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Johnson’s hairstreak adult. Photo by Alan Dyck (2009), used with permission.
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[bookmark: _Toc492982189]Disclaimer 
This Conservation Assessment was prepared to compile information on the Johnson’s hairstreak butterfly (Callophrys johnsoni). This Assessment does not represent a management decision by the U.S. Forest Service (Region 6) or 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 and this document may need to be updated. If you have information that will assist in conserving this species or questions concerning this Conservation Assessment, please contact the Interagency Special Status/Sensitive Species Conservation Planning Coordinator for FS Region 6, OR/WA BLM: https://www.fs.fed.us/r6/sfpnw/issssp/contactus/. 


[bookmark: _Toc475451656][bookmark: _Toc492982190]Executive Summary 
Species: Callophrys johnsoni (Skinner, 1904), Johnson’s hairstreak
Taxonomic Group: Butterflies (Phylum Arthropoda: Class Insecta)

Management Status: Both Region 6 of the Forest Service and OR/WA BLM classify this species as a Sensitive Species (ISSSSP 2015a, 2015b). The NatureServe Status for this species is as follows:

Global Status: G3G4 (31 August 2004)
National Status (United States): N3N4 (4 March 2005)
National Status (Canada): N1N2 (7 May 2013)
State/Province Statuses: California (SNR), Oregon (S2), Washington (S2S3), British Columbia (S1S2)
(NatureServe 2017)

Updated Special Status/Sensitive Species lists are maintained on the ISSSSP Agency Policy and Lists page (https://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/). Up-to-date global, national, and state ranks can be found through NatureServe Explorer (http://explorer.natureserve.org/). 

Range:
Johnson’s hairstreak is found from southwestern British Columbia, Canada, south to the Cascades and Sierras in northern California (Scott 1986). In Oregon and Washington, it is generally found in or west of the Cascades (Hinchliff 1994, 1996). Isolated, disjunct populations occur in Baker and Union Counties in northeastern Oregon and adjacent parts of Idaho as well as in several other ecoregions through this species’ range (Xerces Society 2017a). This butterfly is widely but patchily distributed throughout USFS Region 6, although population and abundance estimates are generally unknown. 

Habitat: 
Throughout most of its range, this species is dependent on mature or old growth forests of western hemlock (Tsuga heterophylla) parasitized by dwarf mistletoe (Arceuthobium spp.), the larval host plant (Pyle 2002). In the Blue Mountains populations in eastern Oregon, it is generally associated with open ponderosa pine (Pinus ponderosa) forests parasitized by western dwarf mistletoe (Arceuthobium campylopodum). Flowering plants such as dogwood (Cornus), Oregon grape (Berberis), and ceanothus (Ceanothus) are used as nectar sources by adults. 

Threats: 
Threats to Johnson’s hairstreaks include habitat loss and degradation, pesticide use, parasites and disease, and potential hybridization with a sympatric butterfly, the thicket hairstreak (Callophrys spinetorum). Stochastic events, particularly wildfires, may also negatively affect sites or populations due to highly fragmented habitat and disjunct populations, and climate change may have long-term consequences for the species. Appropriate habitat and known sites occur primarily on federal lands, particularly National Forest lands in Oregon, Washington, and California. 


Management Considerations: 
Protect patches of late successional and old growth forests containing dwarf mistletoes and their host trees. Practice non-chemical pest management in forests. Avoid applying herbicides to flowering plants used as nectar sources by Johnson’s hairstreak. Avoid blanket suppression of known host mistletoes in forests; instead, leave patches of dwarf mistletoe infected stands throughout Johnson’s hairstreak’s range. Avoid using Bacillus thuringiensis var. kurstaki (Btk) in forests where this butterfly occurs. If insecticide or herbicide use is planned for areas where this species occurs, carefully evaluate available pesticides and their alternatives and consider protective no-spray buffers around occupied sites.

Research, Inventory, and Monitoring Opportunities: 
Research
· Revisit historic sites to confirm species presence/absence
· Identify distribution gaps and priority areas to survey
· Assess full distribution and abundance across the species’ range
· Define range of habitat characteristics needed by this butterfly
· Delineate and characterize adult use areas and minimum habitat size needs
· Develop research projects to determine the impacts of timber management practices
· Identify dispersal capabilities and dispersal modes, if any
Inventory
· Refine survey protocols to better capture species occurrence and population size data
Monitoring
· Develop a long-term monitoring protocol to be used at sentinel sites
· Monitor impacts of timber and mistletoe management
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[bookmark: _Toc475451658][bookmark: _Toc492982194]A. Goal 
The goal of this Conservation Assessment is to summarize existing information regarding the biology, ecology, known threats, and management considerations for the Johnson’s hairstreak (Callophrys johnsoni), in order to assist managers in the formulation of options for management activities. This species is of concern due to its patchy distribution, limited mobility, narrow habitat requirements, and sensitivity to anthropogenic disturbance. Federal management for this species follows USFS Region 6 Sensitive Species (SS) and/or 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 USFS 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: _Toc475451659][bookmark: _Toc492982195]B. Scope 
Species occurrence records and information about the Johnson’s hairstreak were compiled from published and unpublished literature, agency databases, season summaries, and discussions with species experts who have worked with Johnson’s hairstreak for many years. This assessment summarizes existing knowledge of a relatively little known invertebrate. Although more information about life history and the species’ range has been gained in recent years due to increased survey efforts by US Forest Service and BLM biologists, the species remains difficult to detect and its population status and trends remain unknown. Threats and conservation concerns summarized in this conservation assessment reflect current known or suspected threats, which may change with time. Management considerations may be applied to localities where the species is documented and to nearby suitable habitat. 

The geographic scope of this assessment includes the entire known and suspected range of the species from British Columbia east to Idaho and south to central California. Within this geographic scope, this species occurs on fifteen OR/WA BLM and USFS Region 6 units:

Oregon:
· Deschutes National Forest (Jefferson County)
· Fremont-Winema National Forest (Klamath and Lake Counties)
· Mt. Hood National Forest (Clackamas, Hood River, and Multnomah Counties)
· Rogue River-Siskiyou National Forest (Coos, Curry, Douglas, Jackson, Josephine, and Klamath Counties)
· Siuslaw National Forest (Benton County)
· Umpqua National Forest (Douglas and Lane Counties)
· Wallowa Whitman National Forest (Baker and Union Counties)
· Willamette National Forest (Lane, Linn, and Marion Counties)
· Coos Bay BLM District (Coos County)
· Medford BLM District (Jackson County)
· NW Oregon BLM District (Lane, Linn, and Polk Counties)
· Roseburg BLM District (Douglas County)

Washington:
· Gifford Pinchot National Forest (Lewis, Pierce, and Skamania Counties)
· Mt. Baker-Snoqualmie National Forest (King, Pierce, Snohomish, and Whatcom Counties)
· Olympic National Forest (Grays Harbor, Jefferson, and Mason Counties)

The Conservation section of this assessment applies only to those populations and habitats on OR/WA BLM and FS Region 6 lands, but it may be a useful tool for other land management agencies throughout the species’ range. Although not an exhaustive list, additional known areas of occurrence beyond FS Region 6 or OR/WA BLM lands include:

Washington
· Olympic National Park (Mason County)
· Mt. Rainier National Park (Lewis and Pierce Counties)
· Private land southwest of Rockport (Skagit County)

California
· Jerseydale (Mariposa County)
· Lassen National Forest (Lassen County)
· Plumas National Forest (Sierra County)
· Shasta Trinity National Forest (Siskiyou County)
· Sierra National Forest (Madera County)
· Stanislaus National Forest (Tuolumne County)
· Tahoe National Forest (Tahoe County)
· Thompson Canyon (Yolo County)

Idaho
· Outside of Cuprum (Adams County)
· Horseshoe Bend area (Boise County)

British Columbia
· Vancouver Island
[bookmark: _Toc475451660][bookmark: _Toc492982196]C. Management Status 
Johnson’s hairstreak is classified as a Sensitive Species by Region 6 of the Forest Service and OR/WA BLM (ISSSSP 2015a, 2015b). The NatureServe (2017) statuses for this species are as follows: 

Global Status: G3G4 (31 August 2004); rounded status G3 - Vulnerable
National Status (United States): N3N4 (4 March 2005)
National Status (Canada): N1N2 (7 May 2013)
State/Province Statuses: California (SNR), Oregon (S2), Washington (S2S3), British Columbia (S1S2)

Reasons (NatureServe2017): “Usually either very rare, or at least rarely seen or collected, and local, although somewhat inaccessible. Likely there are many undiscovered populations. As far as known not imperiled and certainly far more than 20 occurrences, but vulnerable to logging in some parts of range. It is very possible this species has well over 100 occurrences and should be considered secure (G4) but more information is needed. The range is substantial from north to south but narrow as mapped most recently by Brock and Kaufman (2003). This combination rank results from elimination of other possible ranks.”

Updated Special Status/Sensitive Species lists are maintained on the ISSSSP Agency Policy and Lists page (https://www.fs.fed.us/r6/sfpnw/issssp/agency-policy/). Up-to-date global, national, and state ranks can be found through NatureServe Explorer (http://explorer.natureserve.org/). 

This species is under consideration for listing as a Washington state endangered species (WDFW 2017). It is a candidate wildlife species (Group 2 – mid priority candidates) in Canada (COSEWIC 2017). Johnson’s hairstreak is a Species of Greatest Conservation Need (SGCN) in Washington and Idaho (WDFW 2015; IDFG 2017). In Oregon, this species has been designated a Data Gap Species, meaning that not enough information is known to determine whether it meets the conservation criteria to qualify as a Strategy Species (ODFW 2016). It is not listed as a SGCN in California (Gonzales and Hoshi 2015). Johnson’s hairstreak has not been assessed for the International Union for Conservation of Nature’s Red List (IUCN 2016). See the Appendix for further definitions of management status designations. 
[bookmark: _Toc475451661][bookmark: _Toc492982197]II. Classification and Description 
[bookmark: _Toc475451662][bookmark: _Toc492982198]A. Systematics and Synonymy 
Family: Lycaenidae
Species: Callophrys johnsoni (Skinner, 1904)
This species was first described by Skinner in 1904 as Thecla johnsoni. 

