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PROJECT SUMMARY

An Adaptive Management Plan for PepperwoBdeserve

Statement of Purpose

Pepperwood serves as a refuge from ongoing regional development, and as a refaterioerelatively natural
conditions at the urbaswildland interface. Our organization is committed to using adaptive management to
protect native biodiversity and ecosystem health. To that end we develop and test best practices, model
effective sciencdased open space management, and distribute our findings throughout our community. The
purpose of this plan is to summarize these practices and support the collaborative, iterativeygwidgefforts
required for trulyadaptive land management.

Adaptive ManagementPlanningGoals

1 Create a living document to serve as a road map for current and future managers of Pepperwood's land,
water, and wildlife

1 Integrate indigenous perspectives into understanding the history of this land and planning for its future

1 Demonstrateparcetscaleclimate smart management usittige Terrestrial Biodiversity and Climate
/ KFy3asS [ 2fd¢ . o)@mdedicinat® Sc@encetools

1 Maintain ecosystem functions and habitat connectiyitshile allowing for landscape characterestiand
species composition to adjust in response to an increasingly variable climate

ManagementObjectives for Pepperwood Preserve
1 Promote and proteccommunity, species, and genetoversity
Promote and protect key watershed and ecosystem functionssandices
Reduce threats posed ligvasive species
Protect and enhanckabitat connectivity
Protect and curate scenic, historicahd cultural resources
Maintain critical infrastructure in good working order
Minimize negativdhumanimpacts includingthose fromeducation programs, researcandrecreation
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Project supportGrant # 443®f the Gordon and Betty Moore Foundation titléghplied Science for Bay Area
Conservation and Climate Adaptatiand the Pepperwood Fund of Community Foundation Sonoma County.

Related projects€Complementary tasksnder Grant #443hclude: 1) creating a detailed topmimate model of
the preserve calibrated using spatiatlistributed temperature sensors, 2) creati of a highresolutionBasin
Characterization Modelefining spatiallydistributed water balance parametefsr the Pepperwood parceand
3) installation of a longerm coupled climateforest monitoring network

Citation:Gillogly, M., C. Dodge, M. Halbur, L. Micheli, C. Mdayiellerand B. Benson. 2G1Adaptive
Management Plan for Pepperwood Presei¢echnical report prepared by the Dwight Center for Conservation
Science at Pepperwood, Santa Rosa, CA, for theoB@uad Betty Moore Foundatio276 pp.
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INTRODUCTIONETTINGS AND DRIVERS

Pepperwood's mission is to advance sciebesedconservation throughout our region and
beyond.The Dwight Center for Conservation Scie(ia@ight Centerat Pepperwood is
dedicated to applying science to the protection of Northern Calif@wgld and working lands
through habitat conservation, leadirggdge research, and interdisciplinary educational
programs for all age#cluding an innovative citizen science initiative.

t S LILIS NF 2 2 R Q dmorit@ingiappso&engdgasiv@ staff anpartnersto measure
andtracklongterm trends and relationshipamongclimate, hydrology, plant communities, and
wildlife. Partners engaged in the collection and dissemination of Sentinel Site results include
the University of California, the US GeologBarvey, the California Academy of Sciences, the
California Landscape Conservancy Cooperative, Point Blue Conservation Science, Santa Rosa
Junior Collegeand many others.

Pepperwoodalsohosts the Terrestrial Biodiversity and Climate Change Collaber@®C3), a

group ofexperts fromuniversities non-governmental organizationgnd governmental
agencieonducting research, monitoringnd outreach to enhance the stewardship of

Californid) @oast Range#cludingthe Bay Area Conservation Lands Natkvd he

collaborativeis cachaired by David Ackerly (UC Berkeley) and Lisa Micheli (Pepperandd)
works in partnership with the Bay Area Open Space Council and the Bay Area Ecosystems and
Climate Change Consortium to integraite protection of ecosystem services into regional

climate adaptatiorstrategies.

1. Adaptive Managemernelan Structure

CKA&d AYONRRdAzOG2NE &aSOUGA2Y RS&AONAROGSE t SLIISNY 2 2
setting drivers of change, and our general approaglintegrating climate adaptation
considerations into this documenthe next section outline$vie preservewide adaptive
managemenstrategies that cross habitat types. The third section features habjtatific
management activitiesncluding a summargable thatlists management measuresd

monitoring strategieshat we will useto evaluateour progressowardsachieving key

objectives Thesesectiors are supported bynore detailedappendices that describe physical
factorsand biological resourcdg.g.,climatechangejnvasive specigshat occuracross habitat
types.Weintend for this document to provide a template f@arcelscaleclimate adaptation
andencourageother managers and partner agencies to adopt and or adapt components of this
plan asthey choose
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Adaptive Management Logic Model

Ouir first stepwas to construct a logic model of our assumptions about what drivers shaped the
current state of the preserve, what we think the key impaaftshose driversare, and potential
managementesponsegTablel.1).

Tablel.1. Logic model for Pepperwood adaptive management

DRIVERS

MECHANISMS OF CHANGH

IMPACT ON PRESERVE

MANAGEMENT RESPONS

LAND USHoss of
indigenous land
management,
legacy impacts of
19" century
agricultural
practices, 20
centuryhabitat
conversion and fire
suppression

Reduced fire frequency,
reduced cultivation of native
plants for food and fiber,
introduction of European
livestock/forage and
overgrazing, alteration of
wetlands and waterways, road
construction, groundweer
pumping and stream
diversions, land conversion

Increased tree densities (saplings
in forests and woodlands, legacy
grazing impacts in grasslands
(compaction and erosionjpad-
related erosion, gullying and
stream network incision, habitat
fragmentatbn on adjacent lands,
invasive species introductions (se
below)

Forest thinning/fuels
reduction,Conservation
GrazingProgram, site
specific erosion control
treatments for streams and
road network, prescribed
burns, invasive species
control (see below)

NATIVE SPECIES
LOSSES

Intentional eradication,
overhunting, habitat loss,
competition with invasive
species

Impacts to food chain (loss of top
predators includingyizzly bear
and wolf), reduced biological
disturbance €.g, loss of elk
migrations), amphilan declines
loss of biodiversity

Qonservation grazing to limit
non-native plants in
grasslands, native plant
propagation and planting,
avoiding disturbance of
sensitive habitats during
breeding/rearing seasons

INVASIVE SPECIE

Intentional andinadvertent
introductions of nomnative
plants and animals

Qonversion of grasslands from
predominantly native perennial to
non-native annual grasses and
forbs, feral pig andvild turkey
predation of acorns and other foo(
sources, loss of oak woodlands vi
Douglasfir invasionsjnvasive

plant speciegresentthroughout
preserve

Hunting program for pigs
and turkeysinvasive plant
eradication using manual,
flaming prescribed fireand
limited herbicide
applications Douglasfir
removal

POLLUTION

Auto emissions cause aerial
deposition ofnitrogen and
ozone

Nitrogenadditions increase soil
fertility, increase ammonia/ium
availability and soil acidity, shift in
species composition

Biomass removal via gragin

CLIMATE CHANGI

Greenhouse gas emissions
cause global warming

Projected air temperature
increases on order of@0F by
2100, more variable rainfall, more
frequent droughts, increased
evaporation and climatic water
deficits, shifts in species

composition, increased fire risks

Identify vulnerable
resources, promote
ecosystem resilience,
enhance watershed
infiltration capacity monitor
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Overarching Adaptive Management Goals
The following goalsform all of thesubsequenhabitat management strategiesvhere they
are translated into specific management objectiaesl supporting activities

1) Promote and protect diversity at community, species, and genetic scales
a. Supportdiversehabitats andecologicacommunities
b. Fosterdiversity (richness and evenness) of species native to Californitnand
LINS & Snadubdng environs
c. Maintain local genetic diversity
2) Promote and protect key ecosystem functions and services
a. Maintain the watercycleand the connectivity of hydrological features
Enhance solealthandminimizeerosion
Support nutrientcycles
Promote stable, complex food webs by promoting native vegetation
Increase landscape connectivity and corridor viability
Introduce ecologicallpeneficial disturbances

~® a0 0o

3) Reduce threats posed by invasive species
a. Control and limit invasive plants
b. Control and limit invasive animals
c. Distinguish between desirable and undesirable new species (nativensative and
invasive vs. noimvasive)
d. Increase igilance and decrease susceptibilitygests andpathogens

4) Minimize negative impacts caused by human activity
a. Designate appropriate locations feducationprograms and recreation
b. Ensure orsite research causes minimal disturbance

5) Protect and curate scenj historical and cultural resources
a. Balance ecological management objectives i scenic valugsof the preserve
b. Work with our Native Advisory Council and local tribes to ensure appropriate
management of cultural resources on site

6) Maintain critical infrastructure in good working order
a. Maintain sound buildingand residences
b. Maintain or extend fences where needed
c. Apply best management practices to roasl trails
d. Maintainor enhanced 3 NXpfagfides forfacilities and utilities
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2. Setting

Location

t S LILIS NJ¥ 21 2aRr€saare eitlated northeast of the city of Santa Rosa in the Southern
Mayacamasdviountainsof Calf 2 NJ/ A | endCoalst RahGefrigure 2.1)The preserve is
approximately 25 miles from the Pacific Ocean by air, and is heagdstern extreme of coastal
fog penetration. Elevation ranges from 1kt at the northern tip of the preserve just south of
Franz Creek t0,360feet on High HI inits center Map E.1 Regions of Pepperwqgod
Pepperwood is a unique place for promotingbitat conservation, scientific research, and
community educatiorbecause ofts close proximity to urban areas aitd intricate
combinations of topography, microclimatand soils

Figure2.1. Pepperwood Preservecality andvegetation communities

Pepperwood Preserve, Sonoma County, California
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Ecological Context

As one of just five Mediterranean regions of the woNhrthern California is a global hotspot
of biological diversitySonoma County comprises a nearymplete sampling of Norérn
California habitatshanks to its coastal geography and wide range of topography and
microclimateslt is one of the most biologically diverse places in the United Statedjome to
18 plant and two mammadpecies thatire found nowhere else onagth (Community
Foundation Sonoma County 2018% part of the California Floristic Province, this region
supports perhaps the greatest diversity of plant species in North Am@maArea Open Space
Council 2011)

{2y 2YIl [ 2 dzyiadudediversd winddiandsiaid forestshaparral, grasslarsdand
dunes and associated neahore marine environmentg ogether, these habitats provide
critical ecosystem services that support our quality of life, including food modmation; soil
demmpositionand nutrient cycling drinking waterabsorption, retentionand filtering flood
reduction;and resilience to erosion, disease, pests, and warming climate tréeaggerwood a
habitats which weclassifyby vegetation communityreflect thesamediverse physical drivers
(e.g.,tectonics, coastal and inland influences, highly variable climatesopography as the
rest of the countyandmay be considered highly representative of thr@aderinland California
Northern Coast Ranges

Pepperwood provides critical habitttat is highly permeable to wildlifend has been
classifiecaso 2 G K I KF0AGF G GO2NNAR2ZNE O0QAGEE G2 YAIN
(containscritical breeding and rearing habitatjepending on the scale ahalysisFor example,
the Bay Area Critical Linkagpsoject included Pepperwood as part of the BRielgeBerryessa
to Marin Linkagewhichencompasses the Mayacamas Mountains as a potentldlife
migrationpathway from the Inner Coast Ranges to Marin-Sonomacoast(Penrod et al.
2013) This linkage has been ranked as the second most valiratiie San FranciscBay Area
for purposef wildlife climate adaptationJ.Kretler pers. comm. 20165 However, $ing a
finer-scale analysis, Merenlender et §2010)classified Pepperwood as a habitat core within
the Mayacamasange Pepperwood works actively witits neighbors to promote habitat
connectivity and is serving as a regional hub for climate planning in partnershipfeddral
state, and local land managers.

Geology

TheNorthern Céifornia Coast Rangese characterizedy northrwesterly trendinghillsand
valleys, and geologyshaped by a compleactive fault network Pepperwoodonsistsof a
diverse assemblage of sedimentary, igneous, and metamorphic odtke Franciscan Complex

5
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and Sonoma Volcanigeologic unitgGraymer et al. 2006Rocks in the Franciscan Complex
include sandstone, siltstone,élange, chert, basalt, greenstone, serpentine, sitiagbonate,
schist, and gneisslthough andstone andnélangeare the most commoiiMcLaughlin 2005)
The Sonoma Volcarséormation consists ohard rocks created by lava flopend water
reworkedtuffs anddebris flow materials createthroughthe weathering ofancient volcanoes
(classifiedocallyas the Glen Ellen Formatiolhesencludeobsidian diatomaceous mud,
pyroclastic tuff, pumice, rhyolite tuffs, andesite breccias, and interbedded basalt flows
(Graymer et al. 2006, Wagner et al. 2011)

Exposedocks at Pepperwood include a central area composed of the Franciscan Complex,
smaller areas of Sonoma Volcanics on the east and west sides of the Franciscan outcrop, and a
large area of fluvial deposits (Glen Ellen Formation) tonthst (Map E.2Geologc Units of
Pepperwood. The Franciscan Complex extends in a belt 0.5 to 1.25 miles wide along the high
central ridge from the southeast to the northwest corserf the preserve. Most of this area

appears to be underlain hyélange The soft mudstone and sdstone matrix of themélange
generally formgsoundedgrassy slopes, deep soils, and few outcr@ispes in the sofnélange

are relatively unstable, anghay slump or slidevhen saturated with water.

Stattered blocks of hard rodknostly dense metamorphic schist and gne@sjmonly form

isolated resistant knobs called knockers. The most prominent of these is Telegraph Hill, and
similar outcrops are scattered along the Franciscan belt. Other rocks exposed in the Franciscan
Complexinclude serpentine, silicaarbonate rock, greenstone, and cheBhale is exposed at

the pit at Turtle Pond Junction and the Ward House Site. The badlands topography of the
Deuvils Kitchen area is eroded tuff breccia containing abundant fragments ofiabsadd other
volcanic rock§McLaughlin 20058erpentine islsofound along theLINB & SeNidrsdxéad

and northwest of Three Tree Hillhe Glen Ellen formation by contrast is highly erodible, and
forms the bedrock of relatively deep canyons on the western sidbeopreserve including

Rayers Creek Canyon.

The principal structural feature at Pepperwood is theyslgama Fault Zoneyhichextendsinto
the preserve from the northwest, follows the high central riggedthen exitsthrough the
southeast corne(Map E.2Geologic Units of PepperwopdVithin the preserve, the fault zone
is from 0.3 to 0.75 miles widand delineates a complex area with numerous faults of varied
displacementsand a large number afprings Map E.3 Geology of Pepperwood and Springs;
Map E4 WatershedsWetland, Riparianand Aquatic Habitats of Pepperwopd
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Climate and Hydrology

PeppewoodQ llediterranean climates characterized by an extendedarm, dryseason from
April to Octobeyand a coglwet season from November to Marchemperatureover 100F
can persist for a week or more in the warm season. Winters are wiilld few nights below
freezing andrequentshort dry pefods. Snow occasionBldusts theLINB & SigigiS Q &
elevations put significant snow is a rare evertverage annual rainfials about 34 inches, but
yearto-yearvalues are highly variabl&corded extremes in the Mark West Creek watershed
range from 16 inches (1977) to 74 inches (1983

Pepperwood isocatedin the southern portion of thenearly 1,506squaremile Russian River
basin which hosts diverse ecosystems including waamd coldwater fisheries, supports
valuable agricultural lands and a woxdthss wine industry, and provides drinking water to over
600,000people(including water exportgo Marin County. It isthe most southerlywatershed in
California's 19,398quaremile North CoasHydrologic Region, whidecomprised ofPacific
coastalwatershedsxtendngnorth of the San Francisco B&ythe Smith and Klamath basins

at the CaliforniaOregon border.

Pepperwoodcomprises headwatgoortionsof the Geyserville and Mark West hydrologic sub
areas (HSAs) of thdiddle Russian River watershed, titan befurther divided intofive
smallerscale planning watershedtefined bylocalblue line stream¢CDWR 2013 he

northern Geyservikk HSAportion of the preserveintersectsthe Lower and Upper Franz Creek
and Brooks Creek watersheds, wharain into the Russian Riveonth of Healdsburg. The
southern Mark West Creek H3#alf of the preserveéntersectsthe Porter Creek and Mark West
Springs planning watersheds, which join the Laguna de Santa Rosa before flowing into the
Russian Riveria the Santa Roglain(Map E4 WatershedsWetland, Riparianand Aquatic
Habitats of Pepperwoaod

¢ KS LINBeadwitey §€ams are typially intermittent, with high flowsn Januarythrough
March that then dry out in the sprindeavinglittle surface water from June to November.
Springs, marshes, vernal pesand ponds dot the landscape and provide unique niches for
plant and animatommunities(Map E4 WatershedsWetland, Ripariapand Aquatic Habitats
of Pepperwoodl. Surface watecan persisinto the dry season ia handful ofstreams as
disconnected pols, providing critical habitat fapecies of concerimcludingCaliforniagiant
sabmandes (Dicamptodorensatug andfoothill yellow-legged frog (Rana boyl)i. While most
stream drainages are ephemeral, the majority of springs at Pepperwoaodezemnial and
provide critical wetland habitat refugia during the dry season.
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The totalannualrunoff and recharge generated by the Pepperwood parcel as estimated by the
USGS Basin Characterization Model is approximately 10,000e&tneer yearnFlint and Flint
2014) Themajority of Pepperwooddrains intothe Santa Rosa Valley Groundwater Basin
(SRVGBhich is the second largest groundwater basin in the North GéydtologicaRegion

The SRVGB is an alluvial basiaracterized by Sonoma ¥ahics bedrockituated on the
easternflank ofthe RussiarRiver At the preserve, hisincludesGlenEllen Formatiomeposits

that producegroundwater in the Mark WesCreekwatershed(CDWR2013) The majorityof

t SLILISNB 2 2 RQ& 3 NEndesiciRed rociSagdifdrst thei FiiaddisEaBomplex
especiallynearactive fault zonesyhichtend to havemore variable productiothan alluvial
deposits.

Fog patterns on the preserve refldbie complex interactions between the marine inversion
layer andour topography.On many summer days, foavelsup the Russian Riv&falley or
through the Petalumaayp, andthen north to fill theSanta Rosa Valley, bsttme dayst fails to
reach Pepperwood. On rare days, fog that blows through the Golden Gate continéresrup
the San Francisco Banyo the Napa Vallegnd entersPepperwood from the easEogonly
contributes an estimated Bercentof the total precipitationon the preserveyetit maystill be
a critical dry seasowater supply for habitatsuch agedwood forestsand grassland@A.
Torregrosgers. comm. 2015)n addition, fog can reduce the amount of solar radiation
reaching the preserve, iturn redudng evapotranspirationSee Appendi® Climate and
Hydrologyfor more details

Plantand AnimalCommunities

Qoastal, interior, northernand southern climates converge create a rich mosaic of plaand
animalcommunitiesat PepperwoodThesecommunities are representative of theterior

areas ofSonoma County anidclude mature Douglasir (Pseudotsuga menziesiorests, mixed
hardwoods, expansive grasslandajerseoakwoodlands a relatively smattoastredwood
(Sequoia sempervirentorest, mixed and serpentine chaparral, and small reaches of riparian
woodland(Map E6 Vegetation Communities of Pepperwaobiable2.1 below). There are 543
native plant species and fn-native specien site(DeNevers 2013and he nutrient-poor
soils at numerous rock outcrops support soloeally rare native plantsifteen of

t SLILIISNB22RQa LIXIFyda 6SNB fAAGSR Ay GKS [/ IEATF2
Endangered Vascular Plants of California as of March ZaitGnore details, please consult
AppendixB Rareand ThreatenedPlantsof Pepperwood
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Table2.1. Vegetationcommunities of Pepperwood

Vegetation Community| Acreage| Percent of Landmas
Chaparral 222 7.1
Douglasfir Forest 361 11.6
Grassland 933 29.9

Mixed Hardwood Fores| 637 20.4

Oak Woodland 947 30.4
Redwood Forest 13 0.4

Wet Meadow 4 0.1

Grand Total 3117 100.0

At least 3 species of mammals can be foundia¢ preserverangingfrom apex carnivores
black beargUrsus amdcanug and mountain liongPuma concolosubsp.californicgt to

much smaller creatures likbe duskyfooted wood rat(Neotoma fuscipesubsp fuscipes,
westerngraysquirrel(Sciurus griseusubsp.griseus) blacktailed jack rabbi{Lepus californicus
subsp californicu3, ¢ NB ¢ 6 NA R 3ISsr@xitrovébidlyigsilisp montereyensis)and the pallid
bat (Antrozous pallidusubsp pacificu3. North American badge(3axidea taxushave been
documented at Pepperwood, but are not considered established residents. Rare sightings
include porcupinegErethizon dorsatumyvesternspotted skunks(Spirogale graciljsand
Americanriver otters (Lontra canadensisubsp pacifia). A full list of the animals of
Pepperwoodcan be found ilAppendix A Wildlife Species Lists.

Thirteen species of amphibians and 17 species of reptiles haen confirmed athe preserve

California giant salamandérvae can be found in perennial pools includingse inRedwood

Martin and Rogers Creeks. Pepperwoodng of the few preserves in California whedéthree
species of newt§genusTarichg that are native to Californiaan be foundPepperwoods also

home topopulations ofthreatenedfoothill yellow-legged frog (Rana boyl)i as well amorthern
western pond turtlegActinemys marmorataubsp.marmorata) (Appendix A Wildlife Species
Lists).

Over150 species of birds have beelocumentedat Pepperwood37 of whichare listed as
species ofspecialconcernby the California Department of Fish and Wild{BDFW @16a) The
federally threatenechorthern spotted owl Strix occidentalisubsp.cauring hasalsobeenseen
at the preserve(AppendixA Wildlife Species Lists

Infrastructureand DevelopmeniRestrictions
t SLILISNB 22 RQa Ay TadiitigsiiraHpOrtatitzNBatek, gnérfydaRdS &
communications to support publend staff use of the preservé@pproximatelyfive miles of
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PacificGas& Hectric high-voltagepower linesand support towers transporenergyfrom the

DSe aSNaQ faxlitrdiTkeSsddpdratpursuant t01969, 1971and 1983easementshat
permit maintenance andalearingof vegetationwithin the power line right of wayThe

remainderof electrical, phoneand water utilities run undergroun(with the exception opole-
mountedeledrical and phone lines to theifihel and Bechtel housgsTheLINEB & SMatErS Q a
supplyis comprised of a well analdistribution system that includes a 30,00@llon storage

tank for fre protection and domestic us@ap E7 Infrastructure of Pepperwood)he Dwight
Center also haa stormwaterrunoff catchmentsystemfor irrigationneeds whichrequires

upgrades and approval by the Sonoma County Permit and Resource Management Department
before coming on line

There are sean buildings under Pepperwoa  @e IAigest of which the 9,400-square
foot, LEED Gold Certifi&@lvight Center includesclassrooms, office meeting rooms,
laboratories a gallerylibrary, kitchen and a dedicated parking areéhe Bechtel house
provides meeting space and overnight facilities for visiting researa@ret®ducational groups
Pepperwood staff and stewards live imet Garrson, Mountain and fhnelHouses The Hume
Observatory operated in partnership witthe Caifornia Academyof Siencesholdstelescopes
for astronomy classedhered barn serves as a hub for tools and suppléend is adjacent to

the largestparking area on the preser(&8 spaces)lhere is also atate-of-the-art

propagation and green house facilityat isusedto grow native plants for restoration activities.

Thee arel.2milesof pavedroads 3.4 milesof gravelroads and 11.4milesof dirt roads on the
preserve All roads in the Mark Wes&treekwatershed have been modified restorehydrologic
connectivity usingolling dips, rock lined stream crossings,-sldped surface,and 100year
flow culverts Roadsin the Brooks Creek and Franz Creek watershedprasentlyunimproved
but are slated for similanpgradesas funding becomes availabke hiking trail networkwhich
ismaintained on an aseeded basisallows access teome areas oftte preserve not served by
roads Map E7 Infrastructure of Pepperwoaod

Much of the preserv@ Boundary is fencedwith the notable exception afhe areanortheast of
Martin Creek adjoining Knights Valley Rarastdthe northern boundary of the Garrison and
RogergCanyonsOther cattle-relatedinfrastructureincludes a paddock with a
loading/unloading rampmobile electric fencingand agravity-fed, mobilewater supplysystem
derived from a test well on the highest point of the property.

Any further infrastructure additions need to comply with deed restrictions established during
the 2005Pepperwood Foundatioaaquisition of the property These restrictions were created

in partnership with the California Academy of Sciences to ensure the property maintains a
10
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GC2NBOSNI 2 At Re aidl ddza Ay LISNLIS AcddernyupervisgdR (1 K S

audits to ensure complianc®evelopmat for educational and research activities is restricted
tothed 9 RdzOl G A 2 y | f (ERZEoDribell dBp@Boximatedy YD acres at the southern
entrance of the preserve near the Dwight Center. No residential, agricularrabmmercial

use may beonducted outsidetie EFZThe serpentine chaparral within the EFdynmot be
disturbed by developnet. New roads cannot be built outside the EFZ without the prior
approvalofthe! Ol R SPkéc@va Director Mineral extractions are prohibiteand tunting is
not allowed except for the removal of narative animals

Land UseHistory

The sections below describe aspects of NS & hsBeBdLEsthat are relevant to

current conditions and managemerdnd are based on availaldecumentationor oral

histories The Drivers of Change section that follows outlines specific mechanisms of change
created by shifts in the land management practices summarized here.

Traditional Wappo Land Management Practices

Pepperwood is privileged to work with our NatidvisoryCouncil, whose knowledge and
3dzZARFYyOS |ff2a dza G2 LI OS (KS LINBaASNBSQA
traditional practices. These practices, most likdyelopedsince the last ice age (14,000 years
beforetoday), contrast significamy with more intensive European and US land uses
implemented over a relatively short time period (less than 200 yeBxs¢ument ceauthor and
Council Chair Clint McKakiaredspecific indigenous management practices that would have
beenused atthe presewe, as well as current opportunities to restore native approaches to land
stewardship.

PreEuropean contactyVappo villages were widely distributed in Napa, Sonoma, and Lake
Countes Wappoland management practicesvhich we assumeomprised themanagement
regime of Pepperwoodyere very similar to those practiced by their neighhdihe Pomo,
Miwok, and SotoyomeMost likely theentire North Bay regioshared acultural ecologyver
multiple thousands of yearsvhichregardedhabitat managemenaén ancientand sacred
partnership between humans and naturgven today, a plant is planted, pruned, or coppiced
without a shared acknowledgement of tlhennectionbetweenit and the person collectinigs

leaves, branches, roots, or bark. As one Pomo woelaguently saidd b S@SNJ G 1S 6A(K:

FAal1Ay3 YR YSOSNI 41 6AGK2dzi IAGAY A (KIFylaoé

relationship is acknowledged withaddorate ceremonieghat celebrate seasonly important

resources,suchasK S 2 | LILJ2 Qa | Yy dzi{(Sawyar ANR) PaskSmehsEconinS & G A O | €

2010 C McKaypers. comm. 201p

11
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Ethnographic and archaeological studies, as well as oral histories, all indicate that tribal land
and water management entailed a complex set of activities strategically designed to support
resource abundancgBarett 1908, Anderson 20055eeds otlesirableplants were saved and
planted, andundesirableplants were removedPants were cultivated with digging sticks,
pruned, thinned out, and sometimes coppiced to encourage productioparticular three oak
woodlandsspecies California black oalQuercus kelloggii tanoak Notholithocarpus
densifloru$, and blue oakQuercus douglasdii were specially cultivatedleadowland plant
communitiesthat were home to a number of edible speciesre alsoselected forSage species
(called chia by Native Californians) in the gefalsiaand Indian clove¢Trifolium
albopurpureumand T. amoenun) were both maintainedin monocultures osometimes ten or
more acres. This level of production was also true émdscrops likeCaliforniafescue(Festuca
californicg and numerousother plants thatprovidededible roots andulbs

Plantcommunitiesthat offeredfiber and basketryesources like dogbanwvillow, sedge,
bulrush, redbud, and bracken ferwerealsoencouragedLocaltribes practicel a sophisticated
plant-based ethnegpharmacologyhat useddozens of specig® treat all the most common
human ailments including skin rashes, pulmonasyes headaches, pain, digestivéfatulties,
and eye infectiongGoodrich et al. 1996)

Such intense habitahanipulationhad a profound effect ofocalanimal communities. The
Native practice of encouraging willow, sedge, and bulrush keer and stream banks secure
andfostered healthysalmon and steelheantout (Oncorhynchus mykispopulations These
specieplayed a critical role in thivcalfood chain Their four annual runthrough the Laguna
de Santa Rosalsodeliveredlarge volumes of marine nutrients into upland spawning grounds
in the headwater creeks of the Pepperwood region. Likeyhsgivemanagedneadowlands
supported vast herds of deer and tule ékervus canadensssibsp.nannode3andtheir
predators.This mosaic of healthy habitatdso supported aiversearray of birdlife (Anderson
2005 C. McKayers. comm. 201b

Besidestultivation practicesthe most powerfulNativeland management tool was fir&ery
North Bayhabitat typewas likely burned on a regular bagid.K. Andersonpers. comm. 201Q
and sometimesmultiple timesat the same site within decade Burns at the end of summer
(before seed germinationwere used tceeliminate undesirable plants such as poison oak,
thickets of Dougla$ir saplings, overly dense chaparsrahd tanoaks in redwood fores(M.K.
Andersonpers. comm2012 C McKaypers. comm. 201b Fall lurns were used t@ncourage
particular plant communities that respond well to fjl@ndthosethat benefit from the carbon
and other nutrientdiresrelease mto the soil For exampleNative knowledge suggests that
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their three favorite oak species increase acorn production after the application of géaitle
fires.

European Settlement and Mexican Land Grant Peri@820;1880

We hypothesize that the most significant human impacts at the preserve were caused by the
transition from Native American land management practices to those of the earliest European
settlers starting in the 1820®awson 2008, Evett et al. 2018Yefurther assume that the
landscape recated by the earliest European and American surveyors reflactidennia of

Native Californiatand management practice changes to whicbccurred rapidly upon the

arrival of the Spanish/Mexican regimes.

¢KS NBIAZ2Y | NRPdzy R t S LILISWie 2dnedby thédVekidas & & | Yy R f 2
320SNYYSyGQa [FYR DNIXYyd tNRINFYSI gK2a&S YI LA |
helped reveal the historical ecology of the presefdawson 2008, Evett et al. 2013)

Widespread livestock grazing started witte establishment of the missions and then

expanded with theawardof theseMexican land grant® prominent settlergBartolome et al.

2007) Pepperwood was within the boundariestbe 17,000acre Rancho Mallacomésnd

grant, whichwasawarded in1843to Jose de los Santos Berreyesa, the last alcalde of Alta

California These early settlers prohibited Native Americans from burning grasslands with the
intention of protecting livestock forage, while at the same time introducing a 6bEuropean

annual grasses angeeds

In addition to these ecological impacts, European settlement took a heavy direct thieon

Native Californianstewarding these landsheneighboringSotoyome tribe, whdnadsigned a
peacetreaty with Generalallejo in 1837were devastated by amallpox epidemic later that
year(Smilie 1975)According to Jestg2012)the 1837 outbreak of smallpox iginated at Fort

Ross and dramatically decreased native populations throughout Sonoma and Napa counties to
an estimated 3,506,000 in 1851.

Thanks in large part to the Gold Rush, theémber of settlers irSonomaCountygrew from just

500 in 1850 to 8,000 in 1858nd then to an estimated 11,000 by 18GRedwood Empire Social

History Project 1983)lhe USGeneral Land Office surveys recorded thousands of observations

2T (KS O2dzy (@ Qafterdzhlifornig iecamieSa&tiot thie Uitgd States in 1850

The firstsuchsurveyavailablefor Pepperwoodlescribes the area to the north of Telegraph Hill

Fa GR20G§GSR ¢ A0 Krasy2A3s&Deproduytie nadive pereniBad grassekthe

coastal valleysnade themidealfor raisingcattle and sheeft 2 YSSO G(GKS 3INR gAY 3T L
demand forhides, tallow andneat (Burcham 1961, Ford and Hayes 20@v§ domestic grazers

increased, invasive species also spread throughowddheasslands, decreasifigragequality
13
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(Burcham 1961 )Nornnativeannual grassefurther dominated as native perenniapecies were
overgrazed during several periods otended drought(Howard 1998)

Early settlers alsdramatically impactedi K S Inai¥ lfalréa. arge mammals, particularly
carnivores and tule eJkvere huntedand displacedo the point of extirpation and by1870 only
30tule elk remainedn CaliforniaThe fur trappingndustryalsotook a toll onpopulations of
smaller mammalsAmphibian population declindseganin our region withhabitat modification
and impacts to populations heavily harvested for fahding the gold rush era. Amphibian
population declinegontinued dramatically through the 20th century due to habitat loss,
invasive speciesind introduced diseasé&.he resulting impacts of thed®odiversitylosses on
disturbance regimes, the food chaiand interdependent species guilds are poorly understood.

TheEarly US Period: 1882978

Land and water use practices, particularly intensive livestock grazing, continued to transform
0KS NBIA2Y Q34 and BuRal RSt Aopiatioh §réwNdet lowlands below
Pepperwood in the 19th and early 20th centuries, many wetlands and wet meadows were
RN}AYSR YR RA1SR FyR &aiNBIFrYa 6SNBE OKIyyStaAlS
channel excavation created a mechanism whereby streambed erosiordrupstream into

the foothills where Pepperwood lieg/e hypothesize thathannel incision during this time
impacted the preservs streams, although we are not sure to what exterdnined with the
compaction and bank erosion likely attributable to heavy grazing, we assume a cumulative
impact ofstreambederosion and related slumps atndl slopelandslidesAll regional cole

water fisheries declined precipitously during this peripdrticularlyCohosalmon

(Onchoryhnchus kisutrivhich was pushed to the brink of extinction in the entire Russian River
basin thanks to habitat and flow modifications.

