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SHALE BARREN ROCK CRESS LITERATURE REVIEW AND ANALYSES

INTRODUCTION

Shale Barren Rock CresAr@bis serotindis a facultative biennial herb associated with
the Devonian period mid-Appalachian shale barrbasdccur in the Ridge and Valley
Physiographic Province of West Virginia and VirgirfCore 1940, 1952, Steele 1911,
Weibolt 1987). The barrens are typically foundsteep exposed slopes (>20 degrees)
with a south-westerly aspect (Platt 1951). ThécBlmshale barren is a Virginia pine
woodland in an elevation range of 517 to 792m (@, 7@,600 feet) in the southern half
of the West Virginia shale barren range (Greenphwmroe, and Pendleton counties).

Shale Barren Rock Cress (SBRC) was first listeHredangered by the US Fish and
Wildlife Service on July 13, 1989 (USFWS 1983, 198889, 1989). Itis currently
designated as Endangered throughout its entireeramnigur West Virginia counties
(Greenbrier, Pocahontas, Pendleton and Hardy)imed/frginia counties (Allegheny,
Augusta, Bath, Highland, and Rockbridge) (Virgihiatural Heritage Program 1988), all
within FWS Northeast Region 5 (Norris and Sulli2002). In 2001, another small
population was discovered in Alleghany County r@éavington, VA. At the time of
federal listing (USFWS 1991) only 35 extant popolas were known (Bartgis 1987,
Bartgis and Weinbolt 1986), of which 18 populati@nse known in West Virginia, and
nine of those are located in Greenbrier Countytotal of 41 plots at 31 West Virginia
shale barren sites have been surveyed (Figuredig¢m@tered into a monitoring database
that is maintained by the Natural Heritage Progoduthe West Virginia Department of

Natural Resource$tp://www.wvdnr.gov/wildlife/wdpintro.shtmnDecember 2006).

The largest known West Virginia population was reeal in 1992 at Little Fork Shale
Barren (LFSB) on NIOC Sugar Grove (Vanderhorst 2003e LFSB is typical shale
barren, being classified in the Virginia pine waaat group (Jarrett et al. 1996). The
average cover of shale barrens is 5-40 percetat; i#t 5-55 percent, and soils are
primarily shale fragments, known as channery. tRP18t51) reported a maximum
temperature of 63°C and temperature ranges of 58-80fing the hottest hours of

summer.
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In 1991, the USFWS Northeast Region prepared avezg@lan for SBRC (Ludwig and
Van Alstine 1991) which “delineated reasonableangineeded to recover and/or protect
this endangered species.” Specifically, six recptasks were outlined:
1. Seek protection of all extant populations, and sepermanent protection for
demonstrably self-maintaining populations and thatbitat
1.1. Determine essential habitat for extant populations
1.2. Use land protection measures to presémabis serotinahabitat on public lands.
1.3. Seek landowner cooperation to presekvabis serotinahabitat on private lands
1.4.Implement regulations to protect populations arairthabitat.
2. Monitor extant populations
2.1.Develop a standardized monitoring plan
2.2.Implement and evaluate the monitoring program oararual basis.
3. Search for additional populations
4. Conduct ecological and life history studies
4.1.Conduct life history studies
4.1.1. Study the species’ life history through range
4.1.2. Study the species’ ecology and life history throaghntensive
examination of an extant population
4.1.3. Study the species’ life history through a seriegreenhouse and field
experiments
4.2.Monitor the condition of the community and documiemnty-term successional
trends of extant sites
4.3.Develop guidelines as to what constitutes a selfitaming population
4.4. Study species’ genetic variability within and besangopulations
5. Store seeds
6. Develop and implement management plans for extamlptions as needed

In this report we briefly review the SBRC literadurnder seven main headings which
address the issues associated with some of theseadad/or update their status.
Furthermore, we analyzed survey data of known SpB@ulations in West Virginia
collected by West Virginia Department of NaturakBerces (West Virginia Natural
Heritage Program 2006) to a) compare and conwasigraphical characteristics of
SBRC plots with those of other relevé plots, alsmitored by WVDNR, and b)
investigate the relationships between seasonaigiteteon and high annual variation in
the numbers of rosettes and bolts (and plants by#rat was observed on Little Fork

and Brandywine shale barrens between 1993 and 2003.