Synonyms:
Loranthomitoura johnsoni (see Ballmer and Pratt 1992; Guppy and Shepard 2001)
Mitoura johnsoni (see Scudder 1872)
Thecla johnsoni (Skinner 1904)

The Johnson’s hairstreak (Callophrys johnsoni) is a butterfly in the order Lepidoptera (butterflies and moths), superfamily Papilionoidea, family Lycaenidae (gossamer-wing butterflies), and subfamily Theclinae (hairstreaks). It was originally described by Skinner (1904) as Thecla johnsoni from one male and one female, taken from Washington and British Columbia, respectively. The type locality is British Columbia (Pyle 2002). Johnson’s hairstreak is named after Orson Bennett Johnson, a professor of zoology at the University of Washington; his student C. V. Piper found larvae on mistletoe near Seattle (Pyle 2002). While three genera (Loranthomitoura, Mitoura, and Callophrys) are all currently used to describe this species, we follow the Callophrys johnsoni designation used by most taxonomic authorities (Cassie et al. 2001; Pelham 2016; ITIS 2017).
[bookmark: _Toc475451663][bookmark: _Toc492982199]B. Species Description
[image: ]Immature: Eggs are white or pale greenish-white compressed spheres covered with numerous small impressions; they can be 0.7 mm in diameter (James and Nunnallee 2011; Figure 1). Larvae are yellow-to-yellow-green with white, yellow, green, or red markings, usually arranged in a chevron pattern in later instars (Figure 2A-D). Larvae undergo four growth stages, or instars, and are approximately ¾ inch in length when fully grown (James and Nunnallee 2011). Larvae begin to darken approximately one month from hatching (Figure 2E), and several days later will shed the larval skin and harden into dark brown to gray pupae (Figure 2F; Davis et al. 2011). Pupae are covered in numerous tiny hairs (setae) and are secured to vegetation by silk girdle threads (James and Nunnallee 2011).[bookmark: _Toc485983010][bookmark: _Toc486244730][bookmark: _Toc487449429][bookmark: _Toc487449439][bookmark: _Toc487449449][bookmark: _Toc487449459]Figure 1. Johnson's hairstreak egg on western hemlock dwarf mistletoe (A. tsugense). Photo by Raymond Davis, used with permission.

[image: ]
[bookmark: _Toc486244731]Figure 2. Larval stages of Johnson’s hairstreak: [A] first instar (1-2mm), [B] second to third instar (2-6mm), [C] early fourth instar (6-12mm), [D] late fourth instar (12-19mm), [E] pre-pupa (8-15mm), and [F] pupa (10-12mm). Photos and captions by Raymond Davis, used with permission.
Adult: Adults are slightly larger than other hairstreaks in the region, with a wingspan of 1-1 3/8 inches (25-35mm) (Davis et al. 2011). Males and females are brown, often with hints of orange or red-orange, and females may have more brown coloration near the wing margins and tails (Figure 3). Double tails (“hairstreaks”) are present on the hindwings, with inner tails being longer (Andrews 2010). Both males and females are brown ventrally with thin white postmedian lines bordered with black on the inside edge; several black dots or chevrons extend halfway up the ventral hindwing and are capped with blue and orange scales (Figure 4). Note that tails may not always be present for identification, as these can be lost during predation attacks. The upper dorsals on males are further characterized by small pheromone patches (stigmata; Figure 3), which are used to attract females.

[image: ]
[bookmark: _Toc486244732]Figure 3. Dorsal (upperside) of wings of a female (left) and male (right) Johnson's hairstreak. Photos by Raymond Davis, used with permission.
[image: ]
[bookmark: _Toc486244733]Figure 4. Ventral (underside) of wings in a fresh adult (A) and weathered adult (B). Photos by Raymond Davis, used with permission.
Similar species: Johnson’s hairstreak is sympatric with the thicket hairstreak (Callophrys spinetorum) throughout much of its range in the Pacific Northwest, which is occasionally misidentified as johnsoni (Shields 1965). The larvae of the two species feed exclusively on dwarf mistletoe and are indistinguishable from each other (Scott 1986; Davis 2010). In both species, larvae are relatively the same size and feed in the same manner (McCorkle 1973). Davis and Weaver (2011) found that DNA barcoding is the best way to differentiate larval forms of Johnson’s and thicket hairstreaks. DNA information for this species is available through GenBank (NCBI 2017).

Adult thicket hairstreaks are typically smaller than Johnson’s hairstreaks and are easier to differentiate, as males are a steel blue color above and the black chevrons or spots on the ventral hindwing extend all the way up the wing, rather than halfway as seen on Johnson’s (Figure 5). Johnson’s hairstreak typically has three black spots rather than six (Dornfeld 1911). Johnson’s also lacks a forward wing cell-end bar (Opler 1999; Glassberg 2001) and the white postmedian line on its ventral hindwing is typically less jagged than that found on the thicket hairstreak.

[image: ][image: ]
[image: ]
[bookmark: _Toc486244734]Figure 5. Comparison of Johnson's hairstreak (top row) and thicket hairstreak (bottom row). Note the additional black spots on the thicket hairstreak’s ventral hindwing. Photos by Raymond Davis, used with permission.
McCorkle (2017, pers. comm.) holds specimen records for several individuals that appear to be hybrids of Johnson’s hairstreak and the thicket hairstreak. These individuals are differentiated by “the shortened row of submarginal spots on the ventral side of the hind wings (as in johnsoni) and the blueish tints of the wings dorsally (lacking in normal johnsoni)” (McCorkle 2017, pers. comm.). 

Another hairstreak, Nelson’s hairstreak (Callophrys nelsoni), is somewhat similar in appearance to Johnson’s and also has an overlapping range, although the larvae are dependent on western red cedar (Thuja plicata) and incense cedar (Calocedrus decurrens) (Lotts and Naberhaus 2015). It is smaller than Johnson’s hairstreak and its postmedian line is not complete. It has a lilac tint on the underside and can be redder above and below (Pyle 1981; Scott 1986).
[bookmark: _Toc475451664][bookmark: _Toc492982200][bookmark: _GoBack]III. Biology and Ecology
[bookmark: _Toc475451665][bookmark: _Toc492982201]A. Life History
Adults are diurnal and can be found from late February through early September across the species’ range. In the Pacific Northwest, adult flight periods are variable depending on elevation and seasonal conditions, but most adult records are from May through July, likely representing a single brood (Warren 2005; Miller and Hammond 2007). Two generations may be present each year in the isolated Blue Mountain populations in eastern Oregon (Spiegel 2014). Similarly, in lowland California, two flight periods occur each year, from late February to March and again from July to August (Scott 1986; Glassberg 2001; Art Shapiro’s Butterfly Site 2017). Single broods are more likely at higher elevations in California (Art Shapiro’s Butterfly Site 2017). 

Relatively little is known about courtship in this species (James and Nunnallee 2011). Johnson’s hairstreak has been called a perching species, described by Scott (1973) as one in which “males sit at characteristic sites and dart out at passing objects in search of females, often returning to or near the previous spot after an investigative flight. Virgin females fly to these mating sites after emergence.” In Multnomah County, Oregon, Warren (2005) observed several males guarding roadside perches, about 1.5 meters above the ground. In Yolo County, CA, Shields (in Scott 1973) observed males perching in hilltop trees. On a ridge at Butts Canyon in Napa County, CA, Kelson (1984) observed male Johnson’s hairstreaks perching mostly at the tops of gray pines approximately six meters in height, many of which were infected with pine dwarf mistletoe. Although butterflies with low population densities will often hilltop (i.e., fly up to a hilltop as a mate-location strategy) to facilitate the finding of mates (Shields 1967; Scott 1970; Kelson 1984), this behavior has only been documented in Johnson’s hairstreak populations in California (Scott 1986, 1973; Warren 2005). 

Most adult observations appear to occur when Johnson’s hairstreak descends to puddle at mud or nectar on wildflowers in forest clearings and along roadsides. When disturbed, Johnson’s hairstreaks tend to flush straight upward, flying high back into the canopy (Warren 2005; James and Nunnallee 2011). Warren (2005) has also observed some individuals “flopping” around when startled, landing on nearby nectar plants. Scott (1973) documented “down-valley flight behavior” of numerous adult Johnson’s hairstreaks at a site in California in which individuals would descend from trees along the hillsides into the valley bottom, continue downstream until encountering mud or flowers, feed, and then fly back up to the trees.

Adult females begin laying eggs soon after eclosure (Davis et al. 2011). Eggs are usually laid singly on dwarf mistletoe (Arceuthobium) host plants, although they have also been found in multiples on mistletoe or adjacent hemlock branches (Davis et al. 2011; James and Nunnallee 2011). Females may seek out older, larger mistletoe clumps for oviposition. McCorkle (1973) speculated that young clumps with recently emerged shoots (<1 in.) may not be attractive to ovipositing females, as eggs were infrequently found on them. The number of eggs a single female can lay in her lifetime is unknown, but McCorkle (1973) observed one wild caught female laying 160 fertile eggs in captivity. In this same study, McCorkle also found that egg densities ranged from 0.1 to 0.7 eggs per clump of dwarf mistletoe collected. 

Immature stages of this butterfly are thought to live high in the canopy, although larvae have also been collected from dwarf mistletoe in branches closer to the ground (Davis 2017, pers. comm.). Caterpillars can be found on their host plants April through October (Allen et al. 2005), although this likely varies with elevation. Johnson’s hairstreak larvae go through four instars; early instars are very small and their cryptic coloration allows them to blend in very well with the yellow-green coloration of their host plants (James and Nunnallee 2011). Caterpillars feed on all exposed parts of the plant (McCorkle 1973), although those reared by James and Nunnallee (2011) strongly preferred the pale blue terminal buds. The feeding pattern of early instar larvae is distinct and recognizable from other herbivores except for that of the thicket hairstreak (McCorkle 1973). Larvae feed by chewing small round holes into the sides of mistletoe buds, and then hollow it out from the inside (James and Nunnallee 2011). 

The time period for each immature life stage is relatively unknown, although James and Nunnallee (2011) found that eggs obtained from a female in June hatched in approximately 7 days; the second, third, and fourth instars, as well as pupae, were reached in 8, 12, 19, and 31 days, respectively. Pupae overwinter in mistletoe masses or areas of dense hemlock needles (James and Nunnallee 2011). Downey (1966) found that Johnson’s hairstreak pupae make sounds by stridulation. There are numerous hypothesized reasons for stridulation in Lycaenidae (see summary in Downey 1966), but the two most plausible appear to be as a defensive mechanism and as an auditory signal for symbiotic ants. McCorkle (2017, pers. comm.) is not aware of this species being myrmecophilous, although he notes it does seem likely, as many other hairstreaks and gossamer wing butterflies are ant-tended. Davis (2017, pers. comm.) confirms that pupae of this species do in fact “buzz,” as described in Downey (1966), but is also not aware of myrmecophily.