Redwood and Douglds were preferred species for use in construction during thiget and
much of the region was heavily logged to construct San Francisco both before and after the
1906 earthquake and fiteHowever, 1 is not known how heavily the local forests of
Pepperwood andts environs were logged.

Numerous homesteads sprang ap what is nowthe preservewhich werecultivated by
families including the Carrillo brothers, the Garrisons, the Goodman Family, the McCanns, the
Strebel clan, and the Weimar8lgp E.1 Regions of Pepperwgodhese homesteaders ran
domestic livestock, lanted crops including grapes, plums, appbesd pears, and developed
roads and water resources. Vineyard row mounds can still be detected along some of
t SLILISNBF22RQ& 3INIaadeé NARISEAD CSyOAy3dI F2dzyR G KN
grazed the gradands. The Garrisons also logged hardwood in Garrison Canyon for a charcoal
14
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kiln located near Mark West Lodgehe Oregon oak forest in Garrison Canyon is typified by
small diameter oaks which may be the result of trees planted followirscharvesting or
charcoal production.

Jack McCann lived at Pepperwood until 1948. He sold 1,300 acres to Phil Finnel of San Francisco
who then sold it to Ken Bechtel in 1952. Mr. Bechtel continued to add parcels to Pepperwood,
eventually acquiring approximately 8,080res including what is now known as Knights Valley
Ranch. The Bechtels ran cattle on their land and developed small livestock watering reservoirs
that still exist today.

In the fall of 1964, the Hanley fire burnt from Calistoga to the outskirts of S&wga, including
most of Pepperwood except Garrison Canyon and Martin Creek. A bulldozer scar on the ridge
east of the Garrison house remains from efforts to protect the property,raadyof the oak

trees at Pepperwood still bear fire scars. Many Dougjtasees were killed, with some still
standing as snags around the preserve. Most stands of chaparral were renewed, and many
madrone Arbutus menziegiiand California bay treéJ(bellulaia californicg stands are also
stumpsprouts fromafter the 1964 fire. In September 1965 another fire (PG&E #10) burned the
length of the northwestern arm and Bald Hills on the neighboring property, ending just north of
Martin Creek.

Recent Management1979%2005

By1979 2y 2 Y|/ 2 dafidh &ad &urphsied2B2f000 due to thgrowth of its nine cities
(Figure2.2). As the local economy grew, large swaths of formerly agricultural and open space
were converted to housing and commercial developmditteresulting landscape

fragmentation reduced its permeability to wildlife, and during this peffiederal and state

wildlife agencies listedeveral species as being threatenagith extinction The localvine
industryalsoflourished,converting additional acreage intensive agriculturelncreased water
extraction forthesedomestic and agricultural uséeganto deplete aquifers andtreamflows.
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Figure2.2. Sonoma County population growth, 192015
Souce: County of Sonom2016
http://sonomacounty.ca.gov/CAO/PublReports/AboutSonomaCounty/PopulatiofGrowth/
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The value othe preserveas protectecheadwatersand a habitat refuge increased as the
landscape around it was developed for human usel979, Keneth and NancyBechtel
donated 3,117acres of land to th&alifornia Acdemy of Scienceand the Pepperwood
Preserve was created. Under the management of biologist Greg deNevers, the Academy
developed a scientific baseline@fK S LINBaduINdddi@es including glgicmaps a
list of vascular vegetatiagra plant collectionand species lists of reptiles, amphibians,
mammals and birds. Mr. déNevers removed some invasive plaritecusing ortree-of-heaven
(Ailanthus altissimpand French broonGenistamonspessulana He also began removing
Douglasfir saplings that were encroaching into oak woodlands and removed miles of old
fencing.Winter and springattle grazin®2 Y 0 A Y dzSR RdzNA y 3 ,adhKeS ! OF RSY & ¢
detailed description of the grazing regimmader thar ownership can be found in the history
section of theConservation Grazing Plan epperwoodPreservéGilogly et al. 2016)

On July 4, 199% 17-acre grass fire burned the arb®tween the Goodman homesteauhd

Three Tree Hill. About two acres of serpentine chaparral at the Pepperwood entrance burned in
August 2001, sparked by a neighbor's movwacgvities Map E9 Fire Footprints of

Pepperwood.

PepperwoodFoundation Management2005;Present

In 2005 the Pepperwood Foundation (a 501(c)3 public charity) was establisheleétyand
Jane Dwight to assume stewardship of the preserve fronakforniaAcademyof Sciences
The Pepperwood Foundation hosts-site programs to enhance the biological diversity of the
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preserve and to promote natural science education and research. This has been made possible,
in part, through the construction anopening of the Dwight Center in 2010, the dedication of

the Stephen J. Barnhart Herbarium in 2012, and the establishment of the Stephen J. Barnhart
Internship fund in 2012Avhich supports Santa Rosa Junior College students conducting
ecological research @lhe preserve. Pepperwoddstaff grewfrom threein 2005to 18in 2017.

These staff membersupporta robust educationnitiative, active research and monitoring
programs, andhe comprehensive natural resource managemantivitiesdescribedn this

document.

In 2010 Pepperwood became homette Terrestrial Biodiversity Climate Change Coltatve
(TBC3whichadvises on longerm researchstrategiesand monitoring tounderstandthe
relationship of climate variability and climate trends to ecosystem processes. In 2015
Pepperwoodocusedthis effort on bringing scientists and land managers togethemorove
our understanding of the relationships between fire, forest health, Eamd#l managemenand
to advance best management practices by federal, state, laodl private land and water
managers based in the Mayacama®@ryessa Coast Range region

3. Drivers of Change

Below we outline the majonuman and environmental drivethat we hypothesizéave
shapal Pepperwood's ecological legat¢yabitat managemenstrategiesthen address how
adaptive management fits into this conceptual framework of drividrshange(Table3.1).

Land Useind Habitat Conversion

Loss ofHistorical IndigenousLand Use

For many thousands of yeaR®epperwood wasnanaged and modified hyativetribes to
maximie food and resource abundan¢see description abovelost practices include seasonal
fires, sustainable hunting, intentional cultivation of preferred plaatsg suppression or
elimination of undesirable plants and animalge hypothesize that the loss tifeseindigenous
management practicelBasresulted inthe following mechanisms of change on the preserve.

1 Elimination of prescribed fireausesan accumulation of dead and dying plant material
and highertree densities, that in turnricrease fuel loadsand the risk of catastrophic
forest and woodlandires. The lack ofntentionalfires, accompanied by more aggressive
fire suppressiongcauses species shiftsuch aghe invasion of Douglafr into oak
woodlandhabitatsand decreasgin fire-dependent species
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1 Someplantspecies which may have once been prevatbanks to cultivation practices
arenow rare or absentpotentially reducing plant and animal productiviparticularly
in grasslands and oak woodlands.

1 Loss of indigenous hunting and fishing nsaift relationships among trophic levels of
the food chain however, heseimpact are uncertain.

Introduction of New Land Uses byEuropeanand AmericanSettlers
Arriving European and US settleirgroducedresourceintensiveland and water management
practices and a host efon-nativeandinvasive specie® our local landscape

1 The ntroduction of nornative annual grasses coincident wi#@vere overgrazing and
drought reducenative species covend introduce novel invaderspnvering native
grasslands$o thosedominated by nomative species

1 Overgrazingandthe transition from native perennial (characterized by deep root
structures)to non-native, annual(shallowrooted) grassesreducesthe soil qualityof
grasslandsGrazingpracticedikely causeompaction and accelerail erosionwhich
reduces soilcarbonand moisture holding capacityT hetransitionto shallowerrooted
speciesalsoreduces opportunities for water infiltrationacross S LILJISNB 2 2 RQ &
rangelands

1 Settlersdrain wet areasnd channelizaetreamsacross the regiorStream
channelizatiorcauses a conversionfrom wetland to upland species, amédduces the
opportunity foron-site soil and aquifer rechargl-stream mining for building materials
and dralging for navigation exacerbatetream incision throughout thRussian River
basin dewatering many wet meadows at montaf@othill transitions, and lowering the
GolasS fS@Ste¢ 27F aidiNdutingshosk of Pepeiybotli ¢ 0 SNBE KSR

1 Road development anfibrest and mineal resource extractiobegin includingcharcoal
productionfrom oaksthat supplied a community kiln iMark WestSpringsWe do not
know the extent of this impact at Pepperwood.

1 The onversionof wildlandsto agriculturethroughout the regiorincludesloss of native
vegetationand habitatsdestruction ofadditionalwetlands, fragmentation of large
habitat blocksand reduced hydrological functiaand connectivityThis threatens the
connectivity of Pepperwood to otherearbyopen spaces
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Residential andAgricultural Developmentsince theMid-20th Gentury

Rapid population growth and urbanization of neighboring cities cause cumulative impacts to
spill over tonearbyPepperwood.The Pepperwood Foundationcreases ofsite access and
programming.

1 Population growth and conversion of land for urban and agricultural landdtaghesr
fragments the habitats around Pepperwood.

1 More water is extracted from local streams aaduifers for humarand agriculturalise,
leaving less availabte supportecosystemns downstream of the preserve

1 The motor vehicldbecomes thelominant transportation mode, introducing aiorne
pollutants to the preserve (see beldar detailson nitrogen andozone impactsand
acceleratinghe rapid spead of invasive species and reeelated erosiorat the
preserve

1 Thedominant land useat Pepperwoods low-intensityopen range cattle grazirand
occasionalisiting researcherauntil the transferof the property to the Pepperwood
Foundation in 2005 and the opening of tbevight Centein 2010, whichnow hosts
thousands oWisitors per year.

Native Specielsosses
By the early 28 century, biological resources at Pepperwoaddin the regionas awhole, had

suffered significant species losses.

1 Carnivores including the grizzly bebirgus arctol gray wolf Cans lupu$ and North
American beaverGastor canadengisare extirpated from Pepperwood and its envirans

91 Tule elkare also extirpated.

1 Disturbance regimes such as episodic foraging by native species that are essential to
habitat health are lost due tthesed LISOA SaQ RSOf AySao

1 Coho salmon are lost from most Russian River watersheds, only persisting in Mark West
Creek today thanks tassstance from a captive broodstock and recovery program

18



Introductioni Pepperwood Adaptive Management Plan

1 Amphibian populationsleclined with thearrival of the deadlyungalpathogen
(Batrachochytriundendrobatidig in the mid 20th centurand are threatenedtoday by
the potential arrival of a newsalamandeitspecific chytrid funguB@trachochytrium
salamandrivorank the spread of which is accelerated by the international pet trade.

Invasive Species

Invasive species are generally regitive organisms that are introducedither accidentally or
intentionally,to regions outside their naturabnge and cause harm in their new honsame
norn-native, invasive speciesan spread rapidly anare able toquicklycolonize disturbed areas
while others can degrade relatively pristine environmeien-native nvasive species are
recognized as one of the leading threats to biodiversity and impose enormous costs to
agriculture, forestry, fisheries, and other human enterprises, as well as to human health. Many
of the land use impastabove included théntroduction of invasive species as a result of a
growing and increasingly mobile population agidbaltrade system.

1 Invasive plants can outcompete native plants, reducing native cover and biodiversity
anddegrading relateacosystem services.

1 Invasie animasreduce biodiversity, impact the food chain and can causkespread
habitat distubance. Examples incluaeld boar(Sus scrofp wild turkey Meleagris
gallopavg, and American bullfrogsithobates catesbeianjs

1 Invasiveacting native species &epperwoodncludingDougla-fir (Pseidotsuga
menziesivar. menziesjiin oak woodlands and coyote brudBaccharis pilularisubsp.
consanguinejin grasslandbkely begin tadisplayinvasive behavior due to fire
suppression.

Pollution Including Nitrogen Deposition and Ozone

The postWorld War Il baby boom generation quadrupled the population of Sonoma County
O2AYOARSYU 6A0GK | expadshibdbyautbidbile inddzinglhyidt onl Y R
petrochemical €chnologies. This has resulted in aerial deposition of air pollutants to Sonoma
County, particularly along major highway corridors like the 101 Freeway, inclBdpgerwood
(seeHgure 3.1 below).

Atmospheric nitrogerfN) depositioncausesnultiple ecosysteneffects, including changes in
plant species composition accompanied by losses in biodiversity, and enhanced nitrogen cycling
that can lead to leaching of nitrate and gaseous emissiomsaofo-nitrogen oxidegNQ,) (Fenn
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et al. 2010)Within ecoystems,the effects omitrogendeposition includenitrogen enrichment

in pure chaparral stands, which is associated with loss of symbiotic mycorrhizae and increases
in less symbiotic speci€Bobbink et al. 2010While @zone causes premature foliage loss in

pines (Bobbink et al. 201Qnitrogen deposition stimulates foliar growth, leading to greater

litter accumulation in the forest floofFFenn et al. 2003)

The specific impacts of nitrogen deposition in the California Mediterranean ecoregion has not
received detailed attention in the literature; however, fGalifornia ecosystems more

generally, critical loads (CL) for nitrogen deposition have been establ{Eleed et al. 2010)
Lichens in all ecosystems are the most sensitive (GE.5 18N ha' yr') and impacts are
expressed as increased nitrogen content and shifts away from oligotrophic toward eutrophic
species. @sslands (CL = 6-kgha’ yr') exhibit increased growth of nemative annual grasses
that crowd out native forbs. Increased grass growth in open shrubliikelsoastal sage scrub
(CL = 7.40 kgN ha' yr) increases fire risk and reduces fire retimtervals. Chaparral (CL =
10-14 kgN ha' yr") and mixed conifer forest (including hardwoods, CL = 1N kg* yr")

exhibit nitrate leaching.

Pepperwood igocated ina high deposition zone downwind of agricultural and urban nitrogen
sources in the Saa Rosa Plain. Estimates at Pepperwood range frg209 kgN ha' yr
(Figure3.1 below, Tonnesen et al. 2007, Fenha. 2010) Deposition levels at Pepperwood are
above the CL for many systems, including nitrate leaching from mixed conifer/hardwood
forests. Spring water nitrateamplescollected in December 2015 show detectable nitrate at
1.2¢1.3 mg/L inthree quaters of thespringstested (see AppendiD Climate and Hydrology,
TableD.1). These levels indicatétrogensaturation of the ecosystems, and are comparable to
springfed baseflow in the heavily polluted San Bernardino Mountains (Bé&v@nyon).

The other air pollutant of ecological concern in our regiooziene which isa strong oxidant

that can damage leaf tissue when absorbedlmir stomata. Ozone levels at Pepperwood are
not known at present, but they are likely relatively high for the Bega. Upwind sources of

NOF YR Ke@RNRBOFINb2ya Ay GKS {Fyidl wz2al tflFAy
distance downwind from the sources provide time for the ozone to form and escape the
guenching effect of NOOzone effects might be seen iretfew ponderosa pine@inus
ponderosaon the preserve. Lichens cafsobe used as bindicatorsfor ozonepollution.
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Figure3.1. Pepperwoo@nd environs nitrogedeposition map
Source:Schere 2002, Fenn et al. 2010
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Climate @Gange

Climate influences habitat availability, organism survival, competitive dynamics, species
abundance, plant productivity, and other important drivers of biodiversity and ecosystem
function. Rapid changes in climate attributable to anthropogenic emissiogseanhouse gases
have resulted inncreased summer temperatures on the order e’Eand wintertemperatures
on the order of 2+°k Sonoma Countgompared to 195¢1980(Cornwall et al. 2015We

briefly summarizerojectedclimate impacts here and provide more details andraples of

the TBC3 climate data tools available for managers in Appé&n@iimate and Hydrology.

Based on global climate models, Pepperwood will experienosistently increasing
temperatures over time, with some uncertainty about the rate and timing of change primarily
due to uncertainty in our future global greenhouse gas emissibmsestimated that entinued
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climate changevill increasetemperaturesfrom 2.5°F (for scenarios that assume significantly

mitigated and reduced greenhouse gas emissions) up to 6°F (for scenarios that assume
GodzaAySaa I a dzadz f ¢ byamhdsedyri Hodemv&, cliinatd mdslelsh & A A 2y 4 0
project a less certain future foegional rainfall conditionswith estimates ranging from 25

percent more to 25 percent less rainfall over the long tekithile the direction of rainfall

change is uncertain due to current limits@ceanic andneteorological modeling, models tend

to agreethat the future is likely to hold more extreme annual rainfall highsl lows(Micheli et

al. 2016)

Pepperwood will be subjected to increasesewveral types of extreme eventsider climate
change including &treme heat dayswhichare projected to become more frequent and
intense.An analysis for the Russian River basin showed that projected increases-iariong
temperature averages translate to 405-fold increases in theotal number of summer days
exceeding 95°MMicheli et al. 2016)The frequency of heavy rain events, drought, and fire are
also expected to increase across the region, while wineszZe days are projected to decrease
(Cornwall et al. 2015pPrecipitation will most likely be more variable than historical averages
with potentially longer, more frequent periods of drought and potentially more intense storms.
Surface and groundwater supplies are also likelge more variable.

Warmer andpotentiallymore aridconditions may mean that some species that have long made
Pepperwood their home may cease to be able to live here in the coming dedaddse end of
thecenturyt SLILISNB 22 RQa @S3IASGIF GA2Yy Y leranBandifiye G NI y & A
prone speciesSome egetation transitionaill likelybe preceded by mass mortality events

likely driven by firepr outbreaks of insects angathogens in drought stressedees As

vegetation facesiovel climatic regimessuch mass mortalitiesan occur at large scales over

shott time periods of time This was recently seen@alifornia’s Sierra Nevada, where

according to US Forest Service Aerial Detection Surarysstimated29 million trees died

duringour recent(2012;2015)historic drougt.

Qimatic Water Deficit An Integrated Measureof dimate Sress

Increased temperatures combined with more variable rainfall are likely to cause an overall
trend towards more arid conditions at Pepperwood and acrassregion, even if rainfall is
higher than averagéMicheli et al. 2012)This seemingly counterintuitive resultdge to

climatic water deficifCWD), which is the difference between potential and actual
evapotranspirationin other words, CWD is a measure of drought stress or the difference
between the amount of water that could be used by vegetation and the amount of water
actually availableBecause higher temperatures increase evapotranspiration rates so much,

climatic waer deficits are predictedo increaseacross all future scenarios regardless of
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whether total precipitation increases or decreasehis is true for Pepperwood as wellfas
California as a whol@lint and Flint 2014)

Because CWD is a good indicator of the cumulative effects ofiastable rainfall and
increasing temperatures, it can be considered an integrated measure of potential drought
stress due to climate changk .captures the water balance physics of how soils, water, and
solar radiation interagtand haseen found to be an important attribute ipredictingwhere
plants can grow in Northern Californjackerly et al. 2015At Pepperwood, we usedhagh
resolutionBasinCharacterizationrModel (BCM)o map occurrences of vegetation on the
preserve relative to CWD valugsee below,)

Figure3.2. Distribution of vegetation typest Pepperwoods a function of current average
climaticwater deficit valuesl0-meterresolution
Source: 2014 California BCM
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Figure 3.2aboveshowsthat some2 ¥ t S LILJPlafbcanariritiess areCWDspecialists
while some are more properly classified as generalS&kwoodlands occur across almost all
CWD vales reflectingthe diversity of oak species and the&spectivedrought tolerances.
Mixed hardwoodforests similarly span the full range of conditions found at Pepperwood, but
are dominant at lower water deficits, as are DougdiasGrasslandalso span a broad range,
but the bulklandsin the central portion of the distributionRedwoods occupy onthe lower

half of theCWDrange, while chaparral proveerhapsthe most droughtolerant.
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Using the 27@neter California BCM data available online, we can summarize projected change

in the magnitude of CWD averaged over the preserve as a whole IfElgure3.3, Table3.1).

CKAA lylfeara akKz2ga OGKFG o0& (GKS OSyldadz2NEQa SyR
projected to rise 1¢23 percentcompared to the 19541980 baseline.

We examinethe occurrence ofegetation communitiescross climatihydrologic gradients at
the preserve in each habitapecificsection For any species, examinitige full range of
conditions aspecies can toleratmayprovide an indication of whether not it will be able to
survivea particulamprojected magnitude of dnge, includingoWDincreasesFortunately,
there may be ample refugia for some species within short distances thedmghspatial
variability oft S LILIS NJwate? defiz#swhenthey areexamined at finescales

Figure3.3. Projected change itlimatic water deficit for Pepperwood, 192099, 270meter

resolution
Source: 2014 California BCM
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Table3.1. Historical and projected average climatic water deficits for Pepperwood Preserve,

California Basin Characterization Model, 188099, 30yeartime steps
Source: 2014 California BCM

Warm, Moderate
Historic | Recent Rainfall Warm, High Rainfall Hot, Low Rainfall
1951, 1981 2010; 204Q; 207Q; | 2010; 2040; 2070z | 2010z 2040; 207Cg
1980 2010 2039 2069 2069 2039 2069 2069 2039 2069 2069
CwD
) 29.0 29.7 302 314 325 | 294 309 324 | 302 329 356
(inchegyear)
Percent Change
NA 2 4 8 12 2 7 12 4 13 23
from 1951¢1980

Projectedimpacts ofCimate on Native Vegetation Composition

Ackerly et al(2015)havedeveloped a model of potential Bay Area vegetatiblangesas fart
of the TBC3 collaboratiarResults suggest that the North Bayhere will be a shift toward
greater climate suitability fodroughttolerant plant communitiedike chanise chaparral
(Adenostoma fasciculatumsemidesert scrubandcoast live oakQuercus agrifoliaar.
agrifolia), and a decrease in cover of cool, vaetapted conifer communitiesuch afPacific
coastredwood(Sequoia sepervireng, Douglasfir, and montane hardwood<Xonifer decline is
expectedover the next centunglong with incrases in chaparrasemidesert scruband
certain oaks in the Southern Mayacam@snservation Lands Network (Claf)dscapeaunit, as
listed below(Ackerly et al. 2015, Micheli et. £016)

T Climate Winnersvegetation communities with projected increases in climate suitability
such asemtdesert scrubArtemisiasp.), chamise chaparral, knobcone piginus
attenuata)

1 Climate Stablevegetation communities with nprojected significant change climate
suitability likecoast live oak, California bay laurel, blue oak, valley(Qalercus lobata

1 Climate Losersvegetation communities with projected decreases in climate suitability
includingPacificcoastredwood, Douglagir, Oregon oakCalifornialilac (Ceanothussp.)

T Unknown black oak, grass species, rare plants, herbaceous species, animals

There is evidence that recent climate trends are already air A y 3 S O2f 23A Ol f
forests, including declines &drge trees and increased dominance of o@Wsintyre et al.

2014) The 2015 drought anaissociated accumulatedWD levelare estimated to have been
the highestof the past half millennidAnderegg et al. 2015).essons learned about vegetation
stresses on the preserve and management respodsesgthis recentdrought provide a good
analog for what may be more prevalent conditions in the future (see Appen@Giintate and
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Hydrologyfor a more detailed description of 2015 drought impacts on the preserve)-tReal
Y2YAOU2NRY3I 2F 2dz2NJ gS3ASOF A2y O2YYdzyAGASa Ay LI
prove critical in identifyingctual mechanisms and modegpotential change.

Potential Impacts ofdimate Change onWildlife

Wildlife species rangeontractiors may occur directly due ttheir sensitivity to decreasing
suitability of local climate, or may occur indirectly due to shifts in the distributicesurces,
novel predatorsor competitors.A range expansion may occur when new regions become
suitableor there are increasein habitator other resourcesThis is assuming that there is
sufficient connectivity and time for migration into expandeabitatsSeethe discussion under
the Wildlife Climate Change Considerations headirfgeiction2.Cfor additional details

T Example Potential Stable Spedi@snphibians)Amphibians adapted to hot dry
conditions, with species ranges that reach far iBmithern Californiavhere current
conditions are similar to gected future condions at Pepperwoodncludethe western
toad (Anaxyrus boregsand Pacific chorus fro@guedacris regil)a

1 Potentialdimate Winnersor Leading Edge Species (reptil&ptiles that occur
regionally, but not at Pepperwoodndthat are adapted tdhe hot dry climate
projected for the end of the century include the sititched lizard Uta stansburiang
coast horned lizardRhrynosoma coronatujnCalifornia whiptail@nemidophorus tigris
subsp.mundug, Gilbert's skinkRlestiodon gilber}j and coach whipNlasticophis
flagellum).

1 PredictedClimate Losersr Trailing Edge Specidhere are 13 iod species ofspecial
concern that are considered climaedangeredncludng northern harrier Circus
cyanu$, Vaux's swift Chaetura vauyj and burrowing owlAthene cunicularia Trailing
edge reptilesinclude themountain kingsnake St. Helena subspediesr{propeltis
zonatasubsp.zonatg), rubber boa Charina bottag sharp tailed snakeJQontia tenuiy
and the Pacific gopher snakieifuophus catenifesubsp patenifer). Amphibians that
depend on perennial water sources, have low hed¢tancesor are susceptible to
extirpation due to scour events during high flemay be climate threatene¢e.g.,
California giant salamandebjcamptodon ensatysfoothill yellowlegged frog Rana
boyliil, roughskinned newt Taricha granulosi.

T Unknown:Westernpond turtles (Actinemys marmoratpoccur in desert habitats of
SouthernCalifornia, but also depend on seasonal or perennial water sources and are not

thought to be particularly adapted to hadry conditions where they do occur.
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Projected mpacts ofCimate onFire Fequency

Projected increases in fire will lolsiven byboth high CWDand the potential for significant fuel
accumulationsunder high rainfall scenarid&rawchik and Moritz 2012)Fire has a multitude of
ecological, hydrological, ecological, and econoefiiects (Bixby et al. 2015)n much of
Californiaincluding Pepprwood's region, fire is critical to healtl ecological functiog) nutrient
cycling andthe reproduction of firedependent species. Fire is an also important management
tool, utilized for centuries by Native Americans and recommended for use by scicotiais

Figure 34. Historical and end of century projected fire return interval near Pepperbaset
on comparisons ofigh rainfall (PCM) and a low rainfall (GFDL) m®del
Source: Krawchuk and Moritz 2012

Current Period End of Century
(2010-2039) (2070-2099)

- "
PCM :
Fire Return

Interval (years)

B 45.4-50
- - B s0.1-75
\ I 75.1 - 100
GDFL [ ]100.1-125
: [ 125.1-150
‘ 5373 1 I 150.1- 175
B 175.1 - 200

Table3.2. Current and projected fireturn interval at Pepperwood during the current and end

of century 36year periods under two futures
Source: Krawchuk and Moritz 2012

Predicted Fire Return Range Fire Returr
Period Model Interval (years) Interval (years)
Recen (1971¢2000) NA 122 112¢129
GDFL (Hot, Dry) 109 110c116
Current(2010;2039)

PCM (moderate) 116 106¢124

End of Century PCM (moderate) 86 79¢91

(207052099) GDFL (Hot, Dry) 90 82¢98
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Dueto over a century of fire suppressioaccumulateduelsin our forestsnow posethe risk of

G OF G a i NAndedkiahgo tHe dimddbitpacts of severe fire on vegetation, saitsl
wildlife, as well agpostfire floods or debris flowdire can havesecondary impacts on water
gualityand aquatic habiats (Bixby et al. 2015)Streamdwelling organismare particulady
susceptiblgo these substrate souring even{&resswell 1999} ongterm adaptive
management streegies need to take into account a potentially more frequent fire regime and
the risk of intense burns where fuels have accumulatiéefjetation management needs to
balance reduction of fire risks with integration of fire benefits, where feasible. Peppe&higoo
presently piloting a prescribed burn program as part of its vegetation management tool box.

Table3.3 below provides a summary of metrics developed by Pepperwood stafirtumarize
specific climate change mechanisms of concern.

Table3.3. Climatevulnerabilitymetrics andecologicalimpacts ofchange
Climate Indicator (and Trend)

Ecological Impacts and Concerns
Reduced freeze days; shifts in phenology (seed setplaaf
migration patternsor emergence of overwintering of insects);
shifts in growth period and or duration; shifts in disease
dynamics and susceptibility
Heat stress; water limitation; increasesvitildlife and plant
disease susceptibility; impacts on phenology; increased wate
temperature and related impacts on microorganisms; reduce
dissolved oxygen
More frequent drought; species with high tolerance to extrem
Precipitation (greater variability) favored; impact orspecialist species reliant on wetland habita
episodic erosion and turbidity events
Increased drought stress to plants; water stress to animals;
decreased food availability; increased fire frequency; faster
drying of wetlands, streamsand ponds; shifts in fungal
communities, symbionts, and pathogens

Minimum temperatures
(increasing)

Maximum temperatures
(increasing in magnitude and
frequency)

CWD (increasing)

Runoff and recharge (greater
variability)

Greater proportions of runoff relative to recharge; changes in
water availability for plants and wildlife

Actual evapotranspiration (AET)
(greatervariability)

High AETcorrelated with plant productivityindicates periods
of high carbon sequestration and fuel loading

Seasonality changes (potentially
longersummers and shorter
winters)

Phenology shifts; asynchronicity of coevolved processes; fog
web impacts

Cumulative effects (increasing)

Reduced reproductive output and success; impacts on
vulnerable life stages and reduced recruitment; population
declines; reduced food sources, species level abundance, ge
flow and genetic diversity; trophidanges; habitat loss as a

result of species shifts
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4. Climate Adaptation Considerations

To our knowledge,lis Adaptive Management Plais one ofthe first set of parcekpecific
recommendationgo beinformed by TBC3 data productihe sectionbelow summarizes how
climate chang consideratiors were integrated into the formation of this plan, and informs
subsequent habitat managemeasectiors.

Step 1- Evaluategeneralgoals and assumptions in light of climastressors
a. Atrticulate current Pepperwoogdoals and existing stewardship actions
b. Evaluate appropriateness géneral managemergoals and strategies in light of
climate change combinedith other stressors
c. Determine whether goaleave the flexibility needetb accommodate potential
reorganization of communities aretosystems

Step 2- Evaluate the magnitudef projected climatic changes and estimataological
responses, with a focus on identifying vulnerable resources
a. Explore historicabr spatialanalogsand available projectionthat can help provide
anunderstanding of the degreef change and the likelgcosystemmpacts
b. Usespatial and temporal variabilitto put projected changén context(i.e., does the
projected change exceed thecalspatial vaiability or the historic range of temporal
variabilityat a site of interest
c. ldentify species that may be vulnerable to change and exathi@@otential for
local and regional range shiftsicludinglocal seed sources and refugia
d. Considetthe life histoty of focal speciegelativeto projeded impacts

Step3 - Ensurepriority monitoring programs capture a baseline for evaluating change over
time
a. Define critical laseline environmental and climatic data
b. Identify aitical resources and refugiancluding
i.  Watersuch agponds, seepsand springs especially those that remain wet in
extreme drought years
ii.  Cool, north facing slopdse protect species like Oregon odkapa false
indigo(Amorpha californicaar. napensi$ andredwood foress
iii.  Old, large trees
iv.  Areas with high climate heterogeity over short spatial scales
v. Populations of resilient species that could providaure seed sources
c. Ecosystem response indicator spedielsitive to range maps
i.  Southern rangdimited species
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ii.  Northern rangelimited species
iii. Temperaturelimited species
iv.  Moisture-limited species

Step 4- Identify current management practices that already build resilience to climate change
a. Reduce known stressonscluding invasive species, hydrologic degradatand lack
of disturbanceo generateboth immediate and longerm benefits
b. Promote native species and their habitatscreatehealthier ecosystemthat will be
more resilient to change
c. Promote habitat connectivity between the preserve and adjacent natural and
working lands to g species room to adjust and migrate

Step5 - Consider proactivestrategies to enhance resiliend®e climate change

a. Considepost fire and floodesponsepland & G KSasS S@Syida oAttt &N
and may be primary opportunities for intended wnintended shifts in species
composition

b. Consideseed bankingind propagatiorof native species gathered from hot, dry
conditonst & f A1Sfe& GOftAYIGS G6AYYSNREE

c. Consider action® increasewater holding capacityhrough soil amendmentésuch
asthe Marin Cabont N2 2®@pibbirgnitative), targetedconservation grazing,
andother ecaengineering projects

d. Consider the reintroduction of fire as management ttmtreat fuel loadsandalso
createl f S&aa & (tkak wakldibeproneft@ diaBgitinduced mortality

The biggest changes to our approdohplanningin the face of climate change include an

awareness that, in general, historical averages can no longer be projected into the future: the

past may no longer serve as prologue in this rapidly ghanworld. As conservation

LIN OGAGAZ2YSNES 6S KIS (2 AKATO FNRY GLINBAaSND
Fdzy OllA2yas gAGK2dzi ySOSaasimthefstate they MBuBdntlyy 3¢ & LIS
found. We echo the thinking of lead researchers in this reamthe utility of thed N5 & SNIBS | a
a0 RA dzY ¢ 1 tiSplayetslretiefield might change, but we strivénave the strongest

team as possible at all timé&underson 2000, Heller and Zavaleta 2009, Anderson et al. 2012,

Brost and Beier 2012Most recently, TBC3 member Nicole Heller has summarized this

F LILINE | OK & LJIzZNBESADYED 4K AGOYK (iOdzNdy thee BeyNllssdstivdloeh 1 S R
adaptive management approactescribedoelow.
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5. Adaptive Management asNatural Practice

Adaptive management provides a framework for articulatinglgi@ad strategies, while doing
research and monitoring to assess ecosystem response, and tketicelatingthosegoals

and strategies in light afewinformation. The broad principles below set adaptive

management in the context of what Helland Hobbg2014)K & Rdz 6 SR da b I (i dzNJ f

Set oad goals suported by flexible strategies

Becausehe future is inherentlyuncertain, management activities need to be implemented

with flexibilitya’ R SELISNAYSY il GA 2y o tg&iskeiedbngetdnandY | y I 3§
leave room for an adaptive ecosystem response that oiasnately look different thanour

conceptual design.

