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Abstract

Most rangelands west of the Cascades in the Pacific Northwest occur on sitésstoatally
supported native prairie. Over 90% of theairies in this region have be@onverted to
agriculture or lost to development, making conservation of this rare systtop aonservation
priority. At the same time, the human population in this regaamtinues to grow, demanding
more from regional fod production systems. Thereforagricultural producers are under great
pressure from growing needs for food productiand habitat conservation. Because of this, it
is increasingly recognized that effectiprairie conservation can only be achieved bytpering
with private landowners taevelop incentivized conservation strategies that maintain
productive farmsThrough a unigue collaboration between agricultural producers, conservation
scientists, economists, sociologists, regulators and agui@llresearchers, we propose to
evaluate if and how agricultural productivity can be maintained or enhanced in working
landscapes while simultaneously accruing conservation value for rare native plardasiamals.
Through replicated ofiarm experimental demonsations, we will quantify th&?S 02t 2 3A OF £
generated by conservation tools (altered grazing regimes, springpegsid, seeding native
species). Additionally, we will evaluate the costs and benafisociated with conservation
actions, to provide gdance on strategies and expensesdgricultural producers. Finally, we
will survey producers to identify concerns, questi@msi needs (financial, technical, other)
surrounding habitat conservation on thgroperties. The combined ecological, econoamd
social survey data will help guidgevernment incentive programs. We expect this work to
identify opportunities foragricultural producers to increase the conservation value of their
properties, whilemaintaining or even enhancing their bottom lirféudy findings and
educational materials resulting from the demonstration triadil be communicated through
peerreviewed publications, presentations at academinferences, ayblished grazing
management guidebook, and a series of collaboratégionalworkshops foragricultural
producers, researchers, extension agents, and laadagers.

Project Objectives

1. Develop a regional network of three grazed prairie research sites to demonstrate and
evaluateeffects of conservation tools on praifbitat. This objective will:

a. Implement conservation tools for target species and habitats, with focus on
managemenintensive grazing, exclusion during critical flowering periods and/or
native seeding.

b. Evaluatehe impactsof conservation installations tbugh a range of habitat and
speciesspecificmetrics over 3 years.

2. Utilizethe regional network of grazed and ungrazed prairie sti@suantify the
financialcosts and benefitassociated with managing critical habitat and species over a
3-year period. This objective will:

a. Provide practical financial information to farmers, the conservation community,
and thecounty planners concerning the costs of meetihgpitat Conservation
Pan (HCRrequirements orgrazed andingrazed prairisboth on private and
protected sites.



b. Develop enterprise budgets anccastbenefitanalysis to inform HCP acreage
targetswhen protecting critical species on grazed land relative to conservation
presewne land.

3. Engage private landowners by administering aaaturvey focused on landowner

needs forincreased involvement in land conservation programs (conservation
easements, HCP, Saflarbor Agreement). This objective will:

a. Engageagriculturalproducers and regulatory entities in a productive discussion
on incentives needetbr habitat conservation on working lands.

b. Provide feedback for regulatory programs on effective strategies to engage
privatelandowners.

Present opportunitiesor technical assistance rekd to habitat management and
discussncentive opportunities with agricultural producers, regulatagenciesand
conservation land managers through several mechanisms:

a. Workshop series, with field tours of the agriculturahdenstration sites and
native prairiepreserve sites. Field tours will be sponsoredAsgshington State
University WSU, Center for Natural Lands Manageme@NLN, Thurston
CountyConservation Districind Natural Resource Conservation ServidRCH

b. Publications including WSUExtension technical bulletin providing management
guidelines and financial datar conservation toolsas well aswo published
manuscripts in peereviewed journals.

c. Presentation of findings at regional and national confeemc
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Research
Hypothess

1.

2.

