SPECIES FACT SHEET

Scientific Name: Colias nastes Boisduval, 1832
Common Name(s): Labrador sulphur; Arctic green sulphur; Arctic sulphur; Nastes sulphur
Phylum: Arthropoda
Class: Insecta
Order: Lepidoptera
Family: Pieridae
(ITIS 2020)

Conservation Status:
Global Status: G5 (last reviewed 7 May 2020)
National Status (United States): N5
State Statuses: S2 (WA)
(NatureServe 2020)

Federal Status (United States): None (USFWS 2019)
IUCN Red List: Not listed (IUCN 2019)
Taxonomic Note: 
Taxonomic relationships of many Colias species are unclear, and hybridization is known to occur, making distinctions even more difficult (Pyle and LaBar 2018). Colias nastes has six direct subspecies (ITIS 2020), and all populations in Washington are now considered Colias nastes streckeri (Hammond and McCorkle 2017). Because C. n. streckeri is the only subspecies present in this area the subspecies epithet is not needed when referring to Pacific Northwest populations (Pelham 2020, pers. comm.). The range for this subspecies includes northern Washington, northern Montana, Alberta, and northern British Columbia (Warren et al. 2013). 
Technical Description: 
Adult: Members of the Colias genus, commonly known as the sulphurs, have somewhat similar markings potentially making field identification challenging. Colias nastes has a wingspan of 1.25 to 1.75 in. (3.1 to 4.5 cm) (Pyle 2002; Lotts and Naberhaus 2017). It is usually greenish on the dorsal and ventral side and the color of the upperside (i.e., the extent of green, yellow, or white) can vary by individual, age, or gender (Pyle and LaBar 2018). There can also be variation in color of C. nastes butterflies from the same locality based on elevation (e.g., darker individuals in cooler environments or at higher elevation sites) (Roland 2006). However, in the Northwest, Colias species can often be differentiated by wing features, range, and habitat (Pyle and LaBar 2018).
Pyle and LaBar (2018) describe this species as follows:

<1.75 in. Small for a Sulphur. Greenish above and below, or upperside can be a dingy yellowish or dirty white. Both sexes have light spots in the black border: our only sulphur whose males have fenestrated borders. VFW [ventral front wing] whitish; VHW [ventral hind wing] olive-green peppered with black. Often “eurytheme” spots on VFW; VHW cell-spot may be thinly rimmed with pink, often smeared distally. Pale pink fringe.   
The dorsal surface of the fore- and hindwing is marked with heavy, black melanic scaling, black basal suffusion, and broken, black marginal borders (Miller and Hammond 2007). The dorsal surface of the forewings has a small, black discal spot, and the dorsal surface of the hindwings has a small, pale, yellow to orange discal spot (Miller and Hammond 2007). The ventral surface of the hindwings is yellow to deep olive with very heavy, black melanic scaling and a small, white, discal spot ringed with red (Pyle 2002; Miller and Hammond 2007). The ventral surface of the forewings is white with a dusky yellow apex and a small, black discal spot. 
Immature: The larvae of this species are dark moss-green with two red-edged stripes down each side (Pyle 2002). The eggs and pupae are difficult to find and to identify.
Life History: 
Adults: Colias nastes is a true Arctic species, successfully developing under high-latitude conditions (Chernov and Tatarinov 2006). The flight period of this univoltine species is influenced by snowmelt, but it typically occurs between early July and early September, typically peaking from July through August (Pyle and LaBar 2018). Male Colias spp. will patrol within habitat boundaries searching for females (NatureServe 2020). Mating success is high for C. nastes, with more than 95% of mated females reported (Rhainds 2010). Females lay eggs singly on host plants (species in Fabaceae) and caterpillars feed on host plant leaves (Roland 1982). This species typically has a single brood (Pyle and LaBar 2018). 
Colias populations will typically occupy most of their potential habitat during good weather or favorable years, but in cold conditions they appear more sedentary and congregate low in sheltered, sunny locations (NatureServe 2020). Some arctic and alpine species like C. nastes are strong flyers and are most active and dispersive on warm sunny days (NatureServe 2020). In order for Colias butterflies to fly, their body temperature must be above 86°F (30°C) (Roland 1982). Colias nastes is more likely to be detected when flying as it is particularly cryptic when resting on the ground or vegetation (Roland 1982).
Melanism, or how dark an insect is, can affect activities such as flight and foraging. In colder environments darker individuals can heat up more quickly and stabilize at a higher body temperature (as much as 4°C) allowing them to be active during cooler or shorter days late in the season (Roland 1982). Alternatively, light individuals may be more active during warmer periods when darker butterflies must avoid overheating by shade seeking and parallel orientation (Roland 1982). To avoid heat stress some Colias species (e.g., C. philodice eurytheme in California) show peaks in daily activity midday in the fall, but less activity midday during the summer months (Roland 1982). Microclimate conditions are more variable in southern alpine areas when compared to arctic sites, and lighter colored Colias appear to be more successful in southern populations (Roland 1982). Lighter individuals are able to remain active during the hotter parts of the day giving them an advantage over darker individuals on warm days, >53°F (12°C) (Roland 1982).
Immatures: The host plants for C. nastes include milk vetch (Astragalus alpinus), white clover (Trifolium repens), and other legumes in the family Fabaceae (Lotts and Naberhaus 2017; Pyle and LaBar 2018). Colias nastes overwinters as a mature caterpillar, typically as a third instar but individuals between the first and fourth instar stage have been reported (Roland 1982; Lotts and Naberhaus 2017; Pyle and LaBar 2018). Colias nastes can potentially live for two years in areas with biennial populations (Pyle and LaBar 2018). Pupae of this species are unknown.
Range, Distribution, and Abundance:
Type Locality: The type locality for C. nastes is as follows “Cap-Nord et en Islande... Labrador” (Warren et al. 2013; Pelham 2020). The type locality for Colias nastes streckeri is as follows: “provincia Alberta ad Laggan”; restricted to “vicinity of...Lake Louise, Banff National Park, Alberta” (Warren et al. 2013; Pelham 2020).
Range: This circumpolar, Holarctic species is found on tundra across northern regions of Eurasia and North America. In North America, its distribution includes much of Canada and Alaska, south to the Rocky Mountains in northwest Montana and the Cascade Mountains in northern Washington (Pyle 2002; Miller and Hammond 2007). In the Pacific Northwest, C. nastes is found in the northern artic-alpine (Pyle and LaBar 2018).
Distribution: In Washington, this species is known from the northern edge of the state along the Canadian border in the western Okanogan Highlands, Okanogan County (Pyle 2002). Occupied sites include Bauerman Ridge, Bunker Hill, Corral Lake, Horseshoe Mountain in Pasayten Wilderness, Little Horseshoe Creek, and Windy Peak.
BLM/Forest Service Land: 
Documented: Colias nastes is documented on the Okanogan-Wenatchee National Forest (from Okanogan County).
Suspected: This species is not suspected on additional BLM or Forest Service units in Washington.
Abundance: Colias nastes appears to have a sparse, patchy distribution near the boundary of its range in Washington (Lotts and Naberhaus 2017). Abundance estimates for this species are unknown. Colias nastes is restricted to certain habitats (e.g., alpine meadows, talus slopes, and habitats above timberline) that frequently support localized populations (Miller and Hammond 2007). 
Habitat Associations:
The North Cascades provide the northern elements preferred by C. nastes (Pyle and LaBar 2018). Colias nastes is found in high altitude alpine and tundra habitats typically on barren slopes in arctic regions (Miller and Hammond 2007; NatureServe 2020). In Washington, this species inhabits windswept tundra ridges from sites between 6,000 and 8,000 ft. (1,828-2,438 m) (Pyle and LaBar 2018). It is found in scree, fellfields, and summits, often where pink mountainheath (Phyllodoce empetriformis) grows (Pyle and LaBar 2018). This species is also found in sub-alpine meadows that consist of grasses, sedges, and wildflowers at around 8,000 ft. (~2,500 m) near the tree-line (Ezzeddine and Matter 2008).