Reduce threats
It is necessary toantinue and strengthen activities that reduce known threats to native species
persistence.

Create opportunities

Management actions that create oppartitiesfor species to adapt and persist on their own
terms are best. Some examples include activities that maintain or increase 1) hydrological and
temperature refugia, 2) gene podiversity,3) propagulepressure from desired species (e.g.
seeding), and 4) connectivity so species can move to track suitable climate.

Pursue resilience

Are management strategigargeting resistance owill they be resilientto change? Resistance
strategies fight againdong-term trends, while resilient strategies work withem. Successful
strategiesfor resilience supporécosystems along sedlistaining trajectories, and do not
require perpetual intervention.

Accept limits to our potential tmtervene

Ultimately this is an adaptive plan for a natural area where the aim is to let natural processes
unfold. Too much emphasis on controlling ecosystem response through interventions
(especially without monitoring of undisturbed places) may not dr@ynrealistic but may lead

to confusion about what factors are driving changes.
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Invest in strategies that ar@bust to alternative futures

CNRBY | Of AYI (S LIS Naegisaedones hat can yckin bbb |I@NaBdhigk &
rainfall futures. Management ptionsthat favor diversity at multiple scales are likely to favor
robustness.

Tap into lessons from current patterns of climate variability

Understanding the current role of climate variability across the landscape can be a resource for
planning for the future. Currently across our preserve, temperature has been observed to vary
20d~over relatively short distances. Consider targettignatic variation, both spatial and

temporal, tostrategicallyplan management activities.

Figure5.1. Conceptual framework faummarizing potential adaptation strategies based on
absolute value and historic variability of climatic water deficit

Resilient species adapted to

Drought tolerant species ry and extremes

adapted to consistently
hot/dry sites
Ifchange exceeds historic
variability, species may be
stressed

Potential wet/cool species ~
refugia conditions but can tolerate
Vulnerable to change that extreme
exceeds historic range

Important to monitor survival

More variable over time

In the remaining sections of this plan, we apply this concept of Natural Practice to both
preservewide strategies and habitagpecific management. For a detailed discussion of how to
applythe conceptual framework for summarizing potential adaptation t&gées using site
specific climate and hydrology daidystrated aboveseeAppendix DClimate andHydrology
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PRESERWEIDE MANAGEMENT STRATEGIES

1. Maintain Hydrologic Connectivity and Promote Drought Resilience

TheValue of Hydrologic Connectivity Landscape Resilience

Hydrological processes are a primary driver of ecosystem structure and function, and all
habitats benefit when watershed functions are protected. Vital functions include stream
corridor connectivity, natural infiltration and rectge, and water quality maintenance through
minimizing erosion. Particularly in our Mediterranean climate, perennial springs play a key role
in maintaining cool, wet refugia in watershed headwaters. Soil moisture also pisgssantial

role as a reservoior plants during the dry seasoB8treamflow much of which is intermittent

in our region, provides critical pulses of water and nutrients and consitmerovide saturated
subsurface habitat even whahdriesout. Amphibians in particular rely on sprifigws and

shallow groundwater in and neatreambed.

We hypothesize that historic land uses have caused losses of cagbotopsoil which,

combined with the transition from deepoted native bunch grasses to shalloaoted

introduced annuals, have deiced infiltration and subsurface water storage capacity across

large extents of the preserve. These changes may have reduced perennial flows in local
streams, which was compounded in places by water extraction for human and agricultural uses.

Akeymand SYSY (G Aada&adzS I FFSOGAY3I t SLIISNB22RQE KeRNZ
maintenance, as roads create compaction, can interrupt and/or concentrate natural flow paths,

and create opportunities to accelerate erosion through runoff and gully formation. Also,,roads
crossingsand culverts must be placed and sized in a manner that does not stiesenbed

erosion or interrupt water or sediment transport.

hdzNJ £ 20Ff aSRAGSNNI ySIy S02aeaidSvya KI @S S@g2t @
adapted to periodidroughts. Maintaining hydrologic connectivity is a key strategy for further

increasing drought resilience in thade of increasing future clirtia water deficits. Plants here

are especially well adapted to utilizing soil moisture as long as it is agaiéhin their rooting
RSLIWIK® !'d yAIKGE || LIXIydQa RSSLI Nep2dGa YlFe& G
into the soil above in a process known as hydraulic lift. This moisture transfer can ameliorate

drought effects for nearby shallovwooted plants especially those near mature woody

vegetation. Hydraulic lift can be important in both arid environments as well as mesic

environments subject to seasonal water defi¢giawson 1993)
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Monitoring

t SLILISNB22RQa O2YLINBKSYyaA@dS {SyadaySt {AGS Y2yA
station located near the Bechtel House dondr supplementaryUCDavisagricultural model

weather statiorslocated near the Dwight Centein Martin Creek, Rogers Canyon, and near

Double PondsTemperature humidity, leaf wetness, soil moisturand rainfall stationgire

distributedat the Ackerly Labt UC Berkeley's loAgrm forest monitoring plots across the
preserve(Ackerly et al. 2013)We have had a streagaugeon Rogers Creek since 2012, and

multi-depth soil moisture probes (one in gramst, one in oak woodland) since 2013. As part of

GKS tFOAFAO /2Fradrt Cc23 ¢SIHYQa Y2yAl2NRAyYy3 ySi
water content. In 20T we are starting a spring flow monitoring program. These data streams

allow us to relate preswe hydrology to grassland and forest species composition and plant
phenology, which are also monitoredppendix D Climate and Hydrologrovides details on

site-specific monitoring and results as well as a discussion of the imipetthe 20112015

droughthad on the preserve.

Management Strategies
Table 11 below summarizes key management and monitoring objectivesatidties focused
on maintaining orsite watershed functions, and related adaptive management goals.

Table 11. Hydrologic conneiefty and drought resilience management and monitoring
summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*

1. Promote and protect | 1.1 Current:Minimize soil compactior] 1.1 Current:Visual 2a, 2b, 6¢
key ecosystem functions | and extent of impervious surfaces;-r¢ inspection; monitoringsoil
and services: maintain th( vegetate surfaces disturbed by bulk density and infiltration
water cycle and the construction,grading or erosion; using Point Blue
connectivity of minimize compaction from grazing b} Conservation Science
hydrological features using short duration treatments rangeland soil sampling

protocols (Porzig et al.

2015)

1.1 Potential:Map and
document revegetation
treatments
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Promote and protect | 1.2 Current:Minimize soil erosion by | 1.2 Current:Visual 2a, 2b, 6¢C

key ecosystem functions
and services: maintain thg
water cycle and the
connectivity of
hydrological features

avoiding concentrating flow around
trails or roads and treating eroding
roads and trds; utilize outsloped
roads and rolling dips to slow and
spread the flow of water; maintain
road crossing culverts and size to
accommodate peak flows; treat
gullies using vegetation best
management practices

inspectionespecially durig
large storms

1.2 Potential Utilize

Sonoma LIiDAR layer to
identify erosion zones

1.3 Current:Minimize impacts to
riparian vegetation in all managemer
activities including grazing
prescriptions, road improvements,
and trail buildingprojects

1.3 CurrentVisual
inspection especially
following grazing; stream
flow monitoring

1.3 Potential:Monitor
riparian forest, herbaceous
habitat, and breeding
amphibians

1.4 CurrentiIncrease infiltration and
soil moisture holding capacity by
increasing soil carbon content and
porosity through conservation grazin
and native grass restoration

1.4 Current:Point Blue
Conservation Science
rangelands soil sampling
protocols(Porzig et al.
2015) Grassland
Monitoring Project;
headwaters flowtiming
monitoring using
Thermochrons;
groundwater well
monitoring

1.4 Potential:Consider
exparding groundwater
monitoring; map and
document native grass
planting activitiesconsider
utilizing cameras to monito
streamflow
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Promote and protect | 1.5 Current:Protectsprings and 1.5 Current:Sreamflow 2a, 2b, 6¢
key ecosystem functions | perennial water sources monitoring
and services: maintain thy March 2017-Develop
water cycle and the T
o spring monitoring plan
connectivity of
hydrological features September 2017Spring
monitoring rapid survey
SpringgSummer 2018:
Resurvey springs for
vegetation and amphibian
communities
September 208: Install
spring flow sensors
2. Minimize impacts 2.1 Current Minimize vehicular soil | 2.1 CurrentVisual 2a, 4a4b

caused by users: maintail
and enhance water

compaction by prohibiting travel on
wet roads or soils

inspectionof roads and
offroad travel

quantity and quality by
minimizing negative
impacts of infrastructure
and human access
including education

2.2 Current Reinforce clarity with
PG&E regarding righof-way access
and communicate when Pepperwoo(
roads are inaccessible due to soggy
conditions

2.2 CurrentVisual
inspectionof roads and
offroad travel

programs, research,
recreation, and Dwight
Center operations

2.3 Current:Control ersosion by
grading roads in advance of storms,
addresserosion concerns and
conduct wintertime mantenance of
roads where watedamage occurs

2.3 Current:Visual
inspectionof roads and
offroad travel

2.4 Current:Conserve water from ou
wells andother infrastructure

December 2018Complete the
Dwight Center catchmergsystem to
usecaptured stormwater for
irrigation and potentially indoor non
potable uses

Potential: Assess opportunities for
developingwater catchment on
additionalstructures including red
barn to supply native plant

greenhouse

2.4 Current:Main and
Garrison Canyon well
monitoring

2.4 Potential:Monitor
Dwight Center and Bechte
House water use; monitor
cattle water use from
wells including the well at
Hill 1524
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Table 1.1. Continued

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
2. Minimize impacts 2.5 Current:Ensure orsite research, | 2.5 CurrentVisual 2a, 4a4b
caused by users: maintail education and mangement activities| inspection
and enhance water cause minimal disturbance
guantity and quality by 2.6 Current Minimize instream 2.6 Current:Stream water
minimizing negative pollutants including nitrogen, temperature and depth is
impacts of infrastructure | bacteria, excessediments, water monitored in Rogers Creek
and human access temperature impacts, and others temperature am stream
including education flows are measured in
programs, research, three major watersheds
recreation,and Dwight
Center operations 2.6 September 2017:
ExpandThermacron

monitoring to all five major
watershed and increase
samplingdensitywithin
each watershed

2.6 December 2018Assess
whether the preserve has
any water quality issues,
with a focus on bacteria

2.6 Potential:Check for
State Board monitoring
data downsteam; sample
Martin Creek directly
during first flush conduct
comprehensive spring
nitrogen survey following
first good rains

*2a-water cycle2b-soil health and erosioa-education4b-researchcroads and trails. See
Overarching Adaptive Management Goglage3, for a full description of these goals.
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Management Discussion
Road maintenance and grassland management are theptimoaryrealms where we are
advancing hydrological connectivity aresilience.

Road Improvements

In partnership with the Sonoma Resource Conservation District, we have conducted a roads
assessment and implemented corrective treatments in the Mark West watershed portion of the
preserve because it provides valualdownsteam habitat for endanged Cohosalmon. Over

six miles of roads have beendesigned to create rolling dips and esibped road surfaces

that spread and slow runoff. Stream crossings throughout the project area have also been
upgraded, including replacinghdersized culverts analdding rock to higiscour risk zones.

Enhancing Hydrologic Function in Grasslands

Our grassland management strategy is focused on improving soil hiredthemoval of non
native speciesandthe planting of native perennial grassé@diese practices in turn have
potential to increase the moisture holding capacity of grasslaBdsHabitatspecific
Management Strategies SectidrGrasslands Habitat Management details on this approach.

ClimateChange Considerations

AnindepthRA 24 0dzadaA2y 2F GKS AYLI OGO 2F LINR2SOGSR
presented in Appendix.Because future rainfall is a primary uncertainty in the application of
global climate models to this region, lotgym projections for the preserve range from
approximately20 percent more to 20 percent less rainfall. However, all models project
increased interannual rainfall variability, which means we need to prepare for perhaps both
more floods and more frequentrdughts.

The best way t@lanfor this increased variability is to build on our experience with past

extreme rainfall events. Floods are already a relatively frequent hazard across the North Coast
Region of California, which can get more rain than tret of the state Examples of istorical

floods include 19551964 1986 1994,1997, 2006and 2017 althoughnone of theseapparently
caused severe damage to the preserve or its resources.

Appendix D includes a discussion of the impacts of the red@night on the preserve. Basic
ingredients of drought resilience include the following.

1 Create/enhance opportunities for water infiltration and recharge of aquifers and soils
1 Protect springs and other perennial habitat water supply sources
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1 Enhance moistw-holding capacity of rangeland soils by increasing organic matter and
soil carbon via management or augmentation (such as compost)

1 Monitor droughtvulnerable vegetation and identify opportunities to conduct
restoration projects with droughtolerant speces

1 Apply conservation grazing techniques that consider reserving forage for late summer
conditions and have contingency plans if water soutsagin todry out

1 Monitor droughtrelated fire risks and create pofite response plans

Knowledge Gaps and Untanties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 2010)Below are current major knowledge gaps about hydrology astiftkrl by
Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most
problematic information gaps. These gaps have been revealed, and may also be filled, through
the adaptive management process.

What are the groundwatedynamics of fractured bedrock systems?

How variable are Pepperwood's spring flows?

| 26 aAAYATFAOIY(d Aa F23 G2 GKS LINBaSNBSQa o
How is ourConservation Grazing Programpacting hydrology?

What are the patterns of streamflow in ungged streamsncluding Martin Creek

(Brooks Creek watershed), Franz Creek, and Pepperwood Creek?

= =4 =4 4 A

lfaz2s {2y2YlF [/ 2dzyiG& Q& H nhighredolitidri layersRd infdrm & S &  LIN.
preserve management, includiriime-scalestream cenérlinesand flow direction ad
accumulation.
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2. Promote Native Vegetation and Control Invasive Plants

TheValue of Native Vegetation for Habitat Health

Plants convert sunlight into food, produce oxygen, build topsoil and hold it in place, prevent
Ft22R4Y &4S1jdzS480GSNJ O Nb2y> 06dzZFFSNI SEGNBYS 46S1I i
Jasper Ridge Preserve and the University of Minnesota has demteasthat healthy, diverse

native ecosystems are more likely than those that are damaged or fragmented to be climate
resilientt reliably delivering ecosystem services when environmental conditions change

(Schulze and Mooney 1994, Tilman and Downing 1994) remaining biodiversity contains the
oFaAr0 G22ta ¢S OFly dzaS G2 NBodaAf R 2NJ NBad2NB
vegetation management strategy is focusedkaeping diverse habitats healthy.

As Emily Roberson itesin the Januar2016issue ofFremonti& day l 6 A @S LI I yd 02Y
and ecosystems are invaluable, irreplaceable reservoirs of ecosystem services, genetic diversity

and information. Native plants and animals have evolved to exploit lodal geiology and

microclimates. Sitespecific adaptations have allowed them to withstand fluctuating conditions

over many thousands of years. If we ever achieve a society where restoration of ecosystems

and their services becomes a priority, we must hawerees of the locally adapted species and
SO2GeLSa GKFG FNB GKS o0dzAfRAYy3 o0f201a 2F (K24

The small proportion of nonative plant species that are invasive have dramatically altered

ecosystem functions and caused billions of dollars in anec@homic losses worldiide

(Pimentelet al. 2005) While many nomative plants established in California are not

recognized as significant thregfRandall et al. 1998, Levine et al. 2Q008Yasive species are

considered the second greatest threat to native biodiversity afeditat loss due to land use
changegMiller 1989, Wilcove etal. 1998) | O2NX St SYSy i 2-Fidet SLILIS NI 2
adaptive management is controlling invasive plant species and responding quickly to new

invaders (for a list of invasive plants of concern Appendix C Invasive Plapts

Newinvasive planspecies are constantly arriving, and the pace of new arrivals has increased
with global trade, human population growth, and growing vehicular and tiedtic throughout

our wildlands.The rate of arrival bnew invasive speciett Pepperwoodaslikewiseincreased
over the last 20 years, with greater numbers of neen-native plantsshowing up annually (M
Gilloglypers. comm. 2016
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Monitoring

In May of 2011, Pepperwood began keeping a digital logvafsive plant locations, abundance
and treatments, which has continued to grow in scope and detali{ER1). We are actively
engaged in monitoring and controlling 35 of the 78 documented-native invasiveplant

species across multiple habitats dretpreserveusing an early detection rapid response model
(see Appendix C Invasive Plants). Currently, we record locations and treatments for-all high
priority invasive plant patches including treatment methods, spatial extent, and timing.
Monitoring notesinclude plant phenology at the time of treatment and a rough approximation
of abundance at that locality.

Some recently arrived invasive, noative plants exhibit epidemilike patterns at
Pepperwood, rapidly emerging and then later declining. One @kamns Klamath weed
(Hypericum perforatury) which arrived in 2000 in advance of a specieShofysolindeetle that
was introduced regionally as a biological control agent. Sttogsolindhas moved onto the
preserve, it has kept Klamath weed from incriegswithout the need for additional
management. Other newly arrived species, such as the rosy sand cRmusilea roseaar.
australig and narrowleaf clover Trifolium angustifoliufhhave increased rapidly yet show no
signs of tapering off.
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Hgure 21. Invasive plant treatment sites at Pepperwood Preserve

The red dots on the map below show where Pepperwood staff and volunteers have treated

invasive plants since 2011, excluding yellow starthi§lenfauria solstitialjstreatments.

Invasive Plant Treatment Sites 2011-2015
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Management Streegies
Table 21 below summarizes key invasive plant management and monitoring objectives and
activities, and related adaptive management goals.

Table2.1. Invasive species management and monitoring summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Maximize resources | 1.1 Current:Apply protocols for early] 1.1 Current:Visual 1b, 3a
by tracking regional detectionand rapid response inspection and mapping o
trends and monitoring | Sy 31 3S g A G K LI NJIi| new speciemccurrences
for and acting upon meetings and trainings such as and applied treatments;
new invasive plant Sonoma County Ag Commission,-C{ regular inspections
species arrivals as early IPC and local groups to strengthen | around infrastructure by
as possible early invasion plant management preserve staff
activities

1.1 Potential:Preserve

wide mapping effort to

detect new species or sitg

occurrences
2. Maintain steady 2.1 Current:Review higkpriority 2.1 Current:Map 1b, 3a

reductions in
abundance of high
priority invasive plants
year after year; prevent
increases in the
abundance of widely
distributed, established
invasive nomative
plants

species treatment plans in Febryar
on an annual basis at the beginning
of each growing season

treatment areas; record
the treatment type, effort,
location, and population
size for high priority
species within the Invasiv
Species Management Log
resurveys guide hand
removal activities
following initial clearing

2.1 Potential:Record the
amount of persorhours
spent treating sites each
year to evaluate whether
priorities reflect efforts,
informing new priorities
and actions the following

season
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
2. Maintain steady 2.2 Current:Annually remove all 2.2 Current:See 2.1 abovq 1b, 3a

reductions in
abundance of high
priority invasive plants
year after year; prevent
increases in the
abundance of widely
distributed, established
invasive nomative
plants

patches of high priority invasive
plants (ranked 8 or above; Appendix
C) before seeds set and until seed
bank is reduced or eliminated

2.2 Potential:Work with neighbors
to enable eradication from
Pepperwood environshost a
Mayacamagorum with a regional
weed focus, strengthening early
detection and rapid response

2.2 Potential:Expand

monitoring efforts to
include buffers around the
preserve

2.3 Currentinvasive plant propguleg
are managed as wasfeemoved
from the preservepr burned

2.3 Potential: Explore potential for
incineration of seeds on site in a
biochar vessel or other contained
heat source; clean preserve vehicle
to reduce seed spreadequire
visitors to the preserve to clean
vehicles and/or boots upon entry

2.3 Current:None

2.4 Current:Prevent the spread and
further reduce abundance of yellow
starthistle by applying herbicide to
large populations

2.4 Potential:Map
treatment areas to
document effectiveness
over time

2.5 Current:Continue developing
species specific magament plans

2.5 Potential:Research seed bank
viability and emerging treatment
methods

2.5 Current:See 2.1
above; utilize maps to
document treatment
priorities and guide
management
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Table 2.1Continued

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*

3. Review and reassesg 3.1 September 207 (every 3 years): | 3.1 Current:See 2.1 above 1b, 3a
invasive plant species | Analyze effectiveness of
management priorities | management bysummarizing 3.1 ProposedAssess and
and the effectiveness o] treatment history recorded in the refineinvasive plant

our eradication efforts | Invasive Species Management Log | monitoring program
3.2February Annually eevaluate 3.2Proposed See 2.1
prioritization assignments of invasiv§ above

plants; reassign points awarded to
species in th&able C.2. Ranking of
Invasive Plant Treatment Priorities
(Appendix C)

* 1b-promote species diversityda-control and limitinvasive plants. See Overarching Adaptive
Management Goalgage 3for a full description of these goals.

Management Discussion

The keys to successful invasive plant management are prevention, early detection, and rapid
responseThe arival of invasivespecies is inevitabjdut early detection rapid response (EDRR)
enables containment and eradication before an invasive paetiesdbecomes established.
EDRR is our second line of defense against invasive species after prevention and saves
considerable @sources when compared to long term control efforts required once a species
becomes established.

To achieve longerm success, we work with partners to manage mptgpulations of invasive
plants beyond the preserve boundary. Invasive plant managemenei®btine most resource
intensive land management activities at Pepperwood, requiring the collaboration of staff,
volunteers, and neighboring land owners to achieve our management objectives.

Our ultimate goal is to track the relative effectiveness of tdwege of techniques employed on

0KS LINBaSNBS® t SLIISNF 2 2 RQainclugesiate tkegti®ent{ LIS OA S &
location, abundanceand phenology and can be used to assess the efficacy of treatments of
entire patches or just individual plantSheeffectiveness of our invasive plant management

z
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Invasive Plant Management Priorities to Date

Starting in 1979, upon acquisition by the California Academy eh&ses, Pepperwood Ranch

was supplied with a small budget for limited/asive planmanagement. Priorities under the

I OF RSYeQa YIylF3aSYSyid AyOftdzZRSR dzaiAy3 OIFGGES T2
andinvasive planabundance in grasslands ahdnd pulling French broon@gnista

monspessulaneand treeof-heaven Ailanthus altissima

When the Pepperwood Foundation formed in 2005, preserve management budgets were
increased, enabling the expansion of vegetation management efforts. Two additional
components were added to our vegetation management regih)ehe reduction of yellow
starthistle in grasslands and 2) the thinning of Doudila@Pseudotsuga menziesar. menzies)
to enhance oakvoodlands (sed¢labitatspecific Management Strategies SectibDouglasfir
Forest Habitat ManagementiProgress since 2005 includes the following.

1 Crews spend about 200 hours each June applying the herbicide Transline to control
yellow starthistle.

1 As ofDecember2016,430acres of oak woodland on the eastern side of the preserve
had been cleared of encroaching Dougfias

1 In 2013 the preservbegan removing barbed goatgragsegilops triuncialis aninvasive
specieghreat to Pepperwood's grasslafmodiversity

1 Priority invasive plants thatve also currently treainclude French broomrush skeleton
weed Chondrilla juncer stinkwort Qittrichia graveolengs oblong spurgeHuphorbia
oblongotg, and yellow sarthistle.

Treatment Prioritization

In order to prioritize our invasive plant management activities, we classify species based on
abundance, feasibility of management, invasivenesel biological impact. Summary ratings for
specific plants can be found Appendix C Invasive PlanBecisions about when and where to
complete invasive plant management activities are also based on plant phenology, current
conditions, and likelihoodfdhumanfacilitated seed dispersal from a given location.
Information used in prioritization include detailed species accounts found in the Pepperwood
Vascular Flor@DeNevers 2013nd species treatment recommendations found in

t S LILIS NIn2agivik Rldant Management Action PBabo 2010)
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Treatment Methods

In general, Pepperwood's current invasive plant management centers on responding to
introductions and preventative measures to reduce the risk of introductions by vehicles, foot
traffic, or livestock. Monitoring and management is especially critical aloadsides where the
rates of arrival and spread are highest. Concerted efforts are made to remove propagules and
complete treatments beforeoadsidemowing begins in late spring. Primary treatment of fow
priority invasive specie@.g., hornative annual gasses that are widely distributed) is achieved
through broader management activities such as grazing. A list of methods used includes the
following.

Manual Removal Species commonly managed by hangarticularly along roads and in
homestead meadows, aselV as other known populationisinclude bull thistle Cirsium
vulgare, Italian thistle Carduus pycnocephalssbsp.pycnocephalus blessed milk thistle
(Silybum marianur yellow stathistle, barbed goatgrass, and chicoGhfchorium intybys
Staff reguarly survey the preserve for these species.

Grazing MedusaheadElymus caputnedusag and Harding gras®kalaris aquaticpare
targeted by grazing practices, including grazing at higher densities and dyeatgitiming
grazing before target specié®come unpalatable or set seed.

Herbicide ApplicationswWhile we minimize the use of herbicides, some situations require
chemical treatment to achieve control objectives. Herbicides including glyphosate and
Transline, are applied when necessary usingkpack sprayers. Plants treated this way include
rush skeletorweed, Bermuda buttercupdxalis pesapre), and yellow starthistle.

Prescribed FireFire prescriptions are a management tool that Pepperwood is reintroducing to
the landscape to control invasiydants and Douglafir encroachment in oak woodlands. A
prescribed fire was conducted in June 2016 to target medusahead within a-aevepacel. In

fall 2017, there is a prescribed fire planned to control Dougfiagnh a 17acre patch of mixed
hardwood and oak woodland at the Redwood Canyon trailhead.

Mowing - Properly timed mowing can reduce the reproductive output of invaplaats
However, mowing activities to reduce wiie fuels along roadways may also induce seed
spread in these areas.

Flamingg High heat froma propane flamer is used to rupture plant cedisd kill them before
their seeds are set.
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Climate Change Consideratgon

Climate change may favor some species over others, and some managers are concerned that
invasive species may be able to colonize disturbed areas more rapidly than native species.
Some invasive plants on the preserve clearly have the ability to thrislenates that are

hotter and drier than Pepperwood's currentrolte. For example, yellow sthistle and

Bermuda grass occupy the warmer climateSotithern CaliforniaFurthermore, shifts in
vegetation communities caused by disturbances such as fiother mass mortality events

could create new openings for nerative plants adapted to hotter, drier conditions.

Appendix C Invasive Plants includes aofisipecieslerived from the California Invasive Plant
Council(CallPCthat may expand, contracgr remain stable in the face of climate change
(California Invasive Plant Council 20IR)eCd-IPConline CalWeedMapper tool estimates
regional shifts in habitat suitability under future climates; however, the direction of responses
to climate change are unknown for several species.

Out of the 35 invasive plant species considered in this managepien, 19 are included in
CalWeedMapper habitat suitability projections for the year 2QG@lifonia Invasive Plant

Council 2016)0f these 19 species, none are predicted to undergo widespread expansion in the
Pepperwood vicinity, and for 1@f thesespecies the climate suitability remains unchaddgsee
Appendix C Invasive Plants).

Knowledge Gapand Uncertainties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 2010)Here we list major knowledge gaps about invasivatmaecies. These gaps are
revealed, and may also be filled, through the adaptive management process.

1 What are the seed bank survival times for species being treated at Pepperwood? How
can this knowledge help to inform our management goals?

1 How will invagre plants be impacted by a changing climateparticular thosenot
modeled by CalWeedMapper?

1 How did the abundance afivasive plarg change over time prior tour tracking system
being in place@

1 Which invasive plant species have seeds that are &tiles after passing through the
digestive system of cattle?

1 What are effective treatments to control rosy sand crocus in our grasslands?
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3. PromoteRare and Threatenddlants

Resource Values of Rare Plants

Rare plants include those that are uncommon at large geographic scales, as well as locally rare
species that may be widely distributed, but are uncommon within a region. Locally rare species
often occur at the periphery of #ir geographic distribution, where environmental conditions

may promote genetic differences. These localflapted populations may provide unique

genetic stock that is suitable for future climate and habitat conditions, making them important
conservation argets.

lff NINB LI Fyd ALISOASE O2yGNARO6dziS G2 t SLIISND 2
therefore considered a management prioritilhen considering and prioritizing rare plant

management it is important to distinguish betweé&phplant species that are rare due to either

their strict habitat and environmental requirements or their historically limited distributions

versus2) species that are rare due to habitat loss or changes to essential historic disturbances

such as fire.

Becaiserare plantsoften require specific habitat and environmental conditions to thrive,
changes in the occurrence of rare species may be an indicator of climate change, and a way to
gauge the effectiveness of our habitat management practices.

Rare PlantsfaPepperwood

In 2009, local botanist Peter Warner conducted a rare plant survey at PeppeiWeter

20090 { 2YS NI NB &ALISOASAs Agptodiptor fepsadjiNaflase? y Qa  SL
indigo Amorpha cafornicavar. napensi3, and Mt. St. Helena mornirgjory Calystegia collina
subsp.oxyphyllg are relatively abundant at Pepperwood, indicating that the preserve contains

guality habitat to support these rare plants. Other species, such as Cobb Moluyaie

(Lupinus sericatyshave been documented on the preserve historically, but may be particularly
uncommon, or were not found during the 2009 botanical survéyspéndixB, TableB.1).

Rare Plant Classifications

Rare plant classification occursaNlB S  S@St ay wm0o [/ FEATF2NYAL bl (A
Rare Plant Rank (CRPR), 2) State rank, and 3) Global rank. These classification systems are listed
for each species iAppendixB Table$€8.1 and B.2. Sensitive plant taxa identifiedableB.1 do

not fall under Federal or State Endangered Species Acts, and therefore permits are not required
before conducting preserve management activities that may affect these species
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CAFGSSY 2F tSLIISNB22RQa LI I yifaz ONBeéedoy& G SR Ay
Rare and Endangered Vascular Plants of Calif¢omkne edition, v802), as of March 2016.

CNPS Rank IHRare, threatened, or endangered in California and elsewhere
1 Napa false indigoAmorpha californicaar. napensis Fabaceae)
narrow-flowered California brodiae#odiaea leptandraThemidaceae)
Calistoga ceanothu€ganothus divergen®hamnaceae)
Cobb Mountain lupinel{upinus sericatys-abaceae)
WS LJa2y Qa teptodipiogepsholf Rojemaniaceae)
Santa Ynefalselupine (Thermopsis macrophyll&abaceaesee Appendix B for a
FdzNI KSNJ RAaOdzaaAzy @Beppéritdosih. 4 LISOA SaQ 2 OO0 dzNN.

= =4 4 4 A

CNPS Rank@Rare, threatened, or endangered in California, but more common elsewhere
1 ovaklleaved viburnumVYiburnum ellipicum, Adoxaceae)

CNPS RankdLimited distribution, a watch list
 / FNX 200G | Adpiflofsiarlbtteh@life Picfidddeaed
1 Mount St. Helena morning glorZélystegia collinaubsp.oxyphylla Convolvulaceace)
1 nodding harmoniallarmonia nutansAsteraceae)
91 chaparral or redwood lilyLflium rubescend.iliaceae)
1 broad lobed leptosiphonLgeptosiphon latisecty$olemoniaceae)
1 Napa biscuitrootl{fomatium repostumApiaceae)
1 green monardellaMonardella viridisLamiaceae)
f [ 200Qa& I |j dzI Rardui@ulus thiibiiRENMNASWacéae)

Monitoring

CKSNE KI @S 0SSy y2 F2NX¥IFf NINB LIFyd NBaASINOK
2009 rare plant assessment. Jepson's leptosiphon is monitored indirectly through our Grassland
Monitoring Project (seélabitat-specific Management Strategies Sectto@rasslands Habitat
Managementfor more detail) and Pepperwood staff occasionally visit rare plant sites to assess

their status.

Management Objectives and Supporting Activities

Rare plant management is essitllly superseded by our general management activities,
including our Conservation Grazing Program and Dodiglemmoval. Although we do

informally consider known rare plant occurrences when scheduling activities such as building a
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new trail, mowing, or keemically treating invasive species, we do not directly manage nor
monitor rare plant populations.

Three main strategic objectives relating to sensitive plant taxa are outlined Mebetation
Management Plan for the Pepperwood PreséWarner 2009)

1) Complete comprehensive inventory for all rare, endangered, threatened, and locally
unusual plant taxa previously known from the preserve

2) Develop a monitoring program and schedule for designated rare plant taxa

3) Develop a management strategy for each sensitive plant taxon and integrate into
appropriate vegetation management strategies (e.g., grazing program)

These general objectives have been incorporated intoAkiaptive Management Plan Table
3.1 belowandhave been modified to include rare lichen species that may occur at Pepperwood

(see Appendix Brable B2).

