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[bookmark: _Toc531277338]Summary
This report summarizes Year 5 of a multi-year monitoring effort to document population and density estimates of mardon skippers (Polites mardon) at four sentinel sites in Oregon and Washington. As in previous years, the Xerces Society provided logistical support to BLM and USFS biologists and contractors to survey mardon skipper sites at Windy Valley (Rogue River-Siskiyou National Forest, OR), the Howard Prairie site complex (southern OR), and Conrad Meadows (Okanogan-Wenatchee National Forest, WA). A Xerces Society conservation biologist monitored the fourth site, Peterson Prairie (Gifford Pinchot National Forest, WA). Surveyors completed 5-9 visits to count skippers using distance sampling techniques at each of these sites over the course of the adult flight period from May through July 2018. Data for all sites were provided to Xerces’ biologists for analysis and reporting. 
In general, other than the Windy Valley site (which experienced the Chetco Bar wildfire in late 2017), pooled population estimates trend higher in 2018 than 2017 (Appendix B; Hatfield et al. 2017). Population and density estimates for all sites in 2018 can be found in Table 1. See the Site Results and Discussion section for more site-specific details. 
[bookmark: _Toc531285222]Table 1: Population and density estimates for all survey sites in 2018. 
	Region
	
	2017

	
	Site
	Estimate
	Pop. size
	% CV
	95% CI

	RRS
	Windy Valley
	Density (N/HA)
	410.45
	31.72
	160.95
	1046.8

	
	
	Population (N)
	364
	31.72
	143
	929

	S. OR 
Cascades
	Howard Prairie
	Density (N/HA)
	258.37
	25.71
	130.28
	512.40

	
	
	Population (N)
	1493
	25.71
	753
	2962

	
	Lily Glen
	Density (N/HA)
	51.62
	58.99
	13.43
	198.36

	
	
	Population (N)
	450
	58.99
	117
	1728

	
	Pooled Estimate
	Density (N/HA)
	134.09
	24.02
	77.67
	231.51

	
	
	Population (N)
	1943
	24.02
	1125
	3355

	GP
	Peterson Prairie North Meadow
	Density (N/HA)
	207.35
	64.52
	59.69
	720.24

	
	
	Population (N)
	796
	64.52
	229
	2766

	
	Peterson Prairie West Meadow
	Density (N/HA)
	n/a
	n/a
	n/a
	n/a

	
	
	Population (N)
	n/a
	n/a
	n/a
	n/a

	
	Pooled Estimate
	Density (N/HA)
	135.95
	54.84
	49.20
	375.64

	
	
	Population (N)
	808
	54.84
	292
	2231

	OK/WEN
	Conrad Meadow
	Density (N/HA)
	2350.4
	7.69
	2014.1
	2742.8

	
	
	Population (N)
	9050
	7.69
	7756
	10561


Notes: It is possible that the same individuals were counted on multiple site visits. Numbers in bold have a high coefficient of variance, with large 95% Confidence Intervals. Survey numbers for Peterson Prairie and the Howard Prairie site complex were adjusted based on post distance sampling surveys to determine the percent of mardon skippers in the meadow. Estimates are not provided for Peterson Prairie West because the total number of mardon skipper detections was less than 30 butterflies this year – this low number of detections violates the assumptions of Distance Sampling. As such, the population estimates for this site are unreliable, and the pooled data should be used instead of the individual site data.  

Long term population monitoring of at-risk species is important for developing, implementing, and adapting effective conservation and management strategies. As such, we recommend continuing distance sampling monitoring at each of these sentinel sites in 2019. We also highly recommend that surveyors revisit the Distance Sampling protocol (Hatfield 2013) each year to review the assumptions of Distance Sampling, and to ensure that future surveys meet those assumptions. Refresher courses at the beginning of the 2019 field season may be helpful. We particularly urge surveyors to focus on 100% detection on the survey transect, and, to the extent possible, monitor the population throughout the entire flight period of the butterfly. We also recommend continuing and/or implementing detection/no-detection surveys in a subset of historically occupied meadows, as outlined in Hatfield et al. (2013). Ideally, a standardized site conditions assessment form would be developed that surveyors could use to track site conditions from year to year (see Hatfield et al. 2018 for more details).
[bookmark: _Toc531277339]Introduction
[image: ]Mardon skippers are grassland and open meadow obligates endemic to four distinct regions within Washington, Oregon, and California (Map 1): (1) the southern Puget Sound, (2), the east side of the Cascade Mountains in Washington, (3) the Cascade Mountains in southern Oregon, and (4) the southern Oregon coast and Del Norte, California. They are listed as a State Endangered Species in Washington (WNHP 2017), and Sensitive Species by the OR/WA Bureau of Land Management and U.S. Forest Service Region 6 (ISSSSP 2015). The mardon skipper has a global rank of G2G3 (imperiled) and state ranks of S1 in Washington and S2 in Oregon (ORBIC 2016; WNHP 2017).[bookmark: _Toc531285217]Map 1: Known populations of mardon skipper.