Sporadic monitoring by David McCorkle over the last 30-40 years suggests that the thicket hairstreak is increasing its frequency in the Oregon Cascades (McCorkle 2017, pers. comm.). In the Oregon Cascades, Johnson’s hairstreak and the thicket hairstreak were first documented to be sympatric at Clearwater River, Sheep Lake, and West Crater Lake (McCorkle 1973). The area of sympatry in the Oregon Cascades is now known to be much larger, and some recent records for thicket hairstreak, including one from Coos County, OR, hint at an even larger range (see Davis and Weaver 2011). It has been suggested that the thicket hairstreak is replacing Johnson’s hairstreak in west-side forests that have been cut and in younger regenerating stands (Miller and Hammond 2007), although this needs further study. In eastern Oregon, Spiegel (2017a, pers. comm.) suggests that the two species have likely always been sympatric. 
[bookmark: _Toc475451666][bookmark: _Toc492982202]B. Activity Patterns and Movements
[bookmark: _Toc475451667]Johnson’s hairstreaks do not migrate and it is unlikely that they move far beyond their natal mistletoes. Adults are diurnal and are thought to spend much of their time in the tree canopy, where mistletoe host plants can be found, although they will also come to the ground to find nectar, bask, or visit mud (Pyle 2002; Miller and Hammond 2007; James and Nunnallee 2011). More research is needed to assess adult activity patterns and determine the extent of their suspected canopy-dwelling nature. Dispersal distances are also undocumented for the species. It is possible that adults are capable of dispersing over areas of contiguous suitable habitat, but this has not been documented. In general, distribution of Johnson’s hairstreak is patchy across the species’ range, with several disjunct populations. The Blue Mountains populations are particularly isolated from the core of this species’ range, with occupied sites at least 200 miles from other known populations in the Oregon Cascades. This suggests that the species was once more widespread across coniferous forests in the region but is now primarily restricted to montane forests in the western part of its range.
[bookmark: _Toc492982203]C. Food Habits
Johnson’s hairstreak larvae feed solely on dwarf mistletoes (Arceuthobium spp.), using three host species that vary by region (Table 1). At lower elevations on the west slopes of the Cascade Mountains and in the Coast Range, Johnson’s hairstreak feeds on hemlock dwarf mistletoe (Arceuthobium tsugense) growing on large mature western hemlock trees in late successional and old growth forests (Miller and Hammond 2007). At higher elevations in the Cascades, Johnson’s hairstreak feeds on fir dwarf mistletoe (A. abietinum) growing on true firs in subalpine forests (Miller and Hammond 2007). In the Siskiyou Mountains of southwestern Oregon and northwestern California, Johnson’s hairstreak is associated with A. abietinum growing on Brewer spruce (Picea breweriana) and Jeffrey pine (Pinus jeffreyi) (Miller and Hammond 2007; Davis and Weaver 2011). Central California populations feed on western dwarf mistletoe (A. campylopodum) on gray pine (Pinus sabiniana) at lower elevations and on ponderosa (P. ponderosa) and Jeffrey pines at higher elevations (Scott 1973; Art Shapiro’s Butterfly Site 2017). At the known Johnson’s hairstreak sites in eastern Oregon, larvae have only been found on western dwarf mistletoe in ponderosa pine (Hammond 1994; Spiegel 2017a, pers. comm.). 

[bookmark: _Toc486410488]Table 1: Documented mistletoe host plants used by Johnson’s hairstreak across its range. 
	Species name
	Common name
	Principle host(s)

	Arceuthobium abietinum
	Fir dwarf mistletoe
	True firs, Brewer’s spruce

	Arceuthobium campylopodum
	Western dwarf mistletoe
	Gray pine, ponderosa pine

	Arceuthobium tsugense
	Hemlock dwarf mistletoe
	Western hemlock



Although not documented in the literature, it is possible that Johnson’s hairstreaks will feed on all dwarf mistletoe species throughout the species’ range, specializing on locally available dwarf mistletoes in specific localities (Miller 2008, pers. comm., cited in Schmitt and Spiegel 2008). The thicket hairstreak is the only other butterfly species that feeds exclusively on Arceuthobium in the Pacific Northwest, and has been documented to feed on at least ten species of dwarf mistletoes (Schmitt and Spiegel 2008). Other dwarf mistletoes occurring throughout Johnson’s hairstreak’s range include those on lodgepole pine (Pinus contorta), western larch (Larix occidentalis), and Douglas-fir (Pseudotsuga menziesii), all of which may be potential hosts (Spiegel 2014).

A limiting factor on what mistletoe species are used by Johnson’s hairstreak may be plant size. McCorkle (pers. comm., cited in Spiegel 2014) believes Johnson’s hairstreaks prefer large dwarf mistletoe clumps (such as hemlock dwarf mistletoe [Arceuthobium tsugense], fir dwarf mistletoe [A. abietinum] and western dwarf mistletoe [A. campylopodum]) since they provide more habitat and food. Larger plants presumably allow larvae to feed to maturity without needing to move to a different plant, thus reducing exposure to predators (Spiegel 2014). Spiegel (2014) compared dwarf mistletoe sizes in eastern Oregon, noting that Douglas-fir dwarf mistletoe is unlikely to be a Johnson’s hairstreak host due to its small size (mean shoot height of 2 cm, as opposed to 4+ cm for other documented hosts). Smaller size could lead to increased food search time for larvae and may reduce the effectiveness of larval mimicry (Spiegel 2014). 

Adults feed on nectar and puddle at mud and springs (Shields 1965; Pyle 1981, 2002; Warren 2005; Art Shapiro’s Butterfly Site 2017), likely for the moisture, salt, and minerals these places provide. Documented nectar plants (Table 2) reflect species used by Johnson’s hairstreak in the western part of its range, as nectaring has not been observed in eastern Oregon. Spiegel (2017a, pers. comm.) notes that Johnson’s hairstreak tends to be active earlier in the season in eastern Oregon, before many flowering plants have emerged, and is often found at mud puddles and springs. It is also possible that adults nectar on mistletoe flowers in the canopy, although this has not been documented. Known mistletoe hosts flower between July and October (Hawksworth and Wiens 1996), which may be too late for hairstreaks that are active earlier in the season. 

[bookmark: _Toc486410489]Table 2: Documented nectar plants used by Johnson’s hairstreak across its range. 
	Species name
	Common name
	Reference(s)

	Acer circinatum
	Vine maple
	Davis et al. 2011

	Apocynum spp.
	Dogbane
	Davis et al. 2011; Shapiro and Manolis 2007; Art Shapiro’s Butterfly Site 2017

	Arctostaphylos
	Manzanita
	Shields 1965; Davis et al. 2011

	Asclepias spp.
	Milkweed
	Shapiro and Manolis 2007

	Berberis nervosa
	Oregon grape
	Pyle 1981, 2002; Davis et al. 2011

	Ceanothus spp.
	Ceanothus
	Shields 1965; Pyle 1981; Shapiro and Manolis 2007; Art Shapiro’s Butterfly Site 2017

	Ceanothus cordulatus
	Whitethorn ceanothus
	Opler 1962; Davis et al. 2011

	Ceanothus prostrates
	Mahala mat
	Davis et al. 2011

	Ceanothus velutinus
	Mountain balm
	Davis et al. 2011

	Cercis occidentalis
	California redbud
	Scott 1973

	Colyptridium spp.
	Pussypaws
	Pyle 1981

	Colyptridium umbellatum
	Mt. Hood pussypaws
	Opler 1962; Davis et al. 2011

	Cornus spp.
	Dogwood
	Shields 1965

	Cornus canadensis
	Bunchberry
	Davis et al. 2011

	Cornus nuttallii
	Pacific dogwood
	Pyle 1981; Davis et al. 2011

	Eriodictyon spp.
	Yerba santa
	Shapiro and Manolis 2007

	Eriogonum spp.
	Buckwheat
	Art Shapiro’s Butterfly Site 2017

	Fragaria spp.
	Strawberry
	Shields 1965; Davis et al. 2011

	Rhus trilobata
	Skunkbush sumac
	Scott 1973; Shapiro and Manolis 2007; Art Shapiro’s Butterfly Site 2017

	Rorippa spp.
	Yellowcress
	Shields 1965; Davis et al. 2011

	Rubus spp.
	Blackberry
	Warren 2005

	Rubus ursinus
	Dewberry
	Davis et al. 2011

	Spraguea spp.
	Pussypaws
	Shields 1965

	Taraxacum spp.
	Dandelion
	Shields 1965


[bookmark: _Toc475451668][bookmark: _Toc492982204]D. Range, Distribution, and Abundance
Range
Information on the historic range of this species is scarce, but it is thought that Johnson’s hairstreak once inhabited areas throughout most of the old-growth coniferous forests of the Pacific Northwest (Pyle 1989) and into northern and central California. Today, Johnson’s hairstreak appears to be primarily restricted to cool, moist conifer forests with dwarf mistletoe in the Pacific Northwest from the Cascade Mountains west to the Coast Range and south to California’s Sierra Nevada, although disjunct populations can be found in the dry open forests of the Blue Mountains of northeastern Oregon and adjacent Idaho (Miller and Hammond 2007). NatureServe (2017) estimates a global range of 20,000-2,500,000 square km (about 8000-1,000,000 square miles) for the species. The western part of Johnson’s range is similar to that of the northern spotted owl (Strix occidentalis caurina), with most sites falling within the boundary of the Northwest Forest Plan (NWFP; see USFS and BLM 1994a and Figure 6).
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[bookmark: _Toc481677897][bookmark: _Toc486244735]Figure 6: Known records of Johnson’s hairstreak across its range in Washington, Oregon, California, and Idaho, in relation to the Northwest Forest Plan. Note that records for CA may not be complete, as data collection efforts have focused on Oregon and Washington. Records from British Columbia are not shown. 
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In British Columbia, Johnson’s hairstreak has been found on southeastern Vancouver Island and the Lower Fraser Valley upstream to Yale (Cannings 2004). In Washington it has been found in Olympic and Mt. Rainer National Parks, and in several national forests in the western part of the state. In Oregon, it has been found in the Cascades, Coast Range, and Klamath Mountains, with several disjunct populations in the Wallowa Mountains and other ecoregions (Hammond 1994; Pyle 2002; Xerces Society 2017a). Two populations are known in Idaho: one along Hells Canyon in Adams County, and another near the town of Horseshoe Bend in Boise County (IDFG 2017; McCorkle 2017, pers. comm.). 

