused on the Olympic and Okanogan-Wenatchee National Forests, with additional survey effort in the Gifford-Pinchot, Mt. Baker-Snoqualmie, and Colville National Forests. Figure from Singleton and Long (2018).


E. Population Trends
Harlequin Ducks have been designated as sensitive in several states and provinces, including breeding populations listed by the ISSSSP, in part because of concern about long-term population declines (MacCallum 2001). However, these declines are largely suspected rather than confirmed. The road-based Breeding Bird Survey, the main source of data used to assess long-term trends in songbirds, provides poor coverage of Harlequin Duck habitat. About 20 years ago, the overall population size of western Harlequin Ducks was presumed to be stable (Cassirer et al. 1996). The Sea Duck Joint Venture (2015) concluded that no rigorous estimates exist of population size or trend for Harlequin Ducks in western North America, particularly for breeding birds. Another concern is that the relatively long life span and apparent population stability of this species on source streams may obscure overall population declines until dramatic changes occur (Alberta Sustainable Resource Development 2010). This could result in a substantial time lag before warning signs of a population in jeopardy are detected.

The Christmas Bird Count (CBC) is a volunteer effort run by the National Audubon Society to collect data about the long-term health and status of bird populations. CBC data analyzed from 1959-1988 using route regression techniques (Geissler and Sauer 1990) show stable trends in wintering populations in British Columbia and California, and insufficient data for Oregon (Sauer et al. 1996). Washington state exhibited a significantly increasing trend (6% per year), albeit with a fairly wide confidence interval (95% CI: 0.5%-11.5%). No more recent route regression analyses are available, but a GLM regression of historical CBC data from all of California, Oregon, and Washington reveals a significantly increasing trend of about 2.6% per year since 1951, although relatively little population change in the most recent 30 years, 1986-2016 (Figure 10). Please note that CBC data are collected by volunteers walking along the shore, and Harlequin Ducks foraging further offshore are not likely to be well-surveyed.
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Figure 10. A GLM regression of historical Christmas Bird Count (CBC) data from California, Oregon, and Washington (National Audubon Society 2010) reveals a significantly increasing trend of 2.6% per year since 1951 (p < 0.001), although relatively little population change from 1990-2016. Best fit line and 95% confidence intervals from a quasipoisson model. Data from CBC online (http://netapp.audubon.org/CBCObservation/Historical/ResultsBySpecies.aspx?1); analysis by SMR.


However, concern remains because several calculations of Harlequin Duck productivity and recruitment rates were insufficient to support stable populations with current estimates of adult survival (Smith et al. 2001, Rodway et al. 2003b). Furthermore, an analysis of winter Harlequin Duck aerial survey data from Puget Sound (WDFW 2015) reveals a significant decreasing trend (-43.5 individuals/yr; p = 0.01) from 1994-2015 that contrasts with the Washington CBC trend (Figure 11). In British Columbia, a significant decline of -2.6% per year from 1999-2011 was reported for harlequins wintering in the Strait of Georgia (Crewe et al. 2012), and a reduction of up to 50% at White Rock from 1980-2015 (SDJV 2015b). These Salish Sea wintering populations likely include many of the birds that breed across the Pacific Northwest and Rocky Mountain regions. Recent extirpations from former breeding streams in Colorado (Robertson and Goudie 1999), Idaho (Cassirer et al. 1996), Montana (Reichel et al. 1997), and northern California (Philips 1925, Cassirer et al. 1991) are also concerning.
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Figure 11. Aerial survey data of Harlequin Ducks wintering on Puget Sound (Washington Department of Fish and Wildlife 2015) reveals a significant decreasing trend (-43.5 individuals/year; p = 0.01; data from WDFW, analysis by SMR) from 1994-2015. Dotted lines represent 95% confidence intervals.


There is evidence of decline in the Oregon Cascades population in particular. Surveys of USFS and BLM lands in 2012-2013 found 59% fewer adult harlequins in the early breeding season compared to similar surveys conducted in 1993 (Doerr 2013). There appears to have been a significant decline in breeding pairs on Willamette and Mt. Hood National Forest streams. In addition, there is evidence of a range contraction, as harlequins now rarely occur in the southern part of Willamette National Forest south of McKenzie River (only two sightings on the Middle Fork Willamette River since 2013; J. Doerr pers. comm.). The southern edge of this population range has moved about 40km northward in that 20-year period. On the northern part of Willamette National Forest and former Salem BLM District (now part of the Northwest Oregon District), the population size appears stable (Doerr 2013). It is unknown if this southern range contraction has been accompanied by a concurrent northern expansion. There is no ready explanation for the decline in Oregon populations, as no changes in stream temperatures or invertebrate food resources have been documented (Doerr 2013), and survey data for Washington do not provide sufficient information for evaluating population trends (Singleton and Long 2018). 
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Demographic parameters such as productivity, breeding propensity, survival rates, nest success, and age structure have become much more well-known in the last 20 years from detailed studies in British Columbia and Alaska, but similar data are limited for interior-breeding Harlequin Ducks in general, and for Oregon and Washington in particular. 

Productivity and Nest Success
Harlequin Ducks are relatively long-lived and slow to reproduce. Throughout their breeding range, harlequin females do not breed until their second or third year (Robertson and Goudie 1999), and breeding success may be low for both sexes until they reach approximately five years of age (Reichel et al. 1997). Males breed at two years old if they are able to acquire a mate, but most do not breed until at least three years old (Robertson et al. 1998b). There are many reports of harlequins deferring breeding in certain years, as long-lived species can gain lifetime reproductive success by choosing higher survival and future reproductive potential over current reproduction in years with poor conditions. The primary hypothesis explaining the percent of females who defer breeding is food abundance, with lower breeding propensity in poor food years (Bengtson and Ulfstrand 1971, Robertson and Goudie 1999). The percent of non-breeding females has been estimated at quite high levels: 31 - 53% (Crowley 1994) or 47-50% (Dzinbal 1982) in south central Alaska, 51% in Oregon (Bruner 1997), and 62% in Wyoming (Wallen 1987) (Table 5). However, many previous studies may have underestimated breeding propensity due to methodologies that cannot distinguish between true non-breeders and females that fail in the early stages of clutch formation or incubation (Bond et al. 2008). The Bond et al. (2008) study used both yolk protein and lipid precursor analyses and radio telemetry to allow detection of breeding at two different stages. They found that 92% of 34 females on breeding streams in the Coast Mountains of British Columbia at least initiated a clutch, much higher than previous estimates (Bond et al. 2008). The authors concluded that harlequins are not constrained in ability to produce eggs, and other reproductive parameters likely have stronger effects on population dynamics. 

Productivity information exists for some specific breeding streams in certain years, but data from Oregon and Washington are not robust (Table 5). One study in Oregon found that 16 of 21 nests hatched successfully (74% apparent nest success); average clutch size was 5.5 eggs, and average hatched ducklings was 5.1 per nest (Bruner 1997). Duckling survival until fledging was 60%, and mortality was highest in their first two weeks out of the egg. Bruner (1997) noted that fairly high reproductive success suggested that the central Cascades of Oregon provide good breeding habitat, but it is not known if these data are typical across streams or across years. No productivity data are currently available from Washington. 

In other parts of the western range, apparent nest success was 34.4% (Cassirer et al. 1991) in Idaho, with a mean brood size at fledging of 3.3 ducklings, representing 55% of young hatched (Cassirer and Groves 1994) (Table 5). In Montana, 38% of females had at least one duckling survive until fledging (Reichel et al. 1997), while in Alberta this number was 26% on the Kananaskis River and 40% on the Bow River (Smith 1999). 13% of Alberta ducklings survived to fledging (Smith 1999). In different parts of Montana, brood sizes at fledging were 3.9 (range 2-4.3; Kuchel 1977) and 3.6 (range 2-5.9; Reichel et al. 1997) (Table 5). In Alaska, mean brood size at fledging in Sawmill Bay was 2.67 (range 1-4) in 1979 and 2.50 (range 1-4) in 1980 (Dzinbal 1982, Table 5). Mean clutch size was 6.7 eggs, and typical brood sizes at fledging were 3.0 offspring near Prince William Sound, Alaska (Crowley 1994) and 2.4 (Crowley 1999) in different years (Table 5). The number of young per breeding female, young per known pair, and young per adult female in Alaska were estimated as 1.5, 1.1, and 0.8, respectively, in 1979, and only 0.6, 0.4, and 0.3 in 1980 (Dzinbal 1982). However, the lowered values in 1980 were suspected to be the result of effects of tagging (Dzinbal 1982). A study in central Labrador found nest success to be quite variable, with 10.0% to 88.9% of females producing broods each year, and 1.00 to 3.38 young produced per female (Goudie and Jones 2005).  

Harlequin Ducks are of management concern in part because productivity has been suggested to be too low to compensate for observed mortality rates (Smith et al. 2001, Rodway et al. 2003b). It is thought that a small number of older, highly successful females may produce a large proportion of the young in a given year (Cassirer et al. 1996, Reichel et al. 1997). Annual productivity appears to be highly variable, and may be determined by the size and timing of spring flooding (Kuchel 1977, Diamond and Finnegan 1993, Cassirer and Groves 1994, Reichel and Genter 1994), and available food resources on breeding streams (Bengston and Ulfstrand 1971, Gardarsson and Einarsson 1994, Bond et al. 2007). However, Goudie and Jones (2005) concluded that productivity of harlequins in Labrador was limited by predation rather than food availability, based on activity budgets with a relatively low proportion of time spent feeding and high estimates of breeding propensity. Similarly, Heath et al. (2006) found that prey availability was similar between high and low productivity streams in eastern Canada, but Harlequin Duck density was negatively correlated to raptor density. It is unknown if western populations of Harlequin Ducks respond similarly to raptors, or to potential nest predators such as crows and ravens.



Table 5. Reproductive data available for Harlequin Ducks throughout their western range, documented in reports and published literature.


