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Background 

Inventories under the Interagency Special Status/Sensitive Species Program (ISSSSP) for 
Oregon/Washington Bureau of Land Management and Region 6 (R6) Forest Service are 
designed to increase our knowledge of the species listed under this program to inform land 
managers for species conservation. For the Johnson’s hairstreak butterfly (Callophrys johnsoni), 
the first step in this process was to compile existing information on its presence for habitat 
modeling, based on our current understanding of its ecology.  The habitat modeling procedures 
provided insight into this species ecological niche and use of available habitat components and 
produced a map to help focus these surveys.  Information from these surveys and the habitat 
map may ultimately improve land management planning decisions in regards to this species 
conservation.  As we learn more about this species through these efforts, we expect that the 
survey and monitoring techniques and habitat modeling will adapt to the new information. 

Objective 

The primary objective of the surveys for 2009 is to field-test survey methods for detecting 
presence of C. johnsoni by means of repeated surveys at locations where species presence is 
likely based on habitat modeling and specific survey site selection criteria.  According to Pellet 
(2008), preliminary survey protocols should be designed to assess detection probabilities of the 
target species. Information from these surveys will be used to estimate site occupancy (site = 
transect) and to determine the detection probability of this survey method.  If successful, this 
information will aid in the development of an effective survey protocol for this species within its 
range in Washington and Oregon. It is hoped that this protocol may be used at the project-level 
scale and that the data collected at this scale would fit into the larger regional-scale inventory 
scheme that might tell us something about population trends.   For now, we will employ 
commonly used methods for conducting butterfly surveys, customized to fit the ecology of C. 
johnsoni, and logistically focused in areas that may have a higher chance of detection, based on 
documented presence and high amounts of [modeled] suitable habitat.  Secondary objectives 
include increasing our understanding of the species’ geographic distribution, habitat map 
validation and improving our understanding of its habitat use. 

Species Information 

Johnson’s hairstreak is a member of the family Lycaenidae (gossamer-winged butterflies); 
subfamily Theclinae (hairstreaks).  Taxonomic nomenclature remains unclear.  Some place this 
species under the genus Callophrys, while others use Mitoura or Loranthomitoura. For 
consistency, we use Callophrys as it is the genus currently used in the Regional sensitive 
species list.  

Johnson’s hairstreak is currently known to occur from southwestern British Columbian and 
southward along the west coast and Cascade Mountains to central California. A disjunct 
population of C. johnsoni occurs at the Oregon/Idaho border in Baker and Union counties, 
Oregon and in Adams County, Idaho (see Appendix 1).   
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The flight period for Johnson’s hairstreak begins in May and lasts until July, but varies with 
latitude, altitude and weather.  In this region there are a few records from early August.  The 
primary flight season probably lasts one month, and may vary from year to year with weather 
patterns.  In Oregon and Washington it is believed to have only one brood per year.  However, 
in California it has two, so it is possible that it may have two broods in certain parts of this region 
also.   

The average lifespan of adults is estimated at 7-10 days, longer if there is extended inactivity 
due to inclement weather. Eggs are usually laid individually less often in small clusters on its 
larval host plant, dwarf mistletoe (Arceuthobium spp.).  Females can lay as many as 160 fertile 
ova (McCorkle 1973).  After hatching, the yellow-green larvae are small (1.2mm) and blend in 
well with their host plants (Appendix 7).  They develop through 4-5 instars (James and Nunnalle 
in prep, Ballmer and Pratt 1992) and typically pupate within 5 weeks of hatching.  The pupa is 
dark brown and is attached to the tree or mistletoe clump by a few fine silk threads.  It spends 
the winter in diapause and the adult ecloses the following year. 

Johnson’s hairstreak adults are slightly larger than most other hairstreaks in this region with a 
wingspan of 25-30mm.  The wing color is brownish and visible in flight.  Its flight pattern is 
erratic, with rapid wing beats making it difficult for human eyes to follow.  When perched, its 
wings are closed, showing only the undersides and their distinctive postmedian white line with 
three submarginal spots.  Male adults have a dark oval stigma on the upperside of the forewing.  