Table3.1. Rare plant management and monitoring summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
GoalsMet*
1. Monitor and manage | 1.1 Current:None 1.1 July 2019tnventory and map la, 1b
rare plant populations to rare taxa; upload data to California
reduce threats (e.qg. Natural Diversity Database (CNDD
invasiveplants, 1.1 Potential: repeat mapping and
disturbances, inventorying rare plants every 5
overgrazing) years
1.2 Current:None 1.2December 209: Develop a rare

plant, lichen, and bryophyte
monitoring program that
incorporates population monitoring
to inform seed collection,
translocation, and mitigation
activities (if appropriate)
1.3December 20%: 1.3Current:None

Identify threats to rare
plant, lichen, and bryophyte
populations and develop a
speciesspecific
management plan
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Adaptive
ManagementObijective Management Activities Monitoring Activities Management
Goals Met*
2.Use only orsite genetic 2.1 Current: Collect onsite 2.1 Potential: Monitor source | 1c
materials for establishing seed or propagules for populations for potential
new populations or translocation from across negative impacts from
mitigating impacts (unless it | environmental gradients or collection activities
is deemed appropriate to years that are representative ¢
introduce genetic stock from| future climate
offsite) 2.2December 209:
Incorporate population
monitoring as a component of
the rare plant monitoring
program to determine when it
is appropriate to conduct seed
collection, translocation, and
mitigation
3. Contribute seed to an 3.1December 209: Assess the| 3.1 Current:None lc
accredited seed bank for ex | feasibility and priority for
situ conservation developing arex situseed
bank conservation plan
4. Conduct preserve 4.1 Current: Restrict 4.1 Current Visual inspections| 1a, 1b, 1c, 6¢
management and management and maintenancq of rare plant phenology on an
infrastructure maint@ance | activities to the appropriate as needed basis tw inform
activities in a manner that | phenological period to appropriate timing of
maximizes reproductive minimize impacts to plan management and maintenancq
output, maintains growth and seed production | activities
populations, and reduces 4.2 December 2017Develop a | 4.2 Current:None
impacts to rare plant species formal internal process for
advanced assessment of
potential impacts on rare plant
populations caused by
preserve management and
maintenance activities
5. Encourage visiting scholan 5.1 Current: Encourage visiting| 5.1 Current:None 2d

studies of rare plant species
biology and ecology

scholars to conduct rare plant
ecological and biological
studies to further our basic
understanding of complex fooc
webs and ways to enhance ou

management
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Adaptive
Management Objective ManagementActivities Monitoring Activities Management
Goals Met*
6. Encourage visiting scholan 6.1 Current: Encourage visiting| 6.1 Current:None 2f
experimentation with scholars to conduct
potentially beneficial experiments using potentially
disturbances in rare plant beneficial disturbances (e,g.
management fire, mowing, agitating soil,
manually breaking apart bulbs
etc.) to enhance rare plant
vigor and/or population size
7. Control invasive plants in | 7.1July 20B: Document 7.1Current:None 3a
rare plant areas invasive species threats in rarg
plant populations as part of thg 7.1 April 2020 Annually
inventory and mapping effort | monitor invasive plant cover
anddistribution within and
adjacent to rare plant
populations; manage
accordingly
7.2December 209: 7.2Current:None
Incorporateinvasive plant
management into the rare
plant management plan
8. Restrict the collection of | 8.1 Current: Conduct strict 8.1 Current:None 1a, 1b, 1c, 4a
rare plant species review of proposed research 4b

activities involving the
collection of rare species or
that may negatively impact
populations and their environs

8.2 Current:Require all
researchers that are approved
to collect or impact rare plants
obtain the appropriate permits|
if required by law

8.2 Current:None

8.3 April 2017 Include
information about rare plants

during instructor and visiting
scholar orientationgo prevent
collection and unintended
negative impacts

8.3 Current:None
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Table 3.1. Continued

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*

9.Reduce impacts to rare | 9.1 Current: Conduct strict 9.1 Current:None 1a, 1b, 1c, 4b
plant species by education | review of proposed research
and research activities activities that may impact rare

species or their vicinities

9.2 Current:Require all 9.2 Current:None

researchers that are approved
to collect or impact rare plants
obtain the appropriate permits|
if required by law

* la-habitat diversity;1b-species diversitylc-genetic diversity2d-promoting native
vegetation;2f-beneficial disturbancesga-control invasive plantsja-education and recreation
impacts4b-research impactscroads and trails. See Overarching Adaptive Management
Goalspage 3for a full description of these goals.

Management Discussion

Climate Chage Considerations

Rare plants may be found in many different climates. Current models of vegetation transitions
in our region due to climate change range from relatively inconclusive (e.g., grasslands) to more
certain regarding whether vegetation typesthis area may expand or contract in response to
rising temperaturegAckerly et al. 2015)ndividual rare species may be losers or winners under
climate change, but such projections are currently a knowledge gap. The discussion below
considers potential responses to projected letegm trends and annual and seasonal variability
as hypotheses to evaluate in the process of our {@rgh monitoring and adaptive

management. In particular, we look at the contemporary distribution of vegatatesources
relative to climatehydrology gradients on the preserve today as an indicator of potentially well
adapted populations capable of thriving in an increasingly arid environment punctuated by
more frequent rainfall extremes.

Modeled Longerm Tends

Climate change may alter our definition of threatened species, and locally abundant species
that are severely threatened may become management priorities. We need to consider where
to focus our efforts through our adaptive management practices (kbich species do we

favor versus which we allow to decline). For example, Oregon oak forests are locally abundant
but are hypothesized to decline under future climate scenaffaskerly et al. 2015)The rare

Napa false indigo is abundant at Pepwood but is associated with Oregon oak forests and so
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may become threatened by climate change. Do we spend our resources trying to keep our
Oregon oak communities in order to maintain Napa false indigo populations?

Interannual Variability
Increased vaability in interannual rainfall may result in more frequent extreme events and
potentially longer droughts, which could have the following impacts on rare plants.
1 Negative impact on wetland plants (e.g., Lobb's aquatic buttercup in vernal pools)
1 Negativeimpact on cocldapted species such as Napa false indigo, which is associated
with Oregon oak forest at Pepperwood (modeled to decline under a warming climate)
1 May favor dryadapted species such as Calistoga ceanothus found on poor soils
1 May favor firefollowers (Brewer's calandrinia) if there is an increase in fire frequency,
or those that are threatened from fire suppression (Napa false indigo, naarahered
brodiaea, Calistoga ceanothus, Cobb Mountain lupine, fals@e, green monatella,
Mount St. Helena morning glory, Napa biscuitrqaee Appendix Brable BL)
1 Negative impacts on productivity could lead to reductions in rare plant population size,
reducing gene flow and reproductive output and potentially stressing the seed bank
especially for annual plants that may have sHortd seed banks

Seasonal Variability
1 Shifts in seasonal rainfall and temperatures may alter plant phenology and flowering
periods, in turn affecting pollination, gene flow, reproductive success, and seed
distribution, especially if pollinator emergence timing is also impacted
1 Increased diseases and pests are a risk

Invasive Plants
1 Invasive plants may be favored under future climate, posing an additional threat to rare
plant communities

Knowledge Gapsnal Uncertainties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 201Q)Here we list major knowledge gaps regarding our gradsléghat have been

identified by Pepperwood staff to date. This is not a complete list, but is meant to inventory the
largest or most problematic gaps in knowledge. These gaps are revealed, and may also be filled,
through the adaptive management process.

9 Natural history knowledge (e.g., historic or current conditions, distributions)
1 Management activity records
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=

Impacts of management activities

What are the historic and current population sizes and demographics of rare plants at

Pepperwood?

What is the histric and current status of rare plant species genetic variation?

What are the impacts of climate change on rare plant species?

What are the impacts of grazing on rare grassland species (e.g., Jepson's leptosiphon)?

What are the impacts of grazing on raggesies that occur on serpentine soils?

What are the impacts of Dougkiis management on uncommon (locally rare) plants

such as orchid species?

1 What are the impacts of fire on perennial rare plants (Napa false indigo, Calistoga
ceanothus, ovaleavedviburnum)?

1 Can prescribed burning be an effective management tool to encourage fire following

species such as Brewer's calandrinia or falgene?

=

= =4 4 4

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive pocess moving forward.

57



Pepperwood Adaptive Management Plan

4. Promote Native Wildlife and Control Invasive Animals

Value of Maintaining a Refuge for Wildlife

adzOK 2F [/t AT2NYA I téatened dudtd HaFitdt lods zair dngwaerS Of Ay S 2
pollution, disease, nomative species invasions, and climate change. Additionally, significant

gaps in scientific knowledge about many species complicate management and recovery

activities. Despite these chaliges, some species are holding their own while others, such as

the brown pelicanRelecanus occidenta)jfacific gray whaldgchrichtius robustyiand bald

eagle Haliaeetus leucocephalpisave made significant recoveries. With habitat conversion and
fragmentation a critical threatt¢ 2 Y 2 YI /0ARRADESNE A G882 t GildifEdS NG 2 2 R
refuge continues to grow over time.

Amphibians are the most imperiled vertebrates in the world, with 41 percent of species
threatened with extinction as compared to 26 percent of mammals and 13 percent of birds
(International Union for Conservation of Nature 2018pme estimates indicate that 28 percent
of reptiles and 35 pecent of invertebratespecies are also at rigkternational Union for
Conservation of Nature 2016%pecies conservation status is complex, and for a particular
species the status may be different for global, federal, state, and local rankings, as well as for
subspeces. The California Department of Fish and Wildlife (CDFW) tracks special status species
through the California Natural Diversity Datab&&®FW 2016bkgardless of their legal
protection status. References to the status of species below are based on either the
International Union for the Conservation of Nature (IUCN) global rankings or CDFW state
classifications.

Wildlife conservation is a key management goal at Pepperwoodremive strive to maintain
healthy, diverse, and productive habitats that meet the food, shelter, and breeding
requirements of a wide range of creatures. Management actions include promoting native
species and local ecotypes, limiting preserve access anamualisturbance, developing wildlife
friendly fencing, removing nenative species, and promoting wildlife corridors within and
outside of the preserve.

Wildlife of Pepperwood

Pepperwood hosts more tharb species obirds in50 different families and is home to 33
species of mammals, 17 reptiles, and 13 amphibians (Appendix A Wildlife Species Lists). The
number of known species at Pepperwood continues to grow throughitenmonitoring, and

with help from visiting scholars, course instructorsgantizen scientists. Recently confirmed
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species include porcupin&lethizon dorsatum Douglas' squirrellfamiasciurus douglagiiand
three new species of ants.

Amphibians

California giant salamanderBitamptodon ensatysare globally vulnerable and are also
considered imperiled under state rankind$is speciebreeds in streams and springs at
Pepperwood including Weimar, Redwoddartin, and Rogers CreekThe black salamander
(Aneides flavipunctatusubsp flavipunctaus)t last seen bysreg DeNevers along Franz Valley
Road in the 199Gswasobservedunder cover boardnear Turtle Pondh 2016 The

northwestern salamandeAmbystoma gracileis a species that could occur at Pepperwood,
but it has never been observed hefghese mole salamanders can be mistaken for the lungless
arboreal salamande®neides lugubridyghat does occur at Pepperwood, but is not closely
related.

Redbellied newts Taricha rivulospare globally secure but are considered imperiled under
staterankings. This species is widespread across the preserve, and Kitchen Creek in the Grouse
Hill region and Redwood Creek are thought to be important breeding areasb&ked newts

differ from CalifornigTaricha torospand roughskinned newtgTaricha ganulosg, which also

occur at Pepperwood, in their strict preference for stream rather than pond breeding habitats.

The foothill yellomegged frog Rana boyl)iis globally and state rankexd$ vulnerable, and is a
state gecies ofspecialconcern. It isalso currently under review for listing under the
Endangered Species Act (ESA). This primarily stdsegting species relies on gravel or cobble
substratesto anchor their egg masses. At Pepperwood, adult foothill yeleyged frogs live in
both streamsand seeps, and are known to occur in every major watershed except Martin
Creek, where their presence has not been confirmed.

Mammals

Pepperwood has 33 known species of mammals (Appendix A Wildlife Species Lists): Motion
detecting camera traps have capadt images of most midized and all large mammals known
to occur on the preserve. Black bdalrsus americanysnd mountain lio(Puma concolor
subsp.californicg young have been seen each year, and we have also obsBimekd American
badger(Taxideaaxus, western spotted skun{Spirogale graciljs and even river otterfl_ontra
canadensisubsp.pacificg. Notably, ringtailBassariscus astutssibspraptor) have been sighted
at the preserve, but have not yet been detected by the wildlife cameras.
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Mammal species of special interest include:
1 North American badgeg globally secure and state vulnerable
Sonoma tree voleArborimus pompcg globally and state vulnerable
Fringed myotigMyotis thysanodées; globally secure and state threatened bat
Pallid bat Antrozous pallidus; globally secure and state threatened
Ringtail cat is not federally state listed nor is it a CDF\Wexies ofspecial oncern, but
is listed as CDFW fully protected, meaning it may not be taken or possessed at any time

= =4 =4

Birds

To date,152bird species have been observed at Pepperwmamtesentng 50 different families
including historical observationggsident speciesas well as those who use the preserve for
breeding, overwinteringflyovers,or short stopovers. There are more bird taxa that have been
identified as threatened than any other group of animals at the pres@@@-W 2016a)
According taCDFW?2016b) 37bird species of special concenmave been observedt
Pepperwoodncludingthe following(See Appendix.&for a complete list)

Allen's hummingbirdSelasphorus sagig globally secure and apparently state secure
Burrowing owl Athene cunicularipg globally apparently secure but state vulnerable
Chipping sparrow3pizella passeringe globally secure and apparently state secure
Golden eagleAquilachrysaeto¥c globally secure but state vulnerable

Grasshopper sparroA(nmodramus savannarunfnesting)c globally secure but state
vulnerable

Lark sparrow@hondestes grammacus globally secure and apparently state secure
Northern harrier Circuscyaneu$ ¢ globally secure but state vulnerable

Northern spotted ow(Strix occidentalisubsp.cauring ¢ federally threatened, a
candidate for listing under California Endangered Species act, and considered globally
and state vulnerable

Oak titmouse Baeolophus inornatys; apparentlyglobally and state secure
Olivesided flycatcher@ontopus cooperg globally secure and has no state ranking
Rufous hummingbirdSelasphorus rufQg globally secure but state critically imperiled
Nuttall's woodpeckerRicoides nuttallji¢ apparently globally and state secure
White-tailed kite @anus leucurusg globally secure but state vulnerable

Willow flycatcher Empidonax traill)i¢ globally secure but state critically imperiled

= =4 =4 4 A

= =4 =

= =4 4 4 -4 2
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Reptiles

The western pondurtle (Actinemys marmoratpis a CDFWpscies ofspecialconcern, and is
considered vulnerable in both state and global rankings. In 2012, a petition was filed for their
listing under the federal ESAhe subspecies at Pepperwood is the nerthwesternpond

turtle (Actinemys marmoratgubsp.marmorata), which ranges as far south as the San
Francisco Bay.

None of the thirteen species of snakes or four species of lizard known to occur at Pepperwood
are listed or have special status. Some of the lesuuatly sighted species include tlss.

Helena variety o€alifornia mountain kingsnakeampropeltis zonataubsp.zonatg), southern
alligator lizardElgaria multicarinaty sharptailed snakgContia tenuiy and the California

night snakgHypsiglena ochrorhynchraubsp.nuchalatg.

Invertebrates

t SLILISNB22RQa AYOSNISONIGSaE AyOfdzZRS I RAGSNES
ticks and mites), crustaceans (isopods, copopods, and ostracods), annelids, mollusks, and
nematodes. ese smallest of animals are an important part of the food web, and serve critical
ecosystem functions including pollination, seed dispersion, decomposition and nutrient cycling,
herbivory, predation, and participation in complex mutualisms.

While invertebrates comprise 97 percent of global animal diversity, they are often ignored in
conservation planning and resource managemdéstwith mostecological peserves,

information about insect species found at Pepperwood is limited. Voudsectspecimens

fromthe preserveare in collections at UC Berkeley, the California Academy of Sciences, UC
Davis, and Sonoma State University. Pepperwood also houses its own insect collection, which is
in the process of being digitized. Additionally, reseagcide observions of dozens of insect
species have been recorded on iNaturalfpendix A Wildlifé&Species Lists).

Habitat loss, climate change, invasive species, nitrogen deposition, and other forms of pollution
are impacting the survival of insect populatiohstive bees and butterflies are diminishing due

to the loss of habitat and flowering plant diversity. They, and other insect species, are
susceptible to invasive plants, which may displace habitat, and insect invaders that may
compete for resources and irease predationlnsect populations at Pepperwood appear

stable and should remain so as long as the diversity of habitats at Pepperwood reimaicis
(D.Kavanauglpers. comm. 2016

Ants have been identified as an important conservation priority fgggd@ewood, in part thanks

to a course taught by the California Academy of Sciences that identified 22 ant species on the
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preserve (Appendix A Wildlife Species Liga}s can provide insight into managemedrdsed
monitoring, the detection of invasive spesi trends among threatened and keystone species,
evaluating land management practices, and assessingt@ngecosystem changes such as
climate changéUnderwood and Fisher 20Q@Yative ants, including the local seed harvesters
that disperse grass seedgve been impacted e introduction and spread of invasive
Argentine antgLinepithema humilg(seelnvasive Animals under Management Discussion
below).

Insect species of special interest include:
1 Monarch butterfly Danaus plexippy considered globally secure, though is quite rare
in parts of its range
1 California dogface butterflyZgrene eurydige; not listed as a special status species, but
at Pepperwood it relies on the rare plant, Napa false indigodrpha californicaar.
napensi} as a host for eggs and larvae. This butterfly only occurs in California and is the
state insect.

Monitoring

Breading Bird Surveys

The Pepperwood Breeding Bird Survey was initiated in the spring of 2007 with the goal of
establishing a set of baseline data that could be built upon for years to deougtransects are
surveyed artin Creek, Pepperwood RoaRogers @nyon,and Weimar Flat) using

standardized protocols outlined by the Point Reyes Bird Observatory (now called Point Blue
Conservation Science) and thieandbook of Field Methods for Monitoring Landbif@alph et

al. 1993) Annual counts start in April and end in June, with each transect being surveyed a total
of three times during the breeding season. In 201t% fourth transect along Pepperwood Road
was added to ensure that the preserve has monitoring coverage in each direction. The
monitoring protocol was revised in 2014 to reflect experience gained thought past suavels,

to provide a better baseline for detecting potential changes in bird communities due to climate
change.

Wildlife Picture Index Project

The Wildlife Picture Index Project (WPI) is an internationally recognized, robust method used to
monitor wildlifeoccurrenced h Q. NA Sy H n mn X . Peperdtbddpera®siondeh @ H 1 M/
site WPI arrayandanotherone in partnership with Audubon Canyon Ranch on the Medini

Mayacamas Preserves.
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The goals for the WHrojectinclude:
1) Gather baseline occupancy estitea and understand trends in biodiversity, individual
species, and trophic level health
2) Test hypotheses regarding how the Pepperwood and Medisyacamas properties
function as habitat cores or corridors for San Francisco Bay Area wildlife
3) Assess how emdnmental drivers and management strategies in the region may be
affecting wildlife

By conducting landscagevel monitoring efforts via the WiProject we can generate

statistically reliable estimates of relative abundance. Thus far, we have forotzliat

assemblage of species within our study areas, indicating a healthy ecosystemed.1, Table

4.1). We are beginning to piece together how species are utilizing the landscape and how well
this reflects regional connectivity models.

Figure4.1. Detection rates for Jurgdugust 2013 (Year 1, Season 4)

OrY  pobcat, 083 DOMESHC  Guperpirds, 0,35 Wildpie, 014
squirrel, 0.97 _ . dog, 0.48 —

Stripedskunk, .59 Mountain-lion, 0.97 , ~"_Bat,0.14
¢ S __Raccoon, 0.07

Opposum, 2.28_Coyote, 131
Blackbear, 2.42 7 ‘

Unknown, 2.63

Grayfox, 3.32 _

Wild turkey, 3.46

Summer 2013: Detections for Wildlife
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Table4.1. Total number of detections and detection rates (number of detections per 100 trap
nights) for all animals observed during SeptengbeErvember 2013 (Year 1, Season 1)

AnimalObservation Total Rate

Domestic dog@anis lupusubsp familiaris) 1 0.07

RaccoonRrocyon lotosubsp.psorg 2 0.13

Bat 3 0.20

Wild pig Sus scrofp 4 0.26

Mountain lion Puma concolosubsp.californicu$ 11 0.72

OpossumDidelphis virginiang 19 1.25

Blackbear Ursus americanys 19 1.25

Bobcat Lynx rufusubsp.californicu3 20 1.31

Other birds 27 1.77

Coyote Canis latrans 29 1.90

Cow Bos primigenius 35 2.30

Unknown 37 243

Human Homo sapiens 40 2.62

Hare (epus californicusubsp.californicu3 40 2.62

Wild turkey(Meleagris gallopavp 40 2.62

Striped skunkNlephitis mephitissubsp.occidentaliy 57 3.74

Gray fox Urocyon cinereoargentelssibsp.townsendi) 149 9.77
Gray squirrel$ciurus griseusubsp.griseus 252 16.52
Maintenance 277 18.16
Blacktafled deer Odocoileus hemionusibsp. 1343 88.07
columbianu}

iNaturalist.org Observations

iNaturalist.org is &loud-based biodiversity database tracks the distribution of plant and animal
species around the globe through usarbmitted photo observations and GPS coordinaldss
databases one of the top contributors to thenline Global Biodiversity InformatioRacility
(www.gbif.org, having contributed 1.1 million georeferenced observatismee June 2016

Pepperwood holds iNaturalist trainings and has a dedic®egperwoodVital Signgroject

that gives researchers, interns, and inspired visitors an opportunity to share their natural
history observations with the Pepperwood community and contribute to our-gvewing
database of plant andramal life. Wildlife observations documented through iNaturalist.org to
date areincluded in Appendix A Wildlife Species Lists
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Invertebrate Monitoring

There is presently no consisteintvertebratemonitoringon the preservéoeyond ant surveys
conducted by an annual California Academy of Sciences course. Critical to filling this data gap
will be our participation in regional projects and citizen science initiatives such as Pollard Base
(http://www.pollardbase.org), whichcanhelp maximizeinsectmonitoring at Pepperwood.

Management Objectives and Supporting Activities
Table4.2 below summarizes key wildlife management and monitoring objectives and activities,

and related adaptive management goals.

Table4.2. Wildlifemanagement and monitoring summary

Adaptive
Management o o -
o Management Activities Monitoring Activities Management
Objective
Goals Met*
1. Understand and 1.1 Current:Manage vegetation | 1.1 Current:Monitor mammal la, 1b, 1c
support native and invasive specie® habitats | occupancy via the Wildlife Pictur,
wildlife population may support a diversity of Index Project (i.e 20 camera
health and diversity | wildlife traps on the preserve year

round); monitor bird populations

through the annual Breeding Bir(
Survey Project anthe Christmas

Bird Count for Kids

1.1 Potential:Establish a baselin{
of insect diversity and
distribution; routinely conduct
preservewide surveys of insects
conduct Pollard walk surveys for
butterflies with the help of citizer
scientists and local urgvsities,
ideally one survey per week at
each transect from Apql
October, upload data to Pollard
Base; monitor northern western
pond turtle counts and size
classes when present at Turtle
Pond; monitor northern western
pond turtle nesting sites using
radiotransmitters in
collaboration with SSUmonitor
owl populations especially
potential invasion by barred owl
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Adaptive
Management . o A
o Management Activities Monitoring Activities Management
Objective
Goals Met*
2. Protect and 2.1 Current:.Create variable 2.1 Current:Annually review 2b, 2d, 2e, 2f

enhance wildlife
habitat

grassland structure to favor an
assortment of breeding bird
habitat (seeSection5 Grassland
HabitatManagementandthe
Conservation Grazing Plan for
Pepperwood Presery&illogly et
al. 2014)

grazing timing GIS layers that
show the movement of the herd
since 2013 to monitor variability
during breeding bird season

2.1 Potential Conduct routine
groundnesting bird surveys to
identify areas to exclude from
grazing or other activities that
could impact nesting birds;
consider creating burrowing owl
(Athene cunicularighabitat in
grasslands

2.2 Current:Increase flowering
forb diversity in grasslands
through the Conservation Grazir
Program and grassland
restoration activities

2.2 Potential Integrate insect
monitoring into grassland
monitoring protocols

2.3 Current:Manage grasslands
to increase soil moisture holding
capacity, thus promoting native

insects that nest in soils

2.3 Current:Conduct soil
monitoring using Point Blue
Conservation Science protocols
(Porzig et al. 2015pside and
outside of grazing exclosures

2.4 Current:Manage cattle at
aquatic habitats and utilize
troughs or other water sources
for cattle, avoiding potential
disturbance of amphibians and
aquatic invertebrates (sethe
Conservation Grazing Plan for
Pepperwood Presery&illogly et
al. 2014))

2.4 Potential: Confirm intended
water source locations for each
new region with cattle operator

2.5 Current: Establish piles of
woody debris to create reptile
and small mammal habitat when
conducting Douglafir

management

2.5Current:None
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Adaptive
Management . o A
Objective Management Activities Monitoring Activities Management
Goals Met*
2. Protect and 2.6 Potential: Utilize wildlife 2.6 Potential: Survey 2b, 2d, 2e, 2f
enhance wildlife friendly fencing when replacing | Pepperwood's fence lines to
habitat old fence lines identify places that could be
improved to allow wildlife
movement
2.7 Current: Annually maintain 2.7 Current:Visually inspect bird
western bluebirdSialia boxes to determine proper
mexicang boxesbefore the cleanout timing
breeding bird season
2.7 Potential: Consider the
feagbility and appropriateness ol
establishing burrowing owl
habitat
3. Control invasive 3.1 Current:Remove bullfrogs 3.1 Current: Routinely monitor la, 3b

animal species

within one week of known
presence or aguickly as possible

ponds and wetlands for bullfreg

3.1 March 2017Build database
of bullfrog observations and
numbers culled

3.2 Current: Continue volunteer
wild turkey and pig hunting
programs; minimizevild turkey
recruitment opportunistically by
destroying eggs when
encountered

3.2 Current:Monitor for pigsand
turkeys through the Wildlife
Picture Index Project and throug
visual observationshunters
document number of animals
taken, body measurements, and
pig stomach contents

3.2 October 2017Build a
database of hunter
documentation and observations
and build off of previous@oma
Sate Universitystudy

3.2 Potential Utilize existing pig
diet studies to look for trends in

foraging behavior
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Table4.2. Continued

Adaptive
Management . o A
o Management Activities Monitoring Activities Management
Objective
Goals Met*

3. Control invasive 3.3December 2020t imit the 3.3December 2020Determine | 1a, 3b
animal species spread and dominance of current distribution of Argentine

Argentine ants (i.edo notlet antsanddevelop control

them expand beyondurrent protocols for near buildings,

footprint) infrastructure, nurseries, and in

wildlands

3.3 Potential:Map out sensitive
ant population areas

3.4 Potential: If detected, 3.4 Current:Monitor for barred
develop a barred owlIStrix varid | owl presence through the
management plan Wildlife Picture Inde®rojectand

Breeding Bird Survey projects
3.5 Potential: If detected, control | 3.5 Current:Visual inspection
new outbreaks of invasive and Wildlife Picture Index Projeq
animals

3.5 Potential: Monitor for insect
pest damage during stress years
determine which beetle
infestations are most likely to
become a management issue

*1a-habitat diversity;1b-species diversitylc-genetic diversity2b-promote soil health2d-
promote native vegetation2e-landscape connectivity@f-beneficial disturbance3b-control
invasive animalsSee Overarching Adaptive Management Gqadgie 3for a full description of
these goals.

Management Discussion

Habitat Measures that Support Wildlife

t SLILISNB22RQa oAt REAFS A& YIyYylFI3ISR AYRANBOUCE &
of non-nativeand invasivelants and animals that could displace critical resources or compete

gAGK 2NJ LINBe 2y (KS LINBaSNBSQa yl aA@dS Flrdzyl o

wildlife-friendly fencing and engaging in regional initiatives aimed at maintaining and inggeasin
the wildlife permeability of our landscapes.

68

0]



Promote Native Wildlifé Pepperwood Adaptive Management Plan

Habitat Creation Opportunities

Insect diversity has likely been diminished by the loss of flowering grassland forbs, but can be
positively impacted by management practices such as grazing to increasefodbiaad grass
abundance.

Bird boxes placed on the preserve for the benefit of western bluel@irdsswallowsare
maintained each year by volunteeiWe are also considering creating and maintairartgicial
burrows for burrowing owlswhichhave beerobserved occasionally and as recently as winter
2016 at PepperwoadBurrowing owlsnay have historicallgccurredhereyearround given

that the preserve lies near the edge of their summer breeding range

Invasive Animals

Invasive animals degrade natussistems and impact biodiversity by competing with and
preying upon native organisms, and by causing landstap disturbances. Invasive animals
of concern at Pepperwood include the following.

Argentine Ants

The Argentine ant is a globally distributedasive species, particularly where water is

available. Argentine ants are present at Pepperwood, and some locations have been mapped
on AntWeb. A lack of intraspecific aggression allows them to live in higher densities than other
ant species, which willbenpete with neighboring colonies. This cooperative supercolony
behavior allows Argentine ants to outcompete native species.

Often it is assumed that if the vegetation community is intact then the insects that are
associated with that habitat will be asell; butcare needs to be taken in restoration projects to
avoid introducing nomative ants through imported nursery stock, and irrigation during plant
establishment can favor Argentine arfts. Hellepers. comm. 2016

The spread of invasive Argentinats at Pepperwood may likewise be facilitated by plants
brought in from nurseries for restoration projects and through the introduction of grazing
water resources. Future management may include hand removal indeghity Argentine ant
areas (e.g., atite field station) and removal of coyote brush at the edges of invaded areas.

Bullfrogs

Bullfrogs are of particular concern to preserve managers because they consume numerous
other ponddwelling creatures, includinipe hatchlings ohorthernwestern pondurtles, a
California pecies ofspecialconcern.Breeding lnlifrogs have been observed in Double Pond,

Redwood Pond, and Turtle Poriche primary control method for bullfrogs is the removal of
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captured adults, and secondarily the removal of eggsisae. Previousantrol methods have
included on at least one occasiodraining the ponds in the early summadihis is currently not
advised due to the importance of ponds for all wildlife.

Wild Pigs

Feral pigs are a hybrid of European boar and fevateistic pigs. Population dynamics of pigs
are such that their numbers can increase dramatically in a relatively short time period. They
forage by rooting underground for large quantities of native bulbs, acorns, fungi, earthworms
and other invertebrates, rad they even occasionally eat small rodents or birds. This foraging
alsodisturbs large swaths of land.

Wild pigs, and the damage they caused, were widespread when Pepperwood Preserve was
formed in 1979. From 1980 to 2016, 362 pigs were taken from thegove as part of the
Pepperwood volunteer hunting program. Between 2010 and 2016 the average take was down
to just three animals per year. Weight, size, and gender data gathered by the hunters show that
large groups of pigs that once roamed the presemesreot present today. Hunting pressure is
believed to keep their numbers low by keeping the pigs on the move and not allowing them to
settle into one area. In 2013, a group of approximately 54 pigs was active in the Leslie
Road/Rogers Canyon area. Peppendionay consider trapping as a management ibpig
populations grow significantly in the future

Wild Turkeys

Wild turkeys are not native to Northern California and compete with native animals for
resources including grasses, acorns, seaddfruits. Turkeys also prey on nativesects,

spiders, snails, slugs, salamanders, fragsl snakesTurkeys can be found throughout the
preserve, often at the edges of forests and grasslands. Pepperwood manages a turkey hunting
program using volunteer hunters tmntrol the population during both a fall and a spring

hunting season.

Bark Beetles

During the historic drought of 2015, large swaths of forests across central and Southern
California experienced massnifermortality due to the deadly combination ok#eme water
deficit and bark beetle (family Scolytidae) infestation. To deepperwood® &  tha\dlikely

been spared this fate in part due to the relatively less intense drought conditions here. Healthy
trees use sap to expunge beetles, but extremely drotgiteéssed trees are left defenseldsg a

lack offluid in their tissues. Beetle populatis can grow logarithmically during long drougiht

and can kill the majority of conifers across an entire regionyasseen in2012;2015.
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Brownheaded Cow Bird and European Starling

Brownheaded cow birds\Molothrus ate)) are brood parasites, laying thredggs in other species
nests and abandoning their young to foster parents, usually at the expense of at least some of
0KS K2aiQa 2¢y OKEOhus dulgeisoddpdidvithyhatisielbirdslibrA y 3 &
resources and have been observed at Pepperwdadning tree cavities occupied by acorn
woodpeckersMelanerpes formicivorysBoth of these species are found at Pepperwood, but
there arecurrentlyno management actions underway to control them.

Climate Change Considerations

Current species distributions and projected climate change models enable us to hypothesize
about how wildlife may fare at Pepperwood in theure (Appendix D Climate and Hydrology).
Leading and trailing edge species are those that are situated neadtiee @ their habitat

range. A growing body of knowledge indicates northward and coastal shifts in suitable habitats
for many species under climate change. Pepperwood's trailing edge species generally have
more northern or coastal distributions and are mdkely to decrease, while leading edge
species have more southern or inland distributions and may increase in abundance or
predominance as climate shifts. Local extirpation and species range shifts may occur directly
due to a given wildlife species' setigty to decreasing suitability ajur local climate, or may
occur as the result of indirect causes such as shifts in the distribution of resources, novel
predators or competitors.

The suite of organisms that comprise leading and trailing edge spbeaieitats, and the species

that depend upon them are predicted to undergo changes in abundance sooner and faster than
other species as the climate rapidly shifts in the coming 100 years. An emerging concern is an
inability of wildlife to move with shiftinglimates due to habitat fragmentation combined with

the rapid pace of current changes.

Climate Endangered and Climate Threatened Birds

The National Audubon Society has generated a list of climate threatened and endangered birds
based on models of tempetare, precipitation, and the particular season that a species is
present(National Audubon Society 201%)rojected future temperature, precigition, and
seasonality were used to model future suitable habitats. Vegetation maps were not considered
in these models, but nevertheless they provide a good starting point to understand how
Pepperwood's bird populations could shift in the coming century.