Adoption of conservation grazing practices can improvehigitat value of grazed

prairie sites

Conservation grazing practices may approach habitat value of ungrazed native upland
prairie, as measured by natigpecies richnespercent native groundcoveand

butterfly behavior

Endangered or threatenespecies populations, such as Mazama pocket gopher, may be
comparable in occupancy between grazed and ungrazed prairie sites



4. Grazing land productivityill not decrease as a result of adopting conservation grazing
practices that improve habitat for endanget and threatened species

5. Integrating grazed working lands into conservation practices can result in a significant
economic contribution to the regional economy, in comparison to removing working
land from production for habitat and species protection

6. Spedic strategies can be identifiebly farmers and ranchers to improve participation
and trust in conservation programs and conservation partners

Materials and Methods

Three farm sites (Colvin Ranch, Fisher Ranch and Riverbend Farm) and three ungraeed prair
sites (Johnson Prairie, West Rocky Prairie, and Wolf Haven) were chosen for this study to
represent a range of forage quality and practices and upland prairie habitat conditions. Within
each farm site, six-&cre paddocks were chosen for Conservatioazidrg Practice (CGP)
treatments (n=30), along with paireddkcre Business as Usual (BAU) paddocks (n=30) (see site
maps in Appendix 1). Assigned CGP treatments were developed through the NRCS Site
Inventory Planning process (NRCS, 2017) and refleestafic conditions and desired natural
resource outcomes for each ranch (Table 1).

Table 1. BAU and CGP Treatments for each farm site

Farm Site BAU Treatment CGP Treatment

Colvin Ranch | MiG with spring deferment Native seeding

Fisher Ranch Rotational grazing w/ spring deferment Rotational grazing w/ spring deferrment
and native seeding

Riverbend Farm| Continuous grazing MiG w/ spring deferment; native seedin

Six areas within each of the selected native upland prairie (NUP) sites were also chosen as
replicate plots to provide a comparison to the BAU and CGP treatments at the farm sites
(Appendix A). We placed a 15 m x 15 m grid over maps of each ofatre Yfeatment plots at
each site and randomly chose 5 subplots within each treatment platnge of community and
speciesspecific variables were measured in these plots (Table 2).

Table 2. Treatments and response variables evaluated

Treatments(independent Business as Usual grazing (BAU), Conservation Grazing Pract
variables) (CGP), Native Ungrazed Prairie (NUP)

Site responsegresponse Forage height & biomass, uniformity of use, livestock
variables in BAU and CGP) concentration areas, satompaction, erosion

Plant community(response Native and nomative species richness, percent cover of trees,
variables) shrubs, forbs, native grass, and forage grass; abundance of

butterfly nectar and hostplants
Gophers(response variables)  gopher mounls/grid cell

Butterfly behavior(response Move lengths, turning angles and diffusion rates
variable)

Soil measuregsite-level ce soil classification, soil nutrients

variates)




We constructed the necessary sepgrmanent infrastructure for CGReatments at Riverbend
Farm (creating rotational paddocks) in fall 2018 and seeded ®géeific mix of native species
into each of the CGP treatment paddocks at each site in Octdbgember 2018 (Figure 1).
Species were chosen according to sever#&iga: previous successful establishment in grazing
systems, early season phenology, diversity of life histories (i.e., perennial, annual), low seed
cost, and sufficient seed availability (see Appendix B for more information on species). Seeding
rates werebased on previously used rates in both upland prairie and in grazing systems and
documented germination rates, when available. In spring 2019, we quantified seeded species
establishment by counting individual seedlings within 4 systematically placed)liadrats
within each 15 nx 15 m vegetation monitoring subplot.
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Figure 1. The ten species selected for native seeding into farm sites.
See Appendix B for full species descriptions.

Vegetation monitoring

To determine the native and nemative
species richness in each site and each
treatment, we recorded all plant species
present in each of the five 15 m x 15 m
subplots within eaclplot in each treatment
(CGP, BAU, NUP) in spring 2019. Additionall
we recorded the percent cover of trees, wood
shrubs, native forbs, forage species, native
grasses, and abundance of butterfly resourcef
species in each subpldtigure 2, Table 2). To
evaluate differences in plant community
composition, we used nonparametric methods
(Kruskalwallis, Noametric Multidimensional
Scaling) because our data were not normally
distributed and transformations were
inadequate to fit data to a normal distribution.

Figure2. Conducting forage monitoring survey
work at prairie and grazed ranch sites.