This species is believed to be closely associated with old-growth forests (Miller and Hammond 
2007, Warren 2005, and LaBonte et al. 2001) that are infected with dwarf mistletoe 
(Arceuthobium spp.). However, eggs and larvae have been found from infected second-growth 
stands (McCorkle 1973).  The primary host trees for dwarf mistletoes that are associated with C. 
johnsoni presence are western hemlock (Tsuga heterophylla), white fir (Abies concolor) and 
Ponderosa pine (Pinus ponderosa).  Dwarf mistletoe can occur on all age classes of forest (Muir 
and Hennon 2007), but is most abundant in mature stands and old-growth.   

Johnson’s hairstreak is seldom seen, perhaps because it spends most of its adult life high in the 
forest canopy.  Abundance of adults is thought to be highly variable from year to year, but 
occasionally large numbers have been reported (Warren 2005, Layberry 1998).  Adults 
occasionally come down to ground level to nectar and to puddle at moist soil. Nectar plants 
include vine maple (Acer circinatum), dogbane (Apocynum spp.), manzanita (Arctostaphylos 
spp.), Oregon grape (Berberis nervosa), pussy paws (Calyptridium umbellatum), Whitethorn 
ceanothus (Ceanothus cordulatus), Mahala mat (Ceanothus prostratus), mountain balm 
(Ceanothus velutinus), bunchberry (Cornus canadensis), Pacific dogwood (Cornus nuttallii), wild 
strawberry (Fragaria spp.), yellow cress (Rorippa spp.), and dewberry (Rubus ursinus) .  Most of 
these plants have whitish flowers, some with yellow and pinkish hues. 
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Habitat Modeling 

To focus surveys for C. johnsoni in 2009, the existing knowledge of the species occurrence was 
compiled into a GIS database and a portion of these sites were used to “train” a habitat model.  
Species locations were consolidated from various sources of information such as Hinchliff’s 
butterfly atlases (Hinchliff 1994, 1996), the butterfly database of the Evergreen Aurelians, and 
museum specimens as well as other sources.  The recorded description of each location was 
cross-referenced with several different GIS layers, including counties, townships, rivers, creeks, 
cities and roads, to ensure it spatial accuracy as much as possible.  In addition, locations were 
verified with the actual observer, when possible, using high resolution aerial imagery and 
topographic maps in ArcGIS and Google Earth.  This work resulted in a compilation of 85 C. 
johnsoni sites within Oregon and Washington.  Of these, 55 sites (most recent since �  1970 and 
spatially accurate) were used to train the habitat model.  

Habitat modeling was done with BioMapper v4.0 (Hirzel et al. 2007).  The habitat variables used 
included a distribution map of dwarf mistletoe densities based on FIA/CVS plot data, climate 
data, forest cover data and elevation data. Habitat modeling indicated that this species’ 
distribution is strongly associated with the distribution of dwarf mistletoe, primarily Arceuthobium 
tsugense, but it is also documented to use A. abietinum and A. campylopodum.  Johnson’s 
hairstreak occurs in areas that receive higher than average rainfall for the Oregon and 
Washington region, and areas that are more humid and cooler than average for the region.  It 
appears to avoid areas that have large variations between maximum and minimum average 
annual temperatures. Elevations from sites used for habitat modeling ranged from 100 to 6,400ft 
(average = 3,100ft). 

The habitat modeling produced a map (Appendix 2) with habitat suitability (HS) values from 0 to 
100, where HS values closer to zero indicate habitat variable conditions at that site (map pixel) 
that are dissimilar to where C. johnsoni occurs and values closer to 100 are more similar.  The 
resulting map was classified into 5-equal intervals (e.g., HS 0-20, 20-40, …80-100) and 
validated using a k-fold cross validation process where a different random portion of the training 
sites were set aside for 4 different replicates of the model, created with the remaining sites.  The 
model was fairly robust (Spearman rank = 0.75) at predicting presence of C. johnsoni using 
these five map classifications.  Based on the cross-validation curve, a cut-off of HS� 50 was 
chosen to represent potential C. johnsoni habitat for this map version.  Of the additional 30 sites 
not used for modeling (some of these were compiled after model completion), about 78% were 
in or within 1-km of modeled habitat, well within the limit of spatial accuracy for these point 
locations.  Most of the remaining 22% were old historic sites, which no longer have appropriate 
habitat (e.g., urbanization). 