SHALE BARREN ROCK CRESS LITERATURE REVIEW AND ANALYSES

REVIEW OF SHALE BARREN ROCK CRESSL ITERATURE
Many factors associated with the ecology and ligtdny of Shale Barren Rock Cress
have been discussed in the literature. The reagiarplan (Ludwig and Alstine 1991)
proposes that downlisting from Endangered to Tlerezd or complete delisting will
occur when a critical number of “self-maintainingppilations and their habitat are
permanently protected” The rarity of the plant pamed to the observed availability of
apparently suitable shale barren habitat suggests) reproduction problems may exist,
b) herbivory is limiting population increase, ortbat disturbances have extirpated
populations (and their seed banks) and d) perhiapsrmdal problems prohibit

recruitment.

Description
The following species description is quoted frogpaservation assessment of mid-
Appalachian shale barrens (Norris and Sullivan 2002

“An erect, much-branched, facultative biennial heith inconspicuous flowers.
Flowering stems rise to about 4-10 dm (1-3 ft.Jriremall basal rosettes that wither and
disappear as the stem develops. Basal leaves @tdatp, lobed, and form rosettes about
15-35 mm (0.6-1.4 in.) across. Thin rhizomes magag from the rosette producing
additional rosettes (Rouse 1990). Stem leaves-afedn (2-6 in.), narrowly lanceolate,
entire to serrate, not clasping at the base, @tely deciduous. Flowers are small (4-8
mm [0.2-0.3 in.]) and whitish, the calyx 2-3.3 mén(8-0.13 in.) long. Fruit is a nearly
straight silique, 4-8 cm (1.6-3.2 in.) in lengtlontaining yellowish-brown, flattened
seeds with very narrow wings. The seed is 1-2 mo¥0.08 in.) long, with a narrowly
elliptic body (Ludwig & Van Alstine 1991, Wiebold©987)."

Germination, seedling establishment, and asexual ppagation

Facultative biennials like SBRC are commonly asstedi with recently disturbed areas

or areas maintained by natural disturbance regiswes) as the shale barrens. The ability
of seeds to germinate and establish seedlingsala bharrens is likely limited by the hot
and dry conditions, shallow soils, and constarttifting surface of the shale barrens.

The ability of SBRC, and other members of the shaleen flora, to withstand these
harsh conditions may offer it an advantage overentommon native plants, although
drought is believed to negatively affect seed pobida, germination, and seedling
establishment. Although it is commonly found grogvion the exposed shale barren scree
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(loose shale), it is also found growing in the loanopy cover (<10%) xeric woodland
habitats typical of shale barrens. In West Virgipliants are often found within 1-3m of a

tree.

Facultative biennials such as SBRC typically geaterinto the non-reproductive stage
which may persist for one or more years, followgdlsenescence of the rosette and the
production of a bolting inflorescence from Julythe first frost. The inflorescence
normally produces 12-730 seeds per plant, howéwelywig and Van Alstine (1991)
reported that between 13,000 and 14,000 seedspsedaced by a single plant in West

Virginia.

Baskin and Baskin (2002) also revealed the dormageynination, and flowering
characteristics of SBRC. Using 1800 seeds colieictd 990 by Garrie Rouse they found
that propagation first requireeXposure of imbibed seeds to low temperatureseaakor
seed dormancy Over 90% of seeds held at 5 degrees C for 1&kw/germinated when
subsequently treated to a regime of daily minimunth @maximum temperatures. Once the
plants have germinated they form rosettes that gmast to a critical size (as yet un-
guantified due to small samples size) after whingytrequire vernalization (low

temperatures) to bolt and flower.

Although Rouse (1990) reported a rhizome connedtirtgclusters of rosettes, no
supporting evidence has since been offered. Howveweer different greenhouse
treatments plants produced secondary rosettestfremoots or from the apex of bolts
(Baskin and Baskin 2002).

Although it is essential that we further quantifig timiting factors affecting germination
and seedling survival, we know it is possible tesgrve a stock of viable seeds against
catastrophic extinction or extirpation of local ptadions, germinate them, and induce
them to set seed. Furthermore, SBRC has beenssiiglty propagated using tissue

culture techniques (David Wing, University of Kecky, pers. comm.). If propagules
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can grow to produce seed then tissue culture mayge anotheex-situmethod for

producing large numbers of seeds from rare pouisti

Without a deeper understanding of factors affectivegtiming of life cycle stages we
may not be able to explain the high annual vanmitiothe number of plants observed in
the field (Jarrett et al. 1996).