Gopher monitoring

Mazama pocket gophers are 100% fossorial, making
measures of abundance extremely difficult and labor
intensive. Instead of tracking abundance through-live \'s

(i.e., mounds; Figur8) and use these datatdetermine
occupancy estimates. Occupancy as a metric of
population status that indicates the proportion of the
landscape that is being utilized by the target species. Tt
technique requires repeat visit surveys of fresh mounds s
(< 48 hrs. oldyvithin the treatment areas so that
seasonal and annuahpacts to mounebuilding are
accounted for. We visited plots three times in Fall 2018 [

and 2019with a 3 to 5-day interval between visitéach — FASERE w27 g&‘
survey consisted of searching plots for two minutes or |z 2z =& RaL )5 e
until fresh gopher mounds were located. Surveys will b |:|gure3 Old gopher mound with

repeated each fall throughout the project period to native Ranunculus occidentalis
determine how occupancy is Changing over time within growing out of it at Colvin Ranch.
each treatment.

Butterfly behavior

In high quality habitat, butterflies tend to have
movement paths comprised of short, quick steps and
high turning angles. This behavior results from
concentrated individual search behavior in areas with
high reward (high density of resources or oviposition
reproductive sites) in contrast to highly mobile search
bebayior in areas vvvith low reward (low density of Figured., Inmal butterfly evaluation _
NBaz2dz2NOSa 2NJ NBLINE RdzOuAQSatgvgsLh&gyg ?eTuS)/ ol t

~ = rair
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measures of move rate (low orgh mobility) and turning angles, we can calculate habitat
specific dispersal, or diffusion rates.

Funds from Western SARE do not include funding for this aspect of the study in Year 2 (2019).
We obtained another grant from Conservation, Education, asskRrch Opportunities

International (CREOQi) for butterfly behavior observati{frigured4). From ApriSeptember

2019, we quantified behavior at six sites, two in each of the three management categories. We
observed two species: silvery blu€&lgucopsychiygdamus)n the early season and ochre

ringlets Coenonympha tullia eunomian early and late season. We conducted our

observations by releasing an individual and following it at a distance for up to 60 minutes. Each
AYRAGARdzZ £ Qa 0 Siidipditiod Marked with a\ukb @eg) MRS I8 seconds. From
these observations we calculated the move length, turning angles, and diffusion rate in each
habitat category. The data in 2019 will be used for the observational portion of the butterfly
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portion ofthis project. Butterfly host plant and nectar data were also collected. Data will be
analyzed in 2020.

Soil nutrient assessment

Baseline soil nutrient status was evaluatedrati 2018from the three cooperating ranch sites

and the three prairiesitea® 2 KSNB &d2Af O2yRAGA2ya Ifft26SRX FA
replicatepaddock/unitwere obtained to a depth of 8 inches. In instances where rockiness

prevented soil auger penetratiomat least one exposed face soil sample from each quadrant of
eachreplicateg & O2f t SOGSR (2 yéod ¢KS SELRASR FI0S O
G2 yé3 6KAOK NBIdZANBR |y FLIINRPEAYIGSte& cé E ¢
Qub-samplesfrom each replicate were combined, and a composite sarfolen each ofthe six
replicateswithin eachresearch site @wssentto A&L Soil @sting LaboratoriegPortland, OlRfor

analysis Samples were refrigeradl prior to shipping, then wrapped witgel packs in bubble

wrap for transit.Samples were analyzed for nitrogen, phosphorous, potassium, calcium,

magnesium, sulfur, iron, copper, zinc, manganese, boron, pH, cation exchange capacity, organic
matter and estimated nitrogen release.

Foragebiomass sampling

Total brage biomasgroduction was estimatetdly sampling the two primary forage production
flushes per season. The first was a spring growth period between approximately March and the
beginning of June at which point dry conditions effeely precluded further growth and forage
dormancy began. The second was a fall growth period between approximatei@epiember

when fall precipitation began, and the end of October when cool conditionselirfutrther

growth.

Timing andrequency of forage biomass and height estimations at prairie and ranch sites varied
by site (Table 3). Rotationally grazed sites were sampled in April, June, and December to
capture early season, spring, and fall forage production, respectively (Cadhiar,Fand CGP
treatment at Riverbend). Prairie sites were sampled in June only. The BAU treatment at
Riverbend (continuous grazing) was sampled monthly from April through September to emulate
continuous grazing of ruminant livestock.

Table 3. Timing of lomass and height measures at grazed and ungrazed prairie sites in 2019.

Jan| Feb| Mar | Apr | May | Jun| Jul | Aug| Sept| Oct | Nov | Dec
Fisher X X X X+
Colvin X X X X
River X X X X X X X
John X
West X
Wolf X

Rotational grazing management employed at Fisher and Colvin ranches
Rotational and continuous grazing employed at Riverbend where CGP included not only seeding but also
a grazing paddock system.