Survey Hexagon Selection 

Once the habitat model was completed, broad survey areas were identified by overlaying the 
habitat model with EPA’s Environmental Monitoring & Assessment Program4 (EMAP) hexagons 
(65,000 hectares each).  Hexagons with the highest amount of potential habitat (model HS �  50) 
���������������������������������������� �������������������
4 EMAP hexagons are used to develop species distribution maps by the Oregon Gap Analysis and Oregon Natural Heritage 
Information Center (ORNHIC).  
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and documented presence of C. johnsoni were selected for field surveys in 2009 (Appendix 3).  
There were 8 hexagons in the region that met these criteria. They occurred in the Western 
Cascades of Oregon, extending from the Mount Hood to the Rogue River National Forests.  
Given budget constraints, only one survey hexagon was selected from each National Forest 
within this area, for a total of 4 “survey hexagons”. 

Seven other hexagons were highlighted as “areas of interest” across the region.  These are 
areas on the “edges” of the butterfly’s know distribution, which the habitat model indicates 
similarity in habitat variables; however (in most cases) there is no documentation of C. johnsoni.  
These areas of interest may be surveyed using standard “checklist” survey techniques (Royer et 
al. 1998).    

Survey Route Selection 

Each survey hexagon was divided into 6 equal triangular sections that are 10,833ha each.  Two 
of these sections were selected from each hexagon for surveys (Appendix 4).  These were the 
sections with the most and the least amount (%) of potential modeled habitat5 (model HS �  50), 
regardless of presence of C. johnsoni.  Two 2km survey routes (a.k.a. transects) were identified 
within each survey section.  Survey routes are preliminary and need to be field verified to meet 
all of the following criteria: 

1. Adjacent to older coniferous forest (� 80 years stand age) 
2. Presence of dwarf mistletoe 
3. Drivable or walkable road 

 

Conducting the Survey during the Adult Flight Perio d 

For Washington, past detection history (Figure 1) suggests that the peak flight period for adult 
C. johnsoni is from May 22nd thru June 18th (weeks 4-7�for a 13-week period begin May 1). In 
Oregon, the peak flight season appears to be from May 29th through July 2nd (weeks 5-9).  Peak 
flight seasons may last from 1-2 weeks for small populations and 3-4 weeks for larger 
populations.  The flight season in Oregon appears to be slightly longer than in Washington, and 
there are some indications of a second brood, especially east of the Cascade Crest.  For 
instance, detections have been recorded as early as April 15th in Baker County (K. Smith) and 
May 4th in Jefferson County (H. Rice), with the latest recorded detections from July 9th and 
August 17th in these same areas, respectively.  

���������������������������������������� �������������������
5 This was done for field validation purposes for the habitat map v1.0�



.�
�

0%

5%

10%

15%

20%

1 2 3 4 5 6 7 8 9 10 11 12 13
week

pr
ob

ab
ili

ty
Washington

Oregon

 

Figure 3.  Weekly detection history for C. johnsoni  sightings in Washington (n=40) and Oregon (n=36) f itted 
to a Poisson curve for the time period of May 1 thr u July 31.   

Emergence date of butterflies vary year to year with annual fluctuations in the weather. We 
estimate that peak emergence might vary from 1-2 weeks.  Therefore, initiation of surveys 
should consider the seasonal weather, and phenology of the butterfly’s nectar plants.  Once 
initiated, each survey route will be surveyed 4 times, with at least a week between surveys.  
Surveys will be timed to increase odds of coinciding with flights of C. johnsoni.  As such, they 
should only be conducted on sunny days with little to no wind, when ambient air temperature is 
>13ºC.  Local winds can vary considerably depending on habitat and topography, but surveys 
should not be conducted when the average wind speed (along the transect) exceeds 16 
kilometers per hour or Beaufort Scale 3 (gentle breeze). Windy and/or foggy, cloudy conditions 
may develop during a survey, so be prepared to wait out these conditions and resume surveys 
when they pass. Surveys need to occur between 1000 and 1600 hours. 