Pollination

Two major potential threats to successful pollimathave been suggested: direct
herbivory of inflorescences by deer and other malwigwad increasing rarity of specific
pollinators that facilitate cross-pollination ané@imtain genetic diversity. Baskin and
Baskin (2002) successfully collected seed from SBR@ts germinated and grown

under greenhouse conditions in the absence oftipsdmators or manual pollination.
However, without cross-breeding it is likely, agsavithArabis thaliana(Berge et al.
1998), that isolated populations will show highdksvof inbreeding depression that can
potentially reduce seed viability and germinati@ngentage. In the continued absence of
cross pollination by vagile invertebrates genetesity will continue to decrease as

populations with unusual genomes are extirpated.

The Grizzled SkippemRyrgus wyandotAllen 1997) is a known pollinator of SBRC and
has experienced dramatic declines in recent decddedichigan the 1987-1995 decline
was attributed to collateral ecological damage edusy widespread spraying of Dimilin
(and other pesticides) that was intended to coglypsy moth I(imantria dispaj
populations. In West Virginia the Grizzled Skipjr&nabits Appalachian habitats
including shale barrens, pastures and powerlinedmys on south to west facing shale
slopes. Shale barrens feature large gaps in testfwvhere the adults forage among
nectar-providing flowering plants and lay their sgiyatureserve 2006). The tented
caterpillars feed exclusively on Canada Cinquédfedtentilla canadiens)splants. Other
observed pollinators include bees of the genera Agalictus, and Adrena, not affected
by Dimilin, as well as syrphid flies (USFWS 1991).
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Unfortunately the skipper is almost eradicated fmeviously known locations,
including those surveyed by Schweitzer (1989). eDpt al. (2006) suggest this species
has been recorded in five counties in West Virgincuding Hardy and Pendleton
counties where SBRC populations are extant. Tistidoes not include Greenbrier
County however, where the only three active WVsséee located on privately-owned
lands. Opler et al. (2006) shows Grizzled Skigpees historically been recorded in 15
counties of Virginia, including four of the five anties with extant SBRC populations,
excluding Rockbridge County. In 2001 two new papiohs were found in Alleghany
County, VA by West Virginia Natural Heritage zooisig and a small number of
individuals were seen on a ruffed grouse manageareatmanaged by the U.S. Forest

Service.

Clearly, to conserve existing populations the immdgroposed pesticide use to control
gypsy moth, or any other forest pest, should befally assessed for its impact on other
invertebrate populations. Also, current managemearttices of roadsides, trails, and
pipeline/powerline corridors near shale barrenswahere cinquefoil grows abundantly,
should also be reviewed to ensure they maintaimaddmt cinquefoil cover and nectar-
providing plants for Grizzled Skippers. It is ass& that periodic mowing, tilling,
prescribed burning, or application of herbicidesidti not interrupt or negatively impact
any part of the skipper’s life cycle, or reduce éx¢ent or quality of suitable
breeding/foraging habitat. Such recommendatioasaperfluous in the absence of the
Grizzled Skippers in the areas adjacent to extBRG populations and seemingly little
chance of recruitment from the nearest extant @ajmuis. Therefore, a reintroduction

plan should be formulated to repopulate such areas.

We recommend that a Grizzled Skipper restoratian ghould include a captive situ
breeding program in the vicinity of extant SBRC plgpions, an annual release schedule,
and subsequent monitoring of restored populatidree reintroduction plan should
initially focus on SBRC populations in Pocahontsndleton, and Hardy counties of
West Virginia, and Rockbridge County in Virginidhe largest extant SBRC population
is located on the Little Fork Shale Barren, parfaoids managed by NIOC Sugar Grove.
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The Institute for Bird Populations conducted adegpteron survey on lands adjacent to
the shale barren where cinquefoil was abundantfdiet to detect any Grizzled

Skippers. This site would be ideal to pilot a capbreeding plan.

Invasive Plant Species

As previously discussed, invasive species can aftecompete native species such as
SBRC for available substrate in which to germind#any invasive plant species that
specialize in colonizing disturbed areas are distalkto native herbivores and, once
established, allelopathic to native plant speckesch species commonly produce
thousands of seeds which can lie dormant for maaysy Three widespread invasive
species threaten the shale barrens of Monongalatiaridl Forest in West Virginia
(USDA Forest Service 2000). Spotted Knapweeentauria maculateis a weedy
perennial species which produces a toxin that itthhthe growth of other plants
(Natureserve 2000). Because knapweed is primspiigad by foot traffic, cattle grazing,
and the transport of hay, shale barrens shouldfdarots to pedestrians, horses, and
grazing. Similarly, Barren Broméfisantha sterilisis an invasive grass that can be
spread by humans, wild animals, hay transportaimhhorse droppings. The tree of
heaven Ailanthus altissimgis a rapidly growing tree capable of invadingtaibed
areas, such as shale barrens, where it grows tdrg thickets, with mature trees
reaching 80 ft high. Again, this invasive produaegrowth-inhibiting toxin, ailanthone,

which allows it to rapidly spread locally withoutropetition from native plants.