	Location
	Breeding Propensity
	Clutch Size
	Hatching Success
	Apparent nest success
	Brood size at fledging
	Ducklings that survive to fledging
	Proportion of females with successful nest
	Citation

	Glacier NP, Montana
	
	
	
	
	3.9
	18, 40, 83% (different years)
	
	Kuchel 1977

	Prince William Sound, AK
	31-53%
	
	
	
	2.6
	
	12.5% and 30% (different years)
	Dzinbal 1982

	northwest Wyoming
	38%
	
	
	
	
	
	
	Wallen 1987

	northern Idaho
	
	
	
	34.40%
	3.3
	55%
	
	Cassirer et al. 1991; Cassirer and Groves 1994; Cassirer et al. 1996

	Prince William Sound, AK
	6.7
	
	
	3.0
	
	
	Crowley 1994

	Oregon Cascades
	49%
	5.2  ± 1.2 sd
	
	74%
	3.7
	60%
	15.9%
	Bruner 1997

	Montana
	
	
	
	
	3.6
	
	37.8% (range 7-55)
	Reichel et al. 1997

	Washington
	74%
	
	
	
	
	
	
	Perfito 1998

	Prince William Sound, AK
	74-86%
	6.1 ± 0.9 sd
	97.2%
	
	2.4 ± 0.8 sd
	43%
	
	Crowley 1999

	Banff NP, Alberta
	73%
	6.1
	87%
	
	
	13%
	23-40%
	Smith 1998; Smith 1999; Smith 2000

	west-central Alberta
	52%
	
	
	
	
	
	
	MacCallum and Godslave 2000

	British Columbia
	92%
	 
	 
	 
	 
	 
	 
	Bond et al. 2008



Return Rates and Survival
Annual return rates of Harlequin Ducks to non-breeding grounds in British Columbia are high for both sexes (62% for females, 77% for males), with the difference hypothesized to be due to lower female survival during nesting (Robertson et al. 2000). Individuals showed high philopatry, returning not only to the general study area, but to specific sections of coastline, which may aid in interannual pair reunion (Robertson et al. 2000). Return rates of adult Harlequin Ducks to breeding streams range from 18-100% (Table 6). Apparent annual survival of female harlequins (all age classes combined) wintering in the Strait of Georgia was estimated at 0.74 ± 0.04 SE, based on resighting of marked individuals (Cooke et al. 2000). Male annual survival depended more on age, with adult males (0.82 ± 0.03 SE) surviving at higher rates than 2nd and 3rd year males (0.56 ± 0.17 SE) (Cooke et al. 2000). This method estimates local survival only, and cannot distinguish mortality from permanent emigration, but because of high winter site fidelity, the underestimation of survival is likely to be small. Local survival rates of adult and young females were similar, but local survival of younger males and unpaired males was lower – which may also be explained if these demographic groups have higher dispersal rates (Cooke et al. 2000). The authors suspected some unpaired males may have left the study area to search for mates. Local survival of adult males was higher than adult females, consistent with the male-biased sex ratio and lower male mortality in harlequins (Cooke et al. 2000) and many other duck species (Bengston 1972), but also consistent with higher emigration rates of males in general.



Table 6. Return rates of marked Harlequin Ducks to breeding streams in the western part of their range. Table adapted from Wiggins 2005 with data from various sources.

	Location
	% adults returning (n)
	% adult females returning (n)
	% adult males returning (n)
	Citation

	Wyoming
	52% (38)
	
	
	Wallen 1987

	Montana
	
	56% (53)
	53% (39)
	Reichel et al. 1997

	Montana
	
	100% (6)
	67% (6)
	Kuchel 1977

	Idaho
	63% (31)
	
	
	Cassirer et al. 1996

	Alberta
	
	67% (18)
	58% (36)
	Smith 1996

	Alaska
	
	44% (16)
	29% (7)
	Crowley 1994

	British Columbia
	
	18% (11)
	
	Robertson and Goudie 1999

	Jasper NP, Alberta
	24.6% (69)
	 
	 
	Hunt and Ydenberg 2000





Breeding season survival estimates for female Harlequin Ducks vary somewhat by geography, with cumulative survival probability ranging from 0.75 ± 0.11 in Alberta, Canada, to 0.88 ± 0.08 in the Coast Mountains of British Columbia, to 0.89 ± 0.08 in the Oregon Cascades during the 100-day breeding season (Bond et al. 2009). A second study in Oregon found a female survival rate of 82% for the combined breeding seasons of 1994 and 1995 (Bruner 1997). Adult female mortality was significantly higher during incubation compared to the nest-initiation or brood-rearing stages at all four locations mentioned above (Bond et al. 2009). Harlequin Duck survival appears to be lowest on the breeding grounds, where females may incur higher depredation risk. Depredation of females during nesting has been documented in Harlequin Ducks (Bruner 1997, Broduer et al. 1998), where they may be vulnerable to mustelid predation in particular (Bond et al. 2009). 

One study has estimated post-fledging survival and movements of juvenile Harlequin Ducks (Regehr 2003). This was conducted in the Strait of Georgia, British Columbia, using radio transmitters and capture-mark-recapture analysis of banded birds captured at coastal wintering areas. Survival of juvenile females was high after reaching the wintering grounds, providing evidence that female winter survival may be similar among age groups (Regehr 2003), in contrast to Esler and Iverson (2010). However, most juvenile mortality is expected to occur before this point, during post-fledging and migration. Juvenile males experienced higher mortality than females, and had the lowest local survival rates of all sex-age classes (Regehr 2003). However, if males disperse further and are more likely to move outside of the study area, this may reflect male-biased emigration rather than true mortality. The percent of juveniles banded in one year and resighted in the next year at their previous winter location did not differ significantly between males and females, suggesting equal dispersal rates (Regehr 2003). At least 25% (n = 9) of radio-tagged females moved a substantial distance during winter, >30 km from their capture location (Regehr 2003). These results were surprising based on previous evidence for female philopatry and theories of male-biased dispersal in waterfowl (Robertson and Goudie 1999, Cooke et al. 2000).

Cumulative survival over the winter period in Prince William Sound, Alaska, was estimated at 0.837 ± 0.064 for adult females and 0.766 ± 0.138 for hatch-years (Esler and Iverson 2010). Survival during the middle portion of the winter season was lower than for early or late winter, suggesting the potential of midwinter survival as a limiting demographic factor (Esler et al. 2000b, Esler and Iverson 2010). Winter survival of hatch-year females was consistently lower than that of adults (Esler and Iverson 2010). Similar annual survival rates of females of all age classes found by (Cooke et al. 2000) may be explained by higher hatch-year mortality in winter balancing higher adult female mortality during nesting (Esler and Iverson 2010). A large study (n = 247) of radio-tagged females during wing molt in Prince William Sound found very high daily survival rates (0.999; 95% CI: 0.994–1.000) during the 37-day flightless period when remiges are replaced (Iverson and Esler 2007). The estimate of daily survival was similar for the entire 20 August–15 October post-breeding period, resulting in a cumulative survival probability of 0.99 (95% CI: 0.81–1.00), substantially higher than estimates derived for the breeding period or the longer overwintering stage as a whole. The authors concluded that Harlequin Ducks are relatively safe during the molting period, and that managers should focus on other parts of the annual cycle (Iverson and Esler 2007).

Several studies of Harlequin Duck wintering survival were initiated in response to the 1989 Exxon Valdez oil spill in Prince William Sound, Alaska. Nearly a decade after the spill, female harlequins still suffered reduced winter survival in oiled areas compared to unoiled areas, especially during midwinter (Esler et al. 2000b). From 1995-1998, cumulative winter survival measured via radio-tracked females was 78.0% ± 3.3 SE in oiled areas and 83.7% ± 2.9 SE in unoiled areas, and survival differences were more related to oiling history than other attributes of geography (Esler et al. 2000b). By 2000-2003, cumulative winter survival was still lower on oiled areas, but the difference was less pronounced: 0.834 ± 0.065 for adult females and 0.758 ± 0.152 for hatch-year females (Esler and Iverson 2010). Despite oil persistence in some intertidal areas, and continued evidence of contaminant ingestion by harlequin ducks, neither location nor CYP1A (an indicator of hydrocarbon exposure) were strongly related to variation in survival, suggesting that by 2000-2003, direct impacts of the oil spill on Harlequin Duck vital rates had largely subsided (Esler and Iverson 2010). However, population recovery took much longer than expected (survival rates still not equal to unoiled areas 14 years later; Iverson and Esler 2010). Female survival was identified as the most important constraint on recovery after the oil spill (Esler et al. 2000b, 2002).

Recruitment
Recruitment rates, or the number of young produced per pair that become breeding adults, can be measured in various ways. For Harlequin Ducks, which are difficult to study on the breeding grounds, the easiest measure is to calculate the age ratio of young males to adult males on the wintering grounds (Smith et al. 2001). From 1994-1999, the estimated proportion of overwintering male Harlequin Ducks that were juveniles in the Strait of Georgia, British Columbia, was estimated at 6.8%, but the percentage differed across years (Smith et al. 2001). If accurate, this recruitment rate would be too low to compensate for estimated levels of annual adult mortality. Also, delayed breeding means that immature birds experience one or more additional seasons of potential mortality prior to breeding, and thus the actual recruitment rate would be even lower (Smith et al. 2001). However, this study had some limitations identified by the authors – site differences were significant, land-based and water-based surveys differed in counts, and age ratios were also highly variable. The age ratio could be biased low if males were not distributed evenly, i.e. if larger numbers of juvenile males occupied areas not surveyed (Smith et al. 2001). A later study attempted to correct for some of these biases, and calculated an unadjusted age ratio over a larger geographic area of 8.4% (Rodway et al. 2003b), similar to a ratio reported from Alaska (8.8%; Rosenberg and Petrula 1998), and similar to the Smith et al. (2001) study if only boat surveys are counted (8.9%). After adjusting for what they determined to be the most likely biases (survey method and misidentification of distant birds), Rodway et al. (2003b) estimated the male age ratio to be 9.8%. Taking into account estimates of local survival rates (from Cooke et al. 2000), female age ratios, male-to-female sex ratios, and age of first reproduction, the actual rate of recruitment of females into the breeding population would be 11.9% (Rodway et al. 2003b). Both the adjusted male age ratio of 9.8% and estimates of adult survival rates (due to the confounding of mortality with permanent emigration) used in this calculation are thought to be conservative (Rodway et al. 2003b). This study also had flaws – it is based on only one year of data, ignoring interannual variation in male age ratios – but even if the annual rate of survival of nonbreeding females is higher than 76% and the actual recruitment rate is higher, it is still insufficient to balance estimated mortality which would indicate a declining population (Rodway et al. 2003b).