These small, stout butterflies have tawny-orange wings less than an inch wide. They can be differentiated from other grass skippers by their ventral hindwing bands, which are longer than broad and often diffuse yellow to off white (Pyle and LaBar 2018). Mardon skippers are univoltine and adults are active, depending on location and micro-site conditions, from late May through early July; they likely live from five days to two weeks (Potter et al. 2002). Females have been observed depositing eggs on multiple graminoid species and larvae feed exclusively on these. Adults are known to use a variety of nectar species, including cinquefoil (Potentilla diversifolia and P. gracilis), dusky horkelia (Horkelia fusca), seablush (Plectritis congesta), mariposa lily (Calochortus spp.), and mules ears (Wyethia augustifolia) (Beyer and Black 2007; Kerwin 2011; Hatfield et al. 2017). Flight periods can vary from year to year based on population size and weather conditions, ranging from 10 days to more than a month (Potter et al. 2002). 
Population monitoring of a small, low flying butterfly like the mardon skipper can be difficult, as detectability in surveys is quite low (Potter and Olson 2012; Fallon and Hatfield 2013; Fallon and Hatfield 2014; Fallon and Hatfield 2015; Hatfield et al. 2016; Hatfield et al. 2017). Because of this, incorporating detectability into population estimates is essential, and distance sampling methods have been shown to work well for this species, since they account for butterflies that may not have been detected during surveys.
From May through July of 2018, Xerces staff, agency biologists, and independent contractors conducted distance sampling surveys at four sentinel sites in Oregon and Washington: Windy Valley, Howard Prairie, Peterson Prairie, and Conrad Meadows. All four of these sites have been surveyed using distance sampling methods from 2014-2018. These sentinel sites were selected for several reasons: 
(1) They host some of the largest populations of mardon skippers documented on federal lands in three of the four major areas from which this species is known,
(2) There would likely be enough skippers to conduct distance sampling (which assumes a minimum of 30 observations per site - per year),
(3) They can serve as barometers of mardon skipper activity (including peak flight periods to inform the best time to conduct detection/no detection surveys at other mardon skipper sites nearby), 
(4) They inform population trends for each region. These five years of surveys provide robust population estimates of known mardon skipper populations in three of the four major geographical areas from which this species is known. 
It is important to note that while these sentinel sites may be used as barometers for regional population trends, additional satellite sites with smaller populations should be monitored regularly to determine if they remain extant. 
[bookmark: h.2et92p0][bookmark: _Toc531277340] Methods
[bookmark: _Toc531277341]Field surveys
Distance sampling transects for all four sentinel sites were originally established in 2014 using the Mardon Skipper Rangewide Monitoring Protocol (Hatfield et al. 2013). Some of these were adjusted during the 2014 and 2015 field seasons based on surveyor feedback. Endpoints for each transect were established with the program Distance (Thomas et al. 2010), and located in the field using GPS. Each transect is delineated in the field with pin flags, rebar, or wooden stakes (see Appendix A for transect coordinates). Additional pin flags or tall PVC pipes with flags are placed along the transect route each season to facilitate surveys. 
Sites are monitored over the course of the adult flight period, which usually runs from late May through the end of July. As outlined in the Rangewide Monitoring Protocol, sites are visited a minimum of five times per season. Surveyors follow the general survey protocol recommendations provided by Seitz et al. (2007) and modified by Hatfield (2013):
· Weather conditions and time of day affect the activity and resulting visibility of butterflies. Weather parameters for butterfly surveying have been established by Pollard and Yates and are explained in their book Monitoring Butterflies for Ecology and Conservation (1994). Mardon skippers can be encountered outside of these conditions, but the survey would not meet protocol guidelines. Windy and/or cloudy conditions outside of the parameters stated below may occur during a survey. Be prepared to wait out conditions that are too cloudy and/or windy, and resume the survey when they pass. 
· Conduct surveys only when ambient air temperature (air temperature in the shade) is greater than 55° F (13° C). Warmer temperatures above 60° F (16° C) are preferable. 
· Survey between 1000 and 1600 hours. 
· Survey only when sunshine is sufficient to cast a distinct shadow. Do not survey during rainy weather. 
· Wind should be on average below 10 miles per hour or at or below Beaufort Scale 3 (leaves and small twigs constantly moving, light flags extended). Local wind conditions can vary considerably depending on habitat and exposure. 
As outlined in the mardon skipper sampling protocol (Hatfield 2013), each surveyor walks the length of each transect and counts the number of skippers encountered, estimating the perpendicular distance to the transect line in ½ meter increments. After completing the transect surveys, surveyors conduct post-sampling netting surveys to determine the ratio of mardon skippers to other look-alike skippers (e.g. juba or sonoran skipper) and to record the ratio of male to female mardon. This protocol is followed during each of the five (or more) site visits.
[bookmark: _Toc531277342]Data analysis
[bookmark: h.tyjcwt]Data are provided to Xerces staff at the end of the field season. Distance 7.2 Release 1 (Thomas et al. 2010) was used to estimate the mardon skipper abundance and density of each site. In the Results section that follows, several results are reported for each sentinel site:
1) One-day skipper counts for each day that the site was visited. These are somewhat similar to the one-day counts that have taken place in the past. However, the methodology for distance sampling is different from the modified Pollard walks used in the past, and the two counts would be difficult to compare or interpret because of this.
2) Population estimates reported by the program Distance 7.2 Release 1 (Thomas et al. 2010). The statistics include the estimated density (N/ha) and total population (N), as well as the Coefficient of Variation (%CV) and the 95% Confidence Intervals (95% CI). The Coefficient of Variation is a unit-less measure of error about a statistic, and thus allows a comparison of the amount of error between sites with different means (here reported as population estimates). Loosely interpreted, the 95% CI contains the mean population size (N), with 95% confidence. With similar means, a population with a larger %CV will have a broader 95% CI. Generally speaking, to detect trends in meadows with statistical significance (p<0.05), it would be necessary to have two means (N) with 95% CI that did not overlap. This means that detecting population trends in meadows with higher %CV, and thus larger 95% CI, will be challenging.
It is important to note that the population estimates reported here are a pooled sum of the individual daily estimates of butterfly abundance. Daily population estimates are not reported here for simplicity, but those data are available from the Xerces Society upon request. The estimates provided are the best estimates of mardon skipper populations to date, and as long as the sampling protocol is followed in future monitoring efforts, the numbers reported here can be compared to future surveys. The estimates could be improved if there were accurate measures of individual butterfly survivorship, which, to our knowledge, do not exist for this species. 
[bookmark: _Toc531277343]