Every step must be taken to a) monitor invasive-mative plants on the shale barrens, b)
eradicate established non-native plants, and cicesthe risk of non-native plants

establishing founder populations among shale barren

Environmental Variation

Shale barrens experience extreme seasonal envimalwariation, ranging from
summer daytime highs of 60 degrees C to extendeddseof below-freezing winter
temperatures. Stochastic events such as icesttmesntial rainstorms, and snowpack

are also experienced. Such events and normalrsgaswiation in temperature and
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precipitation maintain the disturbance regime tgpaf the scree slopes and shale barren

woodlands and regularly expose soils in which gla@in subsequently germinate.

Jarrett et al. (1996) suggested that the droughditions of the summer of 1993 were
responsible for the observed decrease in the nuailpants between 1992 and 1993,
but that a longer term study would be needed tbéish the relationships between
climate and SBRC ecology. For instance, SBRC edaydhe second year flowering
until the third or later year, but little is knowarfi the factors that control this. As the plant
flowers the rosette form shrivels and a boltindgardscence appears which may branch

into multiple siliques (i.e. a dry, dehiscent, ejated fruit typical of the mustard family).

Again, the factors controlling the overall prodoctiof seeds are not entirely understood.
Although further research into seed productionbiiig, germination, and growth are
necessary, the number of seeds required to cotlisatesearch were said to be limiting
compared to current natural population levels amtbal seed production (Jarrett et al.
1996). Baskins and Baskins (2002) have since shbatrseeds can be germinaged

situ and, with an appropriate light and temperatur@megcomplete their life cycle,
therefore allowing the collection and accumulatdisufficient seed for experimentation

without disturbing natural populations.

Later in this review and analysis we present nemtence that the annual variation in the

numbers of rosettes is primarily determined byrbwaal winter precipitation patterns.

Herbivory

Herbivory of SBRC is caused my multiple known agedeer, goats, sheep, and
Lepidopteron larvae, however, it is likely that etlagents exist. Although deer have
been reported to destroy up to 70% of infloresceibelts) in West Virginia shale
barrens (Bartgis 1987), springtime grazing of tex@hbuds may in fact increase
branching, and ultimately, seed production. Howgehade summer grazing of
inflorescence and developing seeds is likely aathi@the local persistence of plants.

Whether seeds can pass unharmed through the dgésict of a deer is unknown, but, if



SHALE BARREN ROCK CRESS LITERATURE REVIEW AND ANALYSES

possible, could provide a possible dispersal mashafor a portion of the seed bank.
Also, seeds could easily get trapped in the sallrand that gets trapped in the hooves of

deer and dispersed within the barren or to neighbdrarrens.

Rouse (pers. comm.) observed herbivory of SBRCitesgrowing inside deer
exclosures and noted that lepidopteron larvae neagy tmajor cause of herbivory, even
observing herbivory of bolters by larvae of a spea@f the White and Sulfur family
(Pieris sp) Herbivory by larvae of the Olympic marble butitemwas also reported
(Euchloe olympiain West Virginia (Clench and Opler 1983). Furthere, Rouse
documented high mortality rates seemingly assatiaith holes in the leaves of the
rosettes, and recommended further investigatibis gossible that a number of as yet

undocumented invertebrate, or even mammalian, Vads may be involved.

Disturbance

Historically, SBRC was likely widespread throughthg shale barrens of the
Appalachians, however, the dam, road, track, abldonstruction associated with post-
European settlement and subsequent developmem éfgpalachians has caused
destruction and overall loss of shale barren hafiartgis 1987, Harmon and
MacDonald 1990). When considering the environmentpact of land use changes in
the vicinity of shale barrens, those changes shoolidlter the physical, physiological,
hydrochemical or geochemical properties of shateebehabitat. Adjacent land use

changes or land management actions should not:

a) affect the course or flow of streams that commamigtercut the barrens,

b) alter the runoff/drainage flow into or out of shalerens, thereby changing
soil moisture patterns,

c) alter the hydrochemistry of shale barrens by intomag chemicals (e.g.
pesticides, herbicides and road or agriculturabfiyn

d) impede or increase the ability of scree to movertiope,
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e) manage adjacent lands in such a way (e.g. estatgislew trails and
powerline corridors) as to increase the chancatobducing invasive plant
species, or

f) physically impact the shale barren by allowing haroaanimal movement,
thereby disturbing the physical nature of the barimecreasing herbivory, and

potentially dispersing seeds or propagules of iiveaglants.