Without aggressive action to reduce emissions, climate change is projected to imperil an
estimated 173pecies of birds in Californéend may cause at least a 50 percent decimthe
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current range of these species across North Amgiiaional Audubon Society 201%)limate
endangered bird species are not expected to regain loss by expansion into new ranges, while
climate threatened speciesre projected to make up some of these losses by expansion of
suitable habitat in other areas

Pepperwood has2climate endangered and2 climate threatened birgpecies (sedppendix
A Wildlife Species Listsr a complete list The bald eagle ialsolisted as hreatenedin
Californiaand theburrowing owl Athene cunicularigrufous-crowned sparrowAimophila
ruficep9, andvesper sparrowPooecetes graminejare listed as Californigpecies of special
concern

Potential Climate Change Impacts on Reptiles

Potential climate losers and regional trailiadge reptiles

Reptiles that may be climate vulnerable (trailing edge species) include snakes and lizards whose
ranges don't expand further south or inland than Pepwvood: Pacific gopher snak®ifuophus
catenifersubsp.patenifen, rubber boa Charina bottag sharp tailed snakegndthe California
mountain kingsnake St. Helena subspeciasich has not been confirmed at Pepperwood but is
known to occur in tharea To a lesser degree the northern alligator lizéEtharia coerulern

could become #railing edge specie®epperwood does not lie at the southern edge of any
lizard species that are known to occur on site. Howeverwhstern sagebrush lizard
(Scelporus graciosyshas a patchy distribution in our region and may be present at
Pepperwood. This lizard species could decline under climate change.

Potential climate winners and regional leading edge reptiles

In a severely hot and dry future, the climateRepperwood may reflect the current climate of
Southern California, which may expand the suitable ranges for several species of reptiles
adapted tosemidesert scrub habitaseeAckerly et al. 201%or potential vegetation responses
to climate changg Of the reptiles known to inhabit the preserve, there are several that occur
across much of southerand/or inland California. These species rbayadapted to a hotter,
drier climate and include: the California kingsnélkempropeltis getulaubsp.californiag, ring
necked snakéDiadophis punctatysaquatic garter snaké bamnophus aratys southern
alligator lizard Elgaria multicarinat® andto a lesser degree the shatpiled snake, northern
Pacific rattlesnak€Crotalus oreganysand two other species of garter snake €legangndT.
sirtalis).

There are severdalifornia reptile speciesith distributions in areathat have similaclimates
02 6KIFG t SLIISNIY 2 2 R.(Bame¥pedes addpted tg prajekté& canditiorzNoi
not yet at Pepperwood couldonceivably arrive of their own accord if adequate migration
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corridors were in place. For example, the sietched lizard ta stansburiang, coast horned
lizard Phrynosoma coronatujnCalifornia whiptail@nemidophorus tigrisubsp.mundug,
Gilbert's skinkRlestiodon gilberjiand coach whipMasticophis flagellumoccur regionally, but
not currently at Pepperwood

In the event of successful migration, ortroductionsfrom potentiallyunknown regionasource
populations, these species may appear or even thrive at Pepperwood in the flituganost

probablenew arrivalwould be the sideblotched lizard (Jta stansburianaulsp.elegan$. This
ALISOASEAQ NIXy3dS AyOfdzRSa YdzOK 2F | NAR { 2dzi KSNY
Solano counties, and it has reportedly been sighted on Mt. Tamalpais in Marin CGunty (

Dodgepers. comm. 2016

Species that are farthdrom Pepperwood, but that may do well here in a hot, dry future

include the desert spiny lizar&¢eloporus magistgrbluntnosed leopard lizard3ambelia silg

western patchnosed snakeSalvadora hexalepisCalifornia glossy snaka&r{zona elegans

long-nosed snakeRhinocheilus leconfgiand California blackeaded snakeTantilla planiceps

Given the current rate of climate change it is not likely that these species will suddenly appear

at Pepperwood when the climate is riglhtowever, in the evet of future establishment of

semidesert scrub vegetatiofAckerly etal. 201%) 'y R O2f f I LJAS 2F t SLIISND
populations, these arespecies that could be considered for benign introduction.

Potential Climate Change Impacts on Amphibians

Potential climate losers and trailing edge amphibian species

Pepperwood lies at the very southern edge ofthe-ie& f f ASR ySgi FyR ofl O
ranges. The black salamander, which is rare at Pepperwaaslpbserved near Turtle Pond in

2016. Reebellied newts have a relatively restricted range, thetbeun edge of which lies near
Salmon Creek in Sonoma County. Pepperwood also lies at the southern edge of the range of the
northwestern salamander, whichals not been observed on Pepperwood Preserve but resides

in Sonoma County and has been seen along Franz Valley road a few miles north of the preserve.
California giant salamanders may also be a trailing edge species as the climataishdtgh
Pepperwodl is not at the southern extreme of the species range, which reaches as far south as
Santa Cruz Countyhe fact thatCalifornia giant salamandé&rvae were observed in Big Spring
Creekin summer 201%luring the peak of our recenhistoricdrought(P. Keeman pers. comm.

2015 is a good sigthat the preserve may support populations in the future

Impacts of variable precipitation on amphibians
While some of our amphibians, such as the Pacific chorusP®gefacris regiljaand western

toad (Anaxyrusoreag are adapted to high air and water temperatures, and to rapidly drying
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breeding habitats away from streams, other amphibians at Pepperwood are likely to be
threatened by the increased variability of precipitation in the futufeothill yellowlegged

frogs have disappeared in about 45 percent of their range in California due to a number of
factors.In coastal Northern California, where thergest extant populations of foothill yellow
legged frog residé_anoo 2005)he main sources of mortality are desiccation and subsequent
predation of egg dry yearsand scour caused by high flomswet yearg Kupferberg 1996)

In regions withfew if anyviableextant populationshigh spring flowsluring a single season in
1969 are thought to bafactor inthe declineof foothill yellowlegged froggStebbins 2003)
More variableprecipitation is likely to threatenot justPepperwoods foothill yellowlegged
frogs, but also California giant salamanders due to faster dry down of breeding pools or the loss
of perennial aquatic habitats in a drier future.

Heat impacts on amphibians

Roughskinned newtsTaricha granulosgand foothill yellowlegged frogsretwo species that
may be threatened by increased temperatures at Pepperwood. Rekigimed newts are found
only as faisouth as Monterey Countyyherethey are confined to the coasBy comparisonte
California newtT. torosa) is acclimatedo hotter, drier conditionsn the southern third of the
state. Althoughthese species areot considered trailing edge species at the preserve
knowledge of water temperature preferences and critical thermal maximums (CTM), or the
body temperature likely to be fatal, can provide insight into which species may suifier a
hot, dry future Therough-skinned newiCTM is abou®6.8¢ Gr 36c (Hutchison 1961 )whereas
the upper CTM of California newts is described as a function of acclimation to hot temperatures
(McFarland 1955Roughskinned newts are most abundant at watemperatures ranging
from71¢79% C 0 dzii 4 A t femperktares abging fron 8323 Gr up to about27.7s /
(Licht and Brown 1967)

The upper thermal limit for foothill yellowegged frodarvae idower at78.8 ,@r about 26 /

(Zweifel 1955)This water temperature has been reached in Rogers Creek at Peppdnyut

on only a few occasions in recent yedfg(re 4.2 The average summer maximum air

OSYLISNI GdzNB 3 t SLIISNB22R Aada LINRP2SOGSR G2 AyO
of the century under a drier, low emission scenario (Appendix DeTa) These projected

changes in air temperature, particularly combined with droygbuld drive summer water
temperatureson the preserveao higher thanthe CTMfor foothill yellowlegged frog larvae and

outside the preferred envelope of rouggkinnednewt larvae, impeding successful

reproduction and population recruitment. Adult rougtkinned newts could be impacted by

increases in the number of extreme heat days, which could lead to an increase in heat stress

related mortality of longlived adults.
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Hgure 42.Rogers Creek daily mean, minimum, and maximum water temperaturesq20ile)
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A major concern with climate change projected for the preserve fggeendix D Climate and
Hydrology)s that extreme heat events may start to dominate summer seasons and push
temperature-sensitive species such as these beyond their survival thresholds.

Potential climate winners and leading edge amphibian species

The Pacific chorus fro§g¢eudacris redg) and western toadAnaxyrus boregsnay both be

relatively climate resilient amphibians at Pepperwo&ach has sangethat reachesas far

south as Baj&aliforniaand is adapted ttot, dryregions and @hemeralbreeding habitats

that tend to dry very rapidliyWestern spadefoot toadsSpea hammondihavebeen observed

in Sonoma Countgindare adapted tahe hot, dry climates of Southern Californaaja,and

Mexico. While not known to inhabit Pepperwood, and patnity restricted to lowland habitats

with sandy or alluvial soils, the spadefoot toad has been observed in the Coast Ranges south of
Monterey and may prove a climatginning amphibian species for our region

Potential Climate Change Impacts on Invertebeatat Pepperwood

Insects that nest in soil are likely to be reduced by the predicted increases in climatic water
deficit over time and greater competition for nest sites that have high water availability. Soil
invertebrates are sensitive to soil moistumrganic matter, and soil compactioN (Hellempers.
comm.2015, and could decline as climatic water deficit increases in the future. Because of
their ecological dominance, ants are prime candidates for monitoring-femg ecological
responses to climat change, which could include the displacement of sHaidderring species
by species tolerant of higher temperaturdnderwood and Fisher 20Q6)
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Given limited resources for interventioour goal is to augment insect diversity and abundance

by increasing access to critical resources such as flowering plants and soil moisture. The spread
of non-native, invasive insects should be controlled as much as possible througioxion

methods. A basele survey is needed to establish diversity and distribution of insects in the
preserve todayThis baselinecan be used to establish indicator sped@slongterm

monitoring of how insects are faring in the face of climate chanagd for planning

managenent interventiondike conservation grazing and grasslands restoration. Care needs to

be taken to ensure these activities and other elements of Pepperwood programming do not
introduce or spread nomative species.

Knowledge Gaps and Uncertainties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 201Q)Here we list major knowledge gaps regarding our wildlife that have been
identified by Pepperwood staff to date.

Owls
Major data gaps exist for owls at Pepperwood, including:

1 Itis unknown, but suspected th&ing-eared owls Asiootus) may bepresentsince they
have been observed on neighboring properties.

1 Barred owlgStryxvaria) have not been observed at Pepperwood to date, but they
likely to occur since thelgave been present regionally since the early 20Q0@snings et
al. 2001) Barred owls are known to both displace and hybridize with northeritago
owls Stryx occidentalisubsp.cauring, as well as forage on amphibian larvae in aquatic
habiats (J. Dumbacher pers. comm. 206§ barred owls present at Pepperwood, and
if so to what extent?

1 Are burrowing owls overwintering at Pepperwoodjost migrating through? What is
their abundance in our region? Would introducing artificial burrows be successful for
supporting resident burrowing owls?

1 Are spotted owls nesting at Pepperwood and, if so, what is their abundance and what
forest communitiesare they nesting in?

1 What other owl species are present that we haven't yet observed?

Invertebrates
1 How does abundance and distribution of insects vary adtespreserve?
1 What are the potential insect pests of concern?
1 Are/will Dougladir beetle infestations become a problem, under what conditions, and
what are options for control?

76



Pepperwood Adaptive Management Plan

5. Restore Native Stewardship Practices

t SLILISNB22RQa bl 0AGPS | ROAa2NER [/ 2dzy OAf
Pepperwood igirateful to be partnered with local tribal elders through our Native Advisory
Council (Council). Council members provide important insights into cultural and land
management practices that inform our research and education programs. They bring with them
alegacy of environmental stewardship that stretches back for millennia, and share Traditional
Ecological Knowledge that is just as relevaand perhaps even more criticatoday as it was

I GK2dzal yR &SI NB | Iszodostéripen dorndzyédivh hetwaen LIdzNLI2 & S
Pepperwood and local indigenous communities, to ensure appropriate management of cultural
resources, and to foster collaborative projects that advance mutual program goals.

Management Objectives and Supporting Activities

Through active enggement of Council members this planning process, and througfeir
ongoing engagement in preserve management, we have developeabibetivesin Table 5.1
to evaluate opportunities to restore native stewardship traditiokige willimplement these as
appropriate and as resources become available.

Table5.1. Native stewardship management and monitoring summary

o Adaptive
Management Objective Management Activities Mon'lt(.)rlng Management
Activities
Goals Met*

1. Integrate 1.1 Current TheCouncil meets approximately| 1.1 Current 5b
t SLILIS NI 2 2 R Q| six times per year to provide ongoing input; | Annual report on
| ROA &2 NEB / 2| Council Chaico-authorsthis plan;trainings Council activities
into adaptive and workshops osite to share native land
management practices;provide access to local tribal and

native organizations

1.1 Potential: Work day with all Pepperwood

staff; Council engagement in g¢he-ground

land management
2.When and where 2.1 Current Kashaya Pomo group collecting | 2.1 Current 5b
appropriate, permit California bayWmbellularia californicpfruits | Visual estimates
collection of traditional | on annual basis of California bay
food and fiber materials fruit yield

2.1 Potential Collection of basketry materials

contingenton successful restoration (below)
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Table 5.1. Continued

Adaptive
Management . N L
L Management Activities Monitoring Activities Management
Obijective
Goals Met*
3. Evaluate 3.1 Current Some pilot 3.1 Current Visual estimates of survival 1b, 1c, 2d, 5b
restoration plantings of California redbud
potential for (Cercis occidenta)isear the 3.1 Potential Evaluatethe preserve for
basketry, food McCanrhomestead spring other locations capable of supporting
and medicinal basketry, foodor medicinal material
plants plants; conduct additional pilots for
suitable species such as willoSa(ix
sp.), cloverTrifoliumsp.), soap root
(Chlorogalum pomeridianumblue
elderberry Sambwus niga subsp.
caeruleg, toyon Heteromeles
arbutifolia), dogwood Cornussp.),
sedgesCarexsp.), etc.
3.2 Current:Native Advisory 3.2 Current Potential to use Ackerly lab
Countil seeking funding sourcey longterm forest monitoring plots as
for black oak restoration and data source, model protocol, or
management reference sites
3.2 Potential Evaluate
restoration of traditional
management practices for a
selected oak woodland site,
with emphasis on black oak
(Quercus kelloggii
stewardshig practices may
include thinning, acorn
monitoring, greenhouse
propagation, and prescribed firg
4. Evaluate 4.1 Current Engage Native 4.1 Current Prescribed burn monitoring| 2b, 2d, 3a, 5a,
potential to advisors in development and | program 5b

expand the use of|
prescribed fire as
a management
tool

implementation of prescribed
burn pilots withCALFIRE
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Table 5.1. Continued

Adaptive
Management L o .
L Management Activities Monitoring Activities Management
Objective
Goals Met*

5. Engage 5.1 Potential:Evaluate the 5.1 Current:None la, 3a
stewards and feasibility of assigning a group (
volunteers in individuals to steward one placg
preserve or region on the preserve year
management round
activities modeled
on more
traditional
approaches to
land management

*1a-habitat diversity;1b-species diversitylc-genetic diversity2b-promote soil health2d-
promote native vegetation3a-control invasiveplants; 5a-protect scenic resourcesp-protect
cultural resourcesSee Overarching Adaptive Management Ggadgie 3for a full description
of these goals.

Knowledge Gaps and Uncertainties

The major knowledge gap with regard to restoring Native practices is whether full restoration
of these practics is feasible given the landscape change that has occurred since European
contact. For example, the introduction of norative grasses has shifted the species
composition of our grasslands, and there is uncertainty about how effective traditional
grasslandnanagement may now be.

Our response to this uncertainty is to advance Native stewardship praticasgh pilot

projecd (02 S@Ffda G§S GKS adzA (I oA Athasetradiiondl 2 Rl @ Qa
practices. There are also regulatory barrietg;tsas needing air quality permits to conduct
controlled burns and constraints on burning methods by set by agencies inclOdingIRH is

t SLWIWISNB22RQa 3I2Ff (2 KStLI yFr@AILGS GKS&asS az2O0A

| 2dzy OAf Q& f lrebdmmendationd S Y Sy i
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HABITASPECIFIC MANAGEMENRATEGIES

Pepperwood utilizes vegetation communities to classify habitats on the preserve. In the
sections that followye define habitatspecific nanagementtrategiesthat address
management and monitoring activities unique to specific habitats that complement preserve
wide strategies. Each section commences \itheralresource valuesf each habitatype and
then a desription of the extent and condition of that habitat at Pepperwood, includingent
monitoring activities. A summary tablken outlinesmanagement objectives, actions, and
related monitoring activities with target dates assignedpgendingactions. A dicussion of
managementndclimate change considations unique to each vegetation commundlpses
each section. Where needed, we refer to appendices for more details on resources, data
sources, or management and monitoring methods.

1. Mixed Hardwoodrorest Habitat Management

Resource Values of Mixed Hardwood Forests

Mixed hardwood forests are found throughout the coast ranges of California and Oregon,
where they are made up of numerous hardwood species, and also witérdeconifers.
Relatively lile vegetative understory occurs under the dense, bilayered hardwood forest
canopy; however, significant ground and shrub cover may be found in certain ecotones or after
disturbances such as fire or logging. Vegetation response following disturbanceéstke
begins with a dense, shrubby stage dominated by taller, bteaded species. The stand
gradually increases in height, simultaneously developing into two canopy strata with faster
growing conifers above and brodéaved species below. On mesic sifes conifer component
overtakes the hardwoods more rapidly than on xeric sites, where the hardwoog@oent is
dominant for longer.

Historically, redwood forests were converted to mixed hardwood forest following clear cutting
or other extensive loggingperations. The resulting forest structure often exhibited high fuel
loads making the hardwood forest prone to catastrophic wildfires.

Canopy cover and understory vegetation are variable which makes mixed hardwood forests
suitable for numerous species. Mae forests are valuable to cavity nesting birds. Moreover,
forest mast crops are an important food source for many birds and mammals. In mesic areas,
many amphibians are found in the detrital layer.
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Mixed Hardwood Forests of Pepperwood

Mixed hardwood foestscover 637 acres or 20% thie preserve. These communities are
composed of many different combinations of hardwood tree species, including Qalksdus
spp.), madroneArbutus menziegii tanoak Notholithocarpus densiflorugr. densiflorus,
Califonia buckeyeAesculus californigabigleaf mapleAcer macrophyllum and California bay
laurel Umbellularia californica Dougladir trees Pseudotsuga menziesar. menziesj are
also common, either in the understory or scattered throughout the ¢ggno

Mixed hardwood forests at Pepperwood often have a dense understory layer composed of
regenerating madrone, tanoak, and California bay laurel saplings, and is thick with poison oak
(Toxicodendron diversilobymManzanita Arctostaphylospp.) or change Adenostoma
fasciculatunmvar. fasciculatunm) are often found dead or struggling to survive beneath the
shaded overstory, providing evidence of succession in these forests.

Vegetation alliances (Sawyer et 2009)and provisional vegetation allianc@dalbur et al.
2013)included inthe mixed hardwood forest plant community at Pepperwae:

Arbutus menzieskorest Alliance (madrone forest)
Notholithocarpus densiflorusorest Alliance (tanoak forest)
Umbellularia californic&orest Alliance (California bay laurel forest)
Douglasfir/Mixed Hardwood Provisional Alliance

= =4 =4 A

Stands dominated by a single hardwood species other @aarcuscan also be included in the
mixed hardwood forest classification. Maxhre-dominated forests are found in the

northwestern arm of the preserve near Hendley Flat and Martin Creek, and north of the fork in
the road to Weimar Falls and Weimar Flat. Forests dominated by California bay laurel line the
drainages west of the Bechtellouse and north of the Goodman Homestead, with the largest
California bay laurel forest on the preserve located near the Strebel Homestead.

I £ FNBS adlyR 2F GlFly2F1 A& LINB& Safdalonyy 5SOAf QA
Redwood CanyarThese ises have lost hundreds of trees to the sudden oak death pathogen
(Phytopthora ramoru Downed trees in these areas have increased fuel loads and wildfire

risk.

Although high levels of species diversity allow mixed hardwood forest communities to exist
under a broad range of microclimates, they are generally found in cooler, wetter areas.
Compared to other vegetation communities at Pepperwood, the majority of mixed hardwood
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forests are in areas of the preserve with relatively low climatic water defidtd)E). However,
smaller stands of mixed hardwoods are also present in locations characterized by some of the
highest CWD levels on the preserve (see Figurdelow).

Figures 1.1.a¢b. Distribution ofclimatic water deficit (CWDaluesat Pepperwood hya)

vegetation community and b) mixed hardwood forest at Pepperwood relative to current CWD
values

Source: 10m BCM mean CWD 12810

1.1.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description
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Yeyéiafidr isk3 ANWRF 2\22Ry A G 2 NB R

forestresearch progranfAckery et al. 2013)Study plots are designed to test the role of
microclimate diversity in driving species composition, and to provide a framework for
monitoring change over time.

i K M&nuz3 K

Since 2007, we have conducted annual breeding bird surveys at poijaisent to, and within,
mixed hardwood forests. We also installed nine wildlife cameras at permanent stations in
mixed hardwood forests in 2012.

Management Objectives and Supporting Activities

t SLILISNB22RQA

invasive species management, Dougfiasemoval, fuels management, and road and trail
maintenance. Tablé.1 below provides additional details about these activities and their
related adaptive management goals.

Tablel.1. Mixedhardwood forest management and monitoring summary

Management Objective

Management Activities

Monitoring Activities

Adaptive
Management
Goals Met*

1. Manage fuel loads
associated with mixed
hardwood forests

1.1 Current:Continue
removing Dougla$ir
thickets on an annual basis

1.1 Current: Visual inspection

and photo monitoring
mapping of chainsaw removg
areas

1.1 Potential: Formally map
and document Douglafir
hand removal activities

1.2 December 207: Initiate
dead tanoak management
involving felling, lopping, an(
scattering dead tanoaks to
encourage decomposition
and reduce fire hazard

1.2 Current:Visual inspection
and photo monitoring

1.2 Potential:Map and
monitor dead tanoak
managenent locations to
document treatment and
recovery of these areas

1.3 December 203: As part
of the prescribed burn plan
create shaded fuel breaks in
these forests

1.3 December 2P5: Monitor
shaded fuel break locations
everyfive years to maintain
function and ensure ongoing
comprehensive fuels

management

1a, 1b, 2d, 2f, 3a
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Table 1.1. Continued
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Management Objective

Management Activities

Monitoring Activities

Adaptive
Management
Goals Met*

2. Manage invasive plant
species, especially
broom populations

2.1 Current: Annual hand
removal of invasive plants
before seed set

2.1 Current: Map sites and
collect data on hand removal
activities (date, location, area
percent cover, and
phenology)

1a,1b, 2d, 3a

3. Support knobcone
pine Pinus attenuaty
establishment

3.1 Current:None

3.1 December 2020Map and
monitor knobcone and
ponderosa pindPinus
ponderosa for regeneration
and establishment every five
years

3.1 Potential: Consider
characterizing and identifying
potential knobcone pine
climate refugia on the
preserve, and the proximity o
these areas to seed sources

1b, 2d, 3c

4. Maintain roads and
trails to minimize water
flow concentrations and
related erosion

4.1 Current: Inspect and
maintain roads as necessary
after first fall rain (see Table

1.1 [Section 1])

4.1 Current:Visual inspection

4a, 6¢C

* la-habitat diversity;1b-species diversity2d-promoting native vegetatior2f-beneficial
disturbances3a-control invasive plants3cnew species4a-education and recreation impacts;
6¢-roads and trails. See Overarching Adaptive Management Gozags, 3 for a full description

of these goals.

Management Discussion

Animals

Duskyfooted woodrats(Neotomafuscipessubsp fuscipe$ are common in mixed hardwood
forests and are important prey for owls, including the endangered northern spottedSivix
occidentalissubsp.cauring. Further analysis of wildlife camera data will provide more

information aboutwhether mammal communities in mixed hardwood forests vary significantly

from other forest or woodland types on the preserve.
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Rare and Uncommon Species

Although very few knobcone and ponderosa pines occur at Pepperwood, further monitoring

and managemenof these plants is warranted given that knobcone pine forests are predicted

G2 0S I GOfAYIGS GAYYSNE dzfABk&NMEt Al.218zNIShelCet A Y I G S
al. 2016)

Invasive Species

Invasive Scotch and French broo@yfisus scoparitend Genista monspessulaneespectively)

200dzNJ Ay t SLILISNB22RQE YAESR KINRg22R FT2NBadas
been consistently treated since the early 1990s. However, it is criiaantinue to be vigilant

about controlling broom species given their lelinged seed bank and extensive cover in our

region.

Climate Change Considerations

Current regional vegetation transition models indicate that mixed hardwood forests may
decline in response to rising temperatur@sckerly et al. 2015)t is difficult to predict whether

the species mélange of mixed hardwood forests will helpticbute to its cumulative resiliency

or make it more susceptible. Species that may decline under climate change include California
bay laurel and tanoaks; however, knobcone pine forests may be favored under future climate
conditions(Ackerly et & 2015)

Our hypotheses about the potential responses to projected {tawg climate trends and
annual and seasonal variability are below. The current distribution of vegetation relative to
climate-hydrology gradients on the preserve is an indicatbp@pulations that may be capable
of thriving in an increasingly arid environmeAtsummary of climate considerations for this
habitat type are provided beloAckerly et al. 2015, Micheli et al. 2016)

1 Mixed hardwood forest is predicted to decline under increasingly warmer climates

1 Douglasfir encroachment into mixed hardwood forest may decrease if conifers become
stressed under future climates

1 Suitable conditions fobouglasfir are predicted todecrease across Sonoma County, but
is not necessarily expected to disappear from Pepperwood

1 Increased tree mortality due to drought or other climate stressors would lead to
increased fuel loading and community composition shifts

1 Knobcone pine may expandtiiincreasing temperatures, particularly if precipitation
also increases
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1 Knobcone pine is dependent on fire for seed germination, and may respond positively to
increased fire frequencies or the introduction of prescribed burning

1 The future of California lyalaurel is uncertain, as it may respond positively to increased
winter temperatures, but is sensitive to increasing CWD

1 Conifers within mixed hardwoods may experience additional mortality due to drought
stress and invasion by bark beetles and the fung#thpgens they spread

1 Forest fuels may become drier, exacerbating the risk of fire and possibly increasing the
risk of devastating canopy fires

1 Invasive Scotch and French broom may be favored under future climate conditions in
mixed hardwood forests

Hardwood species that tend to occupy lower C\&fihes may be stressed under future climate
conditions. The mixed hardwood areas of the preserve with the highest recent CWD levels are
the northern edges of Garrison Canyon, Pitts Canyon, and the northwesternridrBegers
Canyon. These areas should be targeted for monitoring because they are where mixed
hardwood forest is most likely to be pushed out of its range (FifgiLie
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Figurel.2. Historic, current, and future projected climatic water deficit in PRpe 2 R Q &

hardwood forests

Source:2014 Californi®CM
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The270-meter BCM data reveal that historical and recenty®@@r averages of annual CWD
values ifmixedhardwood forests range from about 66800 mm per year, or 282 inches per
year, and are projected to reach a range of @830 mm per year, or 340 inches per year,
by the end of the century under a hot, low rainfall scenario (Fig2g This level ofncrease in
CWD exceeds historic range of variability for the preserve.
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species, based on its current distributions, may be expanding in our reggmalnumbeiof

knobcone pines occur or have occurred in mixed hardwood forest at Pepperwood at Garrison

Canyon, uphill of the cattle guard east of the Bechtel House, along the road to Skovie Basin,
Deuvil's Kitchen, the middle ridge of Redwood Canyon, the ridge betiRedwood and Weimar
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Canyons, Weimar Canyon, the flat south of Weimar Canyon, the northeast corner of the
preserve, and east of the Dwight Center parking lot.

/' TEAF2NYAL olé& fFdNBft=z I O02YY2Y YAESR KINRg2?2
meaning that climate change may have a neutral impact on the availability of suitable

conditions. Based on visual tracking, we hypothesize that it is likely that this species is currently
establishing greater presence in many forest types across the predafiviee climate model

projections suggestalifornia bay laurel may respond positively to increased winter

temperatures, it may prove sensitive to increasing CWD over time.

Ponderosa pine is rare at Pepperwood, with fewer than 10 known trees and sapyposally

found at higher (cooler) elevations than those at the preserve, a warmer climate will most likely
be detrimental to this species. Monitoring this peripheral population might reveal important
things about its response to climate change.

Knowledg@ Gaps and Uncertainties

Knowledge gaps are considered a major threat to biodive(€8igmmunity Foundation Sonoma
County 2010)Below are current major knowledge gaps aboutexi hardwood forests as

identified by Pepperwood staff. This is not a complete list, but is meant to inventory the largest
or most problematic information gaps. These gaps have been revealed, and may also be filled,
through the adaptive management process.

1 Does prescribed burning and/or tree thinning support species diversity in mixed
hardwood forests?

1 Are there secondary pests or diseases that may be introduced from large tanecadie
that could threaten mixed hardwood forests at Pepperwood?

1 What is(ae) the mechanism(s) that may favor regional knobcone pine forest expansion
and mixed hardwood forest declines under climate change?

1 Will species composition in mixed hardwood forests also change with future climate?

1 What will be the rate of community tramgn under climate change?

¢FNHESGSR NBaSINOK FYyR Y2YAU2NAY IS A yterml NI A Odz

forest monitoring plots, will help address these knowledge gaps and will be incorporated into
the adaptive process moving forward.
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2. Oak Forest Habitat Management

Resource Values of Oak Forests

The oak tree may be the quintessential symbol oftleethern California landscape. Oak
savannahs, woodlands, and forests (hereafter referred to collectively as oak forests) have the
richest wildlife species abundance of any habitat in California, with 330 species of birds,
mammals, reptiles, and amphibians utiliginaks at some stage of their IfBarrett 1979,

Verner 1979, Block and Morrison 1998)ak forests are able to sustain such abundant wildlife
primarily be@ause they produce copious amounts of nutritious acqisenig 1990, McShea

and Schwede 1993, Ostfeldat 1996, McShea 2000)

Oak forest complexity, including variable age classes, patch sizes, canopy openings, snags, rocky
outcrops, and woody debris supports high levels of wildlife diversity. Oaks provide abundant
tree cavities for shelter and nestirf§urcell 1996)and standing dead trees or snags are
important habitat for numerous wildlife species including arboreal salaman@ersides

lugubrig, acorn wood peckerdVelanerpes formicivorysand other birds and bats. Logs and
branches on the ground provide shelter for numerous species such as lizards, snakes, and
ground nesting birds, and are consumed and decomposed by innumedaraldrtebrates and
fungi, providing soil nutrients. Many wildlife species prey on these wamtsuming
invertebrates, including salamanders, reptiles, rodents, and birds. Furthermore, oalctnees
help stabilize stream banks to prevent erosion and predadnopy cover that reduces water
temperature, protecting native fisheries.

Diverse oak understories harbor a great variety of shrubby plants and largely perennial native
herbs.Over 2,000 species of native California plants are found in oak forestsf ¥8tich are

listed as rare, threatened, or endanger€dnnin and Fiusti 1996).ow regeneration rates have
been seen in several California oak species over the last ceilirige 1966, Griffin 1971,

1976) The problem is not with acorn production or viability, but rather the inability of seedlings
to survive to become young tre¢Borchert 1990)Priorto European settlement, Native
Americans set fires in oak forests for a variety of reasons, including helping increase acorn
harvest(Biswell 1989, McCarthy 1993yhich may also have aided oak regeneration.
ConverselySteller's jays@yanocitta stelle)j Californiascrubjays Aphelocoma californigaand
western grey squirrelsSciurus griseusubsp.griseug do not retrieve all cached acorns and thus
act as dispersers of oaks across the lands¢dpek et al. 2005)

Although te vegetation transition between oak forest and grassland is important for wildlife, it
is often subject to Douglafir (Pseudotaga menziesivar. menziesj and coyote brush
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(Baccharis pilularisubsp.consanguinegincursion.Conifer encroachment has been recognized
as a significant and immediate threat to oak forests in Sonoma County and north along the
coastal areas of Oregomd Washingtor(Cocking et al. 2014pougladir seedlings growing
under oaks eventually pierce through and top the oak canopy, leading to oak mortality and
conversion to a Douglds forest with little to no understory vegation or diversity(Barnhart

et al. 1996) This transition iexacerbated by limiting fire on the landscape, as-Intensity

fires kill Douglasir seedlings and saplings, but typically do not damage @dk€reary 2004)

Onlytwol KA NRA& 2F / | fakfdredtsldériain abiout Millichaofes)f Of those, only

about 4percenthave protected statugThomas 1996)The downward trendantinues today

with the loss of trees to urbanization and to agriculture such as vineyard develoffeioin

1999, Larson 1999Peclines in natural regeneration in some species and the impacts of the

sudden oak death (SOD) pathog@&hnytophthora ramorumare also putting oaks in perilsA

described further on in tis section climate change is expected to variably impact different oak

species, which range widely in habitat and environmental preferences. OregonQad(s
garryanavar.garryana) | NB f A1Sfe& (G2 0SS tSLIWISNB22RQa Yzal
climate scenarios, but as a whole, oaks may increase relative to coniferous trees under hotter,

drier climategMclntyre et al. 2014)

Oak Forests of Pepperwood

Oak forests are the most abhdant vegetation type at the preserve, occupying about 918 acres,
or 43percentof the land.This landscape habitat receives high conservation status in
Pepperwood management planniggyen their critical wildlife value and the loss of oak forests
on a lage scale across Californiehe oak forest community here includes both evergreen and
deciduous oaks, small shrub oaks, huge trees, oaks that grow in the hottest and driest habitats,
and oaks that stand in water for months at Turtle Pond. Oak commumérege from dense
forests to open woodlands and savannahs andsist of predominantly coast live oaks

(Quercus agrifoliaar. agrifolia) on south facing slopes; blue o&uercus douglagisavannahs;
stands of Oregon oaks with a California fesdues{ucacalifornicg understory; leather oaks
(Quercus durataar.durata) on serpentine soil; as well as smaller populations of black oak
(Quercus kelloggii valley oakQuercus lobatyg scrub oakQuercus berberidifoljaand interior

live oak Quercus wislizg) dotted across the landscape.
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Interestingly, there are many species of oaks that hybridize at Pepperwood including crosses
between blue and Oregon oa®(x eplingii), black andcoast live oak@.x chase), scrub and
Oregon oak@.x howelli), andleather oak with either blue or Oregon oaR.k subconvexa

Vegetation alliances in Sawyer et@009)included inthe oak forest plant community at
Pepperwoodare:

Quercus agrifolid®Voodland Alliance (coast live oak woodland)

Quercus douglasiWoodland Alliance (blue oak woodland)

Quercus garryan&VoodlandAlliance (Oregon white oak woodland)

Quercus kellogghorest Alliance (California black oak forest)

Quercus lobataVoodland Alliance (valley oak woodland)

Quercugagrifolia, douglasii, garryana, kelloggii, lobata, wislizdrorest Alliance (mixed
oakforest)

= =4 =4 4 -4

Oak forests occupy a wide rangeactimaticwater deficit (CWD) values at Pepperwood,

including habitats with some of highest CWD levels on the preserve (Rdir&xcluding

leather oaks, which inhabit serpentine chaparral, there are six eéifiietypes of oak forest on

the preserve thahave different distributionss A 0 KAy G KS LINBaSNBS®a | O Af
2.1.ach below).