Total springsummer biomass only was measured at ungrazairiprsites (Johnson Point, West Rocky,
and Wolf Haven)

At the ungrazed prairie sites, three of five 15 m x 15 m subplots within each replication were
randomly selected along a rough transect through each of six replications. One biomass sample
was collected from each of the three subplots using a randdosised 4.8 ft cable ring(Figure

5). Abvoveground plant material was clipped goound levelwithin each ring, creating a total of

3 sub-samples pereplication.Qub-samples were dried at 36 for five days at the WSU

Puyallup Research and Extens@enter. Dried weights were obtained to the nearest @esth

gram, and averaged to provide six replicate values per($8dotal measures, n=6)

two cages was paired, at each time of sampling, withano |
cage sample redomly collected using the same cable method| =
described above, providing a protected and unprotected i
biomass estimation (Figur@s8). Cages at rotationally grazed |
aAGSa 6SNB dzaSR (2 Y2yAG2NI|
have occurred prior to samplingihile cages in the i g
continuously grazed treatment at Riverbend (BAU) allowed for St e T
spatial beforeafter biomass measures. Cages were moved ~ F19ureS. Forage biomassampling
after each sampling, and the difference between caged and Utilizing NRGcable hoop method.
no-cage measures approximated the biomass produced from
the last time of sampling. In this way biomass production in a
continuous system consisted of monthly measures additive to t
initial April sampling.

Sampling
hoop

Figure7. One biomass sample was collected per exclusion cage withi
each experimental unit, andoneih y | R2 -@DISFIQ W2 &
ring was well within the cage footprint to avoid peripheral grazing.
Height measurements were taken at 3 locations (black circles)
approximately 10 in. inside each corner of the exclusion cage.

exclusion cage at Riverbend
Farm.
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Figure8® h y-8© | Bipraass paired with the cage measure was collected by randomly tossing the
cable ring within each respective experimental unit. Height measurement were taken at 5 locations
distributed at equidistant points along a circle around the randomly cast sampliogp as illustrated.

Total biomass productioat prairie sites and rotationally grazed sites was estimated using-June
only measures. Nosignificant grazing activity occurred as of the April sampling (data not
reported), and biomass as measured in Jureswadditive to what had already been produced

by April (same forage, merely tallefotal biomass production at continuously grazed sites
consisted ototal biomass measured iapril, followed by additive monthly samplings

estimate what was being grazed off by livestde&ll biomass production data for 2019 were

not yet analyzed at the time or reporting.

Forage height

At ungrazedrairie sites, three height
samples were collected in each of three
subplots used for biomass sampling. Starting
from a reference point on the southwest .
corner (located by GPS) of each subplot, threq .
height measures were collected at a series of ®
15-pace inervals in the directions north by
northwest, then northeast, and then again
north by north by northwest. Three height
measures per subample across three

subplots across six replications were collecteq:,gureg preparmg Americorps volunteers

(36 total measures, n=6A\mericorps for field work at Riverbend Farm.
members assistkwith data collection for all

vegetation and forage metrics (Figudg

Forage height estimations at grazed sites were collected as noted in Figames8. At cage
locations, a measure was taken within each corner of the exclusion cage, whileag®o
locations, five measures were collected along a circle paced around the randomly tossed no
cage biomass sampling ring.



Biomass Utilization

Documenting percent biomass utilization is reported here, and is important to monitoring
efficiency offorage use. However, it is complicated by potentially incomparable sampling
methods, and high variability across sites, between treatments, and within experimental units.
Some challenges were as follows:

1 Monitoring continuous grazing using the cage methelid upon calculating the
difference between cage and r@age biomass (a spatial approach: one protected
sample here, a second unprotected sample there, taken during the same visit). Percent
utilization can be estimated for each sampling period by digdhe biomass consumed
(difference) by the total (caged). This measure averaged over every sampling period (in
this case six mo) provided a seadong estimation of forage utilization.

1 Monitoring rotationally grazed biomass relied upon calculating tifiedince between
pre-grazed treatments (June sampling), and pgistzing (September sampling),
representing a temporal approach: pegtazing samples (leftovers) substracted off-pre
grazed samples (total available) to estimate forage consumed.

1 Whilethese are arguably the only available methods to compare percent forage
utilization (spatial cage/no for continuous, and before/after for rotational) between
these grazed systems, the methods are concerningly different, particularly in light of
additionalsubstantial differences in overall biomass available in these systems at each
time of sampling. Continously grazed forage was between 0.25 and 3 in tall, and
biomass in continuously grazed systems caged one month since the previous clipping
was itself harty taller. By comparison, rotationally grazed paddocks prior to grazing
were 15 in and greater, while pegrazing paddocks in rotational systems remained 5 to
10 in in height with considerably variability from trampling and oxidation by September
post-graze sampling.

Soil taxonomy work

Taxonomic soil descriptions were completed by the USDA Natural Resource Conservation
Service Soil Surveyaff operating out ofOlympia, WAOne to three soil pits were excavated at
eachsite; the number of pitslepended on the presence or absence ofimamounds or low

lying topographyBoth mound and intermound soil pits were dug on sites with mouarpits
were dugat otherdistinctlandforms such as a lelying area. Soil taxonomic work consisted of
excavatng soil with shovels to appropriate diagnostic horizons, which typically did not exceed
100 cm. Methods presented in tiéRCS Field Book for Describing and Sampling\&ogion

3.0) were utilized to document site characteristics including pamaterial, landorms, land
shape and drainage, as well asagnostic features (i.ediagnostichorizons) and soil pit
descriptions consisting of horizonation, color, texture, and struc(iale 2)Full soll

taxonomic descriptions were included in adimeport by NRCS staff.

Survey of Grazing Practices in Southwest Washington

We developed a survey to gather information on grazing practices in western Washington,
potential barriers and incentives to implementing conservation practices for landowners, and
feedback regarding regulatory programs and agency relationships. The sonveayned
guestions related to land use and land use history, potential conservation barriers and
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conservation incentives, relationships with agencies/organizations, and demographics. The
guestions were formatted as multiple choice or Likert Scale. Thagealso a section where we
invited respondents to tell us any information they felt was not covered in the rest of the
survey.

We vetted the survey through a meeting with a focus group comprised of producers
participating in the grant (Fred Colvin, Kevensen, and Maynard Mallonee) in fall 2018. The
producers each took the survey in draft form and then provided feedback on terminology,
clarity, length, flow, and question relevance. We obtained the certificate of exemption from

further review fromWaslyf 342y { G+ 4GS ! yAGSNEAGE@Qa LYyGSNYI €

used a mixed method (Dillman 2007) to distribute the surveys online and in print for producers
for whom we did not have email addresses. We built the emailed surveys through the survey
software Qualtrics© and built the printed version in Microsoft Word. We partnered with
participating organizations throughout western Washington, including WSU county extensions,
farm bureaus, conservation districts, and others, to distribute the surveynaayanous

Quialtrics link to their email databases. We were also able to obtain mailing addresses of some
landowners through the Thurston and Lewis county extensions and mailed surveys to
landowners for whom we did not have email addresses. Over 300 prauedys were mailed.

Enterprise budgets

Enterprise Budget Development for Cattle Production

A meeting with producers was held for the purpose of conducting a Delphi Method survey of
costs of cattle production in Thurston County. The DMfe@malized approach to assembling a
group ofexperts and soliciting information in their area of expertise (Linstone and Turoff, 1975
and Weblar et al 1991), in this case, regarding the costs and earnings associated with various
prairie grazing practicesnkerprise budgets were created that compare earning from

traditional cowcalf production systems and grafisished beef enterprises that market directly

to consumers. These budgets will be finalized pending review by subject area speciatisis
draft 50-head CowCalf and Grass Finished Steers Enterprise Busig@tiuded in this report

Costs Estimates for Prairie Habitat Restoration Scenarios

A meeting with project personnel and stakeholders provided detailed scenarios for determining
costs for thee different prairie habitat restoration scenarios. These include Scotch Broom
infested parcels, abandoned farmland, and abandoned rangeland. Specific annual operations
for habitat restoration extend over multiple years. Relatively aggressive management is
required to convert previously unmanaged land into prairie habitat with native species.
Repeated burning, mowing, spraying and planting over many years would be required to
restore these lands to their native status. These cost estimates are currently developed

and reviewed.

Results and discussion

Seeded Species Establishment

Out of the 10 species we seeded into CGP treatments, 4 successfully estalflishiedia
parviflora(maiden blueeyed Mary) Plectritis congestésea blush)Ranunculus occidentalis

11

\



(western buttercup), andLupinus bicologbicolor lupine). Presence Gbllinsia parviflorand
Lupinus bicolom the BAU treatments was due to the fact they were already established at sites
before seeding occurred (Table. Swcess of these particular species may be attributed to

their annual growth strategy (with the exception Ranunculus occidentalig/hich is perennial)
which entails high reproductive effort within a short life cycle. Alternatively, these species may
be ale to germinate and survive under a wide array of environmental conditions, as they tend
to do well on many prairie restoration sites.

Table4. Mean absolute abundance of native seeded species (+ 1SD) across the different sites
and the three treatments(n=30). Absolute abundance is quantified as the number of
individuals per 1m2 monitoring plot.

Site Treatment | Collinsia Plectritis Ranunculus | Lupinus
parviflora congesta occidentalis | bicolor
Colvin BAU 0|0.03+£0.18 | 5.73 #10.49| 0.23£0.90
Colvin CGP 0.63+1.3 5.37 +11.03| 12.13 +29.82| 0.23 + 0.82
Fisher BAU 263+54 0143 + 492/ 0.1+0.31
Fisher CGP 11.43+£12.8| 4.27 £3.48| 4.73 £10.36| 0.27 £ 0.52
Riverbend| BAU 0 0 0]0.37£1.35
Riverbend| CGP 0|05 £1.32 0] 0.04+£0.19
Johnson | NUP 0.8+254 1 +3.89 0.47+1.41 | 0.87+1.25
West NUP 0 0/01+040 |0.37%13
Rocky
Wolf NUP 0.72+1.49 |0.86 £2.67|1.07+2.31 | 1.07+2.76
Haven

Native Species Richness

Native species richness varied by site in 2018 and 2019 maithe upland prairie sites hosting
more native species than farm sites, with a notable developmeativiel richness significantly
increased within CGP treatments over 2€A@19 (p<0.001) whereas there was no change
within BAU (p=0.56) or within NUP (p=D)4reatments over this same time frame (Figa®.

Increased native species richness was observed at all raiesh Golvin and Fisher gained
approximately threespecies oraverage while Riverbend gained osgecies (Figure 4). The
increase in thness was due to the seeding of native species, in partiPléatritis congesta
Collinsia grandifloraandRanunculus occidentali€Table4). Compared to native ungrazed
prairies, native species richness at ranch sites was much lowidr §pecies on\aerage at
ranch sites compared to 151 species on average in NUPSs) (Figueeb).
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Nonnative Species Richness

Non-native species richness showed minimal change from 2018 to 2019. Both BAU and CGP
treatments showed a slight increase (~1 species on average for each treatment), but this was
not statistically significant (BAP=0.25; CGH=0.12) (Figure 5). Nativengrazed prairies

hosted approximately 14 nenative species on average in both 2018 and 2019 (FitR)re
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Figurel2. Nonnative richness across treatments (n=30) in 2018 and 201QalBes are from Kruskal
Walllis tests. Error bars represent +1 SE.

Plant community composition over time
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To visualize changes in plant community composition over time, we usedetic
multidimensional scaling ordination. This method clusters communities based on similarity so
that assemblages that are more similar pesies composition are closer together while those
with disparate compositions are farther apart.

Overall, species composition across all plots became more similar from 2018 to 2019, as
indicated by tightening of the plots across hadixis 1 and Axis Eifuresl3, 14). Subsequent
similarity percentage analysis (SIMPER) showedHlgabchaeris radicatdlantago lanceolata

and Rumex acetosacreased in frequency across monitoring plots between 2018 and 2019,
leading to increased similarity in composition. The native ungrazed prairie sites all clustered
together, reflecting similarity in composition across these sites. The ranch sitedusszred
together, with Fisher Ranch and Colvin Ranch hosting several plots with similar plant
community compositions. The BAU & CGP treatments within each ranch site are intermingled,
suggesting they are not distinct from each other. Over time, we expgct CGP plots to

become more similar to NUP as more native species become established.
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Figure13. Non-metric multidimensional scaling (NMDS) ordination of plant communities in 2018. Each
point represents the plant community in a single monitoringgal Study sites are represented by
different shapes while treatments are denoted with varying colors. The stress value indicates how
well the data are represented by the ordination with stress = 0.18 indicating a fair representation.
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Figureld. Non-metric multidimensional scaling (NMDS) ordination of plant communities in 2019. Each
point represents the plant community in a single monitoring plot. Study sites are represented by
different shapes while treatments are denoted with varying colors. The streakie indicates how

well the data are represented by the ordination with stress = 0.18 indicating a fair representation.