Population Growth Rate
Population growth rate was estimated at 2.1% per year at a stable, high density river site in northern Labrador (Heath et al. 2006), but other sites in this study came close to local extinction during this same time period. The high variability among years and river systems within the same broad area means that it may be impossible to infer region-wide population viability from smaller-scale studies. No population growth rate estimates are available for western populations of Harlequin Ducks. 

Life Span
Re-sighting observations of known-age birds show that banded males can live up to 15-17 years in the wild (Robertson and Goudie 1999).

Summary 
Demographic rates, such as productivity, survival, and recruitment quantified in one area may not apply to other wintering sites or breeding streams, or be appropriate to extrapolate to the regional population as a whole, which may include a mixture of stable source populations and unstable buffer sites (Heath et al. 2006). For instance, studying a high-density source population on the breeding grounds means that extrapolating demographic rates across the region could lead to overestimated population viability (Heath et al. 2006). Non-breeding season survival rates have only been studied in Alaska, while breeding season survival has only been studied in other areas, making it difficult to get a picture of full life cycle Harlequin Duck demography across geographic areas. While it appears that productivity of coastal-breeding harlequins may be similar to that of inland breeders (Bengtson 1972, Dzinbal 1982, Wallen 1987, Crowley 1991, Cassirer and Groves 1992, Crowley 1994), harlequins nesting on short coastal streams close to the ocean (which is where many of the more detailed studies have been conducted) may have other aspects of their life histories that differ from inland breeders. Habitat use, feeding strategies, and limiting factors of coastal-breeding harlequins might vary from those of interior- breeding harlequins. Dzinbal (1982) noted that low productivity is typical of coastal streams, but might be offset by the seasonal influx of anadramous fish. Harlequins that can take advantage of short daily feeding flights to productive intertidal deltas may experience different life history trade-offs than individuals that must stay within mountain streams for the duration of the breeding season (Dzinbal 1982). More data are needed on inland breeding populations to know how much vital rates differ from coastal populations, and how much they vary among individual streams. Further, the most recent productivity data from interior streams in Oregon is 20 years old (Bruner 1997), and no such data are available from Washington.
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Breeding Grounds
Western Harlequin Ducks use two distinct habitat types for breeding: coastal estuarine sites and inland mountain stream systems (Robertson and Goudie 1999). One study and one Master’s thesis have provided information on breeding habitat used specifically by Harlequin Ducks in the Oregon Cascades. Research examining harlequin densities and their relation to physical characteristics of in-stream habitat found that percent bedrock was the only feature significantly and positively related to harlequin occurrence; factors like habitat type (riffle, glide, pool, backwater, or edge), substrate size, water depth, and stream velocity did not appear to be important (Wright et al. 2000). Both harlequins and their primary prey in this study (large-bodied caddisfly; D. gilvipes) use stream areas with bedrock substrate, and although no direct spatial association between harlequins and caddisfly prey was found, harlequins may choose these areas based on ease of foraging (Wright et al. 2000). 

A Master’s thesis conducted in the Oregon Cascades used radio transmitters to study habitat use by breeding pairs, taking detailed data on in-stream and riparian zone characteristics wherever Harlequin Ducks were observed as well as at confirmed nest sites. Bruner (1997) found that harlequin nesting occurred near 1st through 5th order streams. Nest sites were found in a variety of forest types and seral stages, ranging in age from 30-300 years old, from floodplain areas with a high disturbance frequency to relatively stable upslope sites with older vegetation (Bruner 1997). Harlequin Ducks also used areas with variable riparian corridor width; sightings occurred in riparian zones ranging from 1-80 m wide (mean 18.3m; Bruner 1997). Robust streamside vegetation appears important. 95% of the 20 nests found had overhead cover within 0.75 m of the nest, and all averaged 84% horizontal cover surrounding nests up to 0.16 m high (Bruner 1997). Vegetative cover at the nest site may be important to the safety of incubating females, which are vulnerable to ground predators while on the nest. Thirteen nests were located on the side slopes of streams: three on cliff faces, four on steep slopes, and six at edges where the slope changed substantially (Bruner 1997). Of the thirteen nests above the floodplain, nine were on terraces or cliffs, and four were on side slopes - all were on the ground. Seven nests were located in the floodplain: five on islands, and two on stream banks. Four of the seven floodplain nests were placed on stumps or logs (Bruner 1997). Slope of the ground at nest sites averaged 25.9 degrees, with a range from 1 to 80 degrees. Horizontal distance to water averaged 10.7 m ± 3.0 SE, while vertical distance to water averaged 9.1 m ± 3.0 SE (Bruner 1997). 

Research in eastern Prince William Sound, Alaska studied the physical characteristics of 24 breeding streams used by Harlequin Ducks vs. 24 non-breeding streams, and found that harlequins selected the largest, non-glacial, anadromous salmon streams available for nesting (Crowley 1994). Volume discharge was the most important variable distinguishing occupied vs. unoccupied streams (mean of breeding streams: 3.2 m3/s); females avoided nesting along smaller salmon-bearing streams, but the largest glacially fed rivers were not used by harlequins or salmon (Crowley 1994). At stream mouths, deep slow water pools were more common on breeding streams, compared to the shallow slow water that was more prevalent on non-breeding streams. Crowley (1994) found no apparent differences in the composition of bank vegetation between occupied and unoccupied streams. Basin area, basin length, stream width, estuary size, volume discharge, and riparian zone width, were all greater on breeding streams, while average basin slope was greater on non-breeding streams (Crowley 1994). Flooding likely reduces brood survival of Harlequin Ducks (Kuchel 1977, Diamond and Finnegan 1993, and Wallen 1987), and larger basins may buffer against high flows (Crowley 1994). Ten nests were located with radio telemetry of marked females, and first order tributaries were used exclusively (Crowley 1994). Nests faced southwest significantly more often than expected from a random distribution, perhaps to take advantage of microhabitat where snow melts earlier. Similar to Oregon nest sites, harlequins in coastal Alaska nested on steep banks with woody debris and shrubs, but unlike Oregon, old growth (trees >75cm dbh) and forest canopy were preferred (Crowley 1994).

Singleton and Long (2018) conducted habitat niche modeling and occupancy analysis using the Washington USFS 2013-14 Harlequin Duck survey data. They investigated the correlation between landscape-scale habitat characteristics, including vegetation type, elevation, landform, distance to open roads, stream gradient, and stream flow, on harlequin detection locations and probability of use of approximately 1.5 km surveyed stream reach segments. They found that elevation and summer stream flow were the most effective habitat characteristics for distinguishing between Harlequin Duck detection locations and random points along surveyed stream reaches. Most (66%) of the harlequin detections during the 2013-14 USFS surveys were on streams with mean historic summer flows from 158 to 695 cfs and between 462 m and 1011 m elevation in the Cascades or below 562 m in the Olympics. When evaluated independently, elevation, proportion of the surrounding area with conifer forest, stream flow, stream gradient, and landform characteristics were all correlated with the probability that Harlequin Ducks used 1.5 km surveyed stream reach segments. When the effects of these characteristics were evaluated together in a single occupancy model, elevation and stream gradient had the greatest influence on the probability that harlequins used a surveyed stream segment. Probability of Harlequin Duck use of 1.5 km surveyed stream segments was highest at moderate elevations and when more of the stream segment had gentle gradient (<5%) (Singleton and Long 2018).

Across their western range, Harlequin Ducks nest either on the ground or in cavities. Three Harlequin Duck cavity nests were discovered in 1991 in northern Idaho and northwestern Washington. Two were in tree cavities, and a third was in a rock cavity in a cliff face, and ground nesting also occurred in both areas (Washington Dept. of Wildlife, Idaho Dept. of Fish and Game, unpub. data). A nest hole as perceived by a female Harlequin Duck may be a tree cavity (Cassirer et al. 1993); a depression or cavity in a stump, root wad (Latta 1993), elevated stream bank, or crevice in a cliff face (Flint et al. 1983); space beneath a deadfall; cave within a rock pile; or a large nest box (Crowley 1994). There is evidence that offshore islands may be used for nesting by coastal-breeding harlequins where permanent streams are not available (Crowley 1994). Robust riparian vegetation, sloped stream banks, and woody debris - both as snags and blowdowns - were important to nesting harlequins in Oregon and throughout the Pacific Northwest (Cassirer et al. 1993, Latta 1993, Crowley 1994).

Brood-rearing
Young Harlequin Ducks may not be able to forage in the same fast-moving water as adults due to their smaller size, high buoyancy, and inexperience (Crowley 1994), requiring a shift in habitat use after hatching. Kuchel (1977) reported that downy ducklings are not strong swimmers and dive infrequently until they are 3 or 4 weeks old, and Montana females moved broods to small beaver ponds or oxbow ponds. Some broods have also been observed on lakes in Alaska (Dzinbal 1982). In Jasper National Park, Alberta, nests were never placed along lake shorelines, but many females moved their broods to two large lakes for rearing (Hunt and Ydenberg 2000).

A detailed study of habitat use in the Rocky Mountains of Alberta found that brood-rearing areas had lower bank relief, less exposed bank, and higher invertebrate biomass than areas used for foraging in spring (MacCallum et al. 2016). The probability of brood use decreased in areas with more channel overhang and more shrub cover under 1 m, and brood-rearing areas had less overhang and shrub cover than nesting areas. The authors concluded that predator avoidance was a more important factor in selection for brood-rearing habitat than food availability (invertebrate biomass), and that habitat features such as less channel overhang and low shrub cover may allow ducklings to better avoid predators (MacCallum et al. 2016). Dense vegetation close to the water may make it more difficult to detect predators. However, Kuchel (1977) reported that females with broods in Glacier NP, Montana, used overhanging vegetation on vertical banks as cover, and a study in British Columbia found that they used areas with >20% channel overhang (Machmer 2001). Differential habitat use in different geographies may represent adaptation to the local environment and predator community (MacCallum et al. 2016).