91



Oak Forests Pepperwood Adaptive Management Plan

Figures 2.1.ach. Distribution ofclimatic water deficit (CWDjaluesat Pepperwood hya)
vegetation community, b) oak forests, anthf oak forest subcommunities at Pepperwood
relative to currenlCWDvalues

Source: 10m BCM mean CWD 12810

2.1.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description
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2.1.h. Coast live oak forest
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Monitoring

Areas where Douglas has been mechanically removed from oak forests are mapped in GIS.
These areas are also visually inspected each year to coordiaattremoval of new Douglas

fir seedlings. The annual Pepperwood Breeding Bird Survetakexs place at points adjacent

and within oak forests since 2007. In 2012, we also installed five wildlife cameras at permanent
stations in oak forests.

Oak forests are being monitored as partadbngterm forest monitoring project established in
2013(Ackerly et al. 2013 he purpose ofhis project is to monitothe direct and indirect
impacts of climatic heterogeneity and 2&entury climate change on native Califoroak
forests Theprimaryobjectives of this project are to examimak forestvegetation community
structure and composition across fiseale topographic gradients, provide a baseline for
testing hypotheses and modeling forest dynamics in response to climate changereatel an
infrastructure for future projects.

In 2013 fifty 20 x 20meter plots were established acrofise preserve Plot locations were
selected based on two priorities: 1) stratification across the topographic gradietite of
preserve and 2) an even sampliagross deciduous and evergreen daiests. Within each

plot all established individuats canopyreaching woody specidgbat are>50 cm talhave been
permanently tagged, identified, mapped and measured. All seedlings (<10 cm tall) and juveniles
(10¢50 cm tall) were identifiedo speciesand counted in each plot. In a subset of the plots, we
have performed surveys of herbaceous plants in spring 2016, and establishdu:ciaee

survey areas surrounding the main plots in which larges (>20 diameteat breast height) are
tagged to assess potential seed input into the pldtse-survey of all tagged individuals for
growth, mortality, and transition between size classes is scheduled for fall 2018, arslievey
of seedling and juveniles is schedufed spring 2019.
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Finescale environmental data is also quantified in each plot with micrometeorological
monitoring stations recording temperature and relative humidity. Soil moisture measurements
have been recorded for all plots in early May of each waare 2013. In 2015 the first
components of a wireless mesh network were installed, with real time air and soil temperature,
leaf wetness, and soil moisture measuremetiits sixplots), available via an internet portal

Across the 50 plots, we have reded 25 woody species. Diversity of each plot ranges frgm 3
13 species, and across all pletssrendominant species contribute 98% of total basal ar@zast
live oak Douglasfir, Oregon oak, blue oak, black oak, madroAebtus menziegiiand
Californiabay laurel Umbellularia californica(in descending orderCommunity analyses
shows that woody tree composition is sensitive to variatiotopographicallydriven

differences in water balance parameters, and recruitment (seedinglsjuveniles) is coelated
with an interaction between climate heterogeneity and seed rain from local adults of each
specieqOldfather et al. 2016)

Management Objectives and Supporting Activities

Thelongd SNY &adzadlFAyloAftAGe 2F Fff 2F GKS t SLILISND
preserve managerg\forest management plan for Pepperwo®8uphrat 2016yvas completed

Ay GKS &aLINAYy3a 2F Hnanmc YR ¢la | R2LWGSR o0& /! [C
emphasizes the need to address the incursion of Dotfgl&sto oak forests, thinning of dense

forest stands, creation of shadddel brakes, improvement of forest roads to meet 1y€ar

flood standards, utilization of prescribed fire to promote forest health and fire mitigation, and
development of a well in the north end of the preserve as a water source for the Pepperwood

cattle herd. Table2.1 below provides additional details about these activities and their related

adaptive management goals.
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Table2.1. Oak forest management and monitoring summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*

1. Protect individual oak 1.1 Current:Routinely inspect oak 1.1 Current:Occasional 2d
trees from root zone trees adjacent to buildings, inspections around
disturbance residences, parking lotand roads for | infrastructure by Preserve

signs of stress and manage them Manager

accordingly
2. Control the 2.1 Current:Routinely inspect 2.1 Current:Occasional 3d, 6a
transmission of SOD to| buildings and residences for Californi inspections around
coast live oaks and bay laurelencroachment on infrastructure by Preserve
black oaks that are neighboring coast live and black oaky Manager
adjacent to buildings remove bay treegrowing directly
and houses under oak canopieghen necessary
3. Reduce fuel 3.1 Current:Routinely fell diseased 3.1 Current:.Continue to 2d, 3d
accumulation from tanoaks and lop and scatter debris to monitor tanoak mortality
tanoak treeghat have | reduce ladder fuels as described in the
died fromSOD Pepperwood forest

management plafEuphrat
2016)

4. Prevent the spread o] 4.1 Current:Prevent the spread of 4.1 Potential:Monitor for | 3b, 3c
invasiveanimals and invasive animals and pathogens by | goldspotted oak borer
pathogens prohibiting the importation and (Agrilus coxalisinfestation

exportation of firewood, unless

approved by the Preserve Manager
5. Manage Douglafir 5.1 Current:Continue the Douglair 5.1 Current:Mapping of la, 1b, 2d, 2f,
encroachment into oak | mapping andemoval program treatment areas; resurveyy 3a

forests

to guide hand removal
activities following initial
clearing

5.2 December 20%: Investigate the
utility of using Douglaéir to create
biochar

N/A

6. Support oak species
regeneration

6.1 Current:Regularly analyze long
term forest plot data to quantify
regeneration success or failure

6.1 CurrentLongterm
forest plot monitoring

6.1 Potential:Additional
monitoring of Oregon oak

recruitment
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
6. Support oak species | 6.2 December 2018Conduct an oak | 6.2 Current:Analyzdong- | 1a, 1b, 2d, 2f,
regeneration forest prescribed burn to enhance oa| term forest plot data to 3a
recruitment guantify regeneration
success or failure
6.2 December 2017
Incorporate a formabak
forestprescribed burn
monitoring program in the
prescribed fire
management plan
6.3 December 20%: Incorporate goals| 6.3 Current:.Longterm
to promote oak seedling survival in | forest plot monitoring
the prescribed fire management plan
6.3 Potential:Measure
seedling survival;
additional photopoint
monitoring
6.4 Current:Refrain from grazing in | 6.4 Current:Longterm
oak woodlands that have not been | forest plot monitoring
previously grazed
6.4 Potential: Add
6.4 December 2018Consider exclosures or develop
incorporating oak forest grazing and | grazing treatment plan
oak seedling survival management aj with controls in oak forests
part of theConservation Grazing Plar] and measure seedling
for Pepperwood Preserv6iflogly et | survival; additional
al. 2016 photopoint monitoring
7. Promote oak 7.1 Current:Minimize impacts to 7.1 Current:None la, 1b, 2¢d 3a

understory species
diversity and
abundance

understory vegtation in all
management activities such as fuel
reduction projects, prescribed burns,
grazing prescriptions, road
improvements and trail building
projects

7.2 Current:Manage encroachment b
Douglasfirs (see 5.1 above) and othe

invasive plants

7.2 Current:See 5.1 above
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
7. Promote oak 7.3 December 209: Implement 7.3 Current: Investigate the| 1a, 1b, 2d3a
understory species herbaceous understory and oak climate space covered by
diversity and recruitment study in .the Climgte long-term forest
abundance variable Blue Oak Ridge regiBee monitoring plotson Blue
6.2 and 6.3 above) i i )
Oak Ridge; identify gaps
7.3 Potential: Expand
seedling monitoring to
better understand
recruitment of multiple oak
species
8. Promote diversity in | 8.1 Current:Intentionally leave 8.1 Current:None la,1b, 2d

oak forest structure
(i.e, enhance oak
regeneration and
support of multiple age
classes)

standing dead trees and woody debr
to create a diversity of habitat
structure when conducting oak forest|
management activities (and taking
into account fuel load management);

prohibit firewood gathering, unless
approved by the Preserve Manager

8.1 December 2Q8: Investigate the
appropriateness and methods to
increaseoakforest structure

* la-habitat diversity;1b-species diversity2d-promoting native vegetatior2f-beneficial
disturbances3a-control invasive plants3b-control invasive animal8c-new species3d-
infectious disease&da-buildings. See Overarching Adaptive Management Gpatg 3for a full
description of these goals.

Management Discussion

Oak Regeneration

Large numbers of coast live, blue, and Oregon oak seedlings have been monitored through 50
longterm research plots established in 2013 by the Ackerly lab, UC Be(Relkesrly et al.

2013) While coat live oak shows successful regeneration across all size classifications, blue oak
and Oregon oak have very low sapling numi{@lifather et al. 2016)Although this may

indicate por survival through the sapling stage, more temporal data is needed to confirm this
assessment.
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Rare and Locally Uncommon Species in Oak Forests

The rare Napa false indigaroorpha californicaar. napensi$ (California Native Plant Society
Rank 1B) aabe found in the understory of cool, often nottacing oak forests (see Appendix B
Rare and Threatened Plants of Pepperwood). This rare shrub is the host plant to the California
dogface butterfly Zerene eurydigeour state butterfly. Black salamandéfmeides
flavipunctatussubsp flavipunctatug also rely on oak forest and grassland habitats, and

northern western pond turtlegActinemys marmoratgubsp.marmorata) nest and overwinter

in oak forests and mixed hardwood fore$Reese and Welsh 1997)

Douglasfir Encroachment into Oakdtests

In response to fire suppression, Dougtaiss encroaching into Pepperwood's oak forests, often
killing the oak trees and understory shrubs and herbs while increasing catastrophic fire risk. This
conditionwasdocumentedby research conducted at lortgrm forest monitoring plots. Cthe

50 forest plots evaluated, 14 were associated with Doufjtakickets and had more than

1,000 Dougladir trees per acre, with extremes of just over 6,000 per gé&vekerly et al. 2013)

Douglasfir removal areas are delineated by the Preserve Manager, in consultation with a
registered forester, and mapped in GIS. All Doufjtasup to 14 inches in diameter at breast
height (DBH#are removed. Some trees 10 to 16 inches DBH are girdled to avoid damage to
surrounding vegetation and to provide important standing dead tree habitat (snags). California
bay laurels up to six inches DBH are also remaoekin the forest andhelp preventthe

spread of Sudden Oak Deathll felled trees are limbed and cut into-$oot or smaller sections

and left where they fall. After the initial clearing, volunteers regularly visit these sites to remove
Douglasfir saplings that were missed or becameadsished after clearing. As Blecember

2016, 430acres of Douglafr incursion had been treated at Pepperwood.

Invasive Species in Oak Forests

Invasive plants in oak forests include French broG@enista monspessulaje&scotchhroom
(Cytisus scoparijdtalian thistle Carduus pycnocephalusiedge mustardSisymbrium
officinalg), Klamath weedHypericum perforatur oblong spurgeHuphorbia oblongatga
barbed goagrass Aegilops triuncialls and Himalayan blackberriR@bus armeniacjigsee
AppendixC Invasive Plants).

Pests in Oak Forests

Thesudden oak deathSOD pathogenPhytophthora ramorunis responsible for significant oak
mortality in coastal CalifornigRizzo et al. 2002[Even though SOD is believed to be widespread
at Pepperwood it has resultad little mortality compared to cooler, more coastal landscapes.

SOD has killed hundreds of tanoaks in Redwood Canyon and on the eastern side of Grouse Hill,
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and an estimated 20 coast live oaks throughout the preserve have died sinceTl2z00ate, the

only SOD control measure undertaken has been the removal of California bay laurel trees (a
primary host plant of SOD) near coast live oak trees close to buildings and homes that would be
a threat to life or property if theylie.

Crown rot Phytophthoraspp), heart rot fungus (e.gFistulinaspp.), and oak root rot
(Armillaria mellea can also be found in the oaks of Pepperwood but these are considered
normal infestations and are not managed.

Goldspotted oak borerAgrilus coxalisis a wooeboring beetleof concernbut has not moved
north of San Luis Obispo as of the publication of this document.

Native mistletoe Phoradendron serotinusubsp tomentosun) is found on many oak trees, but

is not considered a significant landscegmale threat. Mistletoe isemiparasitic, meaning it can
produce its own food via photosynthesis, but pulls water and minerals from the host tree. The
majority of damage from mistletoe occurs if it grows into large enough masses that the weight
breaks off limbs, leaving open wounfids secondary infection. Mistletoe is an important food
plant for wintering resident birds.

Individual Oak Tree Protection

Most Pepperwood management activities in oak forests are carried out on a landscape scale,
but there are some important consideratie for individual trees. Protecting the root zone is
paramount, including limiting disturbance under drip lines, soil compaction, grade changes,
limiting dry season watering, providing good drainage, and avoiding trenching.

Managing Oak Regeneration

A large volume of literature documents management issues relating to oak regeneration,
largely focusing on the role of grazing and fire. Pepperwood utilizes cattle grazing as a tool to
accomplish established conservation goals in grassland ecosystentsalsiéat-specific
Management Strategies SectidrGrassland Habitat Management). Grazing of grasses in oak
forests can similarly create conditions that favor native plants, improve soil health, and increase
wildlife habitat valueOur observations indicatihat short duration grazing does not result in
significant consumption of oak selatys. This hypothesis will be tested in future monitoring
efforts.

Prescribed fire can eliminate competition from annual grasses and improve conditions for oak
recruitment. The use of prescribed fire to manage oak forests can aid in the control of Douglas

fir and also encourage oak regeneration. Vegetation management in oak forests can reduce fuel
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loads to prevent catastrophic fires and keep carbon sequestered in the Pegperwood is
currently working with CALFIRE and the Stephens Fire Science Laboratory at UC Berkeley to
initiate a prescribed burn and monitoring program for oak forgstgh an initial prescribed

burn scheduled for fall 201

Climate Change Considerats

The discussion below considers potential responses of Pepperwood's diverse array of oak

forests to projected longerm climate trends, as well as to changes to annual and seasonal

variability. Hypotheses presented here will be evaluated in the progkssar longterm

monitoring and adaptive management. In particular, we look at the contemporary distribution

2T @S3ASGFGA2Yy NBAaA2dzNOSa NGB t-hydrdlogyJradiedts. TisS LINB & S
analysis allows us to identify susceptible oak woodtgrotentially at the edge of their climate

suitability thresholdas well as thoséhat might becapable of thriving in an increasingly arid
environment punctuated by more frequent extremes in rainfall, drought, and fire.
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The 276meter BCM data reveal that historical and recenty®@@r averages of annual CWD
values inoakforests range from about 6@@860 mm per year, or 284 inches per year, and are
projected to reach a range of 765020 mm per year, or 3@0 inches per year, by the end of
the century under a hot, low rainfall scenario (Figure 2.2). This level of inare@&D exceeds
historic range of variability for the preserve.

[A1Sfe /fEAYIFIGS a[2aSNREY [26 /25 hll1 C2NBada
Pepperwood lies the southern range limit of Oregon oak, a species that may undergo a

significant range shift as the local climate changes. Batiathte and vegetation projections for

the Southern MayacamaSLNandscapanita K2 ¢ hNBE3I2y 2F1 & F aOft AYl
a decline in suitable habitat for this speci{@gkerly et al. 201550me Oregon oak populations

are already faihg to recruit in this landscape unit, and their saplings are sparse relative to other
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species in Pepperwood's lostigrm forest monitoring plotgOldfather et al. 2016)_ow
recruitment has also been observed in blue oak forests.

Oregon oak forests that have the highest CWD vatuesonsidered already at the edge of

their climate suitability, andnay be stressed or disappear first. However, if these populations
are adapted to high WD values they may have a relatively greater chance of surviving under a
hot, dry future and therefore may be good seed sources for facilitated migration to refugia
sites. Mapped Oregon oaks patches with high CWD and relatively high variability incklokd Str
Homestead, Telegraph Hill, and Shriver Canybe. patch irSkovieBasin also has high CWD

but has been relatively stable yeto-year. It is unclear what the differences in interspecies
competition and survival may be in these two types of high C\Wdgd@ oak forest (see circles

on Figure2.3 below)

The most likely refugia for Oregon oaks at Pepperwood will be areas with relatively low and
stable CWD, and where a seed source is present. Such areas include portions of Horse Hill,
Three Tree Hill, Siver Canyon, and Blue Oak Ridge. If future conditions resemble hot, dry
projections the Oregon oak envelope may exist only on the preserve's least drstngbsed
localities(Appendix D Climate and Hydrology, Figure2p Bacilitated migration into these
locations could buffer populations against extirpation or inbreeding by isolated individuals.

[A1Ste /EAYIGS da2AYyYySNEBEY | sABluK Odkgarkd Hybtids C2 NB a
Pepperwood lies in the northern portions of the coast live oak range, which spans coastal and
montane habitats as far south as Baja California. Coast live oak forests currently dominate high
CWD oak forest sites at Pepperwood, but are also present inrhigitibers at lower CWD areas

within mixed oak forest communities. Despite the adaptations of individuals at high CWD sites,

in a severely hot, dry future, these areas may become the first to display stress or mortality as

A N v oA A 9~

Ot AYI'(S SEOSSRathiedhdds.i NESaQ oA2ft23A0L

High CWD but stable sites where coast live oaks occur at Pepperwood include parts of Horse
Hill, Skovie Basin, and Rogers Canyon (FR)8jeLive oaks at Horse Hill may encroach into
adjacent areas to where Oregon oaks do not survivelliteded dispersal of coast live oak into

dying Oregon oak forests may assist ecological transition, but may not be necessary at the scale
of the preserve. A better understanding of the movement of oak acorns by birds and mammals
may shed light on this qu#ion.

Pepperwood lies at the western range limit of blue oak, which is a species that may see drastic
shifts in its range as climate shifts. Blue oak communities with high and variable CWD at

Pepperwood include Blue Oak Ridge, Hendley Flat, Martin Creek Maadl&,elegraph Hill
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(Figure2.3). In these areas, blue oak may become more dominant and expand into surrounding
areas. These same communities may, on the other hand, be stressed or experience mortality if
regional climate shifts exceed their biological tsinelds.

Blue Oak Ridge is a low CWD blue oak forest that is relatively stable. Interestingly, this region
has a mélange of stable low CWD and variable high CWD in close proximity. The understory
herbaceous species responses and oak seedling recruitmémsinegion make it a promising
future research site. Exploring the coverage of these features through the existintglong

forest monitoring plots is an important next step.

Some of the oak hybrids may expand their ranges under future climate camglisach as black
x coast live oak{.x chase), scrub x Oregon oak)(x howellii), leather x Oregon oak) x
subconvexg and particularly blue x Oregon oal(x eplingi) (S. Barnharpers. comm2016).
Further research into oak hybrid genetics,tdimitions and climatehresholdswould help
detectactualrange shiftandidentify the potential for range expansion under future climate.
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Figure2.3. Potential oak forest monitoring groups as determined by comparingikeage and

standard deviation oflimatic water deficit
See Appendix D Climate and Hydro)éggureD.27
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Climate Change: LoAgrm Trends and Increases in Interannual Variability

Current regional vegetation transition models indicate that there may be shifts ihalaikat
suitability and abundance of certain oak species in response to rising temperéfaiesly et
al. 2015)

1 More arid conditions may cause declines in Oregon oak communities, particularly under
higher winter temperatures and increasi@VD

1 Some Oregon oak populations in the Southern Mayacabiddandscape uniare
already not rgienerating and recruitment is expected to decrease in the future

1 The future of blue oak is uncertain and it may either decline or expand under hot
scenarios

1 Canyon oaks do best where CWD is low and winters are mildly warm

1 Valley oaks are expected to be relatively stable, but with some declines occurring in
response to higher CWD

1 Coast live oak is relatively stable and may increase in our region; howevemé#yelye
sensitive to increased rainfall and warmer summers, potentially limiting their expansion

1 Changes in climate patterns may cause shifts in oak phenology

1 Oak tree mortality may be exacerbated in areas with increased fuels and fire hazard risk
as a resli of conifer invasion

1 Forest fuels will become drier, exacerbating the risk of fire including canopy or crown
fires, which are devastating to oaks

1 Pathogen abundance and host susceptibility interactions are complex and likely to
manifest in various waysah during droughts (e.g., lowered defenses against pests, or
decreased abundance of thermally sensitive pathogens) as well as during extreme wet
conditions (e.g., increases in fungal pathogens and rots)

1 The SOD pathogeRliytophtlora ramorun) is moisturedependent, and with an upper
thermal limit near 25 degrees Celsij\&nette and Cohen 2006nay notthrive at
Pepperwood in a hot, dry future

Knowledge Gaps and Uncertainties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 2010)Below are current major knowledge gaps about oak forests as identiied b
Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most
problematic information gaps. These gaps have been revealed, and may also be filled, through
the adaptive management process.
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1 Species specific biology, climaticesholds, and interspecific interactions (e.g.,
competitors, mutualists)

1 Natural history knowledge (e.dnistoric or current conditions, distributions)

1 Management activity records

1 What is the status of oak recruitment at Pepperwood (especially Oregk)?dHow can
management improve recruitment?

1 What is the optimum grazing prescription in oak forest habitats? How might grazing
impact oak species generation and recruitmentr the abundance of understory
species such as California fescue? Is Califéestaue a favorable forage?

1 How does prescribed fire impact acorn production and understory vegetation? Is
prescribed fire an effective control method for Dougfasencroachment? What fire
interval is necessary to control Dougfasencroachment?

1 How wil climate change affect oak species distribution across the landscape? How will it
affect understory species?

1 What is the feasibility and utility of creating biochar from small Doufytdsees?

1 How dependent is the SOD pathogen on moisture, and wdégétease in a drier future?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forward.
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3. Redwood Forest Habitdlanagement

Resource Values of Redwood Forests

Pacific coast redwoodequoia sempervirens one oforthern/ | £ AF2 NV A Q& Y2ad A
ALISOASEaAD ¢KSe | Bfest@govbigORF AFISNESZ2 MIARIKAE 0 KS S| NI K
residing in Redwoodlational Park. Redwoods typically inhabit locations with relatively

moderate yearound temperatures and are adapted to occasional fires, which help recycle

nutrients, thin stump sprouts, and may also encourage seedling recruitment. Recent research

has foased on the biodiversity of the redwood forest floor, as well as on the dynamic

ecosystems found in the redwood canof8ave the Redwoods League 2016)

I FEAT2NYALF QA NBRg22R F2NBada 6SNBE aSOSNBite AY
1950s. As a result, the Save the Redwoods League reports thatgasténtof old growth

redwoods remain today. Second growth redwood forests are often poorly managed, with high

tree stem densities and an unmanaged undergrowth that lead to severe fire danger. Redwoods

are considered highly sensitive to climate conditions andfareatened by future predicted

changes. In particular, redwoods are dependent upon summer fog in Mediterranean

environments such as ours, yet the future of fog in this region is uncertain.

Redwood Forests of Pepperwood

t SLILISNB22RQA NB RighxanservaianNBue divien tielr @n@ll footprint on the
preserve, high species diversity, and potential to have unigue genotypes as a result of being on
the easternmostperiphery of their rangeTheir limited distribution on the preserve (13 acres

or about 0.5 percent of the langis presumably due to summer aridity and a lack of other
redwood-amenable conditions such as adequate moisture, low wind, and high fog frequencies.
t SLILISNY 2 2 RQa aliBurdich gtdep rnomhBng dastfacing slopes wére they

form pockets of deep shade that are blanketed with an array of associated herb species.

¢tKS LINBASNWSQa NBRg22R FT2NBala adzFFSNBR | FI i
grew.d! £t odzi I FSg 3Tyl NI SR NbhHetves B& ahdiol3n & LILIS NI 2
part of the local microeconomy. They were cut and split for fence posts, rails, grape stakes, and
fdzYoSNJ FyR &a2tR (2 GKS FlIYAfASaAa K2 3INBG 3INI LI
trees rarely went further than ten nabk. The trail used to haul lumber up from Redwood

Canyon to Hill 1524 is still traceable through the canyon, and grape stakes may still be seen in

0KS YSIR2ga 0S06SSYy | A3K | Aff I(DeRevdrsi201B) mpHn &
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OEOSLIi FT2NJ 200FaArzylt Aaztl GSR adlyRrRa Ft2y13
and Grouse Hill, the onbignificantstand of redwood forest at Pepperwood is at Redwood
Canyon. Tanoalptholithocarpus densiflorugr. densifloru$ and California nutmedrbrreya
californicg occur in this enclave, as does trail plaftiénocaulon bicolyr whipplea YWhipplea
modestg, and western sword fernRolystichum munituin Mortality of tanoaks due to the

sudden oak death pathogeRkytophthora ramorumis quite high in proximity to our

redwoods, with hundreds of trees dying from the diseasge{Habitatspecific Management
Stratedes Section Mixed Hardwood Forest Habittdanagement for taoak management

details).

Vegetation alliances in Sawyer et@009)included inthe redwood forest plant community at
Pepperwood are limited to th8equoia semperviremrest Alliance (redwood forest).

Monitoring

The Pepperwood summer TeenNaternship program mapped the majority of individual

redwood trees growing on Grouse Hill in 2013, documenting diameter at breast height, stump
sprout counts and average heights, and evidence of fire and mortality. Starting in 2014, the
programusedthe Saé (1 KS wWSRg22R& [ SIF3dzSQa Y2y AdG2NRAy3
western sword fern populatiortsan important indicator of redwood community health. The
TeenNat program also collects annual observational data on herbaceous and animal species
found in edwood forests during the month of July.

A woody vegetation monitoring plot was established in Redwood Canyon in 2015 by
Pepperwood biologists and the California Native Plant Society using a modifiegtfonfprest
monitoring plot protocolAckerly et al. 2013Species composition, seedling and sapling
Fodzy R yOSS IyR GNBS IFANIK gAft 0S Y2YyAG2NBR
longterm forest monitoring plots. The 2015 monitoringsults were incorporated into the

[fl
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2015h)

Management Objectives and Supporting Activities

Current redwood forest management activities focus on invagiaat removal and londgerm
monitoring. Take 3.1 below provides additional details about these activities and their related
adaptive management goals.
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Table3.1. Redwood forest management and monitoring summary

Adaptive
Management o I _
Objective Management Activities Monitoring Activities Management
Goals Met*

1. Promote 1.1 Current: Minimize potentially | 1.1 Current:Monitor climate 1a, 1b,2d
redwood forest negative impacts to understory sensitive redwood understory
understory species | ggetation in all management using Save the Redwoods Leagus
g't\)/jr:zg]?gd activities including fuel reduction | protocol for sword fern

projects, prescribed burns, grazing monitoring; continue collaboration

and infastructure projects with CNPS to monitor redwood

cayon plot

2. Manage fuel 2.1 Current Continue removing 2.1 Current Mapping ofDouglas | 1a, 1b, 2d, 2f
loads associated Douglasfir (Pseudotsuga menziesii| fir treatment areas; resurveys to
with redwood forest | var. menziesii thickets on an annua guideDouglasfir hand removal

basis activities following initial clearing

2.2 December 207 Initiate dead 2.2 Current:Visual inspection and

tanoak management including photo monitoring

felling, lopping, and scattering dea

tanoaks to encourage 2.2 Potential:Map and monitor

decomposition and reduce fire dead tanoak management

hazards locations to document treatment

and recovery of these areas

3. Manage invasive | 3.1 Current:Invasive species 3.1 Current:Collect data on 2d, 3a
plants growing managemenfollowing early invasiveplant removal activities
within redwood detection rapid response protocols| (date, location, area, percent
forests cover, phenology)

* la-habitat diversity;1b-species diversity2d-promoting native vegetatior2f-beneficial
disturbances3a-control invasive plants. See Overarching Adaptive Management (agis,3,
for a full description of the numbered goals referenced above.

Management Discussion

Animals

Turret spiders Antrodiaetus riversiare found atRedwood Canyonyhichisalsothe summer
home of the redbreasted nuthatchSitta canadens)sTurkeyvultures Cathartes aurahave

0SSY R2O0dzYSY(GSR dzaAy3a o0dzNYy (G 2 dziThepSdhdiadpbdts ¢ 32 2 &
in Redwood Creek and the thick duff layer of the redwood forest floor also provide habitat for
the Pacific giansalamandeKDicamptodon ensatys

Rare andJncommon Species
The rare shrub Napa false indiganforpha californicaar. napensi$ occurs in Redwood
Canyon. Redwood lilyi{ium rubescenshas been found in Weimar Canyon, but may also occur

11C
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in Redwood Canyon. California nutmdgireya californicais uncommon at Pepperwood, with
a few trees occurring in Redwood Canyon. The slopes lining Redwood Creek in Redwood
Canyon are also home to an uncommon hybrid between western sword fern and sword fern
(Polystichum muniturm californicun). Recent (2015) ewshce of scratched and shredded
redwood bark suggests that tredwelling Douglas' squirrel3 @miasciurus douglaginay be
living here.

Invasive Species

Invasiveplanta. G KIF G I NB O2yiNBffSR Ay tSLIISNB22RQA
(Cytisusscopariu, Himalayan blackberriR(bus armeniacysand Klamath weedHypericum
perforatum).

Climate Change Considerations

Current regional vegetation transition models indicate that redwood forests may decline in
response to rising temperatures. Vegaten projections for the Southern Mayacam@sN
landscapey Al AYRAOIGS NBRg22Ra YlIe& oS I aOtAYIlI @S

suitable climate conditionfAckerly et al. 2015)

Figure3.1 to theright shows a  Figure3.1. Climatic water deficit (CWD) values associated witt

cumulative exceedance Russian River redwoo(islint et al. 2013)

probability curve for Russian

: 100%
Rlyer redwoods developed by 2 0% I — | ~
Flint et al.(2013) The blue 3 s0% o ===lowerl0%
m
yellowred color coding of the 9 0% T— middle 80%
curve shows where trees are 9-; EEE | emupper10%
occupying low to high CWD 2 40%
. . m
locations in the landscape, 5 0%
. E 20%
respectively.
P y o 10%
0%
Figure3.2 below shows that 200 400 600 800
t SLIISNE22R0a N Average CWD 1971-2000, mm/yr

occupy climatic water deficit

(CWD)alues ranging from 575 to 1000 mm/year. Approximately half of these forests are in
areas characterized by CWDs of 800 mm/year and above, clearly putting them near the upper
limit of their water deficit tolerance. Figui&3 below shows how future climathange

NXE

1
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Figures 3.2.a¢b. Distribution ofclimatic water deficit (CWDaluesat Pepperwood hya)
vegetation communityand b) redwood forest at Pepperwood relative to curi@wDvalues
Source: 10m BCM mean CWD 12810

3.2.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description

m Oak Woodland m Mixed Hardwood Forest m Grassland M Douglas-fir Forest mChaparral ™ Redwood Forest ® Wet Meadow

60

Acres occupied

CWD (mm/yr)

3.2.h. Redwood forest

% Veg Community in CWD Bin

CWD (mm/yr)
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Figure3bo @ | AA02NAOS OdzZNNBYy G |yR Fdzidz2NE LINR2SOGS
redwood forests
Source:2014California BCM
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The 276meter BCM data reveal that historical and recenty@ar averages of annual CWD
values in redwoodorests range from about 72760 mm per year, or 280 inches per year,
and are projected to reach a range of @900 mm per year, or 35 inches per year, by the end
of the century under a hot, low rainfall scenario (Figure 3.3). This level of increadéin C
exceeds historic range of variability for the preserve.

2 KAfS tSLISNBE22RQE NBRg22R F2NBada NS yz2d |0
their climatic range makes them a very important system to monitor as the climate changes.

We will continue to make redwood forests a focus for the Teenhtatnshp monitoring

program, which is conducted using Save the Redwoods League protocols as described above.
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Key factors under consideration relative to climate change include the following.

1 Redwoods have high daily moisture requirements, and so could betlgirmpacted by
extended droughts and increasing CWD

1 Redwoods are adapted to occasional fire, and under ideal conditions fire in redwood
forests recycles nutrients, thins stump sprouts, and may encourage redwood seedling
recruitment

1 Increased fire riskauld be problematic if fuel loads are high and fires burn too hot
causing tree mortality

1 Longlived tree species (>1000 years), such as redwoods, may be adapted to significant
interannual variability, which may lend them resilience

1 Western sword ferns piathe role of early indicators of drought stress in redwood
forests, shrinking in size or abundance during droughts prior to measurable impacts or
mortality in redwood trees

1 Fog alleviates summer drought stress, and is critical to redwood survival dating h
summer months, but it is not known how will fog change under future climate change
conditions

Knowledge Gaps and Uncertainties

Knowledge gaps are considered a major threat to biodive(€8igmmunity Foundation Sonoma
County 2010Q)Below are current major knowledge gaps about redwood forests as identified by
Pepperwood staff. This is not a complete list, but is meant to inventory the largest or most
problematic information gps. These gaps have been revealed, and may also be filled, through
the adaptive management process.

1 What is(are) the mechanism(s) that will drive redwood forests to decline within our
region under climate change?

1 Will species composition in redwood foteshange with future climate? If so, what will
the rate of community transition be?