As suggested by Jarrett et al. (1996) the impaftielf researchers should be minimized.
Future monitoring projects should explore remotsepbation techniques, employing
binoculars, telescopes, satellite imagery, grouasked zoom photography, and aerial
photography (including digital photography from i@encontrol helicopters or balloons).
For instance, once plants have been located dtehi@ning of the growing season some

could be observed by binocular or telescope toctiéerbivory and inflorescence.

Because of the lack of fuel apparent on the sdogees it is not believed that fire is a
significant factor in limiting SBRC populations.IthAough it is feasible that adjacent
woodlands in which the plant also grows could biiras are both rare and very
localized in this portion of the Appalachians whiigh humidity persists throughout the
fire season. Furthermore, it has been suggesatdthless steep slopes of the shale

barrens fire may interrupt the encroachment of ldhywegetation.

10
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ANALYSIS OF SHALE BARREN VEGETATION PLOT DATA

METHODS
To determine the topographical preference&.aferotinawe combined two shale barren
datasets with a digital elevation model (DEM). Amitoring database that is maintained
by the West Virginia Department of Natural Resoar@&/'est Virginia Natural Heritage
Program 2006) reports on 41 known locations of SRRR@ulations. Also, Jarrett et al.
(1996) and Jarrett (1997) surveyed the elevatiopes and aspect for 42 botanical
survey sites chosen randomly from sampling gridkdaer 31 shale barrens in West
Virginia, including the Little Fork shale barrelVe superimposed the locations of
recorded SBRC rosettes or bolted inflorescencab®nVest Virginia 30m DEM (U.S.
Geological Survey 1999) in ArcGIS 9.0 (ESRI). Each population we derived three
topographic metrics; elevation, slope and asp@&. plotted the distribution of these
sites relative to elevation, slope, and aspect.tiWge used t-tests to determine
differences between the topographical charactesisti SBRC sites and the those
reported for Jarrett’s shale barren survey plots.

We also superimposed the locations 62 relevé viegetplots (West Virginia Natural
Heritage Program 2006), including some from theeia(1997) thesis, distributed among
37 shale barrens of West Virginia on the DEM. Agae derived slope and aspect layers
Using ArcGIS. Again we extracted the values undeg the locations of the plots and
calculated the mean and standard deviations of ga@meter. Using hierarchical

cluster analysis (Ward’'s method) we grouped thesof extant SBRC populations based
on elevation and aspect.

The Global Precipitation Climatology Project (GP@Pjnaintained by the National
Aeronautical and Space Agency and made availakbeigh the University of
Washington’s Joint Institute for the Study of themdsphere and Ocean (JISAO) as
gridded monthly precipitation data in netCDF forrtatffman et al. 1997, Rew et al.
1993). Between 1993 and 2003 WVDNR carried owramual census of SBRC bolts

and rosettes in plant survey grids laid out ond.itork and Brandywine shale barrens.

11
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We extracted GPCP datasets to reflect seasonappation patterns for the 2.5 degree
cell within which Sugar Grove NIOC is located. @mally, precipitation is low in the
winter and spring months and high during the summanths. Because low
precipitation during the winter months may limitlfumbibation of seeds, and hence
germination, we collated data for the winter periddptember through April. Because
SBRC is a facultative biennial and the growth afatbes may continue for two or more
years, we collated September through April GPCR @at1992 through 2002 to reflect
winter conditions lagged by one year. These dttagere analyzed to investigate any

correlations between numbers of SBRC plants angbsad precipitation.

12
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RESULTS
Topographical Analysis
Figure 1 shows the distribution of SBRC populatibeg1g monitored on seven shale
barrens in Pendleton County, West Virginia (Mit¢lpars. comm.) which borders the
ridgeline state line. The plots lie on the easttiseastern slope of the South Branch of
the Potomac River. Stony Run, Dunkle, and LittkelkFshale barrens are easily accessed

by state road. Shale barrens in Greenbrier Coangyot shown.

Figure 1. Un-scaled map of the distribution of $Bpbpulations being monitored on seven shale
barrens in Pendleton County, West Virginia (Mit¢lpers. comm.) superimposed upon a West
Virginia 30m digital elevation model (U.S. GeolagiSurvey 1999) (high elevation is light gray
and low elevation is dark grey). Also featuredtheelocations of 12 WVDNR relevé plots

13
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(black circles), the state line with Virginia (tkiblack line), state road map (thin black linesid a
major streams of the South Fork of the PotomacRpale lines).