Site results and discussion
[bookmark: h.3dy6vkm][bookmark: _Toc531277344]Windy Valley, Rogue River-Siskiyou NF, OR
[image: C:\Users\michele.blackburn\Documents\ISSSSP\Lepidoptera\Polites mardon\2017\Report\Windy Valley\P1150244.JPG]
[bookmark: _Toc531285204]Figure 1: Windy Valley survey site. Photo by Elizabeth Hooper, May 2018.
[bookmark: h.1t3h5sf]
The Windy Valley site (Figure 1) in southwest Oregon hosts the largest known mardon skipper population in the coastal Oregon region. It is composed of a seasonally wet meadow surrounded by intact coniferous forests. Mardon skippers occupy approximately 0.89 hectares of bunch grasses and nectar plants at the northeastern edge of this meadow (see Map 2). During the 2018 distance sampling season, 9 visits were conducted at this site. Surveys began on May 14 and continued through July 13 (see Table 2). 
[image: ]
[bookmark: _Toc531285218]Map 2: Windy Valley distance sampling survey site
[bookmark: h.4d34og8][bookmark: h.2s8eyo1][bookmark: _Toc531277345]Results
Throughout the season, 78 skippers were observed at the Windy Valley site. The peak count for 2018 was on June 22, with 37 individuals counted (Table 2). In the sampled occupied habitat, there is an estimated 410.45 mardon skippers per hectare (31.72 % CV), with a population estimate of 364 mardon skippers within the meadow (31.72 % CV, the habitat was 0.887 HA, Table 3). 
[bookmark: h.17dp8vu][bookmark: _Toc531285223]Table 2: Number of skippers detected by date at Windy Valley.
	Site
	Area          (HA)
	# Transects
	Total Distance of Transects (m)
	5/14/2018
	5/22/2018
	5/29/2018
	6/5/2018
	6/12/2018
	6/22/2018
	6/28/2018
	7/5/2018
	7/13/2018
	Total Observed*

	Windy Valley
	0.887
	3
	262.33
	0
	0
	0
	2
	5
	37
	26
	8
	0
	78


*Note: This includes all skippers detected during distance sampling (not just mardon skippers). It is possible that the same individuals were counted on multiple site visits.
[bookmark: _Toc531285224]Table 3: Windy Valley population estimates in 2018.
	
	2018

	Site
	Estimate
	Pop. size
	% CV
	95% CI

	Windy Valley
	Density (N/HA)
	410.45
	31.72
	160.95
	1046.8

	
	Population (N)
	364
	31.72
	143
	929


[bookmark: h.3rdcrjn][bookmark: h.26in1rg][bookmark: _Toc531277346]Discussion
Distance sampling results for 2018 were of special interest at this site because the entire occupied area burned during 2017’s Chetco Bar wildfire. During the first survey of the 2018 season, short grasses were noted as visible and returning to the survey area, with several plants in bloom on the transects, including western buttercup (Ranunculus occidentalis), blue violet (Viola adunca), and yellow wood violet (Hooper 2018, pers. comm.). Other flowering plants documented at the Windy Valley site in 2018 included oxeye daisy (Leucanthemum vulgare), yarrow (Achillea millefolium), meadow chickweed (Cerastium arvense), American vetch (Vicia americana), winter cress (Barbarea sp.), common camas (Camassia quamash), lupine (Lupinus sp.), and sea blush (Plectritis congesta). In addition to mardon skippers, the surveyor observed various species of swallowtails, fritillaries, blues, duskywings, and common ringlets.
Mardon skipper counts were lower this year than in 2017, and the second lowest in five years of monitoring (see Hatfield et al. 2017; Appendix B). No mardon skippers were detected during the first three visits in May. The full flight period was captured during the following five surveys; no mardon skippers were detected on the last visit to the site on July 13. The detection function for this site (Figure 2) is unusual considering detections of mardon skippers, at most sites in most years, tend to drop off predictably the further one moves from the transect. In 2017, the Chetco Bar Fire burned over the surface of the meadow, including 100% of the area occupied by mardon skippers, although the burn intensity was thought to be low (Vaughn 2017, pers. comm.; Figure 3). Other fires have occurred in the area, including the 2002 Biscuit Fire, which burned adjacent forests but not the Windy Valley meadow itself. This unusual detection function may indicate that the fire created detectability challenges or irregularities in this meadow – or potentially that the assumptions of Distance Sampling have been violated. Butterflies may have also been directly impacted by the fire; Black et al. (2013) found that mardon skippers are slow to recover after a fire, even when nearby populations and habitat remained unburned (Black et al. 2013). 
[image: ]
[bookmark: _Toc531285205]Figure 2: Windy Valley detection function

[image: C:\Users\michele.blackburn\Documents\ISSSSP\Lepidoptera\Polites mardon\2017\Report\Windy Valley\IMG_0044.JPG][image: C:\Users\michele.blackburn\Documents\ISSSSP\Lepidoptera\Polites mardon\2017\Report\Windy Valley\DSC00101.JPG]
[bookmark: _Toc531285206]Figure 3: Fire damage at the Windy Valley meadow. Photos by Rachael Vaughn, 2017.

The estimates reported in Table 3 may be an overestimate of the mardon skipper population as it includes all butterflies counted by the surveyor on each transect, which may have included butterflies that were not mardon skippers. The available data made estimating the daily number of observations that may not have been mardon skippers challenging, and we felt it was more important to provide a conservative estimate of the population, rather than potentially skew the results based on data interpretation. Despite this potential overestimate, population estimates for Windy Valley in 2018 (364) were almost half what they were in 2017 (670, and still far below estimates from 2014 and 2015; see Appendix B). Since this trend is different from the trends observed in all the other sentinel sites, we believe that wildfire may have played a role in 2018’s lower population estimates. 
[bookmark: h.lnxbz9][bookmark: h.35nkun2][bookmark: _Toc531277347]Howard Prairie Site Complex, OR
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[bookmark: _Toc531285207]Figure 4: Howard Prairie (left) and Lily Glen (right) survey sites. Photos by Eliana Pool, 2018.