Johnson’s hairstreak can be found throughout many ecoregions, although it occurs primarily in montane areas of the Cascades (number of records=110; Figure 7). In Washington, it has been found in the North Cascades, Coast Range, Cascades, and Eastern Cascades Slopes and Foothills (Omernik 2010; Xerces Society 2017a). In Oregon, it is known from the Blue Mountains, Coast Range, East Cascade Range, Klamath Mountains, West Cascade Range and Crest, and to a lesser extent, Willamette Valley ecoregions (ORBIC 2016; Xerces Society 2017a). In California, it is found primarily in the Cascades, Sierra Nevada, and Central California Foothills and Coastal Mountains (Omernik 2010; Xerces Society 2017a).

Sites range in elevation from approximately 100 m (330 ft.) in Washington’s Puget Lowlands to 1525 m (6700 ft.) at the summit of California’s Yuba Pass (Xerces Society 2017a). The average elevation of sites is approximately 900 m (2950 ft.) across the entire range, with higher elevation sites tending to occur more in the Cascade and Sierra Nevada Mountains. In Oregon and Washington, average site elevation is only 610 m (2000 ft.). 

Known sites have been documented in all types of land allocations, including federal, state, private, and tribal lands; however, the majority occur on federal lands (73%; Table 3). Most of these are located on the Willamette (n=26), Rogue River-Siskiyou (n=23), and Umpqua (n=16) National Forests of Oregon. Approximately 23% of sites could not be joined to any particular landowner polygon, and the status of these sites is currently unknown.  

Table 3. Johnson's hairstreak distribution by Land Allocation.
	Land Ownership
	Land Allocation
	Number of Site Records

	Federal
	BLM
	18

	
	NPS
	14

	
	USFS
	140

	Nonfederal
	State, private, other
	9

	Unknown
	Unknown
	56

	Total
	 
	237
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Figure 7. Population zones of Johnson’s hairstreak. Zones are created from convex hull polygons grouped by ecoregion (see Omernik 2010) that are then buffered 5 miles from known sites. Note that records for CA may not be complete, as data collection efforts have focused on Oregon and Washington. Records from British Columbia are not shown.
Distribution on FS/BLM lands in Oregon and Washington

Oregon: Johnson’s hairstreak is known from 18 counties in Oregon (Xerces Society 2017a). It has been documented on four BLM districts: NW Oregon District near Dorm Peak and in the Coburg Hills; Coos Bay District near Tioga; Medford District near Moon Prairie; and Roseburg District near Scott Mountain (ORBIC 2016; BLM 2017; Xerces Society 2017a). It is suspected on the Klamath Falls Resource Area of the Lakeview BLM District (ISSSSP 2015b). Johnson’s hairstreak is also found on multiple sites on the Willamette National Forest (NF), Deschutes NF, Umpqua NF, Rouge River-Siskiyou NF, Fremont-Winema NF, and Wallowa-Whitman NF (Shields 1965; Fleckenstein 2005; ORBIC 2016; USFS 2017a). It is potentially found on any National Forest in the state (Fleckenstein 2005) and ISSSSP (2015a) lists it as suspected on the Columbia River Gorge, Umatilla NF, Malheur NF, and Ochoco NF. See Figure 8 for a map of known records in Oregon, with reference to federal lands.
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[bookmark: _Toc486244737]Figure 8. Johnson's hairstreak records in Oregon, relative to Forest Service and BLM lands.
Washington: In Washington, Johnson’s hairstreak is only known to occur west of the Cascade crest, where it is documented in 10 counties (Xerces Society 2017a). This butterfly has been documented on the Olympic NF, Mt. Baker-Snoqualmie NF, and Gifford Pinchot NF (Shields 1965; Fleckenstein 2005; LSSSD 2017; USFS 2017a; WNHP 2017). It is suspected on the Columbia River Gorge NSA and Umatilla NF, and Fleckenstein (2005) notes that it may be found on the Okanogan-Wenatchee National Forest. See Figure 9 for a map of known records in Washington, with reference to federal lands.
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[bookmark: _Toc486244738]Figure 9. Johnson's hairstreak records in Washington, relative to Forest Service and BLM lands.
Species abundance:
Species abundance is generally unknown. Like its close relative the thicket hairstreak and many other insects in general, abundance of Johnson’s hairstreak adults may be highly variable from year to year (Warren 2005). Most years, few adults of Johnson’s hairstreak are observed, but the species does have years when it may be locally abundant (Layberry 1998; Warren 2005). It is important to note that low reported numbers one year does not necessarily indicate low abundance, as this could be a function of detectability and survey effort, among other factors. In Thompson Canyon, Yolo County, California, four researchers recorded 92 adults of Johnson’s hairstreak from March 18-21, 1972 (Scott 1973; Shields 1986:22). McCorkle (1973) found an average of 0.43 larvae per clump in sites surveyed. More recently, Warren (2005) observed over 130 individuals at a site in Multnomah County, Oregon, on June 15-16, 2004. 
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The historic range and abundance of Johnson’s hairstreak is unknown, although the species is thought to be localized and relatively scarce with a few big population years (Black and Lauvray 2005). Boom years have not been well documented, although Pyle (1981) notes that large numbers of this species appeared far south of its main range near Napa Valley, CA, in the mid-1900s; other western hairstreak species are known to undergo similar population fluctuations.

Prior to 1900, this butterfly was thought to occur throughout much of the old-growth coniferous forests in the Pacific Northwest (Pyle 2002; IDFG 2017). Many records of the species are historic; they range from 1891 to 2016, with 81 records (34%) reported from 2000 to the present (Xerces Society 2017a; Figure 10). Recent survey efforts have been undertaken in Oregon and Washington to determine the current distribution of this species (Davis 2010; Davis and Weaver 2011; Spiegel 2017a, pers. comm.). While these surveys were successful in documenting several new sites (e.g., 13 in 2010), many resulted in no detections for this species in areas that were predicted to have high probability of occurrence. These efforts have helped fill in some of the gaps in distribution for Johnson’s, but the status of many historic sites remains unknown. The estimated number of current populations in Washington is 5 to 10, with few recent detections (WDFW 2015; Xerces Society 2017a). In Oregon, this number is much higher, with 60 recent detections (from 2000 to the present) at more than 50 extant sites (Xerces Society 2017a).



[bookmark: _Toc481677898][bookmark: _Toc486244739]Figure 10: Number of Johnson’s hairstreak records documented across the species’ range annually. Spikes represent concentrated survey efforts by Dr. McCorkle (1963) and USFS Region 6 (2009-2011). 
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Johnson’s hairstreaks are univoltine across much of their range in Oregon and Washington, with adults having a relatively short life span and producing one brood of eggs per year. The demography of populations is currently unknown, but as in many invertebrates, it likely varies widely from year to year depending on any number of factors, including resource availability and previous year’s reproductive output. 
Demographics of Johnson’s hairstreak populations are not well understood, as it is difficult to monitor immature and adult stages in the wild. Multiple factors (including weather, habitat, topography, dispersal potential, and reproductive success) must be considered when making estimates or explaining population fluctuations (McLaughlin et al. 2002). While Johnson’s overall range is relatively large from north to south, it is restricted to patchy, localized populations where its larval host plants are available. Adults appear to be strong fliers, as evidenced by the fast upright flight of adults that have been startled, but little is known about long-term stamina and dispersal distances. In general, Lycaenids tend to be poor dispersers, leading to fewer recolonization and rescue events as well as reduced gene flow between populations. Distance between populations and the size of these populations also influence recolonization opportunities for the species, potentially putting some populations at risk for local extirpation.  Disjunct populations in Eastern Oregon and western Idaho are located 200 or more miles away from other populations in the Cascades, effectively eliminating potential for reproductive contact with western populations. 

Beyond the patchy nature of many Johnson’s hairstreak populations, hybridization may also play a role in this species’ demography. Sporadic monitoring by McCorkle and others has shown that the thicket hairstreak may be expanding its range and could be hybridizing with Johnson’s hairstreak. McCorkle (2017, pers. comm.) has several Oregon and Idaho specimens in his collection that morphologically appear to be hybrids of the two species, and genetic analyses on adults of both species collected in 2009 show a small amount of divergence (although not enough to support hybridization; see Davis and Weaver 2011). 

Little is known of the parasitoids, predators, or diseases of Johnson’s hairstreak, or other factors controlling population densities and growth (James and Nunnallee 2011). McCorkle (1973) found that the major limiting factors in the populations he studied appeared to be parasitism of eggs and larvae and predation. In particular, several species of flies, wasps, and predaceous bugs were observed parasitizing or directly feeding on Johnson’s hairstreak eggs and larvae, including the predatory mirid bug, Neoborella sp. Additional limiting factors may include competition, availability of breeding habitat and nectar sources, and habitat loss or degradation. McCorkle (1973) found larval density of an unidentified microlepidoptera to be very high on dwarf mistletoe at his Staircase site in Washington—26 out of 38 clumps contained one or more moth larvae. Competition with the sympatric thicket hairstreak has not been investigated, but may also be a factor. Loss of breeding and nectaring habitat may represent another major limiting factor for Johnson’s hairstreak populations; this is explored in more detail in the Threats to Species section. 
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Johnson’s hairstreak has often been labeled as an old-growth obligate butterfly (e.g., Pyle 2002; Miller and Hammond 2007); however, this description does not capture the full range of habitats in which the species can be found. Elevations of known sites range from approximately 90-1830 m (300 to 6000 ft.) (Xerces Society 2017a). Microhabitat requirements for Johnson’s hairstreak are generally unknown, but are likely critical to the survival of immature stages such as overwintering pupae (James and Nunnallee 2011). Across its range, Johnson’s hairstreak larvae depend on coniferous forests that contain dwarf mistletoes of the genus Arceuthobium. Documented host mistletoes occur on western hemlock, Brewer’s spruce, true firs, and pines (Larsen et al. 1995; Spiegel 2014). 

Dwarf mistletoe is an aerial parasite that can be found throughout coniferous forests in the Pacific Northwest. It can occur on all age classes of forests (Muir and Hennon 2007). Reproduction occurs via explosive fruit systems in which seeds burst from the plant and adhere to nearby trees and potential hosts (Mathiasen et al. 2008). After landing on a suitable host, dwarf mistletoes may take two to six years to form aerial shoots. Mistletoe species are patchily distributed and they tend to be more abundant on the largest host trees at a site (Mathiasen et al. 2008). Hemlock dwarf mistletoes in particular also appear to be more common in old growth and late successional forests, although the reasons for this are not well understood. Muir and Hennon (2007) summarize several hypotheses for this, including factors linked to the mistletoe’s life cycle, environmental conditions, and forest management practices. In particular, they note that practices that preserve old growth characteristics (such as those used on lands managed for the northern spotted owl) can also create conditions that seem especially favorable to hemlock dwarf mistletoe parasitization and spread. 