The results of the topographical analysis of SBB¢ations are shown in Table 1. The
mean elevation of SBRC populations was below 60@nfidur shale barrens; Road Run
Tributary, Stony Run, Sugar Run, and Swamp Rurr.tlk@remaining four barrens;

Dunkle, Humphrey, Little Fork, Whetmiller and Mead€reek, the mean elevations of

SBRC populations were greater than 600m.

Table 1. Topographical analysisAfabis serotinasites surveyed by West Virginia DNR (Donna
Mitchell pers. comm.). Aspect and slope were datifrom GIS analyses (ESRI, ArcGIS 9.0) of
the WV 30m resolution digital elevation model foe¥¥ Virginia (U.S. Geological Survey 1999).

Elevation Aspect Slope
Shale Barren Sites Mean S.D. Mean S.D. Mean S.D

Dunkle 3 628.7 2.5 175.7 24.4 25.2 0.7
Humphry’'s Draft 1 683.0 nla 256.4 n/a 14.0 n/a
Little Fork 9 668.3 5.7 1183 7.4 20.4 11.8
Meadow Creek 3 646.3 10.2 226.3 5.6 28.7 4.7
Road Run 9 538.1 158 211.3 26.7 16.6 3.6
Stony Run 5 528.8 95 2516 130.1 18.1 7.1

1 523.0 nfa  209.5 n/a 21.7 n/a

Swamp Run 3 5327 8.0 2375 10.3 19.5 14
Whetmiller 13 660.8 30.6 187.1 8.7 32.8 2.7

Sugar Run

All sites 47 6113 64.7 1923 59.3 23.5 8.8

Combining elevation and aspect into the clustetyasigrevealed three groups of
populations. All 20 populations representing Maadereek (3), Whetmiller (13),
Dunkle (3) and Humphry’s Draft (1) form the firduster. The second cluster of 10
populations includes all those from Little Fork,(@phd Stony Run (1). The third group
includes 18 populations representing Swamp RurR8ad Run Tributary (9), and the
rest of the Stony Run sites (6).

14
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The mean elevation, slope and aspect for all ties sliffered from the plot characteristics
described by Jarrett et al. (1996) who reporteceamelevation (converted from feet) of
522 meters (SD = 194), a mean slope of 33 deg&des 6), and a mean aspect of 223
degrees (SD = 46) for 41 floral survey plots orbatrens. We showed significant
differences (t-test, P<0.05) for all three paramseseich that SBRC was found at higher

elevations, gentler slopes, and a more southeplgcis

The results were very different, however, when ugesimposed the recorded locations
of a set of 62 WVDNR relevé plots (West Virginiatial Heritage Program 2006) upon
the same elevation, slope, and aspect layers upahwhe SBRC locations were
superimposed (Table 2). Compared to Jarrett €1996) the more recent dataset

showed a similar mean elevation, but a much loneasimslope and aspect.

Table 2. Summary analysis of the topography undeylipcations of Shale Barren Rock Cress
(Arabis serotinapopulations (Mitchell pers. comm..) and the WVDNiRevé shale barren
vegetation survey plotd\est Virginia Natural Heritage Program2006jcations ofA.
serotinarosettes and bolts were superimposed on GIS 14ydisl) expressing the aspect, slope,
and elevation of sites (derived from West Virgi8@m DEM). The minimum, maximum values
are recorded with the mean and standard deviation.

IBP GIS-based analysis of SBRC locatiomsnalysis of WVDNR
from Mitchell et al. (pers. comm.) Shale Barren Plots

Topographic Minimum Maximum Mean Standard Mean  Standard

Metric Value Value Value Deviation Value Deviation
Elevation (m) 517 718 611.3 64.7 474.8 201.3
Slope (degrees) 8.8 37.2 23.5 8.8 22.21 8.3
Aspect (degrees) 110* 335 192.3 59.3 200.4 59.9

* excepting minimum outlier of 24.1

We concluded that:

a) SBRC plants appear to prefer the higher elevatdiise shale barrens (T=4.97,
P<0.0005, df=101).

b) SBRC plants are associated with similar slopedsa@#hose where the relevé
shale barren plots are located, with means of @8dgsees and 22.21 degrees,
respectively (T=0.74, df=101). Jarrett et al. @P&ported a significantly
steeper mean slope of 33 degrees (S.D. 6) forets ph 31 barrens.