The Howard Prairie Site Complex (Figure 4) is composed of its namesake prairie and the adjacent Lily Glen Park site. Lily Glen Park is managed by the Jackson County Parks Department, and the remainder of both sites is managed by the Bureau of Reclamation. The Medford BLM District also manages the grazing allotment on the site. Howard Prairie is a large open meadow with two large trenches that carry water through the site. The site appears to dry out earlier than most other sites in the region and as a result may have a slightly earlier flight season. It also tends to have relatively few nectar sources during the flight period, although there is an abundance of host plants to support mardon skipper larvae. Lily Glen is another large meadow located just east of Howard Prairie with a permanent stream that bisects the site from NE to SW. There is a vernal pool habitat on the east side of the stream, which supports abundant Plectritis congesta (a known nectar plant) and sporadic mardon skippers. Most of the remainder of the meadow is a mix of fescue, forbs, and bare ground. 
In 2018, surveyors were on site May 15 and 16 to place transects and pin flags along transect lines (see Map 3), and check for mardon skipper activity. No mardon skippers were detected during this early transect placement. Mardon skipper surveys occurred from 5/27/2018 through 6/26/2018 at Howard Prairie and 5/22/2018 through 6/26/2018 at Lily Glen (see Table 4). 
[image: ]
[bookmark: _Toc531285219]Map 3: Howard Prairie Site Complex distance sampling survey sites
[bookmark: h.44sinio][bookmark: h.2jxsxqh][bookmark: _Toc531277348]Results
Throughout the season, 73 skippers were observed at the Howard Prairie site, and 35 skippers were observed at the Lily Glen site. Peak counts for the 2018 season occurred on 6/5/2018 at Lily Glen and 6/12/2017 at Howard Prairie (see Table 4). In the sampled occupied habitat, there is a pooled estimate of 134.09 mardon skippers per hectare (24.02% CV), and a population estimate of 1,943 mardon skippers at both sites (24.02% CV, the habitat was 14.49 HA). For 95% Confidence Intervals, see Table 5. Howard Prairie has a higher density of mardon skippers (258.37/HA) than Lily Glen (51.62/HA). The population estimate for Howard Prairie is 1,493 mardon skippers (25.71% CV), and Lily Glen is 450 mardon skippers (58.99% CV). 
[bookmark: h.z337ya][bookmark: _Toc531285225]Table 4: Number of skippers detected by site and date at the Howard Prairie complex.
	Site
	Area          (HA)
	# Transects
	Total Distance of Transects (m)
	Visit 1 (5/22/2018-5/27/2018)
	Visit 2 (5/29/2018 – 6/3/2018)
	Visit 3 (6/5/2018 – 6/11/2018)
	Visit 4 (6/12/2018 – 6/19/2018)
	Visit 5 (6/19/2018 – 6/26/2018)
	Visit 6 (6/26/2018)
	Total Observed*

	Howard Prairie
	5.78
	4
	1,084.5
	0
	3
	26
	38
	6
	N/A
	73

	Lily Glen
	8.71
	6
	1,887.0
	3
	3
	13
	12
	4
	0
	35

	Pooled
	14.49
	10
	2,971.5
	3
	6
	39
	50
	10
	0
	108


*Note: This includes all skippers detected during distance sampling (not just mardon skippers). It is possible that the same individuals were counted on multiple site visits.
[bookmark: h.3j2qqm3][bookmark: _Toc531285226]Table 5: Howard Prairie and Lily Glen population estimates in 2018. Note that the total number of observations (N=35) for Lily Glen may be too low to provide a reliable population estimate for that individual site.
	
	2018

	Site
	Estimate
	Pop. size
	% CV
	95% CI

	Howard Prairie
	Density (N/HA)
	258.37
	25.71
	130.28
	512.40

	
	Population (N)
	1,493
	25.71
	753
	2,962

	Lily Glen
	Density (N/HA)
	51.62
	58.99
	13.43
	198.36

	
	Population (N)
	450
	58.99
	117
	1,728

	Pooled Estimates
	Density (N/HA)
	134.09
	24.02
	77.67
	231.51

	
	Population (N)
	1,943
	24.02
	1,125
	3,355


[bookmark: h.1y810tw][bookmark: _Toc531277349]Discussion
Compared to 2017, population estimates are higher for both Howard Prairie and Lily Glen in 2018 (see Appendix B). However, the estimates at Lily Glen should be interpreted with caution due to a large %CV and the fact that the total number of observations were likely too low to provide an accurate population estimate for that site. Because of this, we recommend using the pooled estimates for these two sites, which show the highest population estimates for the complex since Distance Sampling surveys began in 2014.
In years past, tall grass communities at Lily Glen have affected skipper detectability (see Hatfield et al. 2016, 2017). In 2018, however, grasses were not as high nor as dense as in previous years, likely allowing for better visibility later in the season (Barrett 2018, pers. comm.). This year, the highest concentration of mardon skipper activity at occurred along transect 2, which runs along a mowed roadside. A newly reported area of occupancy occurs to the northwest of transect 6; this transect could be extended 200 yards in future years to sample this area (Barrett 2018, pers. comm.). Transect 5 could also be extended an additional 50 yards to the northwest to include habitat that regularly supports mardon skippers (Barrett 2018, pers. comm.).
Unlike Lily Glen, the plant community at Howard Prairie tends to be short and sparse, and detectability is expected to be higher at this site. However, in both 2017 and 2018, detections between the transect and 3 m were lower in Howard Prairie compared with Lily Glen (Figures 5 and 6). It is notable that while these detections were lower, the observers were different at both sites, which also affects detectability, potentially more so than vegetation. 
[image: ]
[bookmark: _Toc531285208]Figure 5: Howard Prairie detection function. Note that data were truncated beyond 3.5 m in order to get an accurate estimation of the population. 
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[bookmark: _Toc531285209]Figure 6: Lily Glen detection function. Note that data were truncated beyond 3.5 m in order to get an accurate estimation of the population. 
[bookmark: h.4i7ojhp]
Because the distance sampling data show that observers have approximately equal numbers of observations at 3+ m as they do at 0.5-1 m, we emphasize the need to focus on the transect line while conducting surveys. One of the main assumptions of Distance Sampling is that 100% of the butterflies are detected on the transect, with detections falling off with increased distance from the transect. Observations beyond 3 m when detectability drops off by ~80% after 1 m (see Figures 5-7) have the potential to vastly skew the data and decrease the accuracy of the estimates. Consistent (annual) observations of this sort may indicate that the transect lines need to be reoriented so that the transects travel through any butterfly density gradients, rather than parallel to them (see Hatfield 2013). However, this is the first year that the data showed this pattern so clearly, thus we emphasize the need to focus on the transect, and potentially a refresher course at the beginning of the 2019 field season to review the assumptions of distance sampling. This also may occur because of relatively low number detections at each site, and particularly at Lily Glen (Figure 6).
[bookmark: h.1ci93xb][image: ]
[bookmark: _Toc531285210]Figure 7: Pooled Howard Prairie Complex detection function. Note that data were truncated beyond 3.5 m in order to get an accurate estimation of the population. 
[bookmark: h.3whwml4]