Each 2km route will be walked from end-to-end at a slow pace, such that the opposite end is 
reached after 1.5 hours of searching. Focus on sunny edges and gaps.  Walk cautiously along 
edges of mature conifer stands infected with dwarf mistletoe while inspecting nectar flowers and 
moist soil for hairstreaks before slowly sweeping the net over each area once observations have 
been made.  This butterfly spends most of its time perched.  It is not usually a patrolling insect, 
although males will cruise flowers for females.  When disturbed it tends to flush upward, flying 
up high into the trees (James and Nunnallee in prep.).  It may be useful to search tree canopies 
periodically with binoculars to spot flying or perching butterflies. Also, inspect mud puddles on 
the road, road ditches and culverts.  Look for butterflies on animal scat on the road. Once the 
transect end is reached, the route can be walked back at a regular pace to where your vehicle is 
parked. Any C. johnsoni observed during this return trip would be recorded as incidental to the 
survey, but recorded in the field form. All hairstreaks should be netted and transferred into a 
viewing jar for closer observation and species confirmation.  Collect one voucher per route 
whenever possible.  Photo vouchers can be made in addition to collected specimens. 
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Conducting the Survey during the Egg and Larval Per iod 

Adult hairstreak butterflies are often hard to detect during transect surveys and supplemental 
surveys for eggs and larvae may be needed (Warren 2005, Zonneveld et al. 2003).  As stated 
above, certain species of dwarf mistletoe are the larval host plant for C. johnsoni.  The Thicket 
hairstreak (C. spinetorum) is the only other hairstreak in this region that lays its eggs on dwarf 
mistletoe. These two species overlap in certain parts of this region and are very similar in 
appearance in both the adult and larval stages (Appendix 8).  However, they can be 
distinguished by certain wing patterns and according to James and Nunnallee (in prep.) by 
coloration of the first and third dorsal segments (darker in C. johnsoni) and white edgings to 
dorsal segments (more prominent in C. johnsoni) in the later instar larval stages.  Occasional 
hybrids are found.  

This part of the survey will focus on collection of mistletoe clumps and searching them for eggs 
and larvae.  Lower branches of infected trees along transects will be searched for dwarf 
mistletoe clumps.  Clumps will be collected at 250m intervals so that a total of 8 samples will be 
collected along each transect (see Appendix 5).  Sample site centers are spaced every 250m 
but if needed, clumps can be collected from within 50m of each side of the center.  Young dwarf 
mistletoe clumps seem to have low stimulation value to ovipositing females (McCorkle 1973), 
therefore each sample should consist of 6-12 clumps per sample site larger than a golf ball in 
size, preferably from branches that have good exposure to sunlight.  Place the clumps from 
each sample site in white plastic trash bags and mark the bags clearly with transect and sample 
site information.  During transport, keep trash bags out of direct sunlight and do not keep in 
parked vehicle to prevent overheating and killing the eggs and larvae inside. 

Clump sampling should occur after the peak flight period is over.  For Washington this would 
begin on week 8 and week 10 in Oregon.   Note that clump sampling can be done as long as 
there is daylight and in most weather conditions.  However, carry along a net and be prepared 
for adults.  The route can be walked or driven between dwarf mistletoe sample sites.  Any adults 
observed during this 5th visit will be recorded as incidental observations. 

Dwarf mistletoe occurs in all stand ages, but is most abundant in older stands (Muir and Hennon 
2007).  In younger stands it occurs on infected trees that survived the former stand disturbance 
or is present due to its adjacency to older infected stands.  Single-storied, stem exclusion 
stands probably have the poorest conditions for dwarf mistletoe, as it needs sunlight and 
multiple tree layers for optimal growing conditions.  It’s occurrence and biomass increases with 
canopy height and exposure to sunlight (Muir and Hennon 2007, Shaw and Weiss 2000). 

Upon return to the office, carefully arrange the clumps on a flat surface by spreading them out in 
their bags. Over the next few days, each bag will be inspected for signs of eggs and larva 
(Appendix 7).  If egg and larvae are found, examine for details under a dissecting microscope 
(be careful not to overheat with the light source).  Record your observations and take 
photographs using a digital camera with macro focus. 
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Equipment  

The following field equipment is recommended for conducting Johnson’s hairstreak butterfly 
field surveys: 

·  Binoculars 
·  Thermometer 
·  Hand held wind meter 
·  Digital camera with at least a 10x optical zoom and macro focus 
·  GPS unit to record survey observations 
·  Butterfly field guide(s) 
·  Insect net with lightweight aerial net bag 
·  Spatula bladed tweezers for handling live adults 
·  Clear, specimen-viewer “bug box” 
·  Specimen envelopes and hard, protective, envelope storage container 
·  Hand pruner for collecting dwarf mistletoe 
·  White plastic kitchen trash bags with twist ties 
·  Black sharpee pen to record information on trash bags and field maps 
·  Magnifying glass for examination of mistletoe clumps 
·  Dissecting microscope for examination of eggs and larvae 

 

Verification Process  

Identifications should be confirmed by an expert lepidopterist.  Collecting voucher specimens is 
a standard entomological method for verifying species identification and documenting new 
populations of target taxa.  At a minimum, a voucher specimen should be collected at any new 
site greater than 3 kilometers from the nearest previously documented site.  Aim to collect a 
single voucher per route. 