Wintering grounds
Studies of Harlequin Duck habitat use during the non-breeding season have focused on Alaska and British Columbia. Harlequin densities were studied in relation to habitat features after the 1989 Exxon Valdez oil spill in Prince William Sound, Alaska. Habitat features positively associated with density included the presence of an offshore reef within 500 m, presence of a stream within 200 m, and full exposure to wind and wave action (Esler et al. 2000a). Dominant substrate type was also significant, but the effect was not consistent across sites. After controlling for these habitat effects, harlequin densities were still lower in oiled than unoiled areas. Prey biomass density and abundance were not strongly related to duck densities after accounting for the effects of oiling and other habitat features (Esler et al. 2000a). Substrate type was also an important factor explaining occurrence of harlequins in the Strait of Georgia, British Columbia, which preferred wide intertidal habitat with cobble–gravel or bedrock–boulder substrate, and small offshore islets and shoreline with attached or nearby reefs and islets (Rodway et al. 2003b). Harlequin Ducks were more likely to use areas without streams, areas where intertidal habitat was >100 m wide, and areas with a greater historical abundance of herring spawn (Rodway et al. 2003b). 

In many wintering areas, Harlequin Ducks are typically observed in intertidal and shallow subtidal habitats very close to shore (e.g. Goudie and Ankney 1986, Crowley 1994, Esler et al. 2000), but males of all age classes are more likely to occur farther offshore than females (Rodway et al. 2003b). In places where the shallow reef habitat extends further from the coast, harlequins may forage much further out. Use of areas near reefs and the mouths of streams may reduce energetic costs associated with dive and search times, and travel time between foraging areas and other resources (e.g., fresh water, or roosting sites) (Esler et al. 2000a).
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Life History
Compared to other duck species, Harlequin Ducks exhibit a relatively K-selected life history, with a delayed age of reproduction, low reproductive rates and frequently deferred breeding seasons, and long life-spans. These traits contribute to making harlequin populations particularly slow to recover from habitat degradation or loss, or other factors impacting their demography (Wiggins 2005). They occur at low population densities on breeding grounds, and subpopulations may become isolated by habitat patchiness and low dispersal rates. Even if subpopulations breeding on different stream systems mix on the wintering grounds, the high rate of pair reunion could lead to typical problems of small, genetically isolated populations, such as loss of genetic diversity, genetic drift, and reduced resilience to environmental stochasticity and natural fluctuations in birth and death rates (Shaffer 1981). Females show high breeding site fidelity, which could contribute to this species’ extirpation from specific breeding streams, as new females would be slow to recolonize unoccupied streams. The effective breeding population size of an individual watershed may be quite small, making it more likely for a population segment in a given stream system to disappear.

Migratory Connectivity
The tendency of Harlequin Ducks to concentrate much more on the wintering grounds than breeding grounds means that they are more vulnerable to environmental disturbance there. Previous data on oil spills show both immediate mortality and long-term effects on survival and habitat use. After the 1989 Exxon Valdez oil spill, population recovery was not complete, and adverse effects continued a decade post-spill, contrary to previous thought that oil spills cause only short-term effects on bird populations (Esler et al. 2000a, 2002). Harlequin’s high site fidelity to specific shoreline segments (Cooke et al. 2000, Robertson et al. 2000) means that they would be susceptible to residual effects of contaminants that persist in the environment long after an oil or other chemical spill occurs. A change in the availability of salmon or herring roe during winter may also impact harlequin populations, although it is not clear whether the influx of these abundant food sources are critical for harlequin body condition, winter survival, or subsequent breeding attempts (Rodway et al. 2003a, Bond and Esler 2006, Esler and Bond 2010). Hunting pressure by humans is also almost exclusive to wintering ground aggregations. Patterns of migratory connectivity are not well-known in this species, but current evidence suggests that the large numbers of Harlequin Ducks wintering in the Salish Sea of Washington and British Columbia may breed throughout the Pacific Northwest, along both coastal and inland streams of the Cascade and Rocky Mountains (Savoy et al. 2017). A naturally or anthropogenically caused catastrophe polluting nearshore waters there would likely impact breeding populations across the Pacific Northwest, including those in Region 6.

Competition
Harlequin Ducks may compete with American Dippers (Cinclus mexicanus) or salmonid fish for aquatic insect food resources on breeding grounds, but there is little empirical evidence for this, and it is not thought to contribute significantly to population change (Goudie and Ankney 1986, Robertson and Goudie 1999). However, a more recent study in British Columbia found that both harlequin densities and an index of the presence of multiple fish species on rivers were significantly positively related to insect abundance, but there was a strong negative correlation between them (LeBourdais et al. 2009). Harlequins were less dense where the fish index was higher. The authors hypothesized that even if fish do not actually reduce the abundance of aquatic invertebrates, behavioral changes of insects in response to fish predation may make them less available as prey for harlequins (LeBourdais et al. 2009). Competition with other sea ducks for marine food resources in winter is also possible, as multi-species flocks gather around spawning herring, but has not been studied. Competitive exclusion is unlikely due to the amount of observed unused foraging habitat where herring spawn was available (Rodway et al. 2003a).

Disease, predators, and mortality
Diseases of Harlequin Ducks have not been described in the wild, but they may suffer from similar diseases to those that affect other sea ducks (Hillgarth and Kear 1979). Captive sea ducks seem to have little resistance to avian tuberculosis (Hillgarth and Kear 1979). Parasite loads appear to be relatively low in wild individuals compared to other species of sea ducks (Robertson and Goudie 1999). There is currently no evidence that levels of disease are a concern for Harlequin Ducks.

Western Harlequin Ducks are most commonly preyed upon by raptors such as Bald Eagles on the wintering grounds (Iverson and Esler 2007), and mustelids like mink (Neovison vison) and pine martens (Martes americana) on the breeding grounds (Bond et al. 2009). Other known predators of adults include hawks, Great-horned Owls (Bubo virginianus), seals, and river otters (Lontra Canadensis) (Robertson and Goudie 1999). In addition, Common Ravens (Corax corax), mink, Arctic fox (Alopex lagopus), and red squirrels (Tamiasciurus hudsonicus) will take eggs (Roberston and Goudie 1999). Predation appears to be an important source of female mortality, especially during incubation, and likely explains differences in male and female survival rates (Cooke et al. 2000, Esler and Iverson 2010). For eastern populations of Harlequin Ducks, avian predators are also important during the breeding season, and their abundance appears to influence demography of locally breeding ducks (Heath et al. 2006). River systems with stable, high-density harlequin populations and variable, low-density populations had no detectable differences in habitat or prey availability, but population density and stability were both negatively related to raptor densities (Heath et al. 2006). Harlequin Duck population growth is sensitive to relatively small changes in adult survival (Goudie et al. 1994), so variation in predator abundance across streams and across years may be an important limiting factor. Female survival has been identified as the most limiting constraint on recovery after population losses (Esler et al. 2000b, 2002).
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Food Resources
It is debated whether Harlequin Ducks are food-limited on breeding grounds. While several studies have suggested that this is true (Bengtson 1972, Rodway 1998, Wright et al. 2000), others have concluded that other factors are more important (Crowley 1994, Goudie and Jones 2005, Heath et al. 2006). In contrast to males, females require nutrients during the breeding season rather than stored reserves to fuel reproduction, and face high energy demands during this period (Bond et al. 2007). Coastal breeding populations of harlequins feed heavily on salmon roe during spring spawning (Dzinbal 1982, Crowley 1994), so threats to the health of salmonid fish runs may also indirectly affect harlequins. In British Columbia, densities of Harlequin Ducks are negatively related to fish presence on breeding streams. Fish predation pressure may change the behavior of insect prey making them less available for ducks (LeBourdais et al. 2009). Continued widespread stocking of native fish like rainbow trout (Oncorhynchus mykiss) into western streams, including in many historically fishless waters previously isolated by geographic barriers, may reduce breeding habitat quality for Harlequin Ducks (LeBourdais et al. 2009). The introduction of trout and char into historically fishless reaches of the Maligne River was followed by a reduction in use by breeding harlequins (McCutchen 2002). The effects of these introductions may contribute to the low productivity and recruitment observed in harlequins (LeBourdais et al. 2009), and also to range contractions in the northwestern United States (Robertson and Goudie 1999). It is possible that harlequins compete with other native fish for food on breeding streams as well. Eleven other species or families of native fish, including bull trout (Salvelinus confluentus), sucker species (family Catostomidae), and spawning salmonids were included in the index of fish presence used by LeBourdais et al. (2009) in their analysis. While no studies explicitly examine diet overlap between Harlequin Ducks and specific fish species, this is likely to be the case. The expansion of fish habitat restoration programs over the last few decades, and native fish populations that are supplemented via hatcheries (especially when native species are introduced into historically fishless reaches), may impact Harlequin Duck populations – but to what extent is unknown.

Harlequin Ducks in some wintering areas aggregate around schools of spawning Pacific herring, and temporarily shift wintering areas in response to this superabundant food resource (Rodway et al. 2003a). The spatial and temporal extent of herring spawning in British Columbia has contracted in recent years (Hay and McCarter 1999), and some wintering waterbird populations may be losing access to this important late winter food resource (Rodway et al. 2003a). The causes of the contraction of spawning range and the periodic fisheries-related collapse of herring stocks are unknown (Rodway et al. 2003a). Consequences for Harlequin Duck populations are also unknown. The high energy content of herring roe fed on during winter may provide substantial benefits by increasing survival and reproduction (Munro and Clemens 1931, Bayer 1980, Rodway et al. 2003a). Body condition of female waterfowl prior to the breeding season is generally an important driver of reproductive success (Alisauskas and Ankney 1992). Empirical evidence has shown that male harlequins in particular rely on endogenous nutrient stores gained over the winter because they forage little during the breeding season (Esler and Bond 2010), but access to herring roe is not critical to pre-migratory mass gain for either sex (Bond and Esler 2006, Esler and Bond 2010).

Aquaculture and coastline development
Human development for industrial, residential, and recreational purposes is often concentrated along coastlines; this directly competes with Harlequin Ducks’ dependence on a productive littoral environment (Rodway et al. 2003b). Their small body size and high feeding rates suggest that they may live near the edge of their energetic limits during winter and have little ability to accommodate increased nutritional stress (Goudie and Ankney 1986, Mittelhauser 2000). The aquaculture industry in British Columbia expanded rapidly in the early 2000s. This is a concern because of its direct impacts on nearshore habitats, and the indirect risk of entanglement in lines or equipment for marine birds (Vermeer and Morgan 1989). Both shellfish farms and Harlequin Ducks rely on extensive intertidal and shallow subtidal habitats. Because harlequins prefer small islets and reef clusters, they may be impacted by shellfish and finfish aquaculture that develop infrastructure on these small islets (Rodway et al. 2003b).