[bookmark: _Toc531277350]Peterson Prairie, Gifford Pinchot NF, WA

[image: C:\Users\michele.blackburn\Documents\ISSSSP\Lepidoptera\Polites mardon\2016\mardonsurveyphotos\IMG_3830.JPG] 
[bookmark: _Toc531285211]Figure 8: Camas (Camassia quamash) in Peterson Prairie’s North Meadow. Photo by Candace Fallon/Xerces Society, 2018.
[bookmark: h.2bn6wsx]
Peterson Prairie is comprised of two natural grass and forb meadows, with the North meadow (Figure 8) measuring 3.84 hectares, and the West meadow measuring 2.1 hectares (see Map 4). This site is located at an elevation of approximately 3,000 feet AMSL. These are xeric meadows without a permanent water source, but a low swale runs diagonally from NW to SE through the North meadow, which retains moisture later into the summer. A Region 6 sensitive species, Sisyrinchium sarmentosum (pale blue-eyed grass) is found in and near this swale. There is a small aspen (Populus tremuloides) grove in the center of the West meadow. 
Xerces staff set up transects on May 27, 2018, and conducted all of the monitoring site visits for the remainder of the adult flight period, which ran from June 6, 2018, through July 3, 2018 (see Table 6). Six distance sampling visits were made to Peterson Prairie. Xerces staff also conducted modified peak count surveys (as outlined in Hatfield 2013) at four other known mardon skipper sites on the Gifford Pinchot NF (Lost Meadow, Cave Creek, Lost Creek Meadow, and Gotchen Meadow).  
[image: ]
[bookmark: _Toc531285220]Map 4: Peterson Prairie distance sampling survey sites
[bookmark: h.qsh70q][bookmark: h.3as4poj][bookmark: _Toc531277351]Results
Only one skipper was observed during distance sampling surveys in the West Meadow during the 2018 season; 96 skippers were observed in the North Meadow. The peak count of 27 skippers for the 2018 season occurred on June 17 in the North Meadow (see Table 6). Because not all of the butterflies captured at the end of each sampling period were mardon skippers, we adjusted the final population estimates based on those observations (see Table 7).
[bookmark: h.1pxezwc][bookmark: _Toc531285227]Table 6: Number of skippers detected by site and date at Peterson Prairie in 2018.
	Site
	Area          (HA)
	# Transects
	Total Distance of Transects (m)
	6/6/2018
	6/12/2018
	6/17/2018
	6/21/2018
	6/26/2018
	7/3/2018
	Total Observed*

	West Meadow
	2.1
	4
	697.58
	1
	0
	0
	0
	0
	0
	1

	North Meadow
	3.84
	5
	1209.74
	7
	19
	27
	15
	24
	4
	96

	Pooled
	5.94
	9
	1907.32
	8
	19
	27
	15
	24
	4
	97


*Note: Numbers are adjusted based on % mardon surveys. It is possible that the same individuals were counted on multiple site visits.
[bookmark: h.49x2ik5][bookmark: _Toc531285228]Table 7: Peterson Prairie population estimates in 2018.
	
	2018

	Site
	Estimate
	Pop. size
	% CV
	95% CI

	Peterson Prairie West Meadow
	Density (N/HA)
	n/a
	n/a
	n/a
	n/a

	
	Population (N)
	n/a
	n/a
	n/a
	n/a

	Peterson Prairie North Meadow
	Density (N/HA)
	207.35
	64.52
	59.69
	720.24

	
	Population (N)
	796
	64.52
	229
	2,766

	Pooled Estimate
	Density (N/HA)
	135.95
	54.84
	49.20
	375.64

	
	Population (N)
	808
	54.84
	292
	2,231


[bookmark: h.2p2csry]
In the sampled occupied habitat, there is a pooled estimate of 135.95 mardon skippers per hectare (54.84% CV), with a population estimate of 808 skippers (54.84% CV, the habitat was 5.9 HA – see Table 7). The population estimate for the North Meadow is 796 butterflies (64.52% CV). Population estimates for the North Meadow are higher than estimates made in 2015, 2016, and 2017, yet still significantly lower than the estimates made in 2014 (However, note the high %CV and large 95% confidence intervals, see Appendix B for more detail). There was only one skipper detected over the course of the flight period this year in the West Meadow, which is far below the minimum recommended number of detections for Distance Sampling population estimates. In this case, the pooled data should be considered for future comparisons and not the data at the West Meadow alone. 
Only two mardon skippers were observed during the modified peak counts—one female at Lost Meadow on June 20, 2018, and one male at Gotchen Meadow on June 26, 2018. Three sonoran skippers (Polites sonora) were observed at Cave Creek on June 20, 2018. Survey conditions at the Lost Creek Meadow site were less than ideal (a thunderstorm broke approximately 15 minutes into the surveys) and the lack of mardon skipper observations at this site may not be indicative of actual occupation status by mardon skippers.
[bookmark: _Toc531277352]Discussion
Pooled population estimates for Peterson Prairie in 2018 were higher than estimates from all prior years except 2014, but also have the largest % CV so these results should be interpreted with caution (see Appendix B). Because there was only one detection in the West Meadow (see Tables 6 and 7), we did not create individual detection functions for each meadow; instead we present the pooled data (Figure 9). Despite what may be a stable population in the North Meadow, skipper detections continue to drop in the West Meadow (Table 8). Active management of this site, including control of encroaching aspen trees (see Figure 10) and provision of earlier season nectar sources, may benefit mardon skipper populations. The West Meadow has fewer flowering plants and denser vegetation than the North Meadow. Dense vegetation could make detections more difficult; along several of the transects, forbs and aspen saplings have filled in, outcompeting low stature grasses and impeding visibility. Despite this, surveyors should focus on the transect line as much as possible while conducting surveys, as one of the assumptions of Distance Sampling is that detectability is 100% on the transect, with detections falling off with distance away from the transect. It is interesting to see a bimodal peak in the 2018 sampling data (Table 6), and we are not sure what the cause for this could be. The weather on June 21 was not very different from that of the two peak surveys (Xerces Society, unpublished data), which seems to rule out weather conditions as a potential cause.