In Oregon and Washington, Johnson’s hairstreak can be found in a wide range of habitats and forest stages, from moist old growth western hemlock forests to dry ponderosa pine woodlands. Within the Northwest Forest Plan boundary in these two states, nearly 34 percent of records are found in mature to old growth forests (OGSI value >30[footnoteRef:1], based on forest imagery from 2012; LEMMA 2014; Xerces Society 2017b). The remaining records are found in younger stands with a mean OGSI value of 11 (14% have an OGSI of zero, 15% have an OGSI of 1-10, 24% have an OGSI of 10-20, and 35% have an OGSI of 20-30). While this gives some indication of the habitat used by Johnson’s hairstreak, it is difficult to understand the full range of habitats since many records are historic (62% are pre-2000) and data such as forest age, structure, and composition are based on current forest imagery and not actual forest conditions at the time of detection. [1:  The Old Growth Structure Index (OGSI) value represents a continuum of forest succession and stand development on a scale between 0-100 (Davis et al. 2015). Stands with low OGSI values represent younger forests and rank low on forest structure elements such as density of large live trees, diversity of live tree size classes, density of large snags and high percent cover of down woody material, whereas stands with higher OGSI values represent old growth forests (Davis et al. 2015). Old growth characteristics begin to take shape around 80 years old (DellaSala et al. 2015), which is roughly equivalent to an OGSI of 30.] 

[bookmark: _Toc475451672][bookmark: _Toc492982208]H. Ecological Considerations
Herbivory:
Some researchers (e.g., McCorkle 2005, pers. comm.) have pointed to the importance of this species in helping to keep Arceuthobium sp. in balance. However, more data on Johnson’s hairstreak population sizes are needed in order to assess total impact. In the lab, McCorkle (1973) found that an average of 3.8 dwarf mistletoe shoots  are destroyed by the feeding of each Johnson’s hairstreak larva (and one larva destroyed 97 fruits); larvae can consume an average of 1.7 grams of wet weight over their entire feeding period. Larvae appear to eat all stages of the mistletoe at random, and in several cases, upon depleting the aerial shoot supply, larvae began feeding on the endophytic system itself. It is unknown whether mistletoe can recover from this level of herbivory (McCorkle 1973). 
Mutualistic interactions:
Many Lycaenid butterfly species are known to have mutualistic relationships with ants. While Andrews (2010) reports that Johnson’s hairstreak caterpillars secrete a sugary solution that is used by ants that protect the caterpillars from predators, we have found no documentation of this in the literature or in talking with species experts (Davis 2017, pers. comm.; McCorkle 2017, pers. comm.). 

Pollination services:
Butterflies can be important pollinators as they move from flower to flower seeking nectar, but Johnson’s hairstreak visitation rates and preferences are not well known. While flower visitation has certainly been documented at some sites (see Table 2), it is unknown how important nectar is to Johnson’s hairstreak and how frequently it will descend from the forest canopy to seek it out this resource. 

Indicators of environmental health: 
Presence of Johnson’s hairstreak indicates that dwarf mistletoe is present in nearby conifers. Mistletoes are natural components of coniferous forests and their contributions to forest structural diversity is important to wildlife and biodiversity, including the federally protected northern spotted owl (Mathiasen et al. 2008). However, mistletoes are parasitic on their conifer hostplants, and can cause deformation and brooming of infected branches. In severely infected trees, mistletoes can lead to tree mortality, growth loss, and top-kill (reviewed in Muir and Hennon 2007; Mathiasen et al. 2008). Consequently, Johnson’s presence at a given site may be viewed as a negative or positive indicator of environmental health, depending on the land manager’s perspective.
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Threats to Johnson’s hairstreaks and their habitat are not well studied, but are thought to include habitat loss and fragmentation (logging of old growth forests and mistletoe management), pesticide use, and potentially hybridization with the thicket hairstreak. Stochastic events, particularly wildfires and windstorms, may also negatively affect sites or populations due to highly fragmented habitat and disjunct populations, and climate change may have long-term consequences for the species and its habitat. 

Loss and degradation of habitat:
Logging of mature and old growth forests – Large tracts of old growth forest in the Pacific Northwest have been removed through logging over the last 100 years. Some researchers estimate that roughly half of the west-side old growth forests that existed in the Pacific Northwest at the beginning of the 20th century have since been logged (PNW Research Station 2003). In Washington alone, western hemlock forest declines of 70-80 percent have been documented within the last 50 years, with a total decline of 50-70 percent since historical times (WDFW 2015). Many historical occurrences of this system have become conifer plantations, while logging of remaining intact stands continues to be a threat (WDFW 2015). 

Throughout much of its range in Oregon and Washington, Johnson’s hairstreak is a late successional associated species, in part because of its reliance on Arceuthobium mistletoes, which are found in higher abundance in mature stands. Even age management (clear-cut logging) in private forests has resulted in less diverse tree canopies (at times, forest monocultures) and an interruption in forest succession before late-seral characteristics are expressed (WDFW 2015). Restoration practices that prioritize Douglas-fir plantings over hemlock may further limit the regrowth of western hemlock, an important mistletoe host for Johnson’s hairstreak. Forest thinning practices that target stands for dwarf mistletoe reduction can also impact Johnson’s hairstreak populations. 

Occupied sites within protected Land Use Allocations (LUAs) under the Northwest Forest Plan (Forest Service) and BLM Resource Management Plans (RMPs; see BLM 2016c, 2016d) are generally protected from logging, as these sites are managed to keep late successional and old growth forest characteristics intact for the federally protected northern spotted owl. However, nearly 56 percent of known site records from across Johnson’s range are outside of these protective LUAs (Xerces Society 2017b), meaning they may be subject to timber harvest and other potential threats. 

Control of parasitic mistletoe – Dwarf mistletoes are native to the region and are a natural part of forest ecosystems, offering important food sources and nesting sites to numerous species of birds, mammals, and other invertebrates (Hawksworth and Wiens 1996; Watson 2001; Mathiasen et al. 2008). However, they are also considered serious forest pathogens that can slow tree growth rates, reduce wood quality, reduce cone and seed production, increase the risk of fungal infections, and lead to direct tree mortality (McCorkle 1973; Beatty and Mathiasen 2003; Mathiasen et al. 2008). Timber harvesting practices have regularly been designed to control or eliminate Arceuthobium mistletoe in the canopy (James and Nunnallee 2011; McCorkle 2017, pers. comm.), especially in western forests that are privately owned and managed. Control of mistletoe on Forest Service lands in the Pacific Northwest is less common and, when it does occur, usually targets Douglas-fir dwarf mistletoe (Arceuthobium douglasii) (Lockman 2017, pers. comm.), which is not a known host plant for Johnson’s hairstreak. Cultural control of western dwarf mistletoe may also occur in heavily parasitized areas with the goal of reducing populations to acceptable levels, rather than complete eradication of mistletoe from an area (Lockman 2017, pers. comm.; Ragenovich 2017, pers. comm.). This usually occurs when a host tree reaches a high level of parasitization (a Hawksworth’s rating of 4[footnoteRef:2]), at which point the tree may be removed (Lockman 2017, pers. comm.). [2:  Hawksworth’s rating (Hawksworth 1977) is found by dividing the live crown into three sections and then assigning each section score of 0=no visible dwarf mistletoe infection, 1=less than 50% of branches are infected, 2=50% or more of branches are infected. Scores are summed for all three sections to arrive at the final rating.] 


Forest Succession – In eastern Oregon, the warm moist forests that historically were more pine dominated where Johnson’s hairstreak has been documented may be declining due to succession to Douglas-fir and grand fir (Spiegel 2017a, pers. comm.).

Forest fires:
Fire may be the single most important factor governing the distribution and abundance of dwarf mistletoe (Hawksworth and Wiens 1996; Shaw and Agne 2017). The historical suppression of wildfire may have inadvertently led to increased populations of dwarf mistletoes in Pacific Northwest forests, but as more severe, stand-replacing fires become more prevalent in the West (see Westerling et al. 2006; Dennison et al. 2014; Harvey et al. 2016), Johnson’s hairstreaks and their host plants may be at risk. Fire has been shown to reduce the abundance of dwarf mistletoes (Conklin and Armstrong 2001; Zimmerman and Laven 1987). Wildfires have burned substantial areas of the Blue Mountains in the last few decades, potentially causing significant reduction in dwarf mistletoes (Schmitt and Spiegel 2008). In especially hot fires with complete mortality of host trees, dwarf mistletoes may be completely eradicated from an area, requiring many decades before it is reintroduced in significant levels (Schmitt and Spiegel 2008). Even then, nearby populations of Johnson’s hairstreaks would be needed to recolonize an area, and it is unknown how far adults can travel. Large wildfires, even a low to moderate severity fire, can also reduce abundance of hemlock dwarf mistletoe and thus Johnson’s host plant. In west-side forests, Swanson et al. (2006) found that western hemlock dwarf mistletoe would have to survive in pockets of refugia for long periods after a fire (until its host trees reached adequate densities in the surrounding landscape), which would then allow it to re-spread. Further complicating the fire issue is the fact that many of the early seral species in Western Cascade forests (e.g., Douglas-fir) are not suitable hosts for Johnson’s hairstreak’s required mistletoes, which may lead to longer recolonization time for mistletoe and Johnson’s hairstreak. 

Pesticide use:
Btk – The Lepidoptera-specific insecticide Btk (Bacillus thuringiensis var. kurstaki) is a bacterium that, when ingested, is lethal to butterfly and moth larvae. Btk may once have been the most commonly used insecticide to control unwanted Lepidoptera (particularly defoliators) on forested lands in Oregon and Washington (Wagner and Miller 1995), although it is now rarely used on federal lands in the Pacific Northwest (Bautista 2017, pers. comm.; Huff 2017, pers. comm.). In the 1990s Btk was applied in large-scale, aerial treatments to control spruce budworm (Choristoneura occidentalis) in the Washington and Oregon Cascades, and continued use of this bacterium to control spruce budworm and other species such as the invasive gypsy moth (Lymantria dispar) has the potential to significantly reduce Johnson’s hairstreak populations (Larsen et al. 1995; Black and Lauvray 2005). For example, Btk spraying in British Columbia is thought to be the cause for Johnson’s extirpation from Stanly Park (Black and Lauvray 2005). Although Btk is no longer a threat to Johnson’s hairstreak on federal lands in Oregon and Washington, it continues to be used in state forests (Bautista 2017, pers. comm.) and is included here in order to provide a comprehensive listing of major threats to this butterfly.

Herbicides – Herbicides applied to flowering plants that adults visit could negatively affect Johnson’s hairstreak populations (Larsen et al. 1995). Spraying herbicides for roadside maintenance may directly affect nectar food sources for adults. Broad application of herbicides to recent forest cuts may also reduce floral resources for Johnson’s hairstreaks in adjacent forest stands.