1 Are prescribed burns and/or tree thinning management tools that can be applied in
redwood forests to control fuel loads, encourage regeneration, and support species
diversty?

1 Are there secondary pests or diseases that may be introduced from largefdief
tanoak that could threaten redwood forests at Pepperwood?
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1 How do the redwood populations and communities found growing in different ecotypes
vary (e.g., cool, wetaréda wWWSR@G22R /| ye2y8 @SNARdzz RNASNE
Kitchen, Grouse Hill])?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forward.

11€
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4. Douglasfir Forest Habitat Management

Resource Values of Dougl#@isForests

Douglasfir (Pseudotsuga menziesir. menziesiji has one of the broadest ranges of any North
American conifer, occurringnder a wide variety oflimatic conditions along most of

I FEAT2NY AL Q& Y 2 diyforests grovida iyigdrEadt habitatd fordhésting birds
and a wide range of mammals including blaaiked deer Odocoileus hemionusgibsp.
columbianu¥, which often graze on the shpgs. Smalnammals such as whi®oted deer

mice Peromyscus maniculatyssoles Kicrotussp.), chipmunksTiamiassp), and shrews
(Sorexsp.) consume large quantities of seedsith a single deer mouse devouring as many as
350 Dougladir seeds in a agle night(Burns and Honkala 199®eeds are also eaten by bird
species includinged crossbillsl{oxia curvirostrg juncos Junco hyemal)svaried thrush
(Ixoreus naeviys and song sparrowd/elospiza melodip Over 60 species of insects are
indigenous to Douglafir cones alone, but only a few damage a significant proportion of the
seed crop.

Adaptive patterns of genetic variation occur among Dougfgsopulations within local regions,

and evidence exists for "aspect races" in the vamagnziesiiA study from Oregon found that
seedlings from seed collected on more xeric southern slopes grow more slowly, set buds earlier,
and form larger roots in relation to shoots than seedlings grown from seeds collected on
adjacent northfacing slopes. These characteristics are consistentad#ptation to the

shorter growing seasons and drier soil conditions generally found on $aatfg slopes, and

may enable the soutffiacing seedlings to survive better under drought strg$¢srmann and

Lavender 1968)

Douglasfir Forests of Pepperwood

Douglasfir forest covers 350 acres at Pepperwoabtput 12 percent of the landncluding a

few impressive old growth stand§his vegetation commmity occurs primarily on nortfacing

slopes, but sometimes continues around hills to eastd westfacing slopes and ridgetops. The

shrubby understory is sparse in mature Douglaorests, such as those found at Grouse Hill,

between Redwood and Weimarl y @2y ax Ay tAySeé /lye2ys Srkaid 2
northern ridge of Rogers Canyon, and in Garrison Canyon.

Douglasdfir is well adapted to germinating and growing in shade, and can femselthickets
that often spread into other vegetation typessgecially mixed hardwood and oak forests.
Forests nearest tmature Dougladir trees are particularly at risk, dlse majority of seeds fall
within 100 meters of a seed tree or stand ed@ack 1955)Without wildfire or mechanical
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removal these fasgrowing trees form dense stands that eventually penetrate the oak canopy,
shade out the oaks, and convehe oak woodland to a Dougldis forest. Pepperwood

manages Dougla# to maintain oak woodlands, as described in Dak Forest Habitat
ManagementStrategy SectioQ.

Vegetation alliances in Sawyer et @009)included inthe Dougladir forest plant community
at Pepperwood are limited to thBseudotsuga menziesiorest Alliance (Douglds forest).

Monitoring

Douglasfir forests are being monitored as part of lotgym forest monitoring project

established in 2018Ackerly et al. 2013Plant phenology matoring in the Douglasir forest

northeast of the Dwight Center has also been ongoing since 2013. Annual breeding bird surveys
have been conducted at points adjacent to, and within, @asifir forests since 2007. Three

wildlife cameras were also instaflat permanent stations near Dougtfisforests in 2012.

Management Objectives and Supporting Activities

Pepperwood favors maintainirtge current extent olDouglasfir forests; however, as described
above we are observing a trend dfis speciesnvading oak woodlands armbnvertingthem to
Douglasfir forests.Please see the Oak Forest Habitat ManagenSadtion 2and theforest
management plan for Pepperwod&uphrat 2016jor more detail on how the preserve is
managing Douglar encroachment.

Some Douglafr forests have high stem counts per acre, andhsoning or prescribed fire may
effectively reduce seedling densities. These managnt technigues can also encourage fire
following and firedependent plant species, reduce pathogens, facilitate nutrient cycling, and
reduce fuel loads. Tab#%1 belowsummarizeshese and other management activities, and
their related adaptive management goals.

Table4.1. Dougladir forest management and monitoring summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*

1. Contrd Douglasfir 1.1 Current:Continue the 1.1 Current:Mapping and 1a, 1b, 2d2f,
encroachment into oak| Douglasfir mappirg and photo monitoring of treatment | 3a
forests removal programgee Oak areas; resurveys to guide han

Forest Habitat Management | removal activities following

[Section2] and the forest initial clearing

managemenplan for
PepperwoodEuphrat 2019




Table 4.1. Continued
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Management Objective

Management Activities

Monitoring Activities

Adaptive
Management
Goals Met*

2. Promote Dougladir
understory species
diversity and
abundance

2.1 Current:Minimize
potentially negative impacts to
understory vegetation in all
management activities
including fuel reduction
projects, prescribed burns,
grazing and infrastructure
projects

2.1 Current:None

2.2 December 202 Include
Douglasfir forests in the
prescribed burn plan to
promote species diversity and
understory growth

2.2 Potential:Investigate the
feasibility and effectiveness of
thinning standgo promote
understory speciesersus
prescribed burning

2.2 Current:None

2.2 Potential:Additional photo
monitoring

1a, 1b, 2d

3. Reduce fuel
accumulation that has
resulted from fire
suppression

3.1 Current:Map areas with
high tree density and identify
priority fuel treatment areas as
recommended in the forest
management plan for
Pepperwood Euphrat 2016)

3.1 December 201%As part of
the prescribed burn plan
create shaded fuel breaks in
Douglasfir forests

3.1 Potential:Investigate the
feasibility and effectiveness of
thinning stands versus
prescribed burning

3.1 Current:Mapping and
photo monitoringof treatment
areas; resurveys to guide hang
removal activities following
initial clearing

3.1 December 2023vonitor
shaded fuel break locations
every five years to mainta
function and ensure ongoing
comprehensive fuels
management

3.1 Potential:Map Dougladir
forest tree densitiego identify
areas that require thinning to
promote Dougladir forest

health

2d, 2f
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* la-habitat diversity;1b-species diversity2d-promoting native vegetatior2f-beneficial
disturbances3a-control invasive plants. See Overarching Adaptive Management (paajs 3,
for a full description of the numbered goals referenced above.

Management Discussion

Vegetation Management

Douglasfir forests at Pepperwood are managed to optimize diversity in tree stem counts per
acre; provide canopy openings, downed trees and woody debris, and snags; and support
species diversity. This includes managm@sive plantsuch asScotch broom@ytisus
sc@ariug, Himalayan blackberrRr(bus armeniaclysand Klamath weedypericum
perforatum). Mapping Dougladir forest tree densities will identify areas that require thinning
to promote Douglasir forest health Density teatment options will include me@mnical
thinning and prescribed firedescrited in Pepperwood's forest management pl@uphrat
2016)

Rare and Uncommon Plant Species

Californianutmeg {Torreya californicpis uncommon at Pepperwood, occurring in mature
Douglasfir forest, including at the top of Grouse Hill. Other locally uncommon plants found in
Douglasfir forest include coral rootGorallorhizasp.) and rattlesnake orchidGpayera
pubescenps

Animals

Great horned owlsBubo virginianusand northern spotted owlIsStrix occidentalisubsp.
cauring are found in Douglar forests. A longpccupied golden eaglé\quila chrysaetgsnest
is located in a large, brokeiopped Doudpsfir. Pileated woodpeckerdHylatomus pileatus
Douglas' squirrelsT@miasciurus douglakiiblack bearyrsus americanysand North American
porcupine Erethizon dorsatupalso inhabit these forests.

InvasiveAnimal Species

Barred owls $trix varig, a nonnative and potentially invasive species in California, have yet to
be detected at Pepperwood, but one may have been captured by our wildlife camera on a
neighboring property. Barred owls have the same diet and habitat as the threatened northern
spotted owl, and are potential resource competitors.

Climate Change Considerations

The discussion below considers potential responses of Pepperwood's Déufpassts to

projected longterm climate trends and changes to annual and seasonal variability. Hypotheses
presented here will be evaluated in the process of our {@rgn monitoring and adaptive
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management. In particular, we look at the contemporary distribution of vegetation resources
relative to climatehydrology gradients on the preservEhis analysis allows tsidentify
susceptible populationsas well apotentially welladapted populations capable of thriving in
an increasingly arid environment punctuated by more frequent extremes in rainfall, drought,
and fire.

Current regional vegetation transition models indicate that Doufjlaf®rests may decline in

response to rigg temperatures. Vegetation projections for the Southern Mayaca@Gias
landscapeunitindicate Dougla¥ A N& Yl & o6S | aOfAYF(GS t2aSNEE |
suitable climate conditionAckerly et al. 2015)

Douglasfir forests sparthe range of climatic water deficit (CWD) values that occur at
Pepperwood (Figuré.1).

Figures4.1.acb. Distribution ofclimatic water deficit (CWDaluesat Pepperwood hya)
vegetation communitynd b) Douglagir forest at Pepperwood relative to curre@GiVDvalues
Source: 10m BCM mean CWD 12810

4.1.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description

W Oak Woodland m Mixed Hardwood Forest Grassland ™ Douglas-fir Forest mChaparral mRedwood Forest m Wet Meadow

60

Acres occupied

CWD (mm/yr)
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4.1b. Douglasfir forest

ORNWREONON®O

% Veg Community in CWD Bin

CWD (mm/yr)

Areas with Dougla8r forest that have the highest CWD values may be stressed or disappear
first, such as in Garrison Canyon and Weimar East (MgixeHowever, if these populations

are adapted to high CWD values they may haveatively greater chance of surviving under a

hot, dry future. A portion of Garrison Canyon has high CWD for Defigasd is relatively

stable yeaito-year (Figurel.3), making it a target monitoring location for detecting the effects

of climate chang on Dougladir. On the other hand, Douglés Hill adjacent to the Dwight

Center has variable high CWD. It is unclear what the differences in interspecies competition and
survival may be in these two types of high CWD Dotfgidsrests.

The most likly refugia for Douglafirs at Pepperwood will be areas with relatively low and

stable CWD, and where a seed source is present. Such areas include portions of Garrison
Canyon, Weimar East, and the northernmost boundary of Blue Oak Ridge $Hi@uand 43).
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FigureddH @ | AA02NAOS OdzZNNBYy G |yR Fdzidz2NE LINR2SOGS
Douglasfir forests
Source:2014 California BCM
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The 276meter BCM data reveal that historical and recenty@ar averages of annual CWD
values inrDouglasdfir forests range from about 75860 mm per year, or 3(B4 inches per year,
and are projected to reach a range of 83010 mm per year, or 330 inches per year, by the

end of the century under a hot, low rainfall scenario (Figure 4.2). Thisdewarease in CWD
exceeds historic range of variability for the preserve.
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Figure4.3. Potential Douglaér forest monitoringocatiors categorized by comparing the

average andtandard deviation o€limatic water deficit
See Appendix D Climate and Hyogy, FigureD.27

MCV_Cmn VegType, Type

B Dougiasir Forest [ Douglas-fir, Stable - High CWD
D Douglas-fir, Stable - Low CWD / s

[ pouglas-ir, Variable - High CWD
D Douglas-fir, Variable - Low CWD
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Key factors under consideration relative to climate change include the following.

1 Douglasfir forest is predicted to decline under increasingly warmer climates

91 Douglasfir is predicted to decrease across Sonoma County, but is not sextlys
expected to disappear from Pepperwood

1 Moisture requirements are moderate to high for Dougfasand so extended droughts
and increasing CWD could directly impact their populations

1 Increased tree mortality due to drought or other climate stresseosild lead to
increased fuel loading and community composition shifts

1 Forest fuels may become drier, exacerbating the risk of fire and possibly increasing the
risk of devastating canopy fires

1 Changes in climate patterns may cause shifts in Dodiglemest species phenology

1 Pathogen abundance and host susceptibility interactions are complex and likely to
manifest in various ways both during droughts (e.g., lowered defenses against pests, or
decreased abundance of thermally sensitive pathogens) as weillragy extreme wet
conditions (e.g.increases in fungal pathogens and rots)

1 Invasive plants may be favored under future climate conditions, posing an additional
threat to Dougladir communities

Knowledge Gaps and Uncertainties

Knowledge gaps are consreé€l a major threat to biodiversitfCommunity Foundation Sonoma
County 2010)Below are current major knowledge gaps about Doufjtdsrests as identified

by Pepperwoodtaff. This is not a complete list, but is meant to inventory the largest or most
problematic information gaps. These gaps have been revealed, and may also be filled, through
the adaptive management process.

1 What is(are) the mechanism(s) that will driveuglasfir forests to decline within our
region under climate change?

1 Will species composition in Dougifasforests change with future climate? If so, what
will the rate of community transition be?

1 What are the biological and climate thresholds that fago disadvantage Douglds
forest species?

1 How will climate change affect interspecific interactions (e.g., competitors, mutualists)
in Dougladir forest?

1 How do the Dougla#r populations and communities found growing in different
ecotypes vary?
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1  Will Douglasfir encroachment into oak woodlands and mixed hardwood forest plant
communities be slowed or stopped by climate change?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forn
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5. Grasslands Habitat Management

Resource Values of Grasslands

Grasslands are some of the most economically and ecologically important habitats in California.
These diverse plant communities provide numerous ecological functions that benefit humans
and the natural environment, including food, fiber, and biochemicalliciee; ecological

services such as pollination, seed dispersal, climate, air quality, and erosion regulation; and
nutrient and water cycling, habitat creation, and soil formation and reten{Millenium

Ecosystem Assessment 2005¢mperate grasslands also contribute substantially to the storage
of soil carbon and are recognized as significant contributors to the global carbon cycling process
(Fischlin et al. 2007, Bertin 200®erennial grasses asdil organic matter both contribute to
facilitating soil water infiltratior(Curtis et al. 2015)nd also play a critical role in infiltration

and recharge oftgllow aquifers.

Grasslands provide important wildlife habitat for many species of birds, reptiles, amphibians,
rodents, and invertebratesGrasslands form important ecotones where they connect with
other habitat types providing foraging zones for anis#iat find refuge in adjacent shrublands
or forests.California grasslands are home to 24 threatened or endangered vertebrate and
invertebrate specieg§Jantz et al. 2007)nvertebrates are one of the most diverand abundant
groups in grassland ecosystems, and are essential herbivores, pollinators, predators,
parasitoids, and decomposers in these syst¢Bammways 2005)

I FEAF2NYAII Q& INI daftlyRa S@2f SR gA0K SLIAAaA2RAO0
megafauna of the Pleistocene era, and later, pronghorn ante{@péilocapra americangand

tule elk Cervus canadensssibsp.nannode$. Under pressure from predators, mammals moved

across the landscape in large he(&slwards 1992, 2004ut are thought to have been present

in the region year round (McKaypers. comm2015. Prior toEuropean contact, Native

Americans used fire, cultivation, and pruning to manage vegetation for textiles, food, and

wildlife habitat, creating another disturbance regime that impacted plant evolution and

distribution (Anderson 2005)Native burning occurred about four times per decade, but some

sites were burned on an annual asneeded basis (BBenson and QMicKaypers. comm. 201b6

Human development, industrial agriculture, the loss of native forbs and perennial grasses, and
the encroachment of woody species have made native grasslands one of the most endangered
ecosystemsn the state(Noss and Peters 1995, Cameron et al. 20Bd)opean settlers brought
large numbers of domestic stock animals, and along with them, the seeds efatwe plants.
Severe overgrazing, drought, and invaglants transformed the predominately perennial
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grass and annual forb landscape into annual grassland dominated byatwe annual species
(Bartolome et al. 2014 Phytolith evidence suggests that forbs dominated Central Valley
grasslands, with a higher egive percentage of perennial bunch grasses in the California Coast
Ranges and coastal prairie grassla(ieizett and Bartlome 2013) The exact historic forb and

AN} aa O02YLIRaAlGA2y 2F t SLIISNB22RQa 3INI aatlyRa
rich mix of both types of plantg&vett et al. 2013)The degradation of grasslanklg overgrazing

has left many conservationists skeptical of using grazing as a land managemédhrteamahner

1994) However, rangeland research and practical experience has demonstrated that properly
managed animal disturbance can have a positive impact on grasslands, as well as some native
fauna(Barry 2011, Bartolome et al. 2014)

Both native and nomative woody shrubs and trees can invade California grassland habitat.

Without control measures such as burning, cutting, pglliand grazing, woody species such as

coyote brushBaccharis pilularisubsp.consanguinepand Dougladir (Pseudotsuga menziesii
var.menziesji can alter biomass productivity, fuel structure, carbon storage, animal habitat,

and microclimate, ultimatgl leading to a vegetation type conversiors Q! yi 2y A2 Si |t @
The widespread conversion of perdal to annual grasslands may facilitate rainfall runoff,

stream channelization, and flooding. The numerous ecological benefits of grasslands described
earlier have lead Pepperwood to implement management practices to prevent succession of
grasslands to dter vegetation types.

Grasslands of Pepperwood

¢KS LINBaSNIBSQa 3ANJI & a tolgfiyR3d pexen@odtNg landinaltaspeasn 1 | O N.
and slopes, andlevationsranging from186 to 1,560 feet. These habitats are a mosaic of
annual nonnative grases,dense stands of the invasiperennialHarding grassRhalaris
aguaticg, native perennial bunch grasseserpentine grasslanavet meadowsand oak
savannalrt all interspersed with varying densities and compositions of forbs. Of the 73 grass
species found at Pepperwood, 34 are native to Sonoma CdDatievers 203), however,
grasslands are the most heavily invaded plant habitat on the preserve. A historical ecology
study has demonstrated a 10 percent net loss in grassland acreage at Pepperwood due to
woody species encroachment (e.g., Doudigscoyote brushkince 194ZDawson 2008)Evett
and Bartolome (2009)investigated plant phytoliths, or silica bodies found in the soil of the
grasslands at Pperwood, and determined that a majority of these grasslands have existed
here for millennia.

t SLILISNB22RQa 3INIFaatlyRa NBE AdGa Y2ad KSI gAf e
the majority ofinvasive plant management. During European settletn€alifornia’s native
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grassland species sewty declined due to overgrazindrought, and the simultaneous
introduction of invasive plants. Yellow dtiaistle (Centaurea solstitial)Jsncreased across the US
in the 1970s and was widespread in Califotnyal 981(Maddox et al. 1985)The deeper roots
and late season phenology ofgrgssivanvasive plarg likeyellow stathistle have increased
seasonal grassland dryng&nloe et al. 2004 Barbed goatgras&égilops triuncialisis another
species of particular concern, as it forms a persistent monoculture that has the potential to
displace the vast majority of other vegetation in our grasslands, includirsg@entine soils
(see Appendix Gwvasive Plan)s

Plant Communities

Common native perennial grasses include purple needleg&gm(pulchry blue wild rye
(Elymus glaucysCalifornia oatgras®@nthonia californica meadow barleyH{ordeum
brachyantkerum), and slender wheat grasElymus trachycaulusubsp trachycaulus.
California fescueHestuca californigas dominant under Oregon oa®(ercus garryansgar.
garryang stands. Common nenative annual grasses includeft chessBromus hordeacels
Italianrye grassKestuca perennjswild oats Avena barbaty and medusaheadE{(ymus caput
medusag. The nonnative perennial Harding grag8Halaris aquaticais common throughout
the grasslands and is often found growing in wet draina@epperwoodyrasslands support
more species of rifolium(clovers) than any other genus. The preserve boasts a total of 23
Trifoliumtaxa, 12 of which are native speci@eNevers 2013)

Serpentine grasslands at Pepperwood offer refugia for many ngtasses and wildflowers
some of which are endemic to these toxic sdlative perennial grasses found growing on
serpentine include squirreltaiEfymus elymoidegr. elymoide$ and onesided bluegras$oa
secundasubsp.secundd. A native annual fescué¢stuca microstachysccurs in serpentine as
well as in areas with depauperate sollkewise thehin soils at rocky outcrops contain native
forbs not found inother areas.

Vegetation alliances (Sawyer et 2009)and provisional vegetation allianc@dalbur et al.
2013)included inthe grassland plant community at Pepperwoae:

Avena(barbata, fatug SemiNatural Herbaeous Stands (wild oats grasslands)
Elymus glauculerbaceous Alliance (blue wild rye meadows)

Danthonia californicdderbaceous Alliance (California oat grass prairie)
Cynosurus echinati®emiNatural Herbaceous Stands (annual dogtail grasslands)
StipapulchraHerbaceous Alliance (purple needle grass grassland)

Phalaris aquatic&emiNatural Herbaceous Stands (Harding grass swards)

= =4 =4 4 -4 2
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9 Annual Noanative Grassland Provisional Alliance
1 MedusaheadKlymus caputnedusag Grassland Provisional Alliance

Wildlife

t SLIISNB22RQa 3INIaatlyR gAfREAFS Y2YyAG2NAYy 3 RI
such as blackailed deer, bobcatl{ynx rufusubsp.californicug, brush rabbits$ylvilagus
bachman), jack rabbitsl{epus californicusubsp.californicug, striped skunkephitis mephitis
subsp.occidentali$, opossumDidelphis virginiang coyote Canis latransubsp.ochropu$, and
wild pigs Sus scrofp It is noteworthy that the North American badg@&iakidea taxus a
grassland dependent mammal, wasselved on the preserve in 2011 for the first time in
recent history Our grasslands support populations of the locally rare, grasstemdndent
grasshopper sparrovdAmmodramus savannarunas well agall visitingburrowing owl Athene
cunicularig and lapland longspuiQalcarius lapponicigoth confirmed most recentlyin Fall
2016

The western meadow larkSturnella neglecteand western bluebirdSjalia mexicaneare

common in grasslands, as are California Kiragnpropeltis getula gopher(Ptuophis catenifey,

and garter snakegl'hamnophis elegansGrasslandiwelling voles and mice are important prey
for mammals such as badgers and coyotes, as well as raptors liketaiteté kites Elanus
leucuru$ and northern harriers@ircus cyane(sThreatened species associated with grasslands
at Pepperwood include thfoothill yellowlegged frog Rana boyl), northern harrier, and
burrowing owl.

Monitoring

Monitoring the impacts of management actions is essential to understand how they dffect t
LINSASNISQa o0A2t23A0Ff NB&aA2dzNOSaz FyR gAtft | ff
practices. Current monitoring projects include the following.

Grassland Monitoring Transects

Initiated in 2011, the annu&rassland Monitoring Projeessessg31, 55meter transects that
capture the diversity of grassland habitat, aspects, and soil types at the preserve. This project
documents grassland species cover, composition, richiegsnatter (thatch and littercover

and depth, and biomass productipand helps detegblant species transitions or movements
over time.
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Breeding Bird Surveys

Initiated in 2007, the annual Pepperwo@&ideeding Bird Survey is conducted three times during
the April to June breeding seasonwvdof the four monitoring transects have significant
grassland habitat.

Wildlife Picture Index Project

The Wildlife Picture Index Project utilizes motiactivated cameras, three of which are in
grasslands, to assess the occupancy of small to large marabthks preserve and to detect
changes in relative abundance and diversity over time.

Management Objectives and Supporting Activities
Key grassland management objectives and activities the preserve is undertaking to meet these

objectives are summarized Fable5.1 below.

Table5.1. Grasslands management and monitoring summary

Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*
1. Reintroduce or 1.1Grazing 1a, 1b, 23,
simulate disturbances | 1.1 Current Continue 1.1 Current Reviewrangeland | 2b, 2c, 2d, 2f

that were historic drivers | implementing conservation | monitoring data each
of maintaining a healthy | grazing strategies until at leag December §eethe

grassland community | 2023 (10 years), or until Conservation GrazinPlan for
prevent succession of deemed unsustainable for Pepperwood Presen|&illogly
grasslands to other ecological, hydrological, or | et al. 2016)

vegetation types, such ag financial reasons

forest or shrubland 1.1 Potential: Review financial,

ecological and hydrological
sustainability ofyrazing
program on a biannual basis;
ensure failsafe plan to
financially achieve 9ear goal
if necessary

1.2Fire
1.2 Current: Conduct 1.2 Current Vegetation pre
prescribed burns in invaded | and postburn monitoring;
grasslands native plant restoration
following prescribed burning
1.2 DecembepR017: using best practices

Incorporate grasslands into
the prescribe fire plan

13C



Table 5.1. Continued

Grasslands Pepperwood Adaptive Management Plan

Adaptive
Management Objective ManagementActivity Monitoring Activities Management
Goals Met*

1. Reintroduce or 1.3Planning 1a, 1b, 2a,
simulate disturbances | 1.3aFebruary 2017Explore N/A 2b, 2c, 2d, 2f
that were historic Native American traditional
drivers of maintaining al cultivation practices with the
healthy grassland Pepperwood Native Adisory
community, prevent Councilcapture oraltraditional
succession of history of grasslandand
grasslands to other managementgdevelop
vegetation types, such | recommendations for
as forest oshrubland | implementation

1.3bDecember 2018: N/A

Investigate alternative

disturbance methods and

regimesfor grasslands including

woody shrub invasion control
2. Maintain diverse 2.1 Current Create structural 2.1 Current Map grazed grsus | 1a, 1b, 2d

physical structure of
grasslands across the
preserve throughout all
seasons

diversity (plant height and
density) by temporarily
excluding up to 1@ercentof
grasslands from grazing
disturbance in a given year with
mobile fencesin addition to
permanent exclosureseethe
Conservation Grazing Plan for
Pepperwood Presery&illogly
et al. 2016)

ungrazed areas;isually inspect
structural diversity

2.1 Potential: Conduct photo
monitoring to catalog
structural conditions on an
ordinal scalejnvestigate use of
residual dry matter (RDM) as
an additional monitoring
metric; hvestigate proportion
of grasslands excluded from
grazing and length of rest
period to improvestructural

diversity
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Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*
2. Maintain diverse 2.2 Qurrent: Vary grazing herd 2.2 Current Record herd 1a, 1b, 2d
physical structure of density and duration based ol location, herd size, and date
grasslands across the visual biomass estimates to | range occupied per cell
preserve throughout all | achieve varied biomass (500 | enclosure; review grazing
seasons to 2,000pounddacre) (see monitoring data annually in
the Conservation Grazing Pla| December and incorporate intq
for Pepperwood Preserve timing for the following year
[Gillogly et al. 2016] 2.2 Potential:Record visual
biomass estimates in some
percentage of ceknclosures;
calibrate biomass estimates
among cattle managers by
linking measured biomass to
visual observations
2.3 Current Allow for 2.3Current Record herd
adequate plant recovery; vary location, herd size and date
the grazing pattern across the range occupied per cell
preserve seasonally to avoid | enclosurejn December
grazing the samarea during | annually aalyze geographic
the same season in batk- data on herd movements to
back yeargseethe monitor rest periods
Conservation Grazing Plan fo
Pepperwood Presery&illogly
et al. 2016])
3. Promote native 3.1 Current Annually assess | 3.1 Current Grassland, grazind l1a,1b, 2a,
perennial grasslands, soi| soil and grassland community soil, and streamflow 2b, 2c, 2d,
health, and watershed health in December by monitoring; continue 2e, 2f

function

reviewing rangeland
monitoring data; incorporate
the findings into the
management strategies
plannedfor the following year

3.1 March 2017Expand
permanent grazing exclosure
locations to include areas
adjacent to longerm
grassland monitoring
transects

monitoring soil organic mntter,
carbon storage and water
infiltration every three to five
years in grazed and ungrazed
sites

3.1 Potential:Monitor
grassland vegetation and soilg
in and adjacent to permanent
20m x 20m exclosures every
three to five years
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Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*

3. Promote native 3.2Current Continue native | 3.2 Current Document the la,1b, 2a,
perennial grasslands, soi| grass and forb propagation | number and location of 2b, 2c, 2d,
health, and watershed program; utilize locally restorationplantings 2e, 2f
function sourced seed/stock to plant a

least 5,000 native perennial | 3.2Potential: Conduct seeding

grass plants annually and propagation experiments;

consider using

3.2 December 2018evelop | hydromechanical obliteration

a grassland restoration plan | to prepare planting sites; track

for increasing the distribution | restoration planting projects

and abundance of native over time and their success

grasses; revisit the plan every rates

three years; maintain

abundance of native perennig

grasses over the long term

3.3 DecembeR025: Assess 3.3 Current:Rangeland

whether objectives are monitoring projects such as

accomplished for improving | grassland community,

grassland andoilhealth, and | hydrology, soil, and breeding

watershed function bird monitoring
4. Promote native forb See 2.3 aboveVary the See 2.3 above la,1h 2d

cover and species
richness

grazing pattern across the
preserve seasonally

See 3.1 aboveAnnually
assess grassland community
health in December

See 3.1 above

4.1 Current Use native forb
species in grassland
restoration and planting
practices; mclude native forb
seed in prescribed grassland
fire restoration seednixes
(see 1.2 above)

4.1 December 2018evelop
a grassland restoration plan
for increasing the distribution
and abundance of native
grasses and incorporate forb
species

4.1 Current: Prescribed fire
restoration forb seeding
monitoring
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Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*
5. Promote serpentine See 2.3 aboveVary the See 2.3 above la,1h 2d
grasslands grazing pattern across the
preserve seasonally
See 3.1 aboveAssess See 3.1 above
serpentinegrassland
community healtheach
December
5.1 Current:Control invasion | 5.1 Current:Visual
of serpentine grasslands by | observations, Grassland
non-native invasive plantgsee | Monitoring Project
Appendix C Invasive Plants)
5.1 December 201Pevelop a
nitrogen deposition monitoring
program for serpentine
grasslands
6. Promote vernal pool | 6.1 Current:Avoid grazing 6.1 Curent: Regularly discuss | 1a, 1h 2d

and seep habitat within
the grasslands

vernal pools and seeps when
wet to prevent disturbing
these habitats during sensitivi
seasons (e.g., amphibian
reproductive periods)

6.1 Potential:Investigate
optimal timing for grazing
vernal pools and seep to
manage invasive weeds

herd movement into new area
and visit field sites to identify
sensitive wet locations to avoid

6.1 Spring 2017Spring and
seep inventory and mapping

project

6.1 Potential:Monitor riparian
and aquatic habitats

6.2December 2017Develop
a management and
monitoring plan for invasive
wetlandplants (e.g., velvet
grass Holcus lanatus
pennyroyal Mentha
pulegiuni, waxy mannagrass
[Glyceria declinath (see

Appendix C Invasive Plants)

N/A
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Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*
7. Promote rare and See Management Objectives| N/A 1b
locally uncommon 3 and 4 aboveand the
grassland plant species | Appendix B Rare and
Threatened Plants of
Pepperwood
8. Promote rare and 8.1 December 2018 8.1Current Annual 1b
locally uncommon Incorporate ground nesting | Pepperwood Breeding Bird
grassland animal specieg bird management and Surveys
monitoring into the
Conservation Grazing Plan fo| 8.1 Potentia: Photo
Pepperwood Presen(&illogly | monitoring to catalog plant
et al. 2016 and grassland structural diversity in grazing
restoration plan enclosures during nesting
season; walk areas with groun
nesting birds prior to moving
cattle into the area to establish
buffers around discovered
nests
8.2 December2018:Assess N/A
the feasibility and
appropriateness of conducting
a burrowing owl habitat
creation and introduction;
Incorporate related goals and
activities into the grassland
restoration plan
8.3 December 2019: N/A
Incorporate North American
badger habitat management
and monitoring into the
grassland restoration plan
9. Control invasive non | See 1.2 aboveConduct See 1.2 above la, 1b, 2a,
native plants in prescribed burning to control 2b, 2d, 3a

grasslands

invasive plants
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ManagementObijective

Management Activity

Monitoring Activities

Adaptive
Management
Goals Met*

9. Control invasive non
native plants in
grasslands

9.1 Current:Continue existing

invasive plant management
activities(see Appendix C
Invasive Plants)

9.1 CurrentVisual
observations; grassland
monitoring transects;
documentation of weed
management area treated,
treatment method, etc.