Oil spills
Harlequin Ducks are vulnerable to oil spills in their coastal wintering habitats, where they congregate in large numbers, and where they can be exposed to both immediate and chronic effects of environmental contamination. After the Exxon Valdez oil spill in 1989, harlequins suffered acute mortality, with an estimated 1413 deaths based on recovered carcasses adjusted for detection rate (Piatt and Ford 1996), or 1,298-2,650 deaths reported by the Alaskan Department of Fish and Game (ADFG 2017), of individuals killed in the acute phase immediately following the spill. Harlequins also suffer residual effects well beyond direct mortality. In 2004, the M/V Selendang Ayu oil spill at Unalaska Island, Alaska, led to significantly higher median EROD activity (EROD or 7-ethoxyresorufin-O-deethylase is a liver enzyme that indicates exposure to polycyclic aromatic hydrocarbons) in ducks from oiled bays than those from an unaffected bay, indicating that they were exposed to lingering hydrocarbons more than three years after the spill (Flint et al. 2012). By 2000-2003, evidence of elevated contaminant ingestion (CYP1A) was found in harlequin ducks even 14 years after the Exxon Valdez spill, but CYP1A levels were no longer strongly related to survival (Esler and Iverson 2010). The persistence of oil in the environment and in harlequin tissues meant that sublethal toxic effects or indirect impacts on food abundance were still possible 14 years post-spill (Esler and Iverson 2010). 

Some researchers found that Harlequin Duck densities were related to oiling intensity in 1989-1990, but not in 1991, suggesting that impacts on harlequins had ceased after just three years (Day et al. 1997), but others found that densities in contaminated areas as late as 1996-1997 were lower than expected after accounting for effects of habitat features (Esler et al. 2000a). Additionally, fall population surveys by the Alaska Department of Fish and Game indicated declines in harlequin abundance in oiled areas during 1995-1997, while populations in unoiled areas remained stable (Rosenberg and Petrula 1998). Patten et al. (2000) concluded that persistent oil contamination on intertidal habitat in western Prince William Sound had depressed Harlequin Duck reproduction in that area, although other authors have pointed out that harlequins that winter in and breed near Prince William Sound are not necessarily the same individuals (Esler et al. 2002). Winter survival of females from 1995-1998 was lower in oiled vs. unoiled areas, and survival differences were more related to oiling history than other attributes of geography (Esler et al. 2000b). Differences in survival between contaminated and uncontaminated areas were thought to be the likely mechanism for observed population declines in oiled areas (Esler et al. 2000b). 

Harlequin Duck population recovery took much longer than expected (Iverson and Esler 2010), and was not complete 14 years after the Exxon Valdez spill, though it is not clear whether this was due to lingering, chronic effects of oil contamination or the intrinsically slow population growth rate of this species. Female survival was identified as the most important constraint on recovery after the oil spill (Esler et al. 2000b, 2002). Several characteristics of harlequins may make them particularly vulnerable to oil spills or other major disturbances on their wintering grounds. For instance, they have relatively small wintering home ranges, and feed on benthic intertidal resources, making them susceptible to chronic exposure if oil persists in these environments (Iverson and Esler 2010). They are associated with naturally predictable winter habitats, may operate on a tight energy budget, and exhibit strong site fidelity, increasing vulnerability to long-term effects because they return to the same wintering sites year after year (Esler et al. 2000a). The Puget Sound-Georgia Strait region, where it is likely that most of the Oregon and Washington breeding populations overwinter, are busy shipping lanes and at risk of bilge discharges and other small-scale pollutants as well as near-shore oil spills (Wiggins 2005). A naturally- or anthropogenically-caused catastrophe polluting nearshore waters in such a densely populated wintering area would likely impact breeding populations across the Pacific Northwest, and would represent a serious threat to harlequins in Region 6.

Other Contaminants
Elevated levels of heavy metals like selenium in the environment is a potential risk in habitats downstream from coal mines (Wayland et al. 2007). Increased exposure to selenium in the diet of captive ducks (simulating conditions on a contaminated river in Alberta, Canada) was associated with 8% higher hatching failure, but with high uncertainty (wide confidence intervals). Even selenium concentrations measured in reference streams in this study were unexpectedly high, and risks to wild ducks are uncertain (Wayland et al. 2007). 

Large die-offs of three species of scoter (Melanitta spp.) during the molting period along the southeastern Alaskan coast in 1990-1992 prompted a study of contaminants as a potential cause (Henny et al. 1995). Many scoters had elevated renal concentrations of cadmium, and levels of selenium in the liver (Henny et al. 1995). Sublethal effects of cadmium toxicity on sea ducks are not well known, but may include growth retardation, anemia, testicular damage, hypertrophy of the heart, and renal dysfunction. Metal contaminants may or may not be related to declines in scoters and other Alaskan sea duck populations in recent decades (Henny et al. 1995). The source of metal pollution in this area is unknown, and so are the implications for Harlequin Ducks.

Harlequin Ducks wintering in Alaska have also been observed with high levels of carcinogenic hydrocarbons, from either creosote in piers or from diesel soot (Fischer 1998).
Industrial and agricultural activities
Harlequin Ducks appear to be sensitive to water quality during the breeding season (Robertson and Goudie 1999), and activities such as logging can increase sedimentation in streams (Wiggins 2005). Intensive timber harvest can cause higher runoff and increased stream turbidity, which can degrade habitat quality for harlequins by reducing prey availability, negatively impacting reproductive success, and may cause them to abandon otherwise suitable habitat (Cassirer et al. 1996, Wiggins 2005). Eight of the 10 Harlequin Duck nests found in coastal Alaska by Crowley (1994) were on small, steep tributaries located far above stream reaches used by spawning salmon. Alaska state law governing private timberlands required leaving forested buffer strips only on stream reaches used by spawning salmon (ADNR 1990), which would not protect some tributaries used by nesting harlequins (Crowley 1994). Research in British Columbia found higher breeding densities of harlequins in areas where logging had not occurred (Freeman and Goudie 1998). Timber harvest has also been cited as the principal source of degradation of breeding habitat in coastal British Columbia (Breault and Savard 1991).

Additional human activities, including grazing, mining, hydroelectric development, and road construction, all common in the West, may affect water quality during the harlequin breeding season (Wiggins 2005). Livestock grazing is a common practice on BLM and USFS lands in the western United States. Although it is unclear how much overlap there is between Harlequin Duck habitat and grazing leases in Oregon and Washington, livestock can trample riparian vegetation cover, increase runoff, or directly disturb nesting ducks (Cassirer et al. 1996, Robertson and Goudie 1999). Mining along high-elevation streams is still relatively common in western Colorado and Wyoming (State of Colorado 2002), and it may have contributed to extirpating the small Colorado population coincident with the mining boom of the late 1800s (Digerness et al. 1982, Wiggins 2005). Mining can lead to increased sedimentation, acidification, and potential contamination with heavy metals (Wiggins 2005). Contamination from mining activity can have long-term effects, with watershed pollution continuing long after operations have ceased. Suction-dredge mining was and may still be popular along Quartzville Creek, Oregon, where the highest densities of breeding harlequins in the state have been recorded (Bruner 1997). Reductions of in-stream flows in foraging and brood-rearing areas along breeding streams associated with damming or stream diversions, or strong flushing or scouring events associated with water management at hydrological facilities, could render habitats unsuitable for Harlequin Ducks (Cassirer et al. 1996). Eight of the 12 breeding streams included in Bruner’s (1997) Oregon Cascades study had one or more dams and/or reservoirs located within or close to the study reaches. Roads built to support any of these activities can further degrade water quality and also increase human access to previously remote breeding streams. Effects of any of the above listed human activities have not been quantified.

In-stream flows
Harlequin Duck reproductive success is negatively associated with spring and summer stream flows, particularly during the incubating and brood-rearing periods in May-July (Kuchel 1977, Diamond and Finnegan 1993, Reichel and Genter 1994, Cassirer and Groves 1994). Spring floods and high flow events during this vulnerable period for nests and young can wash out nests, cause substantial juvenile mortality, and reduce or eliminate productivity (Cassirer et al. 1996). In 1996, a severe flood on Quartzville Creek in the Oregon Cascades was associated with reduced caddisfly and aquatic invertebrate abundance, and decreased numbers of Harlequin Duck females and broods (Wright et al. 2000). In fact, most of the potential breeding adult harlequins left the stream system before initiating incubation. Those that stayed exhibited a delay in brood development (Wright et al. 2000).

Climate change
Stream flows on breeding grounds could also potentially be altered by climate change. Annual precipitation in the Pacific Northwest is expected to increase slightly, but fall more often as rain rather than snow (Dalton et al. 2017). Snowpack is likely to decrease, potentially creating fewer streams with adequate late summer flows. Extreme precipitation events may become more frequent, which could increase nest loss due to flooding. Oregon’s climate is projected to warm 2–5°F by the 2050s, with summers expected to warm more than other seasons (Dalton et al. 2017) – if stream temperatures warm in parallel, it could potentially affect harlequins.

Climate change in Pacific coastal wintering areas should also be considered a possible threat. Ocean waters off the coast of Oregon are expected to see greater acidity, less dissolved oxygen, and warmer water temperatures (Dalton et al. 2017). If shellfish or other food resources suffer from changing ocean conditions, this could affect Harlequin Ducks. Some regions of the coast may see sea level rise of between 12 and 47 inches by the 2050s (Dalton et al. 2017), with unknown impacts on harlequins.