15
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c) Table 3 shows that SBRC plants are associatedsmitiiar south-southwesterly
aspects (i.e. approximately 200 degrees) to thb¥éWDNR relevé plots on
shale barrens (T=0.68, df=101). Although shaledrexr generally have a
southwest aspect only 24% of the individual SBR@ypations were associated
with a southwest aspect. Of the remaining locatift® were associated with a
southerly aspect, and 32% were associated witlhithsasterly aspect. The
remaining 13% were associated with east, westparntiwest aspects. No
locations were associated with north or northebstapects. Jarrett et al. (1996)

reported a significantly steeper mean aspect ofd2Zees.

Table 3. Topographic analysis of aspect pertaitonyabis serotinanonitoring sites (Donna
Mitchell, unpublished data) and locations of shzderen relevé vegetation plots in the West
Virginia Heritage Database data superimposed opagraphic aspect GIS layer derived from
West Virginia 30m DEM (UTM Zone 17) that quantifidte aspect.

Aspect of slope Compass DegreeSites with  WVDNR

Range Arabis Relevé Plots

north 337.5-22.5 0 0
northeast 22.5-67.5 1 2
east 67.5-112.5 2 0
southeast 112.5-157.5 8 15
south 157.5-202.5 17 10
Southwest 202.5-247.5 12 23
west 247.5-292.5 5 7
northwest 292.5-337.5 2 5
total 47 62
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Patterns of Precipitation

Analyses of GPCP data for the period 1992-2005 gheviypical annual distribution of
precipitation for this region whereby levels weged than 1 centimeter per month during
the winter and between 1 and 2 centimeters permauning the months May to August
(Figure 3).

Figure 3. Monthly means for GPCP data (latitudé 34, longitude 79.3°W) spanning 1992-2005.

Precipitation for the months September through lAgtrowed considerable annual
variation from negligible (<0.2 cm/mo) during 198id 1998, to high (between 0.6 and
1.2) during the years 1995, 1996, and 2003 onw@idsire 4). Overall, during this
period the precipitation significantly (P<0.05) ieased, especially since 1999/2000.

Figure 4. Mean monthly GPCP data (latitude 38.5tvigitude 79.3°W) for the season September tolApri
for the period 1992-2005.

The numbers of rosettes and bolts varied consitiebgbyear (Table 4) but the patterns
of abundancy between the sites were very highlyetated suggesting that the plants
were subjected to the same limiting factors, propaleather-driven. Thus, we
combined the site-specific datasets for testingetations with regional precipitation
data. Very few rosettes were found in 1995 anchtpkest numbers were found in 1996,
and 2003. A regression model to predict the annuaiber of rosettes was constructed
using three variables year, Sep-Apr precipitatiagded one year), and Sep-Apr

precipitation (no lag).
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Table 4. Annual numbers of rosettes and boltsrebgeon Brandywine and Little Fork shale
barrens between 1993 and 2003, and totals thereof.

Brandywine Little Fork Combined
Year* Rosettes Bolts Rosettes Bolts Rosettes Bolts
1993 293 39 135 158 428 197
1994 749 173 187 124 936 297
1995 90 81 65 31 155 112
1996 1,055 152 576 169 1631 321
1997 804 336 478 175 1282 511
1998 321 11 116 11 437 22
1999 237 22 215 38 452 60
2000 677 188 302 265 979 453
2001 659 42 349 53 1008 95
2003 1552 148 568 140 2120 288

* no census was carried out in 2002

The resultant model explained 68% of the annuahtian (P<0.05) whereby year and
lagged precipitation offered the strongest leveragggesting that establishment and
early season growth of the plant may be the mogbrtant factor in completing the life

cycle. The plot of predicted versus observed numbgrosettes is shown in Figure 5.

Figure 5. Plot of predicted numbers of rosettesresg observed numbers resulting from a
regression model including effects of year, Sepecipitation (lagged one year), and Sep-Apr
precipitation (no lag).
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DISCUSSION

Clearly a number of factors appear to limit popolas of Shale Barren Rock Cress
(SBRC,Arabis serotindincluding disturbance, herbivory, invasive plarstsd possible
inbreeding suppression due to loss of a known rpatitir, the Grizzled SkippePyrgus
Wyando}. Our review of SBRC literature led us to con@uldat when considering the
environmental impact of land use changes in thewycof shale barrens, those changes
should not alter the physical, physiological, hydemical or geochemical properties of
shale barren habitat. More specifically, adjadantl use changes or land management

should not:

a) affect the course or flow of streams that commamigtercut the barrens,

b) alter the runoff/drainage flow into or out of shalerens, thereby changing
soil moisture patterns,

c) alter the hydrochemistry of shale barrens by intoddg chemicals (e.g.
pesticides, herbicides and road or agriculturabfi)n

d) impede or increase the ability of scree to movergiope,

e) manage adjacent lands in such a way (e.g. estatgislew trails and
powerline corridors) as to increase the chancatobducing invasive plant
species, or

f) physically impact the shale barren by allowing haroaanimal movement,
thereby disturbing the physical nature of the barimecreasing herbivory, and

potentially dispersing seeds or propagules of iiveaglants.

The topographical analysis suggests that these paleicularly apply to the higher
elevations where SBRC tends to grow. We can rfet ah explanation for the
differences between the topographical charactesisti the current WVDNR relevé plots
compared to those reported by Jarrett et al. (19@6ich included some plots in
common. We assume, however, that slope and adaecteported by Jarrett were
measured very locally “in the field” compared ta analyses of relevé plots using data

from 32m-resolution remotely sensed data.
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Restoration actions might include restoring natdrainage patterns to those shale
barrens where SBRC populations are low or erupéxd,where the drainage has
previously been diverted. Tracks, trails, or otb@mwidors currently crossing or
impinging upon shale barrens should be divertetlased, and notices erected
forbidding humans or horses from accessing theeharr Parking lots and horse camps
should not be located in the vicinity of shale bas to minimize the spread of invasive
non-native plants, and current non-native coveukhbe eradicated. To encourage
cross-pollination of rare populations and decrebseisks of inbreeding depression
brought on by repeated selfing, historical populadiof Grizzled Skippers should be

restored to those shale barrens from which they wgtirpated.

Baskin and Baskin (2002) showed that seeds remaltevfor many years, and can be
grown to maturity. To maintain the genetic divrsif this species seeds should be
collected from individual plants, genetically typeshd when extremely rare grown to
maturity in greenhouses to harvest sufficient numioé selfed seeds for subsequent
storage and possible cross-pollination. We shasfiss genetic diversity among
naturally growing plants, assess current levelslmfeeding depression, and explore the
consequences of repeated selfings under greenboonddions. Although a known
pollinator was extirpated from most shale barrenhe mid-1980’s it is possible that
genetic diversity is still high among the seed baSkeds collected in 1990, less than five
years after the widespread disappearance of thezlédi Skipper, showed germination
rates in excess of 90% after three years of stor&geh a high rate of germination is not
consistent with the expected effects of inbreedungpression, as reported in other
species of the genudgabis, but it is likely that inbreeding suppression woolut be
apparent in the natural seed bank after so shortea Inbreeding suppression would be
more noticeable after the seed bank is dominateskligd seeds of disjunct populations.
The genetic diversity both between and among nigpaaulations should be periodically

monitored.
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We reject any suggestions that SBRC populationsl@céning on the Brandywine and
Little Fork shale barrens. Based on our analy$é&seoSBRC populations from
Brandywine and Little Fork we see strong evidendemporal covariation which we
attribute to the influence of winter precipitatimhich is low and annually very variable.
The numbers of rosettes increase with winter prtipn such that the highest numbers
were seen after two consecutive wet winters. Wistass should allow successful
germination and establishment of rosettes in tis¢ year and successful over wintering
of rosettes into the second year, in which they bayto produce inflorescence, and set

seed.

In conclusion, if existing populations and shaler&as are protected and seeds are
regularly collected and placed in storage then SBR&uld persist. In the event of a
catastrophic loss of plants from one or more shateens stored seeds could be used to
reestablish populations. Monitoring of populati@msl general shale barren vegetation
should continue in order to increase the numbelatd years, track changes in population
levels, and facilitate more complex modeling ofadii factors affecting annual variation.
Such monitoring should minimize the amount of hurtraffic across the barrens,
perhaps employing binocular or aerial photogragthmniques. Furthermore, although
the relationship between the Grizzled Skipper aBBG pollination is little understood it
has been observed as a pollinator. The speciesddshe restored to the shale barrens
from which it was extirpated in the mid to late 098 and pesticide use to control Gypsy
Moth eruptions should not be permitted in the vigito be defined more clearly) of
shale barrens. Further intensive observationalitmamg of inflorescences may reveal
additional pollinating species, which may not bgtrieted to species that appear in the
daytime. Finally, the genetic diversity and levelsnbreeding within and between

populations should be assessed using stored seeds.
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