9.1 Potential:Explore potential
to implement increasingly
specific treatments of invasive
non-native plants and woody
shrubs using graziy identify
areas that can be mowed with
a tractor or weed whip to
control invasives such as yellg
starthistle

1a, 1b, 2a,
2b, 2d, 3a

10. Control invasive
animals in grasslands

10.1 CurrentContinue

existing invasive animal
hunting program

10.1 Current: Monitor
occupancy rates of invasive
mammals and birds through
the Wildlife Picture Index
Project; visual observations;
document wild turkey and pig
occurrence and removal;
monitor ponds for bullfrogs

1a, 1b, 3b, 3d

11. Utilize locally sourced
seed/stock in restoration
projects

11.1 CurrentContinue

collecting native perennial
grass seed from Pepperwood
for restoration projects (see
3.2 above); when purchasing
seed use local ecotypes,
preferably from Sonoma
County; coninue expanding
seed and propagule
collections to include native
forbs

11.1 CurrentDocument on
site seed source locations

11.1 Potential:Track where
seed is collected and planted,
and the success rate of
planting to determine if there
are local ecotypeffects

1c
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Table 5.1. Continued

Adaptive
Management Objective Management Activity Monitoring Activities Management
Goals Met*
12.Reduce erosion in 12.1 CurrentContinue 12.1 CurrentVisual 1b, 2a
grasslands and control | improving and maintaining observations, photo
sedimentation into creekq preserve road systertsee monitoring
Introduction: Setting and
Drivers, Sectiog,
Infrastructure and
Development Restrictions)
N/A 12.2 Potential:Field survey to
identify headcuts and other
problematic erosion areas to
determine appropriate
treatments; ncorporate
proposed treatments into the
grassland restoration plan;
consider using LiDAR products
to inform this process
13.Incorporate climate | N/A 13.1 March 2017tncorporate | 1a, 1b, 2a, 2c
change into our grasslan( climate data into the grasslang 3a, 3b, 3c, 3d

management program monitoring project design by | 5
representing the range of
CWD, Tmin, Solar radiation,
etc., that grasslands occupy
(see Figure B establish
exclosures adjacent to
grassland monitoring transectg
to tease apart the effects of
climate versus management o
grasslands

13.1 Potential Investigate the
association of grassland unde
different AET regimes

*1a-habitat diversity;1b-species diversity2a-water cycle2b-soil health;2c-nutrient cycles2d-
promote native vegetation2e-landscape connectivit@f-beneficial disturbance3a-control
invasive plants3b-control invasive animal8c-new species3d-infectious disease&-protect
resources. See Overarching Adaptive Management Guadg 3for a full description of these
goals.
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Management Discussion

HistoricalGrazing

Grazing is a tool many land managers use to improve soil health, reduce thatch cover, combat
invasiveplants, increase native species diversity, and restore historical impacts of native fauna.
Historical grassland management at Pepperwood has been doyés historyof ranching and
farming. Survey crew notes from 1858 describe grazing domestic animals on the ridgetops near
Three Tree Hill. Vineyard row mounds can still be detected along some ridgetops near the
Strebel Homestead, Three Tree Hill, GoodrHamestead, and Hendley Flat. Old Sonoma

County maps also show the barn meadow as agricultural (@hdmpson 1877)

t SLILISNB 22 RQA f @oftie giaZing as NiBsslghd madzagemgntrioay bethe

reason for the existing species richness and prolific cover of native perennial grasses at the
preserve. The Bechtel family had cattle at Pepperwood from the 1950s to 1979, when they
donated the lad to the California Academy of Sciences. The Academy continued to use cattle
as a seasonal management tool to create disturbance in the grasslands, reducing thatch levels
and the occurrence of invasiy#ants such as Harding grass. Average herd size Bfhariimals

with a range of 80 to 300 head. Cattle were brought on the land from November to February
and removed by the end of May. They were rotated among five pastures, typically visiting each
pasture twice during the season. Decisions about stockirey gabzing season, and pasture
rotations were made by the Preserve Manager in consultation with the herd owner.

While this grazing program (prior to 2013) was an important tool to increase grassland health, it
also had some significant shortcomings. Mostably, the program applied the same timing

and duration year after year, which tends to exacerbate the negative impacts grazing can have
on grassland health. Additionally, animal impacts and density cannot be maximized or highly
controlled with large psture, openrrange grazing. For example, stocking rates can be modified
for entire pastures, but cannot be controlled for specific locations within those pastures that
may require more or less disturbance to maximize grassland health. Lastly, the traditiona
grazing contractor may be more invested in putting weight on their animals than promoting
healthy ecosystems. To address these issues, Pepperwood transitioned to an experimental
conservation grazing strategy in 2013.

Cattle managers are using electric fencing and portable water systems to maximize their ability
to control animal density and duration based on different grassland types and changing
environmental conditions. The Pepperwood Conservation Grazing Prograndato

demonstrate that by using higtlensity, short duration grazing with adequate periods of forage
recovery, rangeland managers can make progress towards conservation goals. See the

13€
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Conservation Grazing Plan for Pepperwood Preg@046) for grazing gals and objectives,
herd management strategies, and targeted impacts.

Conservation Grazing

Conservation grazing objectives include minimizing bare ground; trampling of standing biomass
and thatchto encourage decomposition; minimizing soil compactioanipulating seasonal

timing to promote diversity of animal impacts; controlling animal impact on wetlands, creeks,
and springs; creating variable grassland structure; reducing woody shrub invasions; and
promoting animal health.

In February 2013, Pepperwdgartnered with Holistic Ag to use cattle to replicate the
disturbances historically produced by native herding animals. This grazing approach allows
maximum versatility with respect to herd stocking rates, density, duration, timing, and rest.
Electric fecing and portable water systems are used to control livestock density and duration
on varying grassland types in response to soil conditions, weather, topography, season, and
animal performance. The goal of the program is to demonstrate that by usinediggsity,

short duration grazing and adequate periods of recovery, rangeland managers can make
progress towards grassland conservation g¢@itiogly et al. 2016)

Some paddocks are left ungrazed (or lightly grazed) to increase grassland structural diversity
and to provide for observational comparisons with neighboring grazed paddocks. This approach
creates variation in grassland structure, utilizing biomass andsidual dry matterRDM

estimates as a measure of that variation. Additionally, a mosaic of biomass or RDM levels may
promote plant richness and vigor under varied weather and climatic conditions:deiggsity

grazing during flowering and seed set candasignificant negative impact on the annual
reproductive success of grasses and forbs, which is negated by varying the seasonal timing of
grazing a particular pasture. The short duration of Fagimsity grazing allows for a grazed plant

to fully recoverprior to being grazed again.

TheConservation Grazing Plan for Pepperwood Preg@w¥egly et al. 201&)utlinesthis
approach in greater detail.

Conservation Grazintmplementation Monitoring

Soil health is monitored using protocols developed by Point Blue Conservation S&lerxg
et al. 2015) Water infiltration, bulk density, and soil carbon are measlat three to five-year
intervals. Monitoring locations are established at a subset of grassland trameedtoring
sites.
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Grazing spatial data (enclosure fence lines), stocking rates, and enclosure move in/out dates are
recorded throughout the yeansing Google Earth and exported to Geographic Information

System (GIST.0 date, nine ungrazed 20 x-Bfketer exclosures have been established within

larger grazed pastures. Additional ungrazed and permanently fenced transects will be
established adjacenbta subset of existing grassland monitoring transectéjmyl 2017 Real

time visual observations and photo documentation of biomasRDBMwill help to gage optimal
animal impact.

Prescribed Burning

Most grassland ecologists and managers agree that fire is an important, if not essential
component of native California grasslarn@®einer 2007)Fire is an attractive management tool
because it emulates a natural disturbance and can be applied at a scale relevant to
conservation goals. Prescribed fires can reduce thatch, mgdifssland structure, control nen
native plants, and preserve grasslands by reducing invasion by woody species while promoting
fire-adapted native plants.

Pepperwood is developing a prescribed fire management planitichides two small
experimental burst one in grasslands, conducted June 2016, and one in a hardwood forest,
possibly in the fall of 20l The grassland bumvastimed to have the greatest impact on the
invasive, nomative medusahead grass. After the burn, the sigsdivided into an areadr
planting native grasses from plugs, and two native grass and fesbading areas using 1)
broadcast seedingnd 2) plowing lightly with a harrow before broadcast seedingfatidwing
with the smooth harrow side after seedinlonitoringconsistsof 55-meter transects in each

of the three treatment areas that will be surveyed before and after the burn and following the
restoration, as well as four transects in-vestored areas as a control.

Invasive PlanManagement

Pepperwood manages invasigiantsto enhance native plant populations, improve habitat for
wildlife, and support healthy watersheds. Our ultimate goal is the elimination or control of
invasive plant populations. Although primarily focused on grasgiamts, 35 different species
makeupld KS O2NB 2F t SLIISN¥B22RQa Ay@dlFairgdsS LX Iy
GIS mapping; yeaound monitoring; and the documentation of treatment methods including
herbicide applications, manual removal, flaming, and early detection and prevangasures.
Multiple smaliscale projects have testadvasive plantnanagement approaches and

restoration methodologies by applying various control treatments to target invasive grass
populations.

14C
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Harding graséPhalaris aquaticg an invasive perennidk widespread at Pepperwoatsa

result of broadcast seeding after the 1964 Hanley Fire. Treatments for Harding grass have

included: 1) hand removal, 2) chemical treatment, 3) burning small plots, and 4) sheet

mulching, all of which were followed by plamg native grass starts. Hand removal is highly

labor intensive but effecte. Chemical treatment, usindyghosate, was over 80 percent
STFFSOUGAGS G (AffAY3I | FNRAY3I 3INIaa aoOf dzvyLaxzé
outright. Burning usig a flamer during wet months was seldom effective at killing well

SaGlrof AaKSR aOfdzyLlazé odzi ¢l a STFSOUABS 2y Ay
2013demonstrated total control of Harding grass, but was very labor and resource intensive.

MedusaheadElymus caputnedusag treatments include higlilensity animal (cattle) impact
and treating sites by flamingr prescribed firdoefore planting native grasses. Higlensity
grazing was very successfutrieatinga predominantly medusahead grasstamear Turtle
Pond. Late spring timing appears essentiathasis when the plant is flowering (Apgduly).
The removal of plants and that¢hrough grazingevealed multiple purple needlegrass plants
that were able to capitalize on the canopy openimgldhrive with renewed vigor. Likewise,
timing is essential in usirftamingand prescribed firéo controlmedusahead, with best results
when it is applied during seed development in late May and early June.

Barbed goatgras@egilops triuncialissites are visitedegularlystarting in March to determine
maturity and visibility, at which point cover is estimated and all material is hand pulled. Sites
were mapped and measured in 2015, as well as flagged along their perimeter to facilitate early
identification and to monitor changes in size within-patch experimerdl approach was

employed in the early growing season 2015 and 2@l&mpare the success of flaming to

hand pulling Flaming took the same level of effort when barbed goatgrass coverhigdut

was no more effectiveand possibly less stinan hand pulling.

Rush skeletomveed (Chondrillgunced is treated with the Brbicide Transline as early as
possible irthe growing season combined with clipping and bagging bolting vegetation.ihgcat
individual plants becomes easier as grasses start to brown, usually in May, and spraying may
need to be repeated during the summdihis species has such a rapid life cycle that it may
require yearround monitoring and treatment.

Ydlow stathistle (Centaurea solstitialisis treated each June using the herbicide Transline,
applied manually using backpack sprayers. Hand pulling is used to remove individual plants
missed during the herbicide treatment and in sensitive areas where Transline is not
appropriate. Occasionally we alter herbicide chemicals to address the issue of developing
resistance to Transline.
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Other management tools under consideration but not widely uisetlide mowing, tarping,
and hydromechanical obliteration

Native Plant Propagatiomand Restoration

Pepperwood has been actively seeding or planting native plugs and monitoring their success as
part of an integrated grassland restoration strategy. In 2015, asitengreenhousand
shadehouseavas constructed to increase native plant pegationcapacity

Native perennial grass seed is collected annually, propagated on site, and planted in select
grassland habitats to increase tabundance andover of native grasselpwards of 15,000
plants are planted each year using mostly voluntedor. Grass species that are propagated
through seed collection include: purple needlegrass, California fescue, blue wild rye, meadow
barley, slender wheat grasandCalifornia oatgrasg\reas that have been previously planted
include the barn meadow, ahg disturbed roadways throughout the preserve, in the
demonstration garden, adjacent to the Dwight Centand in a seveacre prescribed burn site
south of Three Tree HilFuture restoration sites includgaescribed burn aregsoadside

erosion controlocations, a small wet meadow adjacent to the barn meadow, reclamation of
construction sites near the Dwight Center, and a road cut in serpentine chaparral.

azal 2F GKS LINBaSNWBSQa ydndedr@t&arahimilthd BwightS & G 2 NI G A
Center andat road improvement sitedlydroseeding California meadow barléyofdeum
brachyantherunsubsp.californicun) was successful in some areas following ground surface
disturbance fromDwight Centerconstruction activities. An additional 30,000 purple

needlegass, California fescue, and blue wild rye starts were also successfully established

around the Dwight Center

Invasive Animal Control

Though not abundant, nenative animals at Pepperwood such as feral pigkl turkeys

(Meleagris gallopavpand Europea starlings $turnus vulgariscan have significant ecological
impacts. Pigs and turkeys are controlled by the volunteer hunting program, overseen by the
Preserve Manager. While hunting will never eliminate targeted species, it kills individuals, and
more importantly forces the animgito move across the landscape and not settle into a
particular location. European starlings are not currently managed. This topic is more fully
addressed in AppendixWildlife Species Lists.
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Grassland Management Goals
Table 5.1 summarizes the managemh objectives and activities that help us achieve the
following grassland management goals:

Reintroduce or simulate disturbances that were historic drivers of maintaining a healthy
grassland community

Historic disturbances that maintained healthy grassland communities include: prescribed burns,
grazing, browsing and foraging animals, and Native American cultivation practices.

Prevent succession of grasslands to other vegetation types, such as fasildand (i.e.,
keep 900 acres of grassland as grassland)

Without disturbance, grassland communities shift into shrubland and forests due to woody
plant species invasion. Utilizing disturbance tools such asdeghkity grazing, mechanical
removal, or fre keeps common woody plant invaders such as coyote brush and Déiglas
from encroaching into grassland communities.

Maintain diverse physical structure of grasslands across the preserve throughout all seasons
To support a diverse array of plants aniddhfe, we manage for an assortment of vegetation
heights and densities (i.e., physical structure) by varying grazing timing, density, duration, rest
period, and by installing permanent grazing exclosuvés assess structurdiversity in

grasslands byisually monitoring biomass throughout the year.

Promote native perennial grasslands, soil health and watershed function

Native perennial grasslands are rich in species diversity and were likely a dominant grassland
community in the California Coast Rasgwior to European settlement. The roots of perennial
grass species facilitate water infiltration by penetrating the soil to depths upwards of three
meters. Improving conditions for native perennial grasses (e.g., reducing thatch cover,
increasing soil @anic matter, and reducing competition with nortive species) requires the
promotion of soil health and may ultimately lead to improved watershed function.

Promote native forb cover and species richness

Forb species contribute to the overaibdiversity of grasslands at Pepperwood, and are used as

a food source for pollinators and granivores, provide ecosystem services such as fixing nitrogen

into soil, and draw visitors to Pepperwood to admire their beauty. Trampling and herbivory

caused bynigh-density grazing duringthe fodhQ Ff 2 g SNA Yy 3 LISNA 2R Yl & KI ¢
on reproductive output and seed set, potentially resulting in a loss of forb cover and richness in
subsequent years. Monitoring such potential impacts is key to informimgnamnagement

practices.
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Promote vernal pool and seep habitat within the grasslands

Aquatic habitats in upland areas of the preserve exist as isolated islands with unique floral and
faunal assemblages. In Peppeod's grasslands, they amostly ephemeralalthough many
springs have perennial surface water. These sites are extraordinarily productive and active
during wet periods, providing critical food and water resources that support the local
ecosystem. Standing vegetation at water sourcesises as aubstrate formetamorphosing
insects ands utilizedas cover from predation by amphibians and juvenibethern western

pond turtles(Actinemys marmorataubsp.marmorata). Standing vegetation and thatch may

also prevent rapid desiccation of rearing podilsing annual drying.

Control invasive, nenative plants

Invasive plants increase competition for resources with native species. Some species degrade
habitat quality for wildlife and can be detrimental to domestic grazBia+-native annual

grasses hawless water infiltration potential and sequester less carbon than native perennial
grasses.

Control invasive, nenative animals

Non-native animals compete with native species for resources, prey on native species and can
spread infectious diseases. Antan bullfrogsl(ithobates catesbeianysre voracious
predatorsand inhabit wetlands within our grasslandeéPreservewide Management
StrategiesSectiord). Wild pigs are an unaturaldisturbance inCaliforniagrassland habitats and
harbor diseasesuch as Brucellosis, tularemia, and pseudorabies.

Utilize locally sourced seed/stock in restoration projects

Locally sourced seed stock has genotypes that are adapted to local conditions, which can
improve the outcome of restorations projects. Climatenge may necessitate modifying this
objective to utilize genotypeand/or speciedetter adapted to new conditions.

Reduce erosion in grasslands and control sedimentation into creeks

Sediment runoff from poorly managed grazing areas and roadsigaificantly impair the

guality of salmon and trout streams. In a healthy stream, young salmon and trout hatch and

hide in the spaces between cobbles and stones to avoid predation and forage for food. The area
of the stream where flowing water extends davnto the gravel is also extremely important for
aquatic invertebrates, which supply most of the food for the young salmonids. Fine sediment
clogs the spaces between streambed gravel, destroying this key habitat.
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Climate Change Considerations

Thediscussion below considers potential responses of Pepperwood's grasslands to projected
longterm climate trends as well as changes to annual and seasonal variability. Hypotheses
presented here will be evaluated in the process of our @rgn monitoring aml adaptive
management. In particular, we look at the contemporary distribution of vegetation resources
relative to climatehydrology gradients on the preserve today. This analysis allows us to identify
susceptible populationsas well as potentially welidapted populations capable of thriving in

an increasingly arid environment punctuated by more frequent extremes in rainfall, drought,
and fire.

Grasslands occur in many different climates, and current regional models of vegetation
transitions due to clirate change are relatively inconclusive regarding whether grasslands may
expand or contract in response to rising temperatug@skerly et al. 2015)ndividual grassland
species may be losers or winners under climate change, but such projeat®moarrently a
knowledge gap.

Grasslands span the range of climatic water deficit (CWD) values that occur at Pepperwood

with the exception of locations characterized by the highest CWD levels on the preserve (Figure
5.1,up to>1175 mm CWD).
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Figures5.1.a¢b. Distribution ofclimatic water deficit (CWDaluesat Pepperwood hya)
vegetation communityand b) grassland at Pepperwood relative to curt@wDvalues
Source: 10m BCM mean CWD 12810

5.1.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description

m Oak Woodland m Mixed Hardwood Forest Grassland ™ Douglas-fir Forest mChaparral mRedwood Forest m Wet Meadow

60

Acres occupied

CWD (mm/yr)

5.1b. Grassland

16
14
12
10

8

SN =S
"

% Veg Community in CWD Bin

CWD (mm/yr)

Across the preserve's grasslands, CWD is particularly high along Martin Creek in the
northwestern arm(726¢750mm historically, 904975 mm projected), and at the preserve
entrance (826850 mm historically, 9761,050 mm projected) where there are serpentine
grassland communities that are especially rich with forb sp€€iggires.2). In general, the
ridgetop grasknds at the center of the preserve (e.g., at Three Tree Hill) occur at higher
elevations and have a relatively lower-g8ar mean CWD than the rest of the preserve. This
area is rich with native bunchgrasses including purple needlegrass, blue wild If@n@a
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oatgrass, red fescué-€stuca rubrg squirreltail Elymus elymoidegar. elymoide$, and Idaho
fescue Festuca idahoengis

Figure5dH @ | A3 G 2NA O OdzZNNBYy G X | yR Fdzidz2NE LINR2SOGS
grasslands
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The 276meter BCM data reveal that historical and recenty@ar averages of annual CWD

values in grasslands range from about @880 mm per year, or 283 inches per year, and are
projected to reach a range of 765005 mm per year, or 3@0 inches per year, by the end of

the century under a hot, low rainfall scenario (Figure 5.2). This level of increase in CWD exceeds
historic range of variability for the preserve.

Even though we characterize CWD in grasslands at Pepperwedudypothesie that actual
evapotranspiration (AET) may be a better indicator of change than CWD for grasslands because
species senesce prior to the enflseason dryconditionswhichare not considered for the
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QWD model §. Weispers. comm. 2016 We will investigatehe association of grassland under
different AET regimes.

Grassland Monitoring Project

We analyzed the percentage of grassland monitotragsects that lie within differenCWD
ranges aspect, topographic position index, slope, minimum temperature (Tmin), and solar
radiation (SolRad) (FiguBe3). Generally we found that the transects represent the topography
and climate of Pepperwood's grasslands with the exception of high CWD régigndVartin
Creek in the northwestern arniF[gure5.2]), where more transects will be established before
the 2017 sampling seaspn

Figures 5.3.a¢f. Climate analysis of grassland monitorif@lLM)transects as compared to
grassands as a whole at Peppenod

5.3.a. Percentage of GLM transects and grasslands at Pepperwood by climatic water deficit
(CWD)
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5.3b. Percentage of GLM transects and grasslands at Pepperwood by aspect
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5.3.c Percentage of GLM transects and grasslands at Pepperwood by Topographic position
index
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5.3f. Percentage of GLM transects and grasslands at Pepperwosaldryradiation
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Interannual Variability

Precipitation variability influences grassland forb production, with increased drought conditions
possibly favoring nomative invasiveplants such as storksbilE(odium botrysor yellow

starthistle. On the other hand, wet springs tend to favor coyotesbr as evidenced by our
Grassland Monitoring Project and photo monitoring data.

Grasslands may have lower productivity (i.e., decrease in AET) and diversity under increased
drought conditions. During the first couple years of the 2(A@15 drought, Pepp&vood staff
observed an increase in narative forb abundance and diversity. This was followed in spring
2014 with a decline in forb abundance and diversity. In spring 2016, a rebound of forbs was
observed in response to increased rainfall and soil mogsawailability. Many species that had
not been present in previous years were seen in abundance, such as dwarf owl's clover
(Triphysaria pusillrand parentucelliaRarentucellia villoga Others that had relatively low
abundance in drought years, baxhibited dense displays in spring 2016 include biegs gilia
(Gilia tricolo) on serpentine outcrops, Monterey centaue(tnera muehlenbergjiJepson's
leptosiphon Leptosiphon jepsonjirattiesnake gras8Btiza maximg and narromeaved clover
(Trifolium angustifoliun), to name a fewln 2016 we also observed a reduction in native
perennial grass cover in many of our native grassland monitoring transects compared to the
previous years. Whether this can be attributed to the drought or our graziagtipes cannot

be determined.

Decreases in overall AET may enable drodglerant perennial native bunchgrasses, such as
purple needlegrass or Idaho fescue to increase in abundance. Their deep root system allows
them to tap into groundwater reserves unailable to shallowooted, nornative annual

grasses and forb species, giving them a competitive advantage. On the other hand, California
oatgrass tends to occur in deeper, wetter soil conditions and may be negatively affected by
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increases in CWD and rettions in AET. The complex responses of grassland species to
changes in AET and CWD may be captured by our annual Grassland Monitoring Whigéct
documents biomass (e.g., productivity or changes in AET) and abundance (e.g., species
composition, oculacover estimates).

Seasonal Variability

Shifts in seasonal rainfall may impact plant phenology. Spring seasons that start and dry down
early tend to reduce the reproductive output of grasses, especially native perennial
bunchgrasses (see the grazing andugjht discussion below). The reduction of grass seed
production hagmplicationsacross the food chain, affecting seftaging animals such as

birds, rodents, and ants, which in turn affects their predators. Early springs also produce poor
summer forage gality for browsing deer ograzingcattle.

Changes in seasonal timing can also cause phenological shifts that uncouple complex
relationships between host plants and animals that rely on them for food, shelter, or
reproduction. A graduate student from WB&rkeley is studying the effect of aspect on grassland
species phenology by comparing nortind southfacing slopes at Pepperwood.

Groundwater Recharge

Grasslands are critical to hydrologic function, turning a greater proportion of water inputs into
groundwater recharge than any other vegetation type. The relative differences in recharge
among vegetation types are more pronounced in drier clim@kés and Jackson 2012)d
therefore the recharge value of grasslands can be expected to increase in a hotter drier
California future.

Habitat Suitability for Invasive Plants with Climate Change

CalWeeMapper (California Invasive Plant Council 20i56an online tool to look at potential
increased risk of invasives resulting from climate change. None of the 19 outrofé&ive
plants managed at Pepperwood are predicted to undergo widespread expansion in habitat
suitability by the year 2050, and in 14 of the 19 modeled species the suitability remains
unchanged through 2050.

Out of the 35 invasive plant species consetkin this management pla@4 occur in

grasslands. Specifically, common tegBepsacus fullonujnis projected to have moderate
expansion in suitable habitat and blessed milk thisB#ybum marianumis projected to have a
small expansion. Rush skelatweed may undergo a widespread reduction in habitat suitability
in Pepperwood's vicinity, whereas stinkwolliftrichia graveolensand oblong spurge

(Euphorbia oblongatemay undergo moderate and small reductions, respectively.
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How Did the Grazing Progm Need to Adapt to Drought?

The 20122015 drought facilitated changes in the cattle grazing program. Low rainfall reduced
forage production, limiting the stocking rate. Low rainfall in late spring specifically, led to early
senescing of annual grass foeagvhich led to lower herd density and/or more frequent moves
between enclosures. Spring 2014 saw normal grass flowering, but extremely low purple needle
grass seed production. The herd relied heavily on native grasses for nourishment during the dry
season cropping them close to the ground. Those same grasses exploded to life in December
2014 with very little prior rain, demonstrating their ability to pull moisture from deep
underground.

Knowledge Gaps and Uncertainties

Knowledge gaps are considered a major threat to biodive(€igmmunity Foundation Sonoma
County 2010Q)Here we list major knowledge gaps regarding our grasslands that hame bee
identified by Pepperwood staff to date. This is not a complete list, but is meant to inventory the
largest or most problematic gaps in knowledge. These gaps are revealed, and may also be filled,
through the adaptive management process.

=

Do grasslands hawspecific climate thresholds?

What soil types, mycorrhizal associations, and soil microbes are associated with
different grassland types?

What is the role of microbes in soil health and nutrient cycling?

What are the grassland structural requirements diiferent wildlife species?
Historically, what portion of our grasslands were forbs versus native perennial grasses?
What species lie dormant in the seedbank and how do they differentially respond to
management treatments?

Moving forward, how is the newptimum different than historic conditions?

How can prescribed fire be utilized to meet grassland management goals?

What is the ideal fire interval?

Are current management actions increasing aative forb cover?

If so, how can we modify our managementré&verse this trend?

How can we discern climate, invasion, and management effects?

When is it beneficial to graze springs and seeps?

How effective is ouConservation Grazing Prograhmeeting conservation targets?
Native perennial grasses are good fodhylogic function, but are our management
activities increasing their cover?

1 Where have we planted native grasses over the years, and how many? What has
survival been?

=

= =4 =4 A
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1 Are current grazing practices impacting native grass cover?
1 Will prescribed burning impa native grass cover?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forward.

Grassland Research at Pepperwood
Below we list grassland research projects at Pepperwood andfthdings.

Research Findings

Carlson (2011Effects of grazing on native plant abundance and diversity in a California

grassland invaded biyhalaris aquatica
Comparisons of grazed andgmzed sites found that grazing reduced the cover and
fitness of Hardig grass but had no significant effect on native and-native cover or
diversity. However, grazing did significantly increase-native forb cover. Average
differences in native and nenative cover and diversity were insignificant for the study
systemas a whole, but there were large differences at some sites.

Dawson (2008Mistorical baseline study of the grassy ridges at Pepperwood Preserve
Historical evidence since the beginning of the historical record in 1858 confirms the
existence of large, opegrassy areas centered on the ridgetops at Pepperwood
Preserve. The evidence also suggests that the size of the grassy areas has declined about
10 percent since 1942, and by some additional amount since thel8fi¢entury.

Evett and Bartolome (200®hytolith analysis of grassland soils at Pepperwood Preserve
Phytolith evidence strongly supports and extends the conclusions of the concurrent
historical ecology study at the Pepperwood Preserve (Dawson 2008): the areas of open
grassland seen today havedepersistent features of the landscape for a minimum of
several centuries and probably for millennia.

Shade (2010Dpifferences in population differentiation between an outcrossing and selfing
speciegLupinus bicolor and L. nanus)
This study demonstrated that selfing populations can maintain higher population
differentiation than outcrossing populations even at distances large enough to impede
pollinator mediated gene flow. It also showed that the link between population
differentiation and geographic distance may be weaker than previously thought,
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suggesting that habitat type and population size might have a greater effect on local
adaptation than distance among sites.

Maron et al. (2014ptaged invasions across disparate grasstaedfects of seed
provenance, consumers and disturbance on productivity and species richness

Diversity of the grassland sites is limited by the availability of seeds. Adding seeds to
grasslands increased species richness (number of species) by 30 p&heentimber of
newly recruited plant species was similar for native and-native plant species, it

generally increased due to soil disturbance, but recruitment success of new species was
not significantly affected by rodent exclosures. Howeieg, tesuls also revealed that
rodent herbivores have significant negative effects on establishment of individual plant
species, which affects plant community composition. Rodent herbivory drastically
reduces biomass in these grasslands.

Recent andCurrent Visitirg Scholar Projects

T

Farrer (University of California, Berkeley) Dispersal vectors and risk assessment of
noxious weed spread: medusahead invasion in California rangelands.

Halliday (University of North Carolina Chapel Raijterns of foliar parasitdiversity in
California grasslands.

Larios (University of Montana) Assessing T+@dks Between Small Mammal
Granivory/Herbivoryand Competitive Interactions On Plant Community Structure: A
Functional Approach

Olliff-Yang (University of California, Beldy)Restoring phenology? An assessment of
phenology dynamics in two native lupines used commonly in restoration.

Schneider (University Of California, Santa Barlraject Baseline: a collection of seeds

that will be the ancestors in future resurrectictudies and are stored using best
practices to preserve viability and genetic diversity.
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6. Chaparral Habitat Management

Resource Values of Chaparral

Chaparral is characterized by dense stands of shrubs three to 15 feet tall, and can be found on
hot, southfacing slopes and hillsides characterized by heavy clay or thin, rocky soils. This
vegetation community is often the final climax community on slapes have poor soll

nutrients and other restricting environmental conditions. However, woody shrubs are regularly
the first colonizers to establish in disturbed areas, especially after édmeduff et al. 2003,

Keeley and Davis 2007)

Chaparral shrubs usually grow close together, Wiidnches intricately intertwined, making
human passage difficult or impossible. Wildlife such as Hkitdd deer Odocoileus hemionus
subsp.columbianu¥, wild pigs $us scrofg coyotes Canis latrang gray fox Jrocyon
cinereoargenteus duskyfooted woodrats (Neotoma cinereg brush rabbits$ylvilagus

bachman), and birds move through chaparral with ease however, making this an important
vegetation community for animal forage and shelter. In some instances, mature stands of
chaparral also provide héat for unique fungus and lichen species, and may serve as a shaded
seedbed for chaparral successorsak woodlands and Doughdis (Pseudotsuga menzieksii

forests. Groundcover is generally sparse in chaparral though, perhaps due to shading, chemical
inhibition, and/or competition for wate(Ornduff et al. 2003)Most climate models show
possibleincreases in chaparral in the future, potentially making it one of the more resilient
vegetation types at Pepperwood.

Fire Ecology of Chaparral
Chaparral is highly adapted to fire, with species of shrubs and herbs thaharacterized as:

1 Obligate seederssuch as ceanothu€ganothuspp.) and manzanitgArctostaphylos
spp.) that recruit from seeds after a fire

1 Facultative seederdike chamis€Adenostoma fasciculatuwar. fasciculatum and
manzanita that also sprout from their base

1 Obligate resprouterslike scrub oaks@uercus berberidifol)eand toyon(Heteromeles
arbutifolia) that only grow from their base

1 Firedependent as withCeanothuspecies thatequire heat or smoke to triger
germination

1 Firefollowers- abundant forbs that appear the first year or two after a fire like false
lupine (Thermopsis macrophyllumCobb Mountain lupind_(ipinus sericatysand

narrow-anthered brodiaeaBrodiaea leptandra
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1 Opportunistic annualswildflowers that are abundant the second year after a fire and
persist in canopy gaps between fires

Historic regional chapatrral fire regimes are widely varigdikeley and Davis 200®)th an

estimated return interval of 2§70 yeardKeeley et al. 1989, Minnich 199%)haparral fires
typically burn hot in the canop{Keeley and Davis 200&0d occur during hot, dry months
(JunegAugust) and in the fall when fuel and swmibisture is low (SeptembeNovember)

(Beyers and Wakeman 18P Chaparral's response to burning has been shown to be dependent
upon postfire climate conditions. With increased aridity, drought, and fire risk in our region,
resprouting chaparral shrubs could suffer greater piirgt mortality (Pratt et al. 2014)

The complexity of chaparral fire ecology is captured in Beyers and Wake(ha9%

description of burn season effects in northern and central California, where studies suggest
that: "Wet season (winter or early spring) burns could result in low germination of heat
requiring seeds, reduced germination of charatanulated seeds, and reasonably abundant
resprouting of shrubs. Sprouters such as chamise and scrub oak would increase anthe pl
community compared to obligate seeders such as ceanothus species. Postfire spring wildflower
displays would be reduced. On the other hand, late spring or early summer fires, burning over
dry surface soil, could result in reduced survival of chamiseoéimet sprouting shrubs, but
plentiful seed germination. This might produce a shift in plant community dominance from
chamise to obligateseeding shrubs. Compared to high intensity summer or fall fires, moderate
intensity late spring fires could produce necherbaceous seed germination because less soil
would be heated to very high temperatures, possibly resulting in abundant postfire spring
wildflowers. Very high intensity fall fires could result in lower shrub sprouting percentage than
cooler winter fires"

Chaparral of Pepperwood

Pepperwood hosts approximately 215 acres of chaparral vegetatlmyt 7 percent of the
land,some of which is composed nearly pure stands of eight tbob&tall manzanitaIn other
areas the coveis a mix of manzanita, chamideuckbrush Ceanothus cuneatugr. cuneatus,

and sticky monkeyfloweMimulus aurantiacusar. aurantiacug. Excellent mature chaparral

can be seen on the Manzanita Trail in Garrison Canyon which is a region of the preserve that
did not burn in the 1964 Hanley fire (see the Recent Chaparral Fire Hssiiign below).

Pepperwood also Irhors serpentine chaparrala type of chaparral that is specially adapted to
thegeochemicalj dz t AGAS& 2F &aSNLISYyGAyS az2iatacd ¢KS LINB,
to the area between the preserve entrance and the Dwight Center. Dominant shrubs in
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toyon. The rare plants Jepson's leptosiphaetosiphon jepsoniand Mt. St. Helena morning

glory Calystegia collinaubsp.oxyphyllg can both be found in serpentine chaparral areas, