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Monitoring Shoshonea pulvinata in the Pryor and Beartooth Mountains, Carbon County, Montana
1991 to 2015 Trend Report

EXECUTIVE SUMMARY

Shoshonea pulvinai@hoshonea) is a plant endemicdteregion of northwestern Wyoming and
adjoining soutkcentral Montana (Heidel 2011). Globally Shoshonea is ranked as a G3
vulnerable(NatureServe 2@). In Montana and Wyoming, it is ranked as ara8@ listed as a
Species of ConceffMTNHP 2015 and Wyonmg Natural Diversity Database 2013).is listed

as Sensitive by the Montaaad Wyoming tateoffices of the Bureau of Land Management
(BLM) (BLM 2014 and 2010.

A demographic monitoring study &hoshonewvas starteddt | ear n t he detail s o
growth, fecundity, recruitment, mortality, and population trend®nitoring was initiatedby the
BLM in 1991 because the plant wasatelelyi newo t o t he fl ora, has a |

lives where potential threafgrazingby wild horses antdighorn sheep in the Pryor Mountains
andmining, oil, or gaslevelopment in the Beartooth Mataing wererecognized (Lesica 1993,
Lesica and Achuff 1991)Permanent belt transects were established on land managed by the
BLM in Carbon County, Montana. The Grove Creek transect in the Beartooth Mountains is
approximately five aimiles southsoutheast of Red Lodge. The Mystery Cave Road and
Mystery Cave Ridgé&ansects are approximately 32-aiiles southeast of Bridger in the Pryor
Mountains. Over a span a25 yearsmonitoring data was collected seven yearsl991, 1992,
1993, 1999, 2012, 2013, and 201Adividual plants were mapped and information tanpsize
andreproductiorwere recorded and tracked over they2ar timeframe.This trend report
evaluates all monitoring data from 1991 to 2015, exjgands upon the previous publications
(Heidel 2001 Lesica 199Bregardindife history, effects of ptntial threats, and management
information

From 1991 through 2015, 113, 79, and 39 individual plants have been named and monitored at
the Grove Creek, Mystery Cave Road, and Mystery Cave Ridge transects, respectively. Of these
36, 33, and 13 individugllants at the Grov€reek Mystery Cave Road, and Mystery Cave

Ridge transects, respectively, have been monitored in all seven peaasesult,32%, 42%,

and 33% of the Grove Creek, Mystery Cave Road, and Mystery Cave Ridge transect populations,
respetively, having lived for at least 25 years.

The Grove Creek transect population appears to be stable, though data on plant area (size) and
reproduction indicate uncertaintiNo trend in plant numbers (population) was detected from

1991 to 2015.0verall the Grove Creek transect has consistently maintained the highest
populationand smallest plant sizehen compared with the other transects. At Grove Creek,

plant areaon the transedtas declinedrom 1991 to 2015and was statistically significant tite
transect leve(total plant area on transedput notfor individual plantareas This apparent
dichotomy is explained by an interaction between plant number and plantsctemay be
shiftingwith time. Consistent with having the highest populatit also seems to have the

highest mortality and recruitment. Reproductive characteristics may not be as stable at the
Grove Creek transect. The transect has produced the least number of flowering plants, but this
was not statistically significant whemmpared with the other transects. At both the pooled
transect and individual plant levels, a negative (declining) trend in flower production was found
at Grove Creek.
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The Mystery Cave Road transect population appears stable, as indicated by plarsrandb
reproductive characteristics. No trend in plant numbers (population) was detected from 1991 to
2015. Though not statistically significant, plant area and total inflorescence number has
increased from 1991 to 2015. The observed recruitmengiglglhigher than mortality

The Mystery Cave Ridge transect population is apparently stable; however, the declining trend in
plantarea and inflorescence number coupled with mortality numbers that are higher than
recruitment seems to indicate ectiningpopulation. The decline in total plant area was

statistically significant at theansectevel, but nofor individual plantareas Overall, the

Mystery Cave Ridge transect has consistently maintained the lowest population and the largest
plant size wken compared with the other transects. The decline in inflorescence nuasber
statistically significant. Observed mortality is higher and recruitment lower when compared with
the other transects.

Potertial threats of grazing and energy development continue to exist, but have not been realized
in the monitoring that spans 25 years. Detailsloservations and the potential for impacts from

fire and recreation are discussed. Future directions foréhi®graphic monitoring ants

relevance for management are also discussed.
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1.0 INTRODUCTION

Shoshonea pulvinaghoshoneas a plant endemic tiheregion ofnorthwestern Wyoming and
adjoining soutkcentral MontandgHeidel 2011) Shoshone# a member othe Carrot Family

(Apicaeae) It is a matforming, herbaceouspng-lived perennial with a woody taproot and

branching underground sterfiSgures 1A-B). The species was first described in Wyoming in

1981 by Erwin Evert and Lincoln Constance (Evert and Constance 1982). In Montana it was

first discoveredn the Pryor Mountainby John Pierce in 1984nd in the Beartooth Mountains

by Peter Lesica in 1985incethemidl 98 06 s numer ous surveyim have
Wyoming and Montana (Heidel 2011, Fertig 1997 and 1998, Marriott 1988 and 1982, ded

Achuff 1991 ,Lesica andShelly 1988)

In MontanaShoshonegrows on thin rocky
soils of open, exposed limestone outcrops )
ridgetops, and canyon rims at elevations "
from about 6,400 to 7,950 feet above sea [
level (Lesica and Shelly 1988&lontana g Y
Natural Heritage ProgranMTNHP] 2015. ‘( 4 ;"“'.
Globallyit is ranked as a G3 indicating it isjy ‘\ {
vulnerable, at moderate risk of extinction o
elimination due to a fairly restricted range, '};-;‘ ‘
¥/
27

L g/"

relatively few populations or occurrences,
recent and widespread declines, #tsgor
other factorgNatureServe 2@). In
Montana and Wyoming, it is ranked as an S2
indicating it is at risk due to very limited and/or
declining numbers, range, and/or habitat, mgki
it vulnerable to extirpation; it is a Species of
Concern(MTNHP 2015 and Wyoming Natural
Diversity Database 2@). It is listed as Sensitive
by the Montanand Wyoming stateffices of the
Bureau of Land Manageme{8LM) (BLM

2014a and 201D In Montana,Shoshonegs

found in13 subpopulations (referred by the
MTNHP as species occurrend&©]) which

occur in thregopulations (East Slope Beartooth
Plateau, East Pryor Mountain,daBig Pryor
Mountain)(MTNHP 2015).

While surveys provide information on a
speciesd distribution — TmonTr AT T ARn o Aanet ty ognq
habitat associatons, demographic monitoring S LS, P phenareh by Pt (o0

marks and ranitors be fate _of_ |nd|_V|duaI (bottom) OfShosﬁlonea pulvinata

plans through time to acquirkfe history

information A demographic monitoring study 8hoshonea pulvinataegan inl991 to learn

the details of Shoshoneads growth, fecundity,
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The monitoring was initiatedy the BLMto learn about a lonljved, slowgrowing species that
was relativel y @alnsaeddistribtiont antives WHere potentidhineats
(grazingby wild horses and bighorn sheep in the Pryor Mountaiminining, oil, or gas
development in the Beartooth Mataing wererecognized (Lesica 1993, Lesica and Achuff
1991) In 1991, permanent belt transects were established in the Pryor and Beartooth Mountains
in Carbon County, Montana (Lesica and Achuf®1® Monitoring results have been analyzed
and reported in a 1991993 Baseline RepofLesica 1993and 1999 Trend Repd(itieidel
2001). In 2012 funding from the BLM was made availdableonducthree additionayears of
monitoring ando revise thel999 Trend Rport. Over the past 25 yeasgven years (1991,
1992, 1993, 1999, 2012, 2013, and 20df5nonitoring datdhave beencollected. This trend
report evaluateall monitoring data from 1991 @015 and presentsn expandedife history,
effects of potential threats, and managenmgormation

2.0 STUDY AREAS

Demographic monitoring fd8hoshoneaccurs atwo of its threeMontanapopulations
Beartooth Plateau arRfyor Mountains.In 1991 mrmanent belt transects were instabi¢three
locations orland managed by the BLMThe Grove Creek transect is approximately five air
miles southsoutheast of Red Lodge. The Grove Creek transect is situated on the east slope of
the Beartooth Plateau on a narrow ridge of the Meeteetse Sphresabitat is of widely
scattered, stunted conifers ranging mostly in height fregrfeket tall with a diversandopen
understory of forbs, grasses, and shrubs growing on limestone pavéiaaetl Photos 1-2 in
Appendix B). The Mystery Cave trangs@re in the Pryor Mountairegpproximately 32 air
miles southeast of Bridgeil heyalsooccur within the Pryor Mountain National Wild Horse
Range. The Mystery Cave Roaansec{often referredo in report asncRoad is situated in an
open Dougladir (Pseudotsuga menzigdiorest with a diversandopen understory afhrubs,
forbs,andgrasses growing on limestone covered by didible 1, Photo 3 in Appendix B). A
wild horsetrail crosses through and paralléie belt transedPhoto 14in Appendix B); an old
two-track roadoccurs a short distancgslopeof the transect The Mystery Cave Ridgeansect
(often referredo in report asncRdge) is situated on an exposed ridgdimestone pavement
thatsupportssparse forbs and grasses anadgmcet to mature coniferousrest (Table 1;

Photo 4in Appendix B).

Table 1. Landscapesettingfor the Shoshonea pulvinatanonitoring transects.

Transect Slope Elevation ULEE . -
Transect ori . Grade & Canopy Habitat Description
rientation (feet) X
Aspect (estimate)
Grove Creek 353° 5%, 7140 1% Open,stuntedmixed-coniferforest
northwest growingon limestone pavemenho
exposed ridge
Photos 12 in Appendix B
Mystery Cave 194 2%, west 7570 45% Open Dougladir forest, on
Road limestone covered with duff.
Photo 3 in Appendix B
Mystery Cave 213 2%, west 7587 10% Exposed rim outcrop adjoining
Ridge forest, on limestone pavement.
Photo 4 in Appendix B
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3.0 METHODS

The demographic monitoring goal was to map individuals across years and detect changes in
population trends, individuals by size, and reproductive characteristics, and to evaluate
recruitment and mortality (Heid@D01). Over a span of 25 yeathreetransects were

monitored seven times in the years of 1991, 1992, 1993, 1999, 2012, 2013, and 2015.
Information from the previous reports (Heidel 2001, Lesica 1993, Lesica and Achuffivi&@l)
used in theevaluation and writing of th 19912015 trend report

3.1 Field Procedures

Monitoring methods were developed and transeetginstalled by Lesica and Achuff (1991)

with annotations in Lesica (1993) afallowing standards and assumptions of Lesica (1987)
Trend data derived from these subjectively placed transects statistically represents the transect
and not the entire Shoshonea population1991 the Grov€reek Mystery Cave Road, and
Mystery Cave Ridge transect ends were marked by rebar and inf&xi@¢tation was recorded
with a global positioning system (GPS) unit. Incidentally the rebar has remained intact and
strong over the years. The Grd@eeek Mystery Cave Road, and Mystery Cave Ridge transects
are each 50 cm wide by approximately 10, dfid 12 meters long, respectively. All transects are
read on the west side, starting from the south end for Grove Creek and starting from the north
end for Mystery Cave Ridge and Road. The seven years of monitoring took place frdomenid
to early Augst. It has been observed thatl@f petioles elongate slightly over the summer
causinga small difference in JurendAugust readinggHeidel 2001) b) seedings become more
apparent in AugugHeidel 2001) and c) bytheearly August of dry summersflarescencesnay
abort and flowering stems shri@leidel2015.

At each site the ring of the metpe is placed over the rebar and the tape is stretched to the

other end and secured. The tape is to be taut and straight. The center coordinates of each
Shoshonealantis recorded to the nearest centimeter using thiemape and meter stick. As

the plant grows, portions of it may also die. Thus, the center coordinates of an individual plant

may change over ti me. It i s necessary to use
determining plant coordinates. istalso sometimesecessary to carefully scrape the soil and

determine i i n d i vaie domreedtesl Gnderground or tragparatd. In measuring the

coordinates, it is important to keep the meter stick perpendicular to the meter tape.

Afterrecordiy t he pl ant és coordinat es, -canimetelsyb0z e o f
centimeterclearPlexiglasthat has been marked with a grid e€éntimetetby 4-centimeter

squares is randomly placed over the p(&igure 2). The number ofjuartersquares that are

filled by green vegetation is counted and recorded onto the dataBigeee (). In the office

the number of quartesguares will be multiplied bfpur to calculate area in square centimeters.
Larger plants tend to die out ine center and this dead region is not counted. The number of
inflorescences on each plant is counted and recorded onto the datasheet. If a plant partially
occurs within the transect, the location, size, and number of inflorescences that occur within the
transect is counted and a comment that it extends outside is recorded. Coamiueditadual
plantsshould be recorded, especially regarding health, browse, and disturbance.
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Flgure 2. ThePIeX|gIaS|s randomly placed over the plant. From top Ieft to bottom right the
number of filled quartersquares are2, 1,2, 2, 3,1, 2,3, 3,4,1,1, 2,2,1. Plant area is30
guarter-squares which equals2D squarecentimeters.

Each plant on a transect is assigned a unique -alpimeric code that identifies it. Plants in the
first meter of the transect (from O to 99
in alphabetical order. In 1991 six plants were fountthénfirst meter of the transect and were

c m)

given the codes of 1a, 1b, 1c, 1d, 1le, and 1f. These unique codes remain assigned to the plant at

that location for the duration of the study. If a new plant appears in the first meter of this
transect in subseegut years, it will be assigned the code of 1g. Assigning a unique alpha
numeric code to each plant allows the fateafhindividual to be followedduring the course of
the study.

Photographs are useful for documenting conditions duringreaaitoring year. Photographs
should be taken from each end of each trare®adf plants,habitat and site conditions.

3.2 DataAnalysis

Because ofdchnological advancés computers and software to analyze data, it was necessary
to reevaluate thentire dataset from 1991 to 2015. Data from all data sheets were entered into
Microsoft Excel,which was also sed to track individual plant coordinates, size, inflorescence
number, recruitment and mortality (where applicable), and to conduct bamsitcstat

summaries, transformations, and graphical displ®jatistical tests were performed using R
version 3.2.2 (2014.2-10) and the Rcmdr package (R 201Bue to tke re-evaluation of
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tracking individuals and sonpastcalculationerrors information in this report may differ from
past reports.

The previous reportsategorized plant ages by using sjg@enile/smallest (less than 15 square
centimeters), small mature (16 to 80 square centimeters), and large mature (greater than 80
square centimeters) (Heid2001, Lesica 1993, Lesica 1992, and Lesica and Achuff 1981

was thought that plants smaller than 16 square centimeters were likely to not flower; however,
subsequent monitoring has recorded flowers on plants as sMadfjaare centimetersThis

analysis chose tignore size as an indicator of maturity and instead categorized plants as
flowering or nonflowering.

3.2.1 Transecl evel Pooled Data

Data was pooled by year at eddnsect. The number of establish@idants(transect

population) total plant surface area, total number of flowentants andtotal inflorescence
numbemwere not normally distributed; therefothe most appropriate transformation was used

to normalize each datet. The number of estahed plantstotal plant area, total number of
flowering plants, andbtal number of inflorescences were transformed using the natural log (In).
The monitoring year was transformed so that 1991 and 2015 represented Year 0 and Year 24,
respectively.

To test for differences in pooled data amtnagsectsa oneway Analysis of Variance

(ANOVA) was used and a pairwise comparison of means was examiisgty @nsecutive

years of monitoringlata is better foanalyzing population trends herefore, d-test was used to
test the null hypothesis of no difference between the early consecutive monitoring yeass (1991
1993) and the later, nearly consecutive monitoring years §2013). Tke ANOVA and ttest
wereapplied to the In established plant numlbetptal plant aredn total number of flowering
plants, andn total inflorescence numbeBox plots were used to graphically display tktest

and ANOVA results.

3.2.2 Transecievel Individual Plant Data

Data o all the individual plants ereassessed at eattiansect.A subsebf plants present in all
seven monitored years was also assessed at each trdlaettarea (cover or surface area) and
thenumber of inflorescencgser plantwere not normally distributed; therefore, the most
appr@riate transformation was used to normalize eachskdtarhe plant area was normalized
using the In transformationThe number of inflorescences per plant was transformed using the
equation Ial. The monibring year was also transformed using the sarathod as for the
0transect | evel pool ed dat ao.

A t-test was used to test the null hypothesis of no difference between theocesdygutive
(1991-1993) and latemearly consecutiv0122015) years.Box plots were used to graphically
display the ttest results.A linear regression was used to statisticedst the trenaf all (1991,
1992, 1993, 1999, 2012, 2013, and 2(8&)en monitored yearg he linear regressions were
back transformedtb display the results graphically. Both tests were apptig¢detransformed
data
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4.0 RESULTS
4.1 Plant Number and Area

Basic summary statistics were generated on plant numbers (transect population) and plant size
(area) for each monitored year at etramsec{Table 2). In eachmonitoredyear the transect
population at Grove Creek was the largest, Mystery Cave Ridge was the lowedtshey

Cave Roadvas intermediatéTable 2 Figure 3). However, the total plant area was consistently
highest at Mystery Cave Ridge indicating that damere fewer, but largeTéble 2, Figure 4).

The lowest total plant area was found at Mystery Cave Road for the years mathitousyh

1999, butswitched in20122015at Grove CreekTable 2 Figure 4).

Table 2. Summary statistics foShoshonegulvinata monitoring from 1991to 2015.

Established | Total Plant Mean Plant [ Standard Min - Max
Site Year Plants Area Area Deviation | Plant Size

(count) (sq cm) (sq cm) Plant Area (sg cm)

Grove 1991 57 2204 39 80 4-532
1992 69 2368 34 71 4-500

1993 67 2316 35 69 4-492

1999 81 2276 28 68 1 -552

2012 59 1816 31 69 4-524

2013 59 1757 30 68 1-512

2015 62 1549 25 54 1-412

Mystery Cave 1991 49 1808 37 28 4-132
Road 1992 49 1872 38 30 4-140
1993 50 1968 39 30 4- 140

1999 60 1699 28 25 1-100
2012 46 1996 43 41 12-220

2013 50 2121 42 43 9-232

2015 51 1868 37 39 4-204

Mystery Cave 1991 31 2638 85 112 4-488
Ridge 1992 22 2556 116 128 4-520
1993 21 2496 119 132 4-524

1999 19 2464 130 137 4-568

2012 20 2292 115 126 4-520

2013 20 2156 108 121 8-496

2015 19 2096 110 130 4-548
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Figure 3. Number of plants foundn monitored yearon each transect.
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4.1.1 Transectlevel Pooled Data

The ttest found no statistically significant differencete transformeglant number (number
of established plants) between the early (12923) and later (2022015) years at the Grove
Creek (t=1.079, df=2.308;yalue=0.380), mcRaxd (t = 0.238, df = 2.181 -yalue = 0.831), and
mcRidge (t = 1.703, df = 2.077;yalue = 0.225) transectBigures5 A-C).

The linear regression of plant numbers from 1991 to 2015i8asot statistically significant at
the Grove Creek (slop®.004,df=5, pvalue=0.453), mcRoad (slop@.001, df=5, p
value=0.776), and mcRidge (slofe009, df=5, pvalue=0.144) transects. Thus, no trends in
plant numbers were found.

Figures5 A-C. Box plotsof In plant numberin early (19911993) and later (201:2015) years
at Grove Creek, mc&ad and mcRdgetransects Plant number wasnot statistically different.
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Monitoring Shoshonea pulvinata in the Pryor and Beartooth Mountains, Carbon County, Montana

1991 to 2015 Trend Report

The ttestof thetransformedotal plant arean thetranseciwas statistically differertvetween

the early (19911993) and later (2022015) years at the Grove Creek (t = 5.636, df = 2.739, p
value = 0.014) and mcRidge (t = 5.241, df = 3.299alpe = 0.010jransects, butot

statistically differentit the mcRoadransecit =-1.295, df = 3.497,alue = 0.27%

(Figures 6 A-C).

Figures 6 A-C. Box plots of Intotal plant area in early (19911993) and later (201:22015)
years at Grove Creek, mcRad, and mcRdgetransects Plant area was statistically significant
at the Grove Creek and mcRidge sites.
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Monitoring Shoshonea pulvinata in the Pryor and Beartooth Mountains, Carbon County, Montana
1991 to 2015 Trend Report

4.1.2 Transect evel Individual Plant Data

The ttestof thetransformedndividual plant areéoundno statistical differencbetween the
early (19911993) and later (2012015) years at the Grove Cre¢k=(0.257, df = 370.83,-p
value = 0.79Y, mcRoad {=-0.62851, df = 288.47,-palue = 0.530p and mcRidget(=-0.305,
df = 122.87, pvalue = 0.7@) transectgFigures 7 A-C).

Figures7 A-C. Box plots of In individual plant area in early (1991993) and later (2012
2015) years at Grove Creek, mo&d and mcRdgetransects. I ndividual plant area was not
statistically significantat each transect
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