Caterpillars of this species feed on a variety of members of the pea family (Fabaceae). Host plants include alpine milkvetch (Astragalus alpinus), white clover (Trifolium repens), slender crazyweed (Oxytropis campestris), showy locoweed (O. splendens), and sweetvetch (Hedysarum sp.) (Scott 1986; Guppy and Shepard 2001; Ezzeddine and Matter 2008; Lotts and Naberhaus 2017; Pyle and LaBar 2018). Additionally, caterpillars may feed on dwarf willows in the northern Cascades of Washington and British Columbia (D. McCorkle in Miller and Hammond 2007). 
Colias nastes adults typically use single-headed composites and nectar on alpine yellow fleabane (Erigeron aureus) and Lyall’s goldenweed (Tonestus lyallii) (Roland 1982). In Alberta, Canada, Ezzeddine and Matter (2008) found that C. nastes prefers to nectar on pale agoseris (Agoseris glauca) and was also observed nectaring on arctic bellflower (Campanula uniflora), fireweed (Chamerion angustifolium), tufted fleabane (Erigeron caespitosus), shrubby cinquefoil (Dasiphora fruticose), slender cinquefoil (Potentilla gracilis), spearleaf stonecrop (Sedum lanceolatum), and Rocky Mountain goldenrod (Solidago multiradiata). 
Threats:
Although this species is secure globally, it is quite rare in the periphery of its range (NatureServe 2020). Climate change poses the greatest threat to this species, and warming climatic conditions are expected to eliminate the alpine habitat from much of this species’ southern distribution in the United States (Miller and Hammond 2007). Climate change is likely to affect population dynamics for this species because alpine habitats are more susceptible to direct and indirect effects of climate change (Filazzola et al. 2020). The loss of suitable habitat and changes in hostplant interactions caused by climate change threaten alpine specialist butterflies (Filazzola et al. 2020). 

Populations in north-central Washington and northwestern Montana represent the southernmost range of this species, and habitat loss in these areas will severely restrict the overall range of the species (Miller and Hammond 2007). Projected climate changes in this region include increased frequency and severity of seasonal flooding and droughts, reduced snowpack, and increased air temperatures (Field et al. 2007), all of which could impact this species’ habitat unfavorably. In a two-year field study, Roland (1982) saw a higher loss of C. nastes individuals during the warmer year and a greater loss of darker individuals in both years, when compared to lighter individuals, likely due to emigration or predation from greater flight activity.
The degree of melanism within C. nastes has a significant effect in determining stabilized body temperature (Roland 1982). Increased melanism of butterflies can result in up to 55% more flight activity (Roland 1982). The amount of increased flying time may provide more opportunity for feeding, escaping predators, courting and copulation, oviposition, and therefore egg maturation in Colias (Roland 1982). Changes in temperature may alter color variations and behavior of C. nastes populations and could potentially influence site specific predation pressure as individual butterflies respond to changing conditions. Roland (2006) found that light colored individuals experienced more predation at higher elevations than dark individuals and that darker individuals were more active in cooler conditions. 
While mating success is high for C. nastes (>95% females mated) compared to other Lepidoptera (Rhainds 2010), climate change is likely to impact alpine habitats and could potentially reduce mating success if habitat compositions and phenology are altered. Mating success can be influenced by emergence time, population density, and habitat location, among other factors (Rhainds 2010). Climate change may create extreme spatial and temporal variability in tundra environments, which could threaten cold high-altitude Colias populations.
Conservation Considerations:
Research: A large extent of potential habitat could be surveyed. While the geographic range for this species is known, there is a paucity of data regarding population size and abundance estimates (Miller and Hammond 2007). Scientific studies investigating the possible adverse effects of climate change on alpine populations are needed. 
Inventory: No recent surveys have been attempted where this species occurs (Pelham 2020, pers. comm.). Perhaps because C. nastes is a challenging butterfly to watch, catch, or document, a large area of potential habitat has yet to be surveyed (Pyle and LaBar 2018). Surveys are thus recommended in northern Washington to determine the species' status, abundance, and distribution in the state. 
The last known record of this species in Washington is from Horseshoe Basin and Horseshoe Mountain (2002) and most sites have not been revisited since the 1960’s or 1970’s. Occupied sites include Bauerman Ridge (1975), Bunker Hill (1961), Corral Lake, Horseshoe Mountain (1981-2002) in Pasayten Wilderness, Little Horseshoe Creek (1984), and Windy Peak (1962-1972). Surveys at all known Washington sites and new sites with appropriate habitat are recommended. Since abundance estimates for this species are not known, measure larval and adult abundance by conducting a timed visual search along transects through suitable habitat where food plants for caterpillars and nectar plants for adults are present (Miller and Hammond 2007).
Management: Protect and maintain habitat at sites where this species has been documented, including sufficient densities of the species' host plants (e.g., Alpine milkvetch [A. alpinus] and other legumes).
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Known records of Colias nastes in Washington, relative to Forest Service and BLM land. 
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Image of Colias nastes. Photo taken by ©Matt Rowlings, used with permission. Available at: http://www.eurobutterflies.com/sp/nastes.php
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Image of Colias nastes. Photo taken by ©Matt Rowlings, used with permission. Available at: http://www.eurobutterflies.com/sp/nastes.php

ATTACHMENT 5: Lepidoptera Survey Protocol, including specifics for this species
Candace Fallon and Sarah Foltz Jordan, updated May 2018

Taxonomic group: 

Lepidoptera

Where: Lepidopterans utilize a diversity of terrestrial habitats. When surveying new areas, seek out places with adequate larval food plants, nectar sources, and habitat to sustain a population. Many species have highly specific larval feeding preferences (e.g., limited to one or a few related plant species whose defenses they have evolved to overcome), while other species exhibit more general feeding patterns, including representatives from multiple plant families in their diet. For species-specific dietary preferences and habitat information, see the section at the end of this protocol. 
When: Adults are surveyed in the spring, summer, and fall, within the window of the species’ documented flight period. Although some butterfly species overwinter as adults and live in the adult stage for several months to a year, the adult life spans of the species considered here are short and adults are available for only a brief period each year (see species-specific details, below). Larvae are surveyed during the time of year when the larvae are actively foraging on their host plants.  
How to Survey:

Adults: If possible, all sites should be surveyed for this butterfly during the following environmental conditions:  
Minimum temperature: Above 60° F (15.5° C).

Cloud cover: Partly sunny or better. On cooler days, the sun can play a very important role in getting butterflies to take to the air. On warmer days (above 60° F), direct sunlight is less important, but a significant amount of the sun’s energy should be coming through the clouds to help elevate the temperature of basking butterflies. 

Wind: Less than 10 MPH (4.5 m/s). On windy days, butterflies will drop out of the air if they cannot maintain their direction and/or speed of flight.

Time of day: Between 10AM and 4PM. Success is most likely during the warmest parts of the day.

Time of year: Varies by region (see notes on flight period, below). If known, currently occupied sites should be checked before the start of the planned survey period, as flight times may vary due to weather conditions in the spring and early summer. 

Upon arriving at each potential site, the following survey protocol should be used:

Approach the site and scan for any butterfly activity, as well as suitable habitat. Butterflies are predominantly encountered nectaring at flowers, in flight, basking on a warm rock or the ground, visiting host plants, or puddling (sipping water rich in mineral salts from a puddle, moist ground, or dung). Walk through the site slowly (about 100 meters per 5 minutes), looking back and forth on either side, approximately 20 to 30 feet out. Try to walk in a path such that you cover the entire site with this visual field, or at least all of the areas of suitable habitat. If you must leave the transect path (e.g., to look at a particular butterfly), do your best to return to the specific place where you left your path when you resume walking/searching through the site. 