Hybridization:
Sporadic monitoring by David McCorkle over the last 30 years has indicated that the thicket hairstreak is increasing its frequency in the western Oregon Cascades and may be hybridizing with Johnson’s hairstreak (McCorkle 2017, pers. comm.). Genetic analyses conducted on adults of both species collected in 2009 show a small amount of divergence, although not enough to clearly support hybridization; larval samples collected in 2010 showed no indication of hybridization (Davis and Weaver 2011). See map in Davis and Weaver (2011, page 7) for area of potential hybridization. 

Invasive species:
It has been suggested that the non-native, invasive multicolored Asian lady beetle (Harmonia axyridis) may be a threat to Johnson’s hairstreak populations (McCorkle pers. comm., cited in NatureServe 2017); however, Davis (2010) found no beetles of this species during targeted surveys for this butterfly throughout Oregon and Washington. The Asian lady beetle was released in the late 1970s and early 1980s by USDA agricultural research scientists as a biological control agent for pear psylla (Cacopsylla pyricola) and other soft-bodied arboreal insect pests (LaMana and Miller 1995; Stone et al. 2012). Its larvae have been observed on dwarf mistletoe during the egg-laying period for Johnson’s hairstreak (McCorkle pers. comm., cited in Stone et al. 2012), although no direct observations of predation are known.

Climate change:
Effects of climate change on Johnson’s hairstreak are uncertain, although climate change in the Pacific Northwest is projected to increase rainfall, decrease snowpacks, and lead to drier, hotter summers, all of which could have an impact on Johnson’s hairstreak habitat. Butterfly species such as Johnson’s hairstreak may experience both direct and indirect effects associated with climate change, due to changes in temperature (which can influence activity and emergence) and impacts on dwarf mistletoes and their host trees (WDFW 2015). Climate change is predicted to increase the frequency and extent of large forest wildfires within the Johnson’s hairstreak’s range over the next few decades (Davis et al. 2017). Miller and Hammond (2007) note that warming climatic conditions in the western Oregon Cascades may be playing a role in the thicket hairstreak’s replacement of Johnson’s hairstreak in younger forests. 

Species distribution models suggest that most coniferous forest plants (including western hemlock) in the maritime Pacific Northwest will have less suitable habitat available to them by the end of the century, and that this forest type may be somewhat vulnerable to future climate change in the southern portion of the region (reviewed in Peterson et al. 2014). However, there has been limited model agreement, especially for specific tree species. For example, predictions for western hemlock in maritime coniferous forests range from an increase to total loss with some shifts in distribution, whereas in dry coniferous forests ponderosa pine is predicted to undergo anywhere from moderate to total loss to substantial gains (reviewed in Peterson et al. 2014). WDFW (2015) has assigned Johnson’s hairstreak a climate vulnerability ranking of moderate-high, which may be based in part on some of these predictions. This ranking is defined as “a combination of moderate to high sensitivity and exposure to climate change” (further outlined in WDFW 2015). 
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Johnson’s hairstreak is an uncommon, dwarf mistletoe-obligate butterfly with a patchy distribution in Oregon and Washington. The majority of site records for this species are found west of the Cascades, although disjunct populations occur in several other ecoregions, including the Blue Mountains near the Idaho border. Because a historic baseline of species distribution and abundance is not available, it is difficult to determine whether distribution or abundance is declining across any part of the butterfly’s range. Some authors have suggested that the species was once widespread across coniferous forests in Oregon and Washington, but that logging and other timber management activities have severely limited once-available habitat (e.g., Pyle 2002; Miller and Hammond 2007). 

Although the status of current occupied sites is not well known, a considerable portion of the Johnson hairstreak’s range and ~77% of known occurrence records in Oregon and Washington are located within National Forest and BLM boundaries (Xerces Society 2017b). Management actions that take into account the needs of Johnson’s hairstreak in this region may help alleviate threats to extant populations, and maintain habitat conditions needed by this species in the core of its range. 

Across much of its range, Johnson’s hairstreak is afforded some protection where it occurs in spotted owl habitat on lands managed under the Northwest Forest Plan or Western Oregon BLM Resource Management Plans. Approximately 104 occurrence records from Oregon and Washington fall within protected Land Use Allocations (LUAs) (Table 4; Xerces Society 2017b). LUAs such as late-successional reserves generally prohibit logging and other related management activities. However, many (77) Johnson’s hairstreak records occur outside of these protective LUAs (Xerces Society 2017b), occurring instead on lands emphasizing timber harvest, somewhat regulated recreation activities, and other uses.

[bookmark: _Toc486410491]Table 4. Oregon and Washington Johnson's hairstreak occurrence records by Land Use Allocation. LUA descriptions taken from BLM (2016a, 2016b) and USFS (2017b).
	Land Use Allocation
	Description
	No. Records

	Adaptive Management Area (AMA)
	Objective: To develop and test new management approaches to integrate and achieve ecological and economic health.
	5

	Administratively Withdrawn (AW)
	Recreation and visual areas, backcountry, and other areas where management emphasis precludes scheduled timber harvest.
	22

	Congressionally Reserved (CR)
	Wildernesses, Wild and Scenic Rivers, National Monuments, and other federal lands not administered by the FS or BLM.
	23

	District-Designated Reserve 
	ACEC or non-forest lands administered by the BLM.
	4

	Late-Successional Reserve (LSR)
	Objective: To protect and enhance conditions of late-successional and old growth forest ecosystems. Limited stand management is permitted.
	50

	Other
	Mix of matrix, riparian reserve, non-reserve, private, and other unmapped land allocations. Matrix lands and others in this category may be managed for multiple uses including timber harvest.
	77
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Recent management approaches for Johnson’s hairstreak on federal lands have focused primarily on data gathering and distribution mapping rather than direct management, reflecting the need for more baseline data on this species in the Pacific Northwest. In 2008, the Interagency Special Status/Sensitive Species Program (ISSSSP) funded the development of a habitat suitability model and survey protocol for Johnson’s hairstreak. Maps resulting from the model were used to identify priority survey areas in Oregon and Washington in 2009, during which two different survey techniques were tested (larval vs. adult surveys). 

Widespread field surveys were then conducted in 2010 across Oregon and Washington to document species presence at new locations where the probability of occupancy was high based on the models. Emphasis was placed on larval surveys, which were found to be much more successful (estimated probability of detection for adult surveys was 33%, compared to 100% probability of detection at occupied sites for larval surveys; Stone et al. 2012). Genetic markers for Johnson’s hairstreak and the thicket hairstreak were also developed in 2010 (Davis and Weaver 2011), allowing identification of species in their larval stages. 

In 2011, surveys in Oregon and Washington were again funded by ISSSSP, this time using a revised survey protocol (see Davis et al. 2011) for conducting larval surveys. Survey sites were selected based on proximity to known Johnson’s hairstreak detections, habitat suitability, and high probability of dwarf mistletoe presence. Surveyors prioritized gaps in areas where the model indicated high habitat suitability but for which there were no recent detections of Johnson’s hairstreak. Overall, these combined survey efforts added seven additional sites to the known distribution of this butterfly in Oregon and Washington.

Since this time, few additional surveys have been carried out for this species other than a handful of focused searches in the Blue Mountains, Oregon Coast Range, and Washington Cascades. To our knowledge, there are no monitoring programs in place for Johnson’s hairstreak on any FS Region 6 or OR/WA BLM lands, and little to no management actions currently target Johnson’s hairstreaks or their specific habitat. 

The Northwest Forest Plan (USFS and BLM 1994a) and western Oregon BLM Resource Management Plans (BLM 2016c, 2016d) may provide the most comprehensive protection that currently exists for Johnson’s hairstreak on BLM and FS lands in Oregon, Washington, and northern California. The NWFP established a system of late-successional reserves (LSRs) across the range of the northern spotted owl to provide nesting habitat. Federal lands outside of these reserves are managed to allow dispersal between the LSRs through riparian reserves and other land allocations. From 1994 to 2016, the NWFP covered 24.5 million acres across its three-state range and effectively prohibited logging on approximately 7 million acres of late successional federal forest (USFS and BLM 1994b). Other designations under this plan, such as administratively withdrawn (AW) and congressionally reserved (CR) areas, include recreational areas, backcountry, wildernesses, national monuments, and other federal lands not administered by the FS or BLM (USFS 2017b). While the USFS continues to operate under the NWFP, the BLM now follows (as of 2016) two recently implemented plans covering western Oregon. These plans protect more old growth forest than the NWFP (Huff 2017, pers. comm.), although less than ten Johnson’s hairstreak records appear to fall within protective areas on BLM lands (Xerces Society 2017b).
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Management goals for the taxon:
Management for this species follows Forest Service Region 6 Sensitive Species (SS) policy, and Oregon and Washington BLM Special Status Species (SSS) policy. For Oregon and Washington Bureau of Land Management administered lands, SSS policy details the need to manage for species conservation. For Region 6 of the Forest Service, Sensitive Species 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 should also not create significant trends towards federal listing, for any identified Sensitive species.

Management recommendations:
Management within known occupied areas could focus on maintaining or enhancing habitat for the species. The most important management consideration for benefiting Johnson’s hairstreak is protecting known and potential sites in coniferous forest habitat where dwarf mistletoe hosts are present. Throughout the western Cascades, Coast Range, and Olympics, managers may want to focus on mature to old growth forests at a variety of elevations, although this butterfly has also been found in younger forests. 

General recommendations

Maintenance and protection of coniferous forests on which the Johnson’s hairstreak and its mistletoe host plants depend is vital to the persistence of the species. General conservation strategies include establishing better methods for assessing and monitoring the species’ status at occupied sites, conducting surveys, and implementing long term monitoring programs. At a broad level, we recommend the following actions throughout this species’ range in Oregon and Washington (based in part on McCorkle 1973; Larsen et al. 1995; McCorkle 2017, pers. comm.):

· Maintain reservoirs of habitat (patches of coniferous forest occupied by dwarf mistletoe) throughout Johnson’s hairstreak’s range to support persistence and preserve genetic variation in each area
· Do not harvest from old growth stands infected by host mistletoes
· If harvests do occur, replant with diverse forest species appropriate to the area and avoid monocultures of non-host trees (e.g., Douglas-fir); preserve legacy trees infected with mistletoe so site can be repopulated
· Do not construct roads through old growth forests unless absolutely necessary
· Do not apply insecticides in areas of known Johnson’s hairstreak occurrences
· Avoid the suppression or eradication of mistletoe at occupied sites
· Limit or eliminate herbicide applications to nectar sources that occur in occupied habitat
· If roadsides through occupied habitat provide floral resources but are usually mowed, consider changing the time period for mowing or leaving strips with floral resources for adults
· Continue to survey for new populations throughout the species’ range
· Establish a program to monitor known existing populations; consider selecting sentinel sites in each of the core zones of this species’ range

Zone-specific considerations

Within Oregon and Washington, Johnson’s hairstreak can be found in eight distinct ecoregions or population zones (see Figure 7 under Section III above). Known sites from all but two ecoregions (Blue Mountains and Eastern Cascade Slopes; Omernik 2010) fall within the Northwest Forest Plan boundary and are thus afforded some protection if they also occur within protective LUAs (Table 5). Below we provide summary information about Johnson’s hairstreak sites in each of the zones[footnoteRef:3]. It is difficult to recommend site or even zone-specific management actions for many of these areas given the general lack of information on population status, habitat needs, and site threats, among other data. Baseline data collection at current and historic sites coupled with longer term monitoring at a number of sentinel sites is needed to better address the management needs of this butterfly across its range. In addition, occupied sites outside of protective zones could be identified and further studied to determine how best to manage them for the Johnson’s hairstreak and its dwarf mistletoe hosts. [3:  LUA status for these summaries has been determined by joining Johnson’s hairstreak occurrence records with LUA layers in ArcMap 10.5 (BLM et al. 2009; BLM 2016a, 2016b). Note, however, that the accuracy of these joins is only as accurate as the accuracy of the records themselves, and so the information provided should be used only as a guide. ] 
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Table 5. Land Use Allocation summary by population zone. AMA=Adaptive Management Area, AW=Administratively Withdrawn, CR=Congressional Reserve, DDR=District-Designated Reserve, LSR=Late Successional Reserve, Other=Mix of matrix, riparian reserve, non-reserve, private, and other unmapped land allocations. Note that number of sites is approximate, as differentiating between some records in the database can be difficult, and record locations may not be spatially accurate. LUA totals relate to number of records, not sites. Information from Xerces Society (2017b).

	 
	 
	 
	Land Use Allocation
	

	Zone
	No. Sites
	No. Records
	AMA
	AW
	CR
	DDR
	LSR
	Other
	

	Cascades
	89
	104
	5
	21
	4
	1
	30
	43
	

	     Oregon
	(74)
	(83)
	(5)
	(17)
	(3)
	(1)
	(18)
	(39)
	

	     Washington
	(15)
	(21)
	(0)
	(4)
	(1)
	(0)
	(12)
	(4)
	

	Coast Range
	19
	31
	0
	0
	19
	0
	8
	4
	

	     Oregon
	(7)
	(7)
	(0)
	(0)
	(0)
	(0)
	(3)
	(4)
	

	     Washington
	(12)
	(24)
	(0)
	(0)
	(19)
	(0)
	(5)
	(0)
	

	Klamath Mountains
	14
	14
	0
	1
	0
	1
	9
	3
	

	Blue Mountains
	11
	12
	0
	0
	0
	0
	0
	12
	

	North Cascades
	8
	9
	0
	0
	0
	0
	3
	6
	

	Puget Lowland
	5
	6
	0
	0
	0
	0
	0
	6
	

	Willamette Valley
	4
	4
	0
	0
	0
	2
	0
	2
	

	Eastern Cascade Slopes
	1
	1
	0
	0
	0
	0
	0
	1
	

	Totals
	151
	181
	5
	22
	23
	4
	50
	77
	



Cascades Zone in Oregon and Washington: This is the core of the Johnson’s hairstreak’s range, and maintenance of known sites in this zone is likely important for long-term persistence of the species. Nearly all sites are found on USFS or BLM lands in the two states, with a few vague records having unknown management or ownership status. Because this area is also important to the northern spotted owl, many sites fall under protected LUAs. 

Coast Range Zone in Oregon and Washington: The Coast Range zone contains the second highest number of records for Johnson’s hairstreak in Oregon and Washington. In Washington, all but one site appears to occur on the Olympic National Forest. Collection records in Washington range from 1951 to 2004. In Oregon, approximately seven sites are documented on the Siuslaw National Forest, Rogue River-Siskiyou National Forest, Coos Bay BLM, and Northwest Oregon BLM. Records are from 1969 through 1992. All but four sites are located within Congressionally Reserved, Late Successional Reserve, or Administratively Withdrawn areas.

Klamath Mountains Zone: All known sites are located on the Rogue River-Siskiyou National Forest or Medford BLM lands. Eleven of these sites occur within District-Designated Reserve, Late Successional Reserve, or Administratively Withdrawn lands. Collection dates range from 1972 to 2010. 

Blue Mountains Zone: At least nine of the 11 known sites are located on the Wallowa-Whitman National Forest. Collection dates range from 1989 to 2016. The Blue Mountains ecoregion falls outside of the Northwest Forest Plan and Western Oregon RMP boundaries, and none of the known sites on the National Forest are located in large reserves, although some may be located in designated old-growth sites (Spiegel 2017b, pers. comm.). 

North Cascades Zone: Five of the eight known sites are located on the Mt. Baker-
Snoqualmie National Forest with collection dates spanning 1941-2008. Three of these are located on late successional reserves.

Puget Lowland Zone: At least two of the five known sites are on federal lands on the Olympic National Forest (last collection date: 1947) and Mt. Baker-Snoqualmie National Forest (last collection date: 1963); however, they are not located within any protective LUAs. We recommend revisiting these historic sites to determine if they are extant.

Willamette Valley Zone: All sites are located on the NW Oregon BLM District with collection dates from 1989 and 2008. Two sites are located on District-Designated Reserves. We recommend revisiting these sites to determine if they are extant.

Eastern Cascade Slopes Zone: The single known record from this zone dates back to 1981 at Sycan Marsh on the Fremont-Winema National Forest. This record does not occur within the Northwest Forest Plan boundary. Davis (2017, pers. comm.) visited this site in 2009 and found live dwarf mistletoe as well as adult thicket hairstreaks but did not observe any Johnson’s hairstreaks. We recommend revisiting this site and completing adult and/or larval protocol surveys to determine if the historic population is extant and if other populations persist nearby. 
[bookmark: _Toc475451678][bookmark: _Toc492982214]V. Research, Inventory, and Monitoring Opportunities
[bookmark: _Toc475451679][bookmark: _Toc492982215]A. Data Gaps and Information Needs
In Oregon, this species has been designated a Data Gap Species, meaning that not enough information is known to determine whether it meets the conservation criteria to qualify as a Strategy Species (ODFW 2016). More information is needed on basic life history, microhabitat requirements, species abundance and distribution, and site-specific threats. Given our incomplete understanding of the population status of this species in Oregon and Washington, managers should focus on improving our knowledge of distribution and abundance, and clarifying the nature and extent of threats where appropriate. Specific data gaps that could be addressed include climate change effects on the habitat suitability model, geographic distribution and abundance of dwarf mistletoe, and wildfire effects on dwarf mistletoe (Davis 2017, pers. comm.).
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In order to better understand and manage for Johnson’s hairstreak on Forest Service and BLM lands in Oregon and Washington, several key research questions could be addressed. These include the following (priority questions are in bold):

1. What is the current distribution of Johnson’s hairstreak within its known range? 
2. What is Johnson’s hairstreak’s population size? What are the long-term population trends?
3. Are populations persisting for multiple years? If not, why?
4. What are the microhabitat needs of this species?
5. How important is old growth forest to this species? 
6. What other dwarf mistletoe species, if any, act as larval hosts? 
7. How important is nectar plant availability for adults? 
8. What are the adult activity patterns? How much time do they spend in the canopy as opposed to nectaring, basking, and puddling?
9. Is there any evidence of changes in dwarf mistletoe distribution within Johnson’s hairstreak’s range, due to climate change or other factors?
10. Is mistletoe abundance a limiting factor for Johnson’s hairstreak? What other factor(s) limit this butterfly’s populations, and how important is each factor? 
11. To what extent (if any) is Johnson’s hairstreak hybridizing with the more common thicket hairstreak?
12. To what degree does competition occur between Johnson’s hairstreak and other dwarf mistletoe feeding insects like the thicket hairstreak?
13. What effects do large wildfires have on Johnson’s hairstreak populations and their host plants, especially under predicted climate change scenarios?
[bookmark: _Toc475451681][bookmark: _Toc492982217]C. Monitoring Opportunities
Survey protocol:
Although rarely encountered, it is likely that Johnson’s hairstreak occurs in higher numbers and at more sites than is currently known. Accurate assessments of this species’ population distribution and densities are difficult since Johnson’s hairstreak larvae live in the forest canopy and adults are rarely seen. Several survey protocols have been developed and tested for both adults and larvae of this butterfly, which allows managers to select a method that is best suited to their needs. However, larval ground surveys are currently the recommended approach, as these had a very high probability of detection, whereas the adult survey method had a low probability of detection (Davis and Weaver 2011). With the availability of genetic markers for distinguishing between Johnson’s hairstreak and the thicket hairstreak, Stone et al. (2012) confirmed that focusing on larval collections is more effective than adult surveys, and future survey and monitoring efforts should continue to focus on larvae, at least in the western part of Johnson’s hairstreak’s range.

Perhaps unsurprisingly, Davis (2010) found that higher presence of the larval host plant Arceuthobium spp. (>40 percent of the transect) was the single most important site variable in predicting occupancy of mistletoe-obligate Callophrys spp. (this particular study did not distinguish between Johnson’s hairstreak and the thicket hairstreak). Surveyors should continue to target coniferous forest patches that are parasitized by the three known dwarf mistletoe hosts, particularly where the host occurs in high abundance. While habitat suitability models can help land managers pinpoint general areas for surveys, Van Norman (2017, pers. comm.) notes that finding live mistletoe clumps (following the larval survey method) can be challenging in some areas, especially when lower branches are the only parts of the forest stand that can be easily viewed and accessed. Physical signs of dwarf mistletoe infection (including swelling of branches and witches’ brooms) can be relatively easy to observe from the ground, but detection of live dwarf mistletoe is more difficult. Ground surveyors can use binoculars to aid detection of live clumps in tree crowns. However, better methods for detecting live dwarf mistletoe in a forest stand should be developed. Davis (2017, pers. comm.) suggests modifying the Forest Inventory and Analysis (FIA) protocols for dwarf mistletoe ratings to include presence of live mistletoe, or even testing the use of unmanned aerial vehicle (UAV) transects (a type of remote sensing) to gather canopy imagery. 