Recreation/human disturbance
Harlequin Ducks can be displaced by in-stream river use by boaters and fishermen (Wallen 1987, Clarkson 1992, Hunt 1998), particularly on narrow streams. Disturbance may also include humans walking or camping along shorelines (Scott 1993). Harlequin Ducks abandoned a historical breeding site (LeHardy Rapids) in Yellowstone National Park after construction of a boardwalk increased human access to and use of the area (Scott 1993). There are several other reports of harlequins abandoning nesting areas that became subject to repeated human disturbance (Cassirer and Groves 1991; Clarkson 1992, 1994; Hunt 1998). Anglers, kayakers, river rafters, hikers, and campers may unknowingly disturb birds and cause nest abandonment. Fisherman also pose the potential problem of lead poisoning if birds accidentally consume fishing weights (Hillgarth and Kear 1979). Ducks may become entangled in fishing nets or line in areas of extensive inshore fishing and inland salmon fisheries (Savard 1988). Well-intended riparian or aquatic habitat restoration projects may also disturb nesting harlequins if they are implemented during the breeding season. Despite many anecdotes and correlative evidence, no quantitative data are available to evaluate frequency of human disturbance or impacts on harlequin populations. Some data are available regarding research techniques that may inadvertently cause negative effects on the individual harlequins studied. Females flushed from nests did not return for several hours (C. Smith, cited in Robertson and Goudie 1999). Females marked with patagial tags had lower reproductive success than untagged females (Dzinbal 1982). Habitat niche modeling and occupancy analysis using the 2013-2014 Washington USFS survey data did not find that distance to open roads (a common index of human disturbance) influenced Harlequin Duck distribution or probability of occupancy (Singleton and Long 2018).

Hunting/poaching
Overharvesting is thought to be a factor in the decline of the Atlantic population of Harlequin Ducks, as larger aggregations and nearshore habitat use make this species relatively easy to hunt from land in winter (Palmer 1949, Goudie 1989). Significant hunting pressure exists mostly in Alaska where the largest winter populations are found. Total recreational harvest in the United States was estimated to average 1258/yr. from 1999-2008, with >90% of ducks taken in Alaska (Baldassare 2014), where abundant populations are more likely to be able to handle this pressure. Alaska also has a subsistence harvest of ~2080 birds per year (Rothe et al. 2015). In Washington, bag limits have been restricted to one harlequin per season since 2004 (Rothe et al. 2015), and in Oregon, bag limits of sea ducks are seven per day, with no more specific limitations on harlequins (B. Reishus, ODFW, pers. comm.). 

Currently, no data are collected that are designed to estimate total take of western populations via hunting, and harvest rates are too low to obtain reliable estimates from hunter surveys (Robertson and Goudie 1999). Harvest report requirements in Washington state are quite rigorous (K. Spragens pers. comm.), but estimates vary annually and by source. The USFWS’s national migratory bird Harvest Information Program (HIP) surveys estimated a harvest of 70/yr. in Washington (Rothe et al. 2015), western Washington permit data indicate an average of 134/yr. (D. Kraege, cited in SDJV 2015a), and WDFW continues to estimate that <150 birds are taken annually. The most recent estimates have been 107, 96, and 111 Harlequin Ducks harvested during the 2014, 2015, and 2016 seasons (K. Spragens, WDFW, pers. comm.). The state of Oregon has no mandatory reporting for hunters of sea ducks. Those pursuing sea ducks must obtain a permit from ODFW, largely to get a better sampling pool for the USFWS HIP. This national survey consistently estimates no Harlequin Duck harvest in Oregon, but this species may not be well-sampled by HIP, in which participation is voluntary (i.e. no harlequin wings returned from a randomly selected group of waterfowl hunters in annual wing collection surveys have ever been from Oregon). While the actual take may not be zero, if it is too low to be detected on hunter surveys, it is presumed to be minimal (B. Reishus, ODFW, pers. comm.).

There is substantial interest in Harlequin Ducks among both wildlife viewers and hunters, and this can bring important tourism dollars to small coastal towns in Washington (K. Spragens, WDFW, pers. comm.). However, subpopulations of breeding harlequins are small, highly dispersed, and potentially demographically independent. Specific inland streams could be impacted by even minimal hunting pressure (Cassirer et al. 1996). Wiggins (2005) concluded that a low level of hunting pressure could be enough to have a significant effect on population stability in the western United States. 

An article in the popular press authored by the National Wildlife Federation purports that on inland streams in Washington, poachers sometimes capture live adult harlequins off of their nests, which can sell in Europe for up to $5,000 per pair (Turback 1996). This would certainly result in failure of individual nests and reduction of the effective breeding population, but the existence and prevalence of poaching is unconfirmed.

Noise pollution
In the eastern part of the range in Labrador, aircraft noise from military jets has sublethal effects on Harlequin Ducks. Goudie and Jones (2004) found that harlequins increased alert behavior in the short-term after jet flights, especially intensifying vigilance when noise levels exceeded about 80 dBA. Harlequins exhibited decreased courtship behavior up to 1.5 hours after flyover, and increased agonistic behavior (like chasing and fighting) for up to 2 hours after low flights (Goudie and Jones 2004). The authors hypothesized that this could have negative consequences for the stability of pair bonds or winter site fidelity, because birds may avoid areas with repeated jet flights (Goudie and Jones 2004). The residual effects of such disturbance can result in chronic stress response (Goudie and Jones 2004). It is unknown how many wintering populations of Harlequin Ducks may be affected by loud noise from military or other aircraft in the western United States.

Population ecology
The fact that Harlequin Duck pair bonds are formed or reaffirmed in winter, and that young often recruit into the same local populations as their parents, has important implications for the genetic and demographic structure of populations (Robertson and Cooke 1999). Because nearly all banded ducklings returning to the same breeding grounds have been female (Cassirer et al. 1996, Robertson and Goudie 1999), gene flow among geographically separated breeding populations may be primarily via natal dispersal of males (Wiggins 2005), but annual movement rates appear rather low (Regehr 2011). Females show high breeding site fidelity, which could contribute to the probability of extirpation from specific breeding streams, as new females would be slow to recolonize unoccupied streams. High levels of philopatry to wintering sites and winter pairing indicate potential for genetic divergence. The effective breeding population size of an individual watershed may be quite small, making it more likely for a population segment in a given stream system to disappear. It is not currently known how large of a breeding area constitutes a demographically or genetically independent unit (Iverson et al. 2004).
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The Harlequin Duck is considered one of the most imperiled ducks in North America, despite the fact that it is not considered to be a species of concern on a global scale. There are insufficient data to support listing the Harlequin Duck as a federally endangered or threatened species, but breeding populations are listed as Sensitive Species in Oregon and Washington by the Interagency Special Status/Sensitive Species Program (ISSSSP). In Oregon, it is additionally listed both as a Sensitive Species and a Conservation Strategy Species by ODFW, and is considered a Species of Greatest Conservation Need in the Washington State Wildlife Action Plan. Harlequin Duck is a game bird that is legally hunted in both Oregon and Washington.

Prior to 1993, only five Harlequin Duck nests had ever been found in the Oregon Cascades, although brood sightings had been reported from at least 20 streams from Douglas County in the south to Multnomah County in the north (Dowlan 1996). In March 1993, a Harlequin Duck Working Group was organized for the state of Oregon (Dowlan 1996), and that spring and summer an extensive survey took place on known or suspected breeding streams on ODFW, BLM, USFWS, and USFS lands. The survey was conducted along 680 stream km, and found 231 individuals (an estimated 47 harlequin breeding pairs) on 31 different streams and tributaries (Thompson et al. 1993). This survey effort actually showed that Harlequin Ducks were more widespread and numerous than state and federal agencies had previously thought (Dowlan 1996), and breeding site locations noted in this survey permitted a more detailed habitat use and productivity study a few years later (Bruner 1997). However, a follow-up survey completed 20 years later over much of the same area found 59% fewer adult Harlequin Ducks in 2012-2013 compared to 1993 (Doerr 2013). Breeding harlequins appear to now rarely occur in the southern part of the Willamette National Forest south of the McKenzie River (only two sightings on the Middle Fork Willamette River since 2013; J. Doerr pers. comm.), representing a southern range contraction of ~40km (Doerr 2013). Lower densities of adults were found on all nine streams surveyed in Mt. Hood National Forest, and populations on the Salem BLM District and northern part of the Willamette National Forest showed no significant change (Doerr 2013). No comparable data on breeding populations are available from Washington.

Christmas Bird Count data analyzed from 1959-1988 (Sauer et al. 1996) and 1951-2016 (presented in this paper; see Population Trends section) show stable or increasing trends in wintering populations in British Columbia, Washington, Oregon, and California. However, concern remains because several calculations of Harlequin Duck productivity and recruitment rates were insufficient to support stable populations with current estimates of adult survival (Smith et al. 2001, Rodway et al. 2003b). Furthermore, an analysis of winter Harlequin Duck aerial survey data from Puget Sound (WDFW 2015) reveals a significant decreasing trend (-43.5 individuals/yr; p = 0.01; this paper) from 1994-2015. In British Columbia, a significant decline of -2.6% per year from 1999-2011 was reported for harlequins wintering in the Strait of Georgia (Crewe et al. 2012), and a reduction of up to 50% at White Rock from 1980-2015 (SDJV 2015b). Recent range contractions and apparent extirpations from former breeding streams in Oregon are of particular concern. Regular breeding surveys do not occur in Washington, and population trends in that state are unknown.

Harlequins appear sensitive to regular human disturbance near nesting sites, but impacts localized at one or a few breeding areas seem unlikely to account for low productivity across the entire Western population (inferred by low recruitment rates, as measured from age ratios on the wintering grounds). Further, distance to roads did not have a negative effect on Harlequin Duck distribution or occupancy in Washington (Singleton and Long 2018). While some researchers have asserted that the breeding range has no obvious widespread large-scale impacts, and remote mountain areas for the most part have small human populations and difficult stream access (LeBourdais et al. 2009), this may be less true in some portions of the eastern Cascades mountains and areas east of the Cascades in Oregon and Washington, where grazing and logging on public lands may occur, sometimes even at higher elevations. LeBourdais et al. (2009) also noted that large areas of potential breeding habitat appear pristine yet are unoccupied, but it is unclear whether they are referring to Alberta, Canada, or the entire western cordillera. They also stated that most studies have shown relatively normal or good local reproductive success, but cited Hunt and Ydenberg (2000) which does not present any productivity or nest success data. This statement is incongruous with the high variability in productivity and frequent low estimates of breeding propensity reported from many sites (Table 5). The majority of the land area in the Cascade Range is publicly owned and managed by the United States Forest Service (USFS) and United States Bureau of Land Management (BLM) (Bruner 1997). Because most Harlequin Duck breeding habitat in Oregon and Washington is on public land, this enhances the ability of federal and state land management agencies to enact conservation actions during this portion of the annual cycle.
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Management approaches for western Harlequin Duck populations have addressed stream water quality, hunting pressure, and human disturbance, but there have been no controlled studies of any management actions and their before and after effects on western Harlequin Duck populations. 