In addition to a specimen voucher, photographic vouchers should be collected.  When doing so, 
at least one photo must include a clear side view showing the ventral hindwing pattern. To 
photograph the specimen, carefully place it in a container with a clear, flat surface to shoot 
through to avoid distortion. A clear acrylic “bug box” with a magnifier lid (Figure 2) works well for 
this purpose.  The smaller the container, the easier it is to focus on the butterfly and the less 
likely it is that the butterfly will move in or out of focus. 
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Permits 

Capturing or holding butterflies for identification, photography, or collection in the State of 
Washington requires a scientific collection permit from Washington Department of Fish & 
Wildlife (WDFW).  Coordination with WDFW prior to submitting a permit application is 
recommended as several people can collect under the same Collection Permit: all names must 
be listed as sub-permittees.  A $12.00 permit fee is charged.  Up to 45 days may be required for 
a collection permit to be issued in Washington.  Oregon does not currently require a collecting 
permit for butterflies, although a permit may be required for certain ecologically sensitive areas.  
If in doubt, it is best to check with the land owner or managing agency before collecting on any 
land. 

Surveyor Qualifications and Training 

Surveyors should have long attention spans with the ability to see minute details and should 
have a sufficient knowledge of the ecology and characteristics of hairstreak butterflies.  Training 
will be required to conduct protocol surveys for Johnson’s hairstreak butterfly.  Training 
objectives will include: 

1. Instructing surveyors to detect and identify hairstreaks and specifically Johnson’s 
hairstreak.  

2. Instructing surveyors to identify conifer tree species and dwarf mistletoe infections. 
3. Providing surveyors with basic knowledge to recognize members of different butterfly 

families, and commonly occurring local species that are present during the Johnson’s 
hairstreak flight period.   

4. Review of the survey protocol and providing basic butterfly survey and collection 
techniques to conduct adequate field surveys. 

5. Handling and preparation of voucher specimens. 
 

Training should include a classroom day for instruction followed by at least one day of field 
training in survey methods. 

Safety 

Surveys will be conducted by individuals.  Make sure you�maintain a sign in/sign out method to 
ensure everyone returns from the field as well as to know exactly where the surveyor is working. 
When working alone, carry a handheld radio or some other communication device.  Johnson’s 
hairstreak butterfly surveys will sometimes be along roads with varying amounts of traffic.  
Surveys require focusing on butterflies, but the surveyor needs to always be aware of the traffic 
situation.  It will be left up to the surveyor as to how to travel the survey route safely.  Surveys 
should always be done on foot and not from the vehicle.  Always park your vehicle in a safe 
location and use a chock-block and parking brake on slopes. These safety considerations are 
not meant to be an inclusive list of hazards expected to be encountered while performing this 
protocol survey method.  They are simply some important ideas to keep in mind.  Each surveyor 
must be mindful of safety and follow their agency’s safety policies and procedures. 
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APPENDIX 1 – Current known distribution of Johnson’ s hairstreak ( Callophrys 
johnsoni ) in Oregon and Washington 
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APPENDIX 2 – Habitat Model (v1.0) 
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APPENDIX 3 – Survey hexagons for 2009 
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APPENDIX 4 – Example of survey route (a.k.a. transe ct) layout  

 

Darker shades of green represent older coniferous forest. 
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APPENDIX 5 – Example field form and survey maps   
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APPENDIX 5 (cont.) – Example field form and survey maps  
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APPENDIX 5 (cont.) – Example field form and survey maps 
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APPENDIX 6 – Similar looking hairstreaks 
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APPENDIX 7 – Johnson’s hairstreak eggs, larvae and pupa 
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APPENDIX 8 – Distinguishing between C. johnsoni  and C. spinetorum 
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APPENDIX 9 – Multicolored Asian lady beetle ( Harmonia axyridis ) 
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