Despite the fact that dwarf mistletoe abundance is highest in the upper canopy, Davis (2017, pers. comm.) has found that where healthy populations of live dwarf mistletoe occur in the crown, live clumps can also be found closer to the ground, allowing for safe and inexpensive collection by surveyors. This highlights the need for scouting sites for live dwarf mistletoe prior to ground surveys. In addition, land managers could also consider developing a pilot study to compare ground larval surveys with canopy larval surveys (via tree climbing or other means; for example, see mistletoe research conducted at the Wind River Canopy Crane Research Facility—Shaw et al. 2005 and others). Results from this pilot study could then be used to compare probability of detection between the two methods.

In the Blue Mountains ecoregion, Spiegel (2017a, pers. comm.) has found larval surveys challenging because host plants can be high in the ponderosa pine canopy, live dwarf mistletoe clumps were difficult to access for surveyors on the ground, and the majority of larvae found are thicket hairstreaks. Spiegel (2017a, pers. comm.) suggests conducting adult surveys that focus on mud puddles and springs, which is where most current sightings for Johnson’s hairstreak in the Blue Mountains have occurred. This may be an ideal region in which to test adult, ground larval, and tree climbing methods and compare probability of detection for each method. Alternatively, a protocol focusing on just adults and the habitat features mentioned above could also be tested.

Depending on the habitat and ecoregion, different survey methods may be needed in order to best assess presence or absence of Johnson’s hairstreaks in the Pacific Northwest. At a minimum, the current Johnson’s hairstreak survey protocol (Davis et al. 2011) would likely benefit from additional testing and revision recommendations by biologists working in the different ecoregions. These tests should be designed to determine empirically the probability of detection between methods used. Although probability of detection is important in determining the best survey method, land managers must also take into account a number of other factors, including cost, logistics, and impacts to both the target species and other species in the survey area. As noted in Davis and Weaver (2011), ground larval surveys are more cost-effective and flexible compared to adult surveys, as surveys require only a single day, and weather conditions are less important than when doing adult surveys. In addition, they note that collection of immature hairstreaks may result in the loss of fewer eggs and/or larvae as opposed to adult collections, since collection of an adult female could theoretically result in the loss of over 100 ova (McCorkle 1973). If canopy survey methods are tested, great care must be used to assess cost, climber safety, effects on the canopy and its inhabitants, and impacts to both adults and immature life stages of Johnson’s hairstreak.

Priority survey areas:
Future survey priorities for Johnson’s hairstreak include: (1) Revisiting historic sites to see if they are still occupied, and (2) updating and using the habitat model to plan surveys for areas with suitable habitat but no records. Scouting potential survey areas for live dwarf mistletoe presence is highly recommended before any Johnson’s hairstreak larval or adult surveys are conducted (Davis 2017, pers. comm.). Below, we identify some priority areas to survey. Updating and ground truthing the habitat suitability model will no doubt identify other priority areas in the Pacific Northwest. 

Western Washington

Few recent (2000 to the present) surveys have occurred in Washington State, and the status of the species throughout its range in Washington is relatively unknown. James and Nunnallee (2011) note that the southeast flanks of the Olympic Mountains may provide some of the best-known remaining habitat for this species in the state. Hildebrand (1995) reviewed inventory plot data on dwarf mistletoe occurrence and found that the Olympic National Forest had the highest mistletoe occurrence of any national forest within the range of the northern spotted owl (50 percent of plots had A. tsugense). This area could be a priority for future targeted surveys and monitoring. Historic sites could be revisited to determine their status and gain a better understanding of the current distribution of this butterfly. Davis and Weaver (2011) suggest surveying areas that show high probability of occurrence that are 25 miles or more from known or recent occurrences in the Washington Cascades and Olympic Peninsula.

Western Oregon

Recent survey efforts in the Oregon Coast Range have been unsuccessful in finding new sites or confirming historic populations (Davis and Weaver 2011; Davis 2017, pers. comm.), but Davis and Weaver (2011) recommend continued searches in this area. In 2007, a population of Johnson’s hairstreak was discovered in mostly old growth hemlock forest near Larch Mountain in eastern Multnomah Co., Oregon (Warren 2005; McCorkle 2005, pers. comm.). However, no surveys have been conducted at this site in the last 10 years (Davis 2017, pers. comm.; McCorkle 2017, pers. comm.), and its status should be confirmed. 

Blue Mountains (Oregon)

Although Johnson’s hairstreak is currently known from only a few locations in eastern Oregon, it may be more widespread in Baker, Union, and Wallowa Counties (Warren 2005; Schmitt and Spiegel 2008). Increased survey efforts in recent years have resulted in documentation of several new sites, although surveys in 2010 and 2011 were unsuccessful due to lack or inaccessibility of mistletoe at selected survey sites and/or absence of larvae in collected mistletoe clumps (Stone et al. 2012; Spiegel 2017a, pers. comm.). Spiegel (2017a, pers. comm.) believes that the presence of puddles or flowers in the May to June period of adult flight activity is probably key to species presence, in addition to the presence of dwarf mistletoe. Future surveys in this area could focus on historic records, particularly in areas around the Elkhorn Mountains (Spiegel 2017a, pers. comm.). 
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Documented [occurrence]: Generically, the location of an individual of a species. Multiple occurrences may equal a site. When used in context of Special Status/Sensitive Species lists, a physical record exists to indicate that the species either occurred historically or currently exists in the area defined.

Eclosure: Emergence from a pupa.

Fragmentation: The loss, division, or isolation of patches of similar habitats at a scale relevant for the species being addressed.

Land Use Allocations: A geographic area identified in land and/or resource management plans managed for particular values, including biological-ecological integrity and species persistence. Inclusive of no-entry areas and areas with entry and management for specified objectives. Land use allocations include but are not limited to Late Successional Reserves, Riparian Reserves, Congressionally Withdrawn, etc.

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

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.

Myrmecophilous: Associated with ants.
Persistence: The likelihood that a species will continue to exist, or occur, within a geographic area of interest over a defined period of time. Includes the concept that the species is a functioning member of the ecological community of the area.

Population: one or several sites that are within the surmised dispersal distance of the species

Range: The limits of the geographic distribution of a species.

Site (occupied): The location where an individual or population of Johnson’s hairstreak was located, observed, or presumed to exist and represents individual detections, reproductive sites, or local populations. 

Stridulation: The act of producing sound by rubbing together certain body parts.

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

Univoltine: Producing one brood in a season.

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 populations: 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. “Appropriately distributed” may include: the species is well distributed, the species is distributed with gaps, or the species is restricted to refugia.
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[bookmark: _Toc492982221]Appendix: Management Status Definitions
For reference, the Johnson’s hairstreak is ranked as follows:  

Washington State candidate species by the Washington Fish and Wildlife Commission 
Global Heritage Status Rank of G3G4
United States National Heritage Status Rank is N3N4
Canada National Heritage Status Rank is N1N2
State/Province statuses are SNR (California), S2 (Oregon), S2S3 (Washington), and S1S2 (British Columbia) (NatureServe 2017)
BLM Special Status Species 
U.S. Forest Service Region 6 Sensitive Species

Information on the Heritage Rankings is from the Oregon Biodiversity Information Center website: http://inr.oregonstate.edu/orbic.

Ranks are developed for different portions of a species range.  
· The first and most critical rank describes the species status globally, and best describes the risk of extinction. This is called the Global Rank and begins with a "G."  
· National Ranks describing the species status in the United States, was developed. These begin with the letter “N.”
· If the taxon has a trinomial (a subspecies, variety or recognized race), this is followed by a "T" rank indicator.  

The number following the letter designation shows the relative rarity of occurrences. 
1 = Critically imperiled because of extreme rarity or because it is somehow especially vulnerable to extinction or extirpation, typically with 5 or fewer occurrences.

2 = Imperiled because of rarity or because other factors demonstrably make it very vulnerable to extinction (extirpation), typically with 6-20 occurrences.

3 = Rare, uncommon or threatened, but not immediately imperiled, typically with 21-100 occurrences.

BLM and U.S. Forest Service Special Status and Sensitive Species programs are based on national policies and seek to further the objectives of the Endangered Species Act by avoiding federal actions that may contribute to future listings of species as threatened or endangered. Each policy requires coordination with state and other federal agencies to achieve conservation goals of species. The objectives of the Forest Service’s program also include compliance with National Forest Management Act regulations requiring diversity of plant and animal communities, and management to maintain viable populations of existing native and desired nonnative vertebrate species.

Washington State Endangered Species are defined in WAC 232-12-297, Section 2.4, to include "any wildlife species native to the state of Washington that is seriously threatened with extinction throughout all or a significant portion of its range within the state." (http://wdfw.wa.gov/wlm/diversty/soc/definitn.htm) 
Callophrys johnsoni records by year

Total	1891	1904	1919	1925	1930	1939	1941	1945	1947	1951	1952	1953	1955	1956	1958	1959	1960	1961	1962	1963	1964	1965	1969	1970	1971	1972	1973	1975	1977	1979	1981	1982	1983	1984	1985	1986	1987	1988	1989	1990	1991	1992	1993	1994	1995	1996	1997	1999	2000	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2016	(blank)	1	1	1	1	1	1	2	1	1	4	3	1	1	3	1	7	7	8	5	20	7	2	5	1	1	10	6	1	3	1	2	1	9	2	1	1	5	3	3	2	4	2	2	3	3	3	4	2	3	2	9	10	2	2	5	18	16	8	1	1	3	Collection/Observation Year


Number of Records



49 | Page

image2.jpg




image3.jpg




image4.jpg




image5.jpg




image6.jpg




image7.jpg




image8.jpg




image9.jpg
%





image10.jpg
Washington Coast Ral

ton Cascades

Oregon Coast R

Legend
©  C.johnsoni records

[ c iohnsoni poputation zones

[ states and Provinces

US Ecoregions

[ Blue Mountains
[ cascades

[0 central california Foothills.
Coast Range

| Eastem Cascades Slopes

[0 1daho Batholith

[ Kiamath Mountains

[0 North cascades

[0 Puget Lowland

[ sierra Nevada

[ wilamette valley

0 6 130 260 Miles




image11.jpg
Callophrys johnsoni

Johnson's Hairstreak
v 4 “Yakima® _

©  CAJO 2000 - present [_] Us states [ national Park Service
0 25 50 100 150 200
@  CAJO pre-2000 [ uss. Forest service Bureau of Land Management — —— w— s




image12.jpg
Callophrys johnsoni
Johnson's Hairstreak

T

+ Wensteh,

. 4 Moses Lake'

Vakiing*

Congient

©  CAJO 2000 - present [ Us states National Park Service o o o 120 10
©  CAIO pre-2000 US. Forest Service Bureau of Land Management — —— m— 5




image1.jpg