[bookmark: _Toc531285229]Table 8: Population (N) estimates at Peterson Prairie North Meadow, 2014-2018. Note high % CV for estimates in bold italics.
	Year
	Pop. size
	% CV
	95% CI

	2014
	255
	18.3
	174
	255

	2015
	14
	49.87
	5
	37

	2016
	93
	49.83
	27
	322

	2017
	14
	93.03
	1
	171

	2018
	n/a
	n/a
	n/a
	n/a



[image: ]
[bookmark: _Toc531285212]Figure 9: Pooled Peterson Prairie detection function

Peterson Prairie is a dry site with limited nectar sources during the adult mardon skipper flight season. This is particularly evident in the West Meadow compared with the North Meadow. The most abundant nectar sources in 2018 were dusky horkelia (Horkelia fusca), camas (Camassia quamash), and purple violets (Viola spp.). Other blooming plants observed during the survey season included cinquefoil (Potentilla sp.), yarrow (Achillea millefolium), mariposa lilies (Calochortus subalpinus), paintbrush (Castilleja sp.), tiger lilies (Lilium columbianum), blue-eyed grass (Sisyrinchium spp.), a purple iris (Iris sp.), checkermallow (Sidalcea sp.), Oregon sunshine (Eriophyllum sp.), strawberry (Fragaria sp.), vetch (Vicia sp.), pearly everlasting (Anaphalis margaritacea), thistle, purple asters, purple owl clover, blue eyed mary (Collinsia sp.), and spreading phlox (Phlox diffusa). In addition to mardon skippers, butterflies noted during surveys included western ochre ringlets (Coenonympha tullia), two banded checkered skippers (Pyrgus ruralis), pale swallowtails (Papilio eurymedon), mourning cloaks (Nymphalis antiopa), silvery blues (Glaucopsyche lygdamus), juba skippers (Hesperia juba), western tiger swallowtails (Papilio rutulus), lesser fritillaries (Boloria sp.), coronis fritillaries (Speyeria coronis), great arctics (Oeneis nevadensis), duskywings (Erynnis sp.), greenish blues (Plebejus saepiolus), checkerspots (Euphydryas sp.), sulphurs (Colias sp.), red admirals (Vanessa atalanta), mylitta crescent (Phyciodes mylitta), Anna’s blues (Plebejus anna), and satyr anglewings (Polygonia satyrus). On June 17, a single western bumble bee (Bombus occidentalis) queen was observed on transect 4 along the western edge of the West Meadow.
[image: ]
[bookmark: _Toc531285213]Figure 10: Aspen 'island' at Peterson Prairie West. Note the numerous small saplings in the foreground. This was taken on the west side of the meadow, looking east. Photo by Candace Fallon/Xerces Society, 2018.
[bookmark: h.147n2zr][bookmark: h.3o7alnk][bookmark: h.23ckvvd][bookmark: h.ihv636]

[bookmark: _Toc531277353]Conrad Meadows, Okanogan-Wenatchee NF, WA
[image: C:\Users\michele.blackburn\Documents\ISSSSP\Lepidoptera\Polites mardon\2017\Report\Conrad\20170623_124135.jpg]
[bookmark: _Toc531285214]Figure 11: Conrad Meadows survey site with the Goat Rocks in the distance. Photo by Joan St. Hilaire, 2018. 
[bookmark: h.32hioqz]
The Conrad Meadows site (Figure 11) is part of a large complex of grass meadows near the edge of the Goat Rocks Wilderness (Map 5). Mardon-inhabited areas are dominated by native onespike oatgrass (Danthonia unispicata), with various species of Poa and Carex scattered throughout. In 2018, five surveys were conducted at Conrad Meadows, with surveys beginning on June 6 and ending on July 12; no mardon skippers were detected on the last monitoring visit. Since a relatively high number of mardon skippers were observed during the first monitoring visit, it is likely the flight season was underway before surveys began (see Table 9).
[image: ]
[bookmark: _Toc531285221]Map 5: Conrad Meadows distance sampling survey site
[bookmark: h.1hmsyys][bookmark: h.41mghml][bookmark: _Toc531277354]Results
Throughout the 2018 season, 1,585 skippers were observed in Conrad Meadows. The peak count occurred on the second day of surveys (6/21/2018) (see Table 9). In the sampled occupied habitat, there is an estimated density of 2,350.4 mardon skippers per hectare (7.69% CV), and a population estimate of 9,050 mardon skippers (7.69% CV, Table 10). 
[bookmark: h.2grqrue][bookmark: _Toc531285230]Table 9: Number of skippers detected by date at Conrad Meadows.
	Site
	Area          (HA)
	# Transects
	Total Distance of Transects (m)
	6/6/2018
	6/21/2018
	6/26/2018
	7/3/2018
	7/12/2018
	Total Observed*

	Conrad Meadows
	3.85
	6
	1,435.39
	193
	576
	542
	274
	0
	1,585


*Note: This includes all skippers detected during distance sampling (not just mardon skippers). It is possible that the same individuals were counted on multiple site visits.

[bookmark: _Toc531285231]Table 10: Conrad Meadows population estimates in 2018.
	
	2018

	Site
	Estimate
	Pop. size
	% CV
	95% CI

	Conrad Meadows
	Density (N/HA)
	2,350.4
	7.69
	2,014.1
	2,742.8

	
	Population (N)
	9,050
	7.69
	7,756
	10,561


[bookmark: h.vx1227][bookmark: _Toc531277355]Discussion
Considerably more skipper detections occurred in 2018 (1585) and 2017 (1300) compared to 2016 (578), though a significant portion of the flight period was missed in 2016. It is worth noting that two different observers conducted surveys in 2018, which can have a significant effect on detectability, and therefore population estimates. In 2018, detection of mardon skippers dropped below 50% after two meters, and although they were rare, detections continued beyond nine meters from the transect; this is significantly different than the other three sentinel sites – though consistent with detection functions at this site from years past, which likely reflects the relatively large mardon skipper population at this site (Figure 12). Cattle were not grazed on the meadow this year so grass height was high compared to years with cattle grazing (St. Hilaire 2018, pers. comm.), potentially affecting detectability as well. 
[image: ]
[bookmark: _Toc531285215]Figure 12: Conrad Meadows detection function