When a suspected target species is encountered, net the butterfly to confirm its identification. Adults are collected using a long-handled aerial sweep net with mesh light enough to see the specimen through the net. When stalking perched individuals, approach slowly from behind. When chasing, swing from behind and be prepared to pursue the insect. A good method is to stand to the side of a butterfly’s flight path and swing out as it passes. After capture, quickly flip the top of the net bag over to close the mouth and prevent the butterfly from escaping. Once netted, most insects tend to fly upward, so hold the mouth of the net downward and reach in from below when retrieving the butterfly.

Binoculars and cameras may also be used to view wing patterns of perched butterflies. Since most butterflies can be identified by macroscopic characters, high quality photographs will likely provide sufficient evidence of species occurrences at a site, and those of lesser quality may at least be valuable in directing further study to an area. Use a camera with good zoom or macro lens and focus on the aspects of the body that are the most critical to species determination (i.e., dorsal and ventral patterns of the wings) (Pyle 2002). When possible, take several photographs of potential target species showing a clear view of the underside (ventral) and upperside (dorsal) of the wings at each survey area where they are observed. 

If needed, the collection of voucher specimens should be limited to males from large populations. The captured butterfly should be placed into a glassine envelope. To remove the specimen from the net by hand, grasp it carefully through the net by the thorax with fingers or a pair of flat-nosed forceps, making sure the butterfly has its wings folded back. Place the specimen in an envelope and then into a small plastic container. Place the container in a cooler with ice, buffering the specimen from the ice with a towel. Transfer the container to a freezer to kill the animal.

Fill out all of the site information on datasheet, including site name, survey date and time, elevation, aspect, legal location, latitude and longitude coordinates of site, weather conditions, and a thorough description of habitat, including vegetation types, vegetation canopy cover, suspected or documented host plant species, landscape contours (including direction and angle of slopes), degree of human impact, and insect behavior (e.g., “puddling”). Record the number of target species observed, as well as butterfly behavior, plant species used for nectaring or egg-laying, and survey notes. Photographs of habitat are also a good supplement for collected specimens and, if taken, should be cataloged and referred to on the insect labels. Collection labels should include the following information: date, time of day, collector, and detailed locality (including geographical coordinates, mileage from named location, elevation). Complete determination labels include the species name, sex (if known), determiner name, and date determined. Mating pairs should be indicated as such and stored together, if possible. Record data for sites whether butterflies are seen or not. In this way, overall search effort is documented, in addition to new sites.  

Relative abundance surveys can be achieved using either the Pollard walk method, in which the recorder walks only along a precisely marked transect, or the checklist method, in which the recorder is free to wander at will in active search of productive habitats and nectar sites (Royer et al. 2008). A test of differences in effectiveness between these two methods at seven sites found that checklist searching produced significantly more butterfly detections per hour than Pollard walks at all sites, but the overall number of species detected per hour did not differ significantly between methods (Royer et al. 2008). The study concluded that checklist surveys are a more efficient means for initial surveys and generating species lists at a site, whereas the Pollard walk is more practical and statistically manageable for long-term monitoring. Recorded information should include start and end times, weather, species, sex, and behavior (e.g., “female nectaring on flowers of Lathyrus nevadensis”).