Protecting stream water quality in breeding areas is likely to be important. While much of the Cascades range is on public land, some private lands do exist along mountain streams, and are primarily managed for timber extraction (Bruner 1997). Riparian buffer requirements on federal and non-federal lands have often varied by fish and non-fish bearing streams, and perennial versus intermittent flow, which may not protect all areas occupied by Harlequin Ducks. The Riparian Reserves created under the Aquatic Conservation Strategy of the Northwest Forest Plan require different riparian buffer widths for fish and non-fish bearing streams (300 ft [91.4 m] vs. 150 ft [45.7 m], respectively, on each side of the stream) (Reeves et al. 2006). Either width may be sufficient for Harlequin Duck in-stream habitat quality and riparian forest structure needs – Bruner (1997) found that harlequins would use areas with variable riparian corridor widths (range: 1-80 m, mean: 18.3 m) – but the effect of riparian width on occupancy and reproductive success has not been studied.

In Jasper National Park, Alberta, increased rafting and kayaking on the Maligne River caused about 15 pairs to abandon a breeding site (Clarkson 1994). The popularity of these water sports caused breeding pairs to be disturbed about every half hour during the day, and they eventually left the area. In 1993, human activities on this stretch of the river were restricted, and the harlequins have since returned (Clarkson 1994). Although this is only one recorded instance, blocking human use of known nesting streams may be beneficial to Harlequin Ducks, especially during sensitive times of the nesting period. In-stream recreational activities are expected to be more disruptive when conducted during the pre-nesting and early brood-rearing season (May-July) than when conducted later in the breeding cycle (August-September) (Cassirer et al. 1996).

Managers have also reduced hunting pressure in the winter. Bag limits in British Columbia and Washington were reduced in the late 1990s, and in 2004 were further limited to one per season in Washington (Rothe et al. 2015), with unknown effects on Harlequin Duck population size. Wintering populations in Puget Sound, at least, have not shown any increases since this 2004 regulatory change (Figure 11).
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Food resources
Harlequin Ducks depend on a relatively specialized food source and habitat (relatively undisturbed, fast-flowing streams with rocky bottoms where benthic macroinvertebrates congregate). Harlequins require healthy, dense riparian vegetation with downed woody debris for successful nesting, so management actions that maintain and promote this habitat type would be helpful. Bruner (1997) recommends protecting 1st to 5th order streams and riparian buffer zones with diverse vegetation types. They are apparently sensitive to stream disturbance leading to degradation of water quality (e.g., acidification, sedimentation, turbidity). Improving the ecological health of riparian and in-stream habitat along mountain streams with elevation gradients, and maintaining high water quality and aquatic insect food abundance, would likely benefit Harlequin Ducks.

As possible, restrict or prevent the introduction of fish (particularly rainbow trout) to breeding streams. Introduced native fish into historically fishless reaches or supplementing their populations with hatchery stock, may reduce breeding habitat quality for harlequins by decreasing the availability of macroinvertebrate prey. Stocking trout and char in historically fishless reaches of the Maligne River was followed by a reduction in use of these reaches by breeding harlequins (McCutchen 2002), and Harlequin Duck densities were inversely related to an index of fish presence in Alberta, Canada (LeBourdais et al. 2009). The effects of these introductions may contribute to the low productivity and recruitment observed in harlequins (LeBourdais et al. 2009), and also to range contractions documented in the northwest U.S. (Robertson and Goudie 1999). If native fish compete with Harlequin Ducks for food resources, nuanced management considerations may be needed to balance the needs of harlequins with restoration of native fisheries.

During the winter season, consequences of the reduction of herring spawn on Harlequin Duck populations are unknown, but an increase in the availability of this nutrient-rich food source may enhance harlequin survival and productivity.

Aquaculture and coastline development
As possible, regulate aquaculture and other coastline development to minimize its impact on important Harlequin Duck wintering habitats, particularly in shallow intertidal zones. Rodway et al. (2003b) suggested that the then-recent lifting of the moratorium on new finfish farms in British Columbia was likely premature.

Oil spills and other contaminants
Generally it is important to protect rocky shoreline wintering habitat from large population losses due to environmental catastrophes like oil spills or habitat degradation from aquaculture. Rocky shoreline areas are also important for foraging harlequins in winter and should be protected whenever possible (Gaines and Fitzner 1987). Oil spills like the Exxon Valdez have been shown to reduce Harlequin Duck densities, survival, and productivity for years after the incident. Any steps that could be taken to protect busy shipping lanes in the Puget Sound and Strait of Georgia from future contamination, including stronger regulations of bilge discharges and other small-scale pollutants, would be beneficial to Harlequin Ducks. Consider requiring additional equipment, procedures, and/or employee training at shipping companies to help prevent oil spills.

Industrial and agricultural activities
Because Harlequin Ducks may forgo breeding or abandon breeding areas when aquatic insect abundance is low (Wright et al. 2000), it is important to protect streams from silting or contamination that may reduce prey availability. Regulate and minimize, as possible, activities like logging, mining, and hydroelectric dams in breeding watersheds, especially along fast-flowing water, to reduce run-off, turbidity, and sedimentation of streams. Limiting new roads, recreational trails, campgrounds, or boating and fishing access near known breeding streams would also be beneficial. For instance, research in British Columbia found higher breeding densities of harlequins in areas where logging had not occurred (Freeman and Goudie 1998). If timber harvest extends into the upper reaches of watersheds, forested buffers along first and second order streams will be necessary to protect nest sites of Harlequin Ducks (Crowley 1994). Maintaining wooded buffer zones along waterways during timber extraction can also help to minimize runoff and sedimentation. Manage grazing in a manner that maintains riparian vegetation. Forest management practices that reduce impacts on streams and maintain the integrity of riparian ecosystems are likely to be a key component in supporting Harlequin Duck population growth. 

In-stream flows
The extent and timing of spring floods are important determinants of variation in reproductive success. Reduction of in-stream flows in foraging and brood-rearing areas along breeding streams associated with damming, or strong flushing or scouring events associated with water management at hydrological facilities, could render habitats unsuitable for Harlequin Ducks. When possible, prevent large-scale changes in watersheds that may lead to significantly altered hydrology. 

Climate change
Climate change is a large and complex issue, with potential but unstudied effects on Harlequin Duck populations. As possible, encourage resiliency of inland mountain streams, adjacent forests, and coastal ocean habitats to future climate scenarios.

Recreation/human disturbance
Restricting recreational use of confirmed breeding streams during the months of April – August is also important when considering Harlequin Duck management options. In-stream recreational activities may be more disruptive when conducted during the more sensitive pre-nesting and early brood-rearing season (May-July) than when conducted later in the breeding cycle (August-September) (Cassirer et al. 1996). In Jasper National Park, Alberta, after 15 pairs abandoned a breeding site due to frequent disturbance by boaters, the harlequins returned after human activities on this stretch of the river were restricted (Clarkson 1994). Generally speaking, the low breeding densities of harlequins and sensitivity to disturbance while nesting has made it difficult to carry out quantified studies of the effects of any regulation of human activities.

Schedule restoration work intended to improve riparian or in-stream habitats to outside of the Harlequin Duck breeding season. Projects undertaken outside of this window (avoiding the most sensitive period in May-July) are expected to have minimal impact. Most of this type of restoration work is already implemented during time periods designed to minimize impacts on fish (avoiding the dry summer months), so fish protections will largely work for harlequins as well. Consider delaying project implementation until after August along known Harlequin Duck breeding streams.

Hunting/poaching
Hunting bag limits are low, but this species is legally hunted. In Washington, there is a daily bag limit of one Harlequin Duck, and a season limit of one in western Washington. In Oregon, the total daily bag limit of ducks is seven, with no specific limit set on harlequins. Hunting pressure is almost exclusively on coastal areas (the non-breeding grounds). No rigorous data are available to estimate total range-wide take via hunting. Given the considerable uncertainties in harvest level, vital rates, and population size in different breeding watersheds, it is difficult to determine population growth rates and allowable sustainable harvest (Koneff et al. 2017). Regional harvest surveys could be improved to obtain adequate samples to estimate regional take, and sex and age composition of take (SDJV 2015b).  A complete harvest assessment is recommended to see if changes to migratory waterfowl harvest regulations should be considered.

Noise pollution
Managers could assess this threat by determining if any airfields, particularly those with regular jet flights, are located near wintering areas occupied by Harlequin Ducks. No actions are recommended unless future studies demonstrate significant lethal or nonlethal impacts on western harlequin populations. 

Population ecology
A population viability analysis completed in the 1990s found that adult survival was quite high and reproductive success was variable; thus Harlequin Duck population growth was most sensitive to variation in adult survival (Goudie et al. 1994). Because of this sensitivity to relatively small changes in adult survival, and because female survival has been shown to be lowest on breeding grounds, management actions designed to reduce mortality during the breeding season are likely to achieve meaningful population-level benefits (Bond et al. 2009). It is not clear what specific management actions might help reach this objective. Depredation of incubating females, most often by mustelids, is an important source of mortality (Bond et al. 2009), and variation in predator abundance across streams and across years may be an important limiting factor (Heath et al. 2006). There is no evidence that current depredation rates are excessively high or above normal (Cassirer et al. 1996).
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Sea ducks are the least understood waterfowl in North America, and the Harlequin Duck is a model example of these gaps in scientific knowledge. For example, geographic variation in vital rates is not well-known, and western population growth rates have not been modelled. More studies of reproductive and survival rates in different locations may help pinpoint the factors limiting population growth, which may vary among subpopulations (for instance, between coastal and inland breeders). These data would better equip managers to identify mechanisms underlying population change and recommend conservation action. In another example, breeding season survival rates have not been estimated for populations in Alaska, nor have molt or overwinter survival estimates been derived outside of Alaska – making it difficult to put together the full picture of survival rates throughout the annual cycle. Harlequin Duck population growth is sensitive to relatively small changes in adult survival (Goudie et al. 1994). Further research into causes of mortality for adult female Harlequin Ducks during the breeding season will be important for directing appropriate management actions (Bond et al. 2009).

The causes of purported low and variable productivity and breeding propensity are not understood either. Long-term variation in food abundance and its effect on Harlequin Duck reproduction has only been studied in detail in Iceland. Data from these studies indicate that spatial and temporal variation in harlequin productivity is directly related to variation in food availability (Bengston and Ulfstrand 1971, Gardarsson and Einarsson 1994). This has not been confirmed for North American populations. Demographic rates measured on individual streams may not be representative of the regional population as a whole (Heath et al. 2006), so a broad understanding of the variation in productivity among sites and years is needed. 