The beginning of the flight period is consistently missed at Conrad due to difficult site access and poor weather conditions early in the season. This pattern continued in 2018, though surveys likely captured the peak of the flight season; the peak count in 2018 was on the second visit. In both 2017 and 2018, vehicle access was limited due to a washed out road, which made site visits challenging (St. Hilaire 2018, pers. comm.). Signs of elk—including elk beds in the sedges within occupied mardon habitat—were abundant, and a herd of about 50 individuals was observed during the survey season (Figure 13). Thatch buildup continues to be an issue at this site.
[image: ] [image: ]
[bookmark: _Toc531285216]Figure 13: Elk were observed in Conrad Meadows in 2018 (left). Thatch buildup in mardon skipper habitat (right). Photos by Joan St. Hilaire, 2018.
[bookmark: _Toc531277356]Recommendations
[bookmark: h.4f1mdlm][bookmark: _Toc531277357]Future surveys
We recommend continuing to monitor each of these sites using distance sampling surveys (ideally with 5-7 visits to each site within the adult flight period) to better understand the size of the population at each site and the distribution within each of the sites. It may take several more years to determine if there are any significant trends in these population estimates. We recommend that surveyors revisit the Distance Sampling protocol (Hatfield 2013) before the flight period each year to review the assumptions of Distance Sampling, and to ensure that all surveys meet those assumptions. We particularly urge surveyors to focus on 100% detection on the survey transect. With the exception of Windy Valley, all detection functions were below 1 at the transect, which implies this assumption of distance sampling may not have been met. Brief refresher courses on the distance sampling protocol could be helpful and are recommended for all sites in 2019. As recommended in Hatfield et al. (2018), development of a standardized site conditions assessment form could also be helpful in tracking site conditions from year to year, which could be overlaid with annual distance sampling data.
It is important to note how quickly detection of the mardon skipper drops off in almost all of the environments surveyed. At some sites, the probability of detection drops to 50% or less near the one meter mark (see detection probability functions in Discussion sections for each site). This underscores the importance of using a sampling method that accounts for detectability when sampling for the mardon skipper. It is also notable that each meadow/habitat has vastly different detection functions, and that no two habitats are the same. Whether this is due to habitat differences, differences in butterfly behavior between locations, or observer differences is beyond the scope of this investigation, but worthy of consideration. If the differences are biological in nature (and not due to observer differences/error), they could be indicative of differences in mardon skipper ecology between the contrasting portions of the species’ range.
We also support continued detection/no-detection surveys as outlined in Hatfield et al. (2013) in a subset of historically occupied meadows. Some sites have not been visited in recent years, and it would be good to reconfirm the species’ presence throughout its range. This is particularly relevant as weather patterns over the last few years have induced extremely early flight seasons, and the area has experienced prolonged drought conditions and increased frequency and severity of wildfires, which has the potential to affect small populations. Ideally, data for all detection/no-detection surveys would be compiled in a centralized place that would allow for easy reference by land managers and others working on mardon skipper monitoring and conservation. This would also allow for easy tracking to ensure that all satellite sites are being visited every few years.
[bookmark: h.2u6wntf][bookmark: _Toc531277358]Threats and management considerations
Throughout its range the mardon skipper is threatened by many different factors, including conifer encroachment, invasive grasses and forbs, grazing by domestic livestock, off-road vehicle (ORV) use, prescribed and natural fire, recreation (including camping), applications of Btk, climate change, and issues related to small population size and stochastic events. On a landscape scale, climate change is a longer term threat. Of these threats, conifer encroachment, ORV use in the meadows, grazing by livestock, mowing, and recreational use are the primary threats to mardon skipper populations at the meadows covered in this report. Detailed recommendations for site management have been made in previous reports (e.g., see Hatfield et al. 2016, 2017) and will not be repeated here. However, we stress the need to revisit these sentinel sites on an annual basis to assess effects of prior management activities and determine if additional work is needed to manage for the mardon skipper. In 2018, surveyors noted several specific areas of concern, including shrub and aspen encroachment in Peterson Prairie West and the presence of horses and a temporary fire ring at Windy Valley.  
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[bookmark: h.2lwamvv][bookmark: _Toc531277361]Appendix A: Endpoints for distance sampling transects
Coordinate endpoints for distance sampling transects. Coordinates are NAD 1983, Zone 10. Note that the Howard Prairie endpoints are different from those used in 2014.
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	Site
	Points
	UTM E (X)
	UTM N (Y)

	Windy Valley
	 
	Transect
	1

	
	Start
	405329.4
	4687206.3

	
	End
	405334.0
	4687264.1

	
	 
	Transect
	2

	
	Start
	405306.1
	4687179.0

	
	End
	405314.6
	4687280.0

	
	 
	Transect
	3

	
	Start
	405285.1
	4687186.2

	
	End
	405253.7
	4687284.4

	Howard Prairie
	 
	Transect
	1

	
	Start
	545512.4
	4679411.2

	
	End
	545653.7
	4679552.5

	
	 
	Transect
	2

	
	Start
	545534.7
	4679362.8

	
	End
	545796.2
	4679624.3

	
	 
	Transect
	3

	
	Start
	545569.7
	4679327.1

	
	End
	545778.3
	4679535.7

	
	 
	Transect
	4

	
	Start
	545604.7
	4679291.3

	
	End
	545760.2
	4679446.8

	Lily Glen
	 
	Transect
	1a

	
	Start
	546641.5
	4679833.1

	
	End
	546824.6
	4680016.3

	
	 
	Transect
	1b

	
	Start
	546641.7
	4679762.6

	
	End
	546879.8
	4680000.8

	
	 
	Transect
	2a

	
	Start
	546641.7
	4679762.6

	
	End
	546879.8
	4680000.8

	
	 
	Transect
	2b

	
	Start
	546910.6
	4680031.6

	
	End
	547064.7
	4680185.8





	Site
	Points
	UTM E (X)
	UTM N (Y)


	Lily Glen continued
	 
	Transect
	3

	
	Start
	546696.1
	4679746.3

	
	End
	547178.5
	4680228.8

	
	 
	Transect
	4

	
	Start
	547057.6
	4680037.2

	
	End
	547097.6
	4680077.2

	
	 
	Transect
	5

	
	Start
	547055.5
	4679964.4

	
	End
	547230.5
	4680139.4

	
	 