Immature: Lepidoptera larvae are generally found on vegetation or soil, often creeping slowly along the substrate or feeding on foliage. Pupae occur in soil or adhere to twigs, bark, or vegetation. Since the larvae usually travel away from the host plant and pupate in the duff or soil, pupae of most species are almost impossible to find.
James and Nunnallee’s Life Histories of Cascadia Butterflies (2011) includes descriptions of many Lepidoptera species, providing important diagnostic information for identification of larval stages. For species or subspecies not covered in this book, rearing can be critical in both (1) enabling identification and (2) providing novel associations of larvae with adults (Miller 1995). Moreover, high quality (undamaged) adult specimens, particularly of the large-bodied species, are often best obtained by rearing.
Most species of butterflies can be easily reared from collected eggs, larvae, or pupae, or from eggs laid by gravid females in captivity. Large, muslin-covered jars may be used as breeding cages, or a larger cage can be made from boards and a fine-meshed wire screen (Dornfeld 1980). When collecting caterpillars for rearing indoors, collect only as many individuals as can be successfully raised and supported without harm to the insect population or to local host plants (Miller 1995). A fresh supply of larval foodplant will be needed, and sprigs should be replenished regularly and placed in wet sand rather than water (into which the larvae could drown) (Dornfeld 1980). The presence of slightly moistened peat moss can help maintain appropriate moisture conditions and provide a retreat for the caterpillar at the time of pupation (Miller 1995). Depending on the species, soil or small sticks should also be provided as the caterpillars approach pupation. Although rearing indoors enables faster growth due to warmer temperatures, this method requires that appropriate food be consistently provided and problems with temperature, dehydration, fungal growth, starvation, cannibalism, and overcrowding are not uncommon (Miller 1995). Rearing caterpillars in cages in the field alleviates the need to provide food and appropriate environmental conditions, but may result in slower growth or missing specimens. Field rearing is usually conducted in “rearing sleeves,” which are bags of mesh material that are open at both ends and can be slipped over a branch or plant and secured at both ends. Upon emergence, all non-voucher specimens should be released back into the environment from which the larvae, eggs, or gravid female were obtained (Miller 1995). 

According to Miller (1995), the simplest method for preserving caterpillar voucher specimens is as follows: Heat water to about 180°C. Without a thermometer, an appropriate temperature can be obtained by bringing the water to a boil and then letting it sit off the burner for a couple of minutes before putting the caterpillar in the water. Extremely hot water may cause the caterpillar to burst. After it has been in the hot water for three seconds, transfer the caterpillar to 70% ethyl alcohol (isopropyl alcohol is less desirable) for permanent storage. Note that since this preservation method will result in the caterpillar losing most or all of its color, photographic documentation of the caterpillar prior to preservation is important. See Peterson (1962) and Stehr (1987) for additional caterpillar preservation methods.

Species-Specific Survey Details:
Colias nastes

Colias nastes is readily identified using wing characteristics (Pyle 2002). Distinguishing features are provided in the Species Fact Sheet. Colias nastes streckeri (Strecker's Arctic Sulphur) is the only subspecies occurring in Washington (Warren et al. 2012). It is known in northern Washington along the Canadian border in the Okanogan-Wenatchee National Forest. It is found at high elevations (from about 6,900 to 8,300 ft. [2,100 to 2,500 m]) where it inhabits windswept tundra ridges, screes, fellfields, and summits. Caterpillars of this species feed on alpine milkvetch (Astragalus alpinus), white clover (Trifolium repens), slender crazyweed (Oxytropis campestris), sweetvetch (Hedysarum sp.), and other members of the pea family (Fabaceae) (Scott 1986; Guppy and Shepard 2001; Lotts and Naberhaus 2017; Pyle and LaBar 2018). 
Surveys should be conducted between July and August, the peak of the adult flight period. Known records in Washington are from July 15th to August 13th. This species may be the most difficult Cascadian butterfly to watch, catch, or photograph, and a vast area of potential habitat in the Okanogan Highlands has not been surveyed for this species (Pyle and LaBar 2018). 
Adults are known to fly quickly over the rocky terrain and drop, in a moth-like fashion, to take shelter (Pyle and LaBar 2018). This species is reported as alert and difficult to approach, liable to fly when approached and blending in perfectly with the dry tundra when it lands (Guppy and Shepard 2001). According to Pyle and LaBar (2018), it is both scarce and elusive. 
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