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PREFACE

This report is the result of a cooperative Chalee@gst Share project between the
Institute for Applied Ecology (IAE) and the BureailLand Management. IAE is a non-
profit organization dedicated to natural resour@eservation, research, and education.
Our aim is to provide a service to public and pievagencies and individuals by
developing and communicating information on ecaayst, species, and effective
management strategies and by conducting reseamsfitaring, and experiments. |IAE
offers educational opportunities through 3-4 mantbrnships. Our current activities are
concentrated on rare and endangered plants ansivevspecies.

Questions regarding this report or IAE should beated to:

Andrea S. Thorpe

Institute for Applied Ecology
PO Box 2855

Corvallis, Oregon 97339-2855
phone: 541-753-3099, ext. 401
fax: 541-753-3098

email: andrea@appliedeco.org
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Figure 1. Lupinus lepiduwar. cusickiiinflorescence.

Figure 2. Locations of sampling sites relative to Unitye@on.

Figure 3. Population density trends bf lepidusvar. cusickiiat three subpopulations.
Figure 4. Mean number of inflorescences, mean plant heigtit,naean plant area of
Lupinus lepiduwar. cusickiiat three subpopulations
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INTRODUCTION

Background

Lupinus lepiduwar. cusickii Cusick's
lupine, is a BLM Special Status Species. In
addition, it is listed as endangered by the Oregon
Department of Agriculture, and it is considered a
Species of Concern by the U.S. Fish and Wildlife
Service. The Oregon Natural Heritage Information
Center (ORNHIC) considets lepidusvar.
cusickiito be threatened or endangered throughout
its range (ORHIC 2007).Lupinus lepiduwvar.
cusickiiis a narrow endemic, restricted to only five

small populations in Baker County, Oregon Figure 1. Lupinus lepiduwar. cusickii

(Meinke et al. 1990). These populations are inflorescence. Photo by T.N. Kaye.
located southeast of the Blue Mountain foothills

within Denny Flat, near the town of Unity, Oregon.

AlthoughL. lepidusvar. cusickiiwas first located in Oregon in 1886, relatively
little is known about the species (Meinke et aB@P Despite previous studies, which
have identified taxonomic problems (Broich 1988yantoried for additional
populations, and natural history of the speciesikkeet al. 1990), we are only now
beginning to gain an understanding of the spep@ulation dynamics and long-term
trends. Population monitoring was initiated in 3@hd conducted annually until 1998.
Monitoring was intended to continue every threergelaut has since only been repeated
in 2002 (Kaye 2002). Kaye (2002) found that popaiadensity and plant performance
varied considerably between years, apparentlysparse to annual climatic variation.

In addition, he found no effect of exclosures (tmaate cattle and off-road recreational
vehicles (ORV)) ori. lepidusvar. cusickiipopulation dynamics or plant size.

The purpose of this project was to relocate andmgde the previously
established.. lepidusvar. cusickiimonitoring plots. Specifically, we compared cuatre
population size and plant performance with datenfprevious years and analyzed
differences between plots that were fenced and phatt were open to ORVs and cattle.
This information will provide the BLM with importamformation to assess management
plans for the conservation of this sensitive specie

Reproductive biology

The flowers ofL. lepidusvar. cusickii which bloom in July, are potentially cross-
pollinated by a variety of visitors, primarily butebees and small solitary bees (Meinke
et al. 1990). Itis not known if. lepidusvar. cusickiiis genetically self-compatible, and
no asexual reproduction via vegetative means odnube species. The production of
large crops of seed may be dependent on well-tsnetmer rainfall to support ovule
development (Meinke et al. 1990). No studies Haaen performed on germination
ecology or seed longevity; however, it is suspetiatl seeds germinate in the winter or
spring if seed coat scarification has occurrededBegs are present at least as early as
May (observed during a preliminary spring visisites). As there is no vegetative
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reproduction in this species, seed productionta Yor population maintenance and
growth.

Habitat

Known L. lepidusvar. cusickiipopulations are found on eroding, tuffaceous
hillsides at elevations around 4000 feketpinus lepiduwar. cusickiioccurs in areas of
sparse vegetation, but is generally associatedagthsional junipers and low-growing
perennials such &riogonumspp.,Allium spp., and.omatiumspp. Associated annual
species includ®imulus nanusPhacelia luteaSpraguea umbellafandCamissoniasp.
(Meinke et al. 1990). Other species sometimesragbdenithL. lepidusvar. cusicKii
includeArtemisia tridentataAstragalussp.,Phloxsp., andilenesp. (Broich 1989). The
average annual precipitation in the area is 30M0 All populations of the species fall
within the Blue Mountains physiographic provincegfiklin and Dyrness 1984).

METHODS

Experimental design

Fences were erected at three subpopulatiohslepidusvar. cusickiiin fall 1993
to exclude off road vehicles (ORVs) and livestoakti portions of each subpopulation.
Randomly placed permanent plots were establishédampled inside and outside of
these exclosures to evaluate the hypothesis thainig improves plant growth and
population dynamics by limiting ORV and cattle aaxénull hypothesis: fencing has no
effect). The data are compatible with statistroathods (i.e. randomized complete block
design with each of the three subpopulations askbland fencing vs. not fenced as
factor levels applied in each block).

Site locations and sample plots

A total of twenty-four plots were established aethdifferent locations
(subpopulations) in the vicinity of Unity in Bak€ounty, Oregon. Plots were numbered
1-in, 2-in, 3-out, 4-out, and so on, with “in” ir@iting the plot is inside an exclosure, and
“out” indicating the plot is outside an exclosul@escriptions of the site locations and
the sample plots are as follows:

Elms Reservoir This site is located about 1.5 miles east oftyJrand about 0.25 miles
northwest of ElIms Reservoir (Figure 2), T13S R371B SW1/4 SE1/4. The site is best
reached by turning left (northeast) off of Highw26/onto a dirt road located about one
mile beyond the eastern boundary of Unity. Afteowt 0.75 miles keep left as the road
forks. From the fork, continue another 0.125 méaed turn left (west) onto a small side
road, which, after another 0.25 miles, leads tcsitee A small hill on the right (north)
side of the road marks the beginning of the siéggobd which plots 1 through 4 are
located a few meters from the right (north) roadsahd plots 5 and 6 are located 30 to
40 meters from the left roadside (Appendix A). tBlband 2 are located within a fenced
exclosure and are referred to as “Elms-in”; plots@are referred to as “Elms-out.” A
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gully runs roughly through the middle of the shefween plots 2 and 3 on the north side
of the road, and Elms Reservoir is clearly vistiol¢he south.

ORV Hill: This site is bisected by a road into two aréasd 1 and Area 2), and plots
were assigned randomly on each side. Area 1 wéalpafenced (3 plots inside
fencing, 3 plots outside fencing) and Area 2 wasgletely fenced. This site is treated
as one “block” in the experimental analysis.

Area I This site is located about one mile northeashefEIms Reservoir site,
on a steep, southeast facing slope, T13S R37E SU1W/ANSW1/4. To reach this
site, drive as you would to reach the Elms Resesits, turning left (northeast)
off of Highway 26 onto a dirt road located aboueanile from the eastern
boundary of Unity (Figure 2). After about 0.75 es) take the left (northernmost)
fork in the road, and after another 0.5 miles (digyast the Elms Reservoir
access road) turn left (north) again. After alimGtmiles the road nears the site
as it passes between two hills and turns to théheast. The site is located upon
the southeast-facing slopes of the conspicuouy, agtite hill located on the left
(northwest) side of the road. Plots 7, 8, ancefe(red to as ORV Hill 1-in) are
located within an exclosure a few meters west fpbots 10, 11, and 12 (referred
to as ORV Hill 1-out), which are unfenced (Appendix All plots run roughly
parallel with the slope of the hill.

Area 2 This site is located on a low hill directly assathe road (southeast) from
ORV Hill 1 (Figure 2), to which it is connected bydirt trail. Plots 13, 14, 22,
23, and 24 are located on the south side of tharml plot 15 is located on the
north side of the hill (Appendix A); all plots rysarallel to the slope. All six plots
are located within an exclosure and are referrest®©ORV Hill 2-in.”

Amphitheater This site is located about 1.25 miles northveéshe ORV Hill 1 and
ORV Hill 2 sites (Figure 2), T13S R37E S3 NE1/4 BE1To reach the Amphitheater
site, follow the directions to reach the ORV Hitks and from there continue following
the main road northward for about 0.75 miles amd keft (west) onto a somewhat
overgrown spur road. After about 0.5 miles thisrspad ends near the amphitheater
site. From this point, the site lays diagonallyvdaill a couple of hundred meters to the
north. The amphitheater (an amphitheater-shaptulagpuof white welded tuff) can be
seen on the nearby steep hillside to the westts B 17, and 21 are located within a
fenced exclosure and are referred to as “Amphidraat” and plots 18, 19, and 20 are
located outside the exclosure a few meters to dnén r@and are referred to as
“Amphitheater-out” (Appendix A).
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Figure 2. Locations of sampling sites relative to Unitye@on (bottom left). Site maps
indicating plot layout are available in Appendix S&ee Methods for driving directions.

Plot set-up

All plots, whether inside or outside of an excleswere 10 meters in length
(except for plot 24 at ORV Hill 2, which was 8 nrsjeand marked permanently with
iron rebar posts anchored at each end. The aigindentification number of each plot
was marked by a copper tag attached to one ofdheébar posts. Exact placement of
the plots at each site was determined randomlyinvitte sampling areas; at the EIms
Reservoir site plot locations were determined wdilg the sampling area into
numbered unit areas and then using a random nugeberator to pick six numbers, each
representing a plot location. At ORV Hill 1, ORVIIF2, and Amphitheater sites,
random compass bearings and distances were ugsthtadish plot locations.

After the plots were established, each plot wagldd into ten contiguous 1 x 1
meter subplots in which plants were measured.98% Lthree new plots (numbers 22-24;
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all 10 meters long except #24, which was 8 metgesg added at ORV Hill 2 to increase
the number of marked individuals. To locate thiepdots for sampling, a meter tape was
run between the two rebar posts at each end gfltitebeginning at the origin, and each
one meter segment of meter tape formed the lowge etleach subplot. A 1 x 1 meter
frame was then placed on the ground (with one aetlyey the meter tape) to delineate
the subplot. Each subplot was given a numericalevédr purposes of identification,
consisting of two numbers. The first was the nundfehe plot (1 through 24) along
which the subplot was located, and the second wasrder between one and ten,
representing consecutive 1 meter sections alongltte For example, subplot 14-6
would be located in plot #14, with its lower letiroer located at the 6 meter mark on the
measuring tape run between the origin and endeoplbt. The maps in Appendix A
indicate (via arrows) the side of the tape on wirasurements should be recorded.

Sampling

All twenty-four plots at the sites were sampledl duly each year from 1993-
1998 and in 2002 and 2009. Data on plant heigh},(diameter (cm), perpendicular
width (cm), number of inflorescences, and presaifderbivory were recorded. The
density ofL. lepidusvar. cusickiiwas so high along some of the plots that we reditioe
sampling area of some of the subplots in some y@watsat some sites. For example, in
1993 and 1994 at the EIms Reservoir site, onlytplentated within the lower half of the
subplot were sampled at plots 3 through 6, andlsts-1 though 2-7 within plot 2. At
subplots 2-8 through 2-10, only the lower left daaof the subplots were sampled. In
1995 through 1997, all portions of all plots weaenpled in this area. In 1993 at ORV
Hill 1 site, only the lower halves of the subplatsre sampled at plots 9, 11, and 12.
Because high 1993 seedling mortality reduced omp$asize, we increased the
sampling area at ORV Hill 1 in 1994 and subseqgyeats to include the upper half of
the subplots in plots 9, 11, and 12.

Analysis

The effect of fencing on plant performance (pking, reproduction, and height)
was tested using a General Linear Model with psod &locking factor and fencing as a
fixed factor (SPSS 17.0, 2009). Data were loggfamed to meet assumptions of
normality.

RESULTS

Population density trends

Average plant density (plantsfjrvaried from site to site and year to year between
1993 and 2009 (Figure 3). In general, plant desssfbllowed comparable annual trends
over the course of the study. For example, meant plensity was relatively high at all
threeL. lepidusvar. cusickiisubpopulations in 1993, then declined through 1996
increased again in 1997 and 1998, and sharplyrathgain in 2002. These trends were
consistent regardless of fencing treatment, witly arfew exceptions across sites and
years. One example was the EIms Reservoir sit@02 2vhich showed an increase in
plant density outside of the fenced exclosure coetpto a decrease in plant density
inside the exclosure. In fact, despite the gertezald of plant density decrease in 2002
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across all study sites, plant density outside thesEReservoir exclosure was higher than
any time during the previous five years of monitgri

The cause of isolated increases or decreasesnhdg#asity contrary to
metapopulation trends are unknown, and becausasignment of fencing treatments
was not random (due to practical limitations ind@g costs), the observed differences
were as likely due to random environmental varigbds to fencing effects per se. Mean
inflorescence production was also significantlyhi@gamong plants outside of the EIms
Reservoir exclosure compared to the other stuég &it 2002, suggesting that soil
moisture or some other variable might have beererfedrorable in this defined area.

Looking in-depth at population trends over the sewf the study, densities were
very high in 1993 at the EIms Reservoir site (ptofencing), averaging 19.6 and 38.2
plants/nf (Figure 3). In 1994, plant densities plummeteé.tand 4.3 plants/ior
outside and inside, respectively, and remainedivels stable and similar to 2009, when
there was 7.7 and 2.3 planté/outside and inside, respectively. Plant densitebe
Amphitheater site in 1993 were 3.6 and 4.0 plarftéémoutside and inside, respectively,
and fell until 1996, when they rebounded and redc¢heir peaks in 1998 (6.5 outside
and 8.1 inside). In 2002, plant densities werheit lowest levels since monitoring
began (0.4 plants/both inside and outside); these values have retsisomewhat to
2009, when there was 2.83 and 1.47 plarftsfatside and inside, respectively. Finally,
plant densities at the ORV Hill sites were 6.2 ariplants/miwhen the study was
initiated in 1993. These values gradually decliaed reached low points in 1996 (1.2
plants/nf outside and 0.7 plantsfrimside). By 1998 the plant densities were atrthei
highest recorded levels (7.5 and 5.9 plantstespectively) before they fell in 2002. By
2009, plots outside of fencing had relatively hitgmsities (5.0 plants/) while plots
inside fencing had low plant densities (1.0 planty/

As is common among many annual and short-livednmeéaéspecies in arid
climates, variability in the weather potentiallyshelarge effect on the population
dynamics ol. lepidusvar. cusickii The huge swings in population growth rates (Kaye
2002) and variation in plant density suggest thatate may play a strong role in
determining annual population growth or declinewtRer monitoring will be necessary
to determine if there is a significant correlatlmtween climatic variables (such as
timing and amount of seasonal precipitation) anplybetion dynamics.

Plant performance trends

Plant characteristics varied between sites (FigiwreBecause the different sites
represent geographically distinct (albeit closedyghboring) areas, such differences are
not necessarily surprising or meaningful from aolegical perspective. For instance,
there might be genetic differences between sitespte their proximity) that
differentially influence the response of infloresce production to annual climatic
variability. Alternatively, differences may simpbe attributable to subtle environmental
variability between sites.

In 2009, the average area per plant was greateleitise fencing compared to
outside the fencing (Figure 4). This result is asurprise when plant density data is
taken into account; higher plant densities outsidiae fencing corresponded to smaller
size per plant (Figure 3). As expected, largentsl@roduced a greater number of
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inflorescences and were taller (Figure 4). Althotigs interaction between population
density and individual plant characteristics issm@ble, it is unknown why plant
densities were consistently higher outside theif@ncPotential reasons include the
plants outside the exclosures could be smallettaigher intraspecific competition,
resources could be more limiting in those portionthe habitat, or those plants could be
younger. While there was a trend for increaseldiescence production, plant height,
and plant size in exclosures (compared to out$idgire 4), these differences were not
significant P > 0.05). It is difficult to correlate observed trengith fencing effects per
se, since plants were not randomly assigned ferniodagments. The lack of a significant
fencing effect could be due to a similarity in lamsk inside and outside of the fencing.
During 2009 data collection, grazing was only naeé&lms Reservoir, and while it was
heavier outside fencing treatments, it also occlwithin the fencing. It is unclear
whether all of the grazing was due to native ungslar if it was a combination of native
ungulates and cattle. Additionally, population @@® due to ORV use was not noted at
any of theL. lepidusvar. cusickiisites, and it is unclear how long ago the land mdate
sites was actively used.

FUTURE ACTIVITIES

In 2010, IAE staff will revisit all areas originglsurveyed in 1990 and 1992,
excluding the Stinkingwater area where the taxanrtever been found. In addition, we
will work with BLM staff to identify previously unsrveyed areas of potentially suitable
habitat. If any of these areas are on private, lamdwill work with BLM staff to identify
and contact landowners to gain permission to adtessland. The locations of all
visited populations will be recorded with a GPSt imidetermine the geographic extent
of populations; we will also complete GeoBOB sightreport forms for all populations.
Long termL. lepidusvar. cusickiimonitoring plots will be sampled again in 2012 and
should continue to be sampled indefinitely everydtlgear to assess long term population
status and trends.

As nothing is currently known about the seed geation, cultivation, and
precise habitat requirementslafpinus lepiduwar. cusickii and very few seeds of this
species have been collected and preserved in Brnggtorage, land managers have
alarmingly little biological information and seedpplies to work with if population
restoration projects are ever needed to mitigateraseen anthropogenic or natural
population disturbances. In future years, we wollect seed from suitable populations
and implement a study on appropriate propagation@noduction protocols. Seed
collection will be specifically for conservation@a sub-set of all collected seed will be
deposited at Berry Botanical Garden.
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Figure 3. Population density trends bf |. cusickiiat three subpopulations:

Amphitheater (top), EIm Reservoir (middle), and ORM (bottom). Plot sampling
did not occur from 1999-2001 and 2003-2008. Hpeaos represent £ 1 SE.
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Elms Reservoitupinus lepiduwar. cusickiisampling site.
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ORV Hill 1 Lupinus lepiduwar. cusickiisampling site.
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ORV Hill 2 Lupinus lepiduwar. cusickiisampling site.
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AmphitheatetLupinus lepiduvar. cusickiisampling site.
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