The links between forest management activities (logging, mining, grazing, roads), dams and stream channelization, altered riparian vegetation, degradation of water quality, recreational activities, and harlequin breeding success also warrant further study (Wiggins 2005), as their effects on populations have not been quantified via controlled or before-and-after studies (though Harlequin Duck distribution and occupancy in Washington was recently found to be unaffected by distance to nearest road; Singleton and Long 2018). In Oregon, Harlequin Ducks used areas with variable riparian corridor width (range: 1-80 m, mean: 18.3 m; Bruner 1997), and future studies could examine how variability in riparian buffer width is related to occupancy or breeding success to evaluate this as a potential riparian vegetation management technique. The low breeding densities of harlequins and sensitivity to disturbance while nesting has made it difficult to carry out quantified studies of the effects of any management actions or regulation of human activities. There have been no studies in Oregon or Washington that have identified which, if any, threats are currently affecting population growth in the region. Causes of recent range contractions in Oregon are also unknown.

There have been three relatively recent surveys of breeding Harlequin Ducks in Oregon (1993, 2012-2014, and 2017), and two survey efforts in Washington (2013-2014, and 2017). While it is acknowledged that such surveys are challenging, due to the fact that harlequins are relatively uncommon and occur at low densities in their breeding range, additional standardized population monitoring is needed. Breeding surveys are effort-intensive; there is about a 30-40% detection probability for Harlequin Ducks present on a breeding stream during a single survey (Jarvis and Bruner 1997, Singleton and Long 2018), and it may take six surveys of a given stream to reach 90% detection probability (Schirato and Perfito 1998). Environmental DNA (eDNA) assays, a new and sensitive tool for detecting aquatic species from trace DNA in downstream water samples, have recently become available for this species. This technique has the potential to greatly increase detectability of Harlequin Ducks on breeding streams, and the feasibility of applying this method on a wide scale should be examined.

Singleton and Long (2018) found that timing of surveys within breeding and post-fledging survey periods had substantial effects on the probability of detecting Harlequin Ducks along 1.5 km surveyed stream reaches during the 2013-2014 USFS surveys in Washington. They estimated that the probability of detecting a harlequin was 0.78 (SE = 0.08) for the earliest breeding season surveys on April 19, then declined over the breeding season survey period to 0.22 (SE = 0.08) for the latest breeding season surveys on May 26. Probability of detection was 0.46 (SE = 0.08) for the earliest post-fledging season surveys on July 7, then declined to 0.27 (SE = 0.06) for the latest post-fledging season surveys on August 25. This implies that surveys to monitor breeding Harlequin Ducks may be most effective if efforts are concentrated early in the breeding season. Post-fledging surveys to document reproduction may require more effort to achieve similar levels of precision as breeding period distribution surveys. Planning for future surveys should address clearly stated goals (e.g. monitoring of distribution, reproduction, or demographic rates) and required levels of accuracy to meet management needs (P. Singleton, pers. comm.). Additional wintering surveys are also needed. Annual surveys of wintering Harlequin Ducks are conducted in Puget Sound, Washington, but not in other areas of the wintering range along the Washington, Oregon, and California coasts.

In the breeding season, Harlequin Ducks are habitat specialists that feed on relatively specialized prey items. They need fast-flowing mountain streams with good water quality, but the key features important for habitat suitability are not well-understood. Some apparently suitable habitat is unoccupied (LeBourdais et al. 2009). More research is needed to describe habitat selection, and the requirements that determine occupancy of breeding streams in Oregon and Washington, in more detail – to add to the efforts of Bruner (1997), Wright et al. (2000), and Singleton and Long (2018). Such data would better inform which streams should be prioritized for protection. The Aquatic Conservation Strategy of the Northwest Forest Plan, and similar protective measures on other federal lands in Oregon and Washington, may be sufficient for Harlequin Duck in-stream habitat quality and riparian forest structure needs, but this has not been specifically studied. Additionally, physiological nutritional requirements for female egg development and nest/brood maintenance is poorly described, but does not seem to parallel other species of waterfowl for inference (K. Spragens, WDFW, pers. comm.). A number of studies have summarized breeding stream characteristics for Harlequin Ducks, but it is still unclear whether breeding streams are chosen on the basis of food availability, vegetative cover, and/or protection from predators or human disturbance (Wiggins 2005).

Migratory connectivity, or the way that different breeding and non-breeding subpopulations are geographically connected through their migration patterns, is almost completely unknown in this species, especially for populations that breed in inland Washington and Oregon. We do not understand what proportion of Harlequin Ducks in each of the major wintering areas migrate to different parts of the breeding grounds. The ecological linkage of this species from coastal wintering sites to high elevation streams requires special attention to improve our understanding of how events at specific wintering sites will affect breeding populations and vice versa. Recent efforts such as those by ADFG, WDFW, and Savoy et al. (2017) are making a start at understanding how migration routes connect breeding sites to Pacific Coast wintering locations. Techniques such as banding or radio-tagging more individuals on the breeding grounds, and then using resighting, radio telemetry, or hunter reporting to find individuals on the wintering grounds, will help complete the picture of where Oregon and Washington breeding ducks are spending the winter. 

Conservation genetics of Harlequin Ducks are not well-understood. The degree to which breeding populations in different watersheds are demographically independent, and levels of gene flow between different breeding (or wintering) populations are not known. Future studies could examine genetic diversity and genetic differentiation among breeding streams, to better understand the effective population size of this species. Conservation efforts could take into account the degree of demographic separation among population segments (Iverson et al. 2004).

Climate change has the potential to affect Harlequin Ducks through altering breeding stream temperature and/or flow, ocean conditions, or sea level. Warming stream temperatures was suggested to be a possible cause of contraction of the southern harlequin breeding range in Oregon (Doerr 2013), but no studies were found specifically addressing this issue in this species.

No data are available on the number of Harlequin Ducks taken by hunters along the length of the Pacific Coast (Wiggins 2005), the wintering area of harlequins breeding in Washington and Oregon. Sea duck sport harvest has generally been assumed to be sustainable because of the relatively low hunting pressure compared to other waterfowl species (Koneff et al. 2017). Harvest of sea ducks like harlequins can be challenging for agencies to manage appropriately, because of considerable uncertainties in harvest level and sea duck population dynamics. Studies of other sea ducks have found that uncertainty in overall fecundity, adult survival, or population size were influential in determining population growth rates and allowable sustainable harvest for a given species (Koneff et al. 2017). Regional harvest surveys could be improved to obtain adequate samples to estimate regional take, and sex and age composition of take (SDJV 2015b). A complete harvest assessment for Harlequin Ducks, to better estimate the total current take and model its effect on harlequin population size, is warranted. 
[bookmark: _Toc501534105][bookmark: _Toc501916364]
Definitions of Terms
Breeding propensity 
The proportion of sexually mature females that initiate a breeding attempt (i.e. begin egg production).

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 will hold 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. 

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.



Pair reunion
A male and female of a given species that form a pair bond in one year, and then reunite with the same partner in the following year

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

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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Knowledge of migratory connectivity, or the movements of various wintering subpopulations of
x Harlequin Ducks to specific breeding streams, is limited. Harlequins wintering in Puget Sound
— and the Strait of Georgia seem to breed throughout the western cordillera (Figures 3 and 4), but
low breeding densities make this difficult to study (Wiggins 2005). On the wintering grounds,
HEADINGS  PAGES  R» there appears to be considerable mixing of birds from different breeding areas (Wiggins 2005,
Savoy et al. 2017). Thus, some Oregon and Washington breeding birds winter in the Strait of
Georgia, but the percent that migrate to the coasts of British Columbia versus Washington,
4 Lintroduction Oregon, or California are unknown. Similarly, of the roughly 3000 Harlequin Ducks that winter
A.Goal in Puget Sound, it is unknown what percent breed in coastal Washington/British Columbia,
B.Scope interior Oregon and Washington, or the Rocky Mountains. Two new studies are attempting to
€ Management t. shed more light on patterns of migratory connectivity. Since 2016, 9 males have been captured
by the Washington Department of Fish and Wildlife (WDFW), in th Sarah Rodawell
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o, 30xx, and xocx ktreams. So far, one was harvested in Puget Sound and one spent the molting
period off of Castle Rock, CA (Kyle Spragens, WDFW. pers. comm.). Savoy et al. (2017) used
GPS satellite transmitters on 18 males captured on breeding sites in Montana, Wyoming,
Washington, and Alberta. The majority of these males molted and wintered befween the Salish
Sea and Queen Charlotte Sound (i x).
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r their breeding streams to their Pacific coast molting
locations (Fig. 2). The timing of departure from the
breeding streams varied by geographic location. The one
male marked in Washington departed the breeding
stream June 03. Departure dates ranged from June 04 —
17 in Montana (n=4) and between June 05 — 22 in Alberta
(n=10). Harlequin males marked in Wyoming (n=2)
departed July 01 and July 10 (Table 1). Migration of males
to the coast lasted between 1.7 and 17.5 days (median:
2.5 days), with the majority (59%) of the males reaching
the Pacific in <3 days. Most male harlequins arrived to

W areas on the Pacific differing from their eventual molting
location. In total, 41% arrived from breeding streams

= O directly to their molting areas and 59% arrived to areas of
eatonaer! the Pacific and later moved to molting areas. The majority
sstern North (71%) of harlequins departed molt locations to differing

winter locations (range: 10-610 miles; mean 150.3 miles).

Table 1. The timing, distance, and duration of male harlequin duck molt migration from
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western North America breeding streams to the Pacific coast.
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Salish Sea as important molting and
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*Previous band re-observations and
recovery data identified the Salish Sea and
the Strait of Georgia as important molting
and wintering locations (Fig. 3).
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Figure 2. Connecting breeding locations of
male harlequin ducks satellite marked in
western North America to Pacific molting
locations, 2016.
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« black lines connect breeding and nonbreeding areas
but do not necessarily reflect migration paths

Figure 3. Band re-observation and recovery locations.
of harlequin ducks marked in western North America.

Figure 4. Molt and winter locations of
male harlequin ducks satellite marked
in western North America, 2016.
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