	Transect
	6

	
	Start
	547105.0
	4679943.1

	
	End
	547213.7
	4680051.7

	Peterson Prairie North
	 
	Transect
	1

	
	Start
	603607.9
	5091704.6

	
	End
	603622.5
	5091984.8

	
	 
	Transect
	2

	
	Start
	603632.6
	5091699.4

	
	End
	603647.4
	5091982.2

	
	 
	Transect
	3

	
	Start
	603657.4
	5091694.3

	
	End
	603670.1
	5091937.0

	
	 
	Transect
	4

	
	Start
	603682.2
	5091689.2

	
	End
	603692.7
	5091890.4

	
	 
	Transect
	5

	
	Start
	603583.1
	5091709.7

	
	End
	603597.6
	5091987.3

	Peterson Prairie West
	 
	Transect
	1

	
	Start
	603500.1
	5091641.5

	
	End
	603568.3
	5091653.6

	
	 
	Transect
	2

	
	Start
	603380.4
	5091595.0

	
	End
	603588.0
	5091631.7



	Site
	Points
	UTM E (X)
	UTM N (Y)

	Peterson Prairie West continued
	 
	Transect
	3a

	
	Start
	603369.6
	5091567.8

	
	End
	603455.4
	5091582.9

	
	 
	Transect
	3b

	
	Start
	603479.7
	5091587.2

	
	End
	603587.6
	5091606.2

	
	 
	Transect
	4

	
	Start
	603368.9
	5091542.3

	
	End
	603586.4
	5091580.6

	Conrad Meadows
	 
	Transect
	1

	
	Start
	631231.9
	5151253.8

	
	End
	631298.6
	5151320.5

	
	 
	Transect
	2

	
	Start
	631250.4
	5151237.0

	
	End
	631384.0
	5151370.5

	
	 
	Transect
	3

	
	Start
	631204.0
	5151155.2

	
	End
	631422.2
	5151373.3

	
	 
	Transect
	4

	
	Start
	631197.1
	5151112.9

	
	End
	631444.3
	5151360.1

	
	 
	Transect
	5a

	
	Start
	631210.7
	5151091.1

	
	End
	631296.2
	5151176.6

	
	 
	Transect
	5b

	
	Start
	631343.7
	5151224.2

	
	End
	631458.3
	5151338.7

	
	 
	Transect
	6

	
	Start
	631222.9
	5151068.0

	
	End
	631372.2
	5151217.2









[bookmark: _Toc531277362]Appendix B: Population and density estimates from 2014 to 2018
[bookmark: _Toc464737148]Population and density estimates for all survey sites from 2014 to 2018. It is possible that the same individuals were counted on multiple site visits. Numbers in bold have a high coefficient of variance, and not accurate population estimates.
[image: ]**Note: This includes all skippers detected during distance sampling (not just mardon skippers).
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image23.emf
Site Estimate Pop. size% CV Pop. size % CV Pop. size % CV Pop. size % CV Pop. size% CV

Density 

(N/HA)

2,070.60 14.1 1,566.102,070.60 3,314 14.1 2,441 4,499 333.47 22.19 209 532.4 754.8 14.08 536.61 1,061.70 410.45 31.72 160.95 1,046.80

Population 

(N)

1,837.00 14.1 1,390.001,837.00 2,940 14.1 2,166 3,992 296 22.19 185 472 670 14.08 476 942 364 31.72 143 929

Density 

(N/HA)

137.5 34.7 49.9 137.5 170.65 18.65 106.5 273.4 147.9 431.8 4.61 4,741 130.95 26.24 76.39 224.49 258.37 25.71 130.28 512.4

Population 

(N)

794 34.7 288 794 986 18.65 616 1,580 855 431.8 27 27,403 757 26.24 442 1,298 1,493 25.71 753 2,962

Density 

(N/HA)

52.4 28.7 27.2 52.4 51.87 181.3 4.2 641.2 35.81 26.61 19.7 66.16 28 40.44 11.47 68.33 51.62 58.99 13.43 198.36

Population 

(N)

443 28.7 230 443 452 181.3 37 5,585 312 26.61 171 568 244 40.44 100 595 450 58.99 117 1,728

Density 

(N/HA)

189.8 26.4 92.6 389.1 115.35 26.93 66.91 198.9 46.15 17.69 32.5 65.64 158.95 22.76 99.9 252.92 134.09 24.02 77.67 231.51

Population 

(N)

1,097.00 26.4 535 2,249.00 1,671 26.93 696 2,881 669** 17.69 470 951 919 23.43 577 1,462 1,943 24.02 1,125 3,355

Density 

(N/HA)

121.2 18.3 82.8 121.2 6.79 49.87 2.58 17.85 44.19 49.83 12.7 153.3 6.64 93.03 0.541 81.45 n/a n/a n/a n/a

Population 

(N)

255 18.3 174 255 14 49.87 5 37 93 49.83 27 322 14 93.03 1 171 n/a n/a n/a n/a

Density 

(N/HA)

633.5 21.8 367.8 633.5 71.25 30.63 21.66 71.25 124.85 25.74 66.1 236 165.65 31.91 70.63 388.52 207.35 64.52 59.69 720.24

Population 

(N)

2,433.00 21.8 1,412.002,433.00 151 30.63 83 274 479 25.76 254 906 636 31.91 271 1,492 796 64.52 229 2,766

Density 

(N/HA)

452.4 19.8 276.3 740.7 25.53 26.96 15.13 43.08 18.97 20.92 12.4 29 172.29 30.91 76.04 390.37 135.95 54.84 49.2 375.64

Population 

(N)

2,687.00 19.8 1,641.004,400.00 152 26.96 90 256 563 20.92 368 861 662 30.91 292 1,499 808 54.84 292 2,231

Density 

(N/HA)

1,593.10 15.8 1,060.002,316.70 2,291 10.56 1,858 2,824 712.14 13.76 537 943.9 1,436.90 8.65 1,199.301,721.702,350.40 7.69 2,014.102,742.80

Population 

(N)

6,135.00 15.8 4,081.008,919.00 9,875 10.56 7,999 12,189 2,742 13.762,069 3,635 5,533 8.65 4,618 6,630 9,050 7.69 7,756 10,561
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