Percent cover of native forbs and forage species

One year after the implementation of conservation grazing practices (CGP), there was no
significant difference in native forb cover (p=0.08) or forage species cover (p=0.1) compared to
BAU practices (Figuréd$, 16). Not surprisingly, native ungrazed pres varied considerably

from ranch sites in these two metrics with higher native forb cover (p<0.001) and lower cover
of forage species (p<0.001).
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Figurel5. Average percent cover of native forbs species across treatments in 2019. P values are from
KruskalWallis tests.
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Figurel6. Average percent cover of forage species across treatments in 2019. P values are from
KruskatWallis tests.

Gopher Occupancy

Gopher activity increased over 202819 at all sites except Johnson prairie whielereased by

9% (Figures, 18). The greatest increases occurred at ranch sites (Colvin=+16%; Fisher=+25%;
Riverbend=+38%). Portions of the native ungrazed prairie sites were burned in 2019, which
could explain the mixed results (i.e., decrease at Johpsainie) and tempered increases in

gopher abundance at other native ungrazed prairie sites (Wolf Haven=+2%; West Rocky=+7%).
Plots that burned in 2019 did have lower occupancy rates, but sample sizes were low compared
to unburned plots (FigureQ). Exanming changes across treatments over 22189, BAU

increased from 3%6% while CGP increased fromB®% (Figures 10, 11). Native ungrazed
prairies showed no overall change over 2€H 9.
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Figure . Proportion of monitoring plots occupied bgophers in2018 acrossll sites and three
treatments (n=30).
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Figure B. Proportion of monitoring plots occupied by gophers in 2019 across all sites and three
treatments (n=30).
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Figure B. Gopher occupancy at native ungrazed prairies in plots that were'ﬁl;urned versus not burned
in 2019. Sample sizes were as follows: Johnson burned (n=7), Johnson unburned (nN=23), West Rocky
burned (n=5), West Rocky unburned (n=25), Wolf Haven burned (n&®)f Haven (n=23).
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Forage biomass

Biomass production rangddom 049to 1.76tons per acre for ranch sites, and fronb@.to
0.61tons per acre foupland prairig(Figure 2. Bomass productiorin 2018 and 201%as
generallythe highest on theotational graed ranch site Colvin RanchHaving corrected for the
missed fall biomass sampling at Riverbend in 2018, the 2019 estimation was more closely
aligned with Colvin RancBue to higler stocking rates, Fishé&anchwvasgenerally unabléo
implement a rest period between grazing rotations, resulting in lower biomass production
(Figure20). Additionally, low productivity at Fishéarmmay be linked to lowr phosphorus
and potassium levels at this sif€able 3.

A notable development in 2019 was increased production in CGP treatments at Riverbend
Fisher ranches. Nesignificant trends showed generally higher production in these treatments.
On the other hand, CGP biomass totals that wevdesshan BAU totals indate there was no
detrimental effect of seeding native species into pastures. In the future, any significantly
greater biomass production in the rotational treatment at Riverbend over the continuously
grazed treatment could indicate the benefits to pro@us of this conservation grazing practice.
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Figure20. Total biomass production measured acrossesitand treatments.

Lower biomass production at the ungrazed prairie sites (Johnson West Rocky, and Wolf Haven)
in relation to Colvin and Fisher may be due to lower nutrient levels at these sites, in particular
phosphorus and potassium (Table Ahaher factor may be soil nmisture. Forage and soils

work in 2020 may include forage quality assessment, soil compaction and soil temperaiures,
evaluate the potential impacts of grazing generally, conservation grazing in particular, and lack
of grazing on these forage quality asdil health parameters.
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Table 5. Soildlutrient Data Collection irR018 as Expressed as the Sample MeanStandard

Deviation.
Farm sites Upland Prairie Sites

Habitat Metric | Variable Colvin Fisher Riverbend Johnson West Rocky  Wolf Haven
Nitrogen (NO3- 8.16 £ 3.06 11.16 £4.79 6.16 =1.60 12.50x7.12 8.33+0.82
N) ppm
Phosphorus 49,83+ 99.83 =

Soils (Weak Bray) : 5.16+6.11 o 1.00£0.00 2.00+2.45

23.72 30.29
ppm
Potassium (K) 93.00x 63.33 ¢ 13550 = 65.17 =
53.00+3.90

ppm 27.68 18.81 34.51 10.61

Forage Utilization

A takehalf/leave-half approach to forage utilization generallyencouragedn rotational
grazingsystems While it requires ranchers to forego usage, leaving forage allows for greater
biomass productivity as a result. Percent forage utilization provides an indication of the extent
to which this strategy is implemented by different ranch op&nas.

Forage utilization was apparently greatrColvin and Fisher ranches (Figure 21), yet statistical
analysis is not complete. Utilization at these two sites is likely not significantly different, even
given the lower 62% rate at Colvin BARverkend Ranch exhibited the lowest utilization rates.
As noted in the Methods section, utilization estimates are fraught with opportunity for error
due to considerable variability and differences in utilization data collection methods and
calculations betweemotationally and continuously grazed sites. Clipping heights (data not
shown), and consequently per sample biomass amounts (monthly for Riverbend, June
September beforeafter for Fisher) athese two sites (both BAU and CGP for Fisher and BAU
only for Rivebend)were so lowthat large variations in utilization could have been easily
introduced into the resulting data.

Fisher Ranch tended to be generally grazed very low (despite some rotational grazing through
paddocks), similar to continuous grazing imdRbend BAUConsequentlyit is not clear why
utilization rates were low at Riverbend as compared to Fisher when Riverbend BAU forage
height was similarly and consistently low in stature. Relatively low utilization (50%) in Riverbend
CGP was due to antial paddock installation, and considerable forage trampling/wastage by
livestock. Given similar forage trampling was observed at Colvin Ranch, the higher utilization
there was surprising. Additional analysis is required, and forage utilization may @aot be

practical measure to obtain at these particular sites.
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Figure2l. Estimation of forageutilized during2019 as measured by the difference in forage biomass
betweencage and necageareain the continuously grazed system (Riverbend BAU), defbre-after
sampling in the rotationally grazed systems (Colvin and Fisher CGP and BAU)

2019Butterfly BehavioResults

In 2018 a total of 122 butterfly observationgre obtainedthroughout the season (see Talile
for more detail). A goal of five male and five female observations per sitl¥ery blue
butterflies G. lygdamukat all sites except one was achieved. A goal of five wetee ringlet
butterfly (C.t. eunomiapaths per site in the early season ditstes except one was also
achieved.

FemaleC.t. eunomiaare more difficult observe as they are skittish and sedentary. This limited
the number of observations thatould becompleted. In the late seasomwyeatherlimited
progressas itwas unusuallyloudy and extremely windy in the afternoons total of22 total

C.t. eunomigaths in the late seasomere obtained

Table6. The total number of observation paths obtained per site separated by species and
sex.C.t. eunomias further separated by thelight period in which the observation was
collected. The early flight ran Mayuly and the late flight ran Juleptember.G. lygdamus
has only one flight period (May), so the data is not separated by flight period.

C. tullia eunomia G.lygdamus Total
Female Male Female | Male | P¢' site

Location Early Late Early Late

Colvin Ranch 1 1 5 3 5 4 19
Johnson Prairie 2 1 5 3 7 6 24
al Ne al-vffzy 1 1 3 3 5 5 18
al eyl NR al f

Farm 1 2 5 0 5 4 17
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Riverbend Ranch 2 1 5 3 6 5 ‘ 22
West Rocky Prairie 3 22
Total per sex per specie 10 8 27 15 33 29 ‘ 122
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2018 Butterfly Behavior Results

In 2018, dvery blue females may have been affected by grazing, as indicateffusiah rates

that were much lower in the ungrazed native upland prairie sites (Fi2R)eThis was an
indication of theconcentratedsearch patters exhibited in areas with high reward. Silvery blue
males did not appear to differ in theirfélisionrates. Ochreinglets did not exhibit a trend in
diffusionrates across management types, regardless of sex (Fapirdhese methods will be
repeated in 2020 to gather final experimental data. It is expected that a larger sample size will
reveal more pronounced trets in dffusionrates across management types.
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Figure22. Mean diffusion rates of male and female silvery blue butterflies under each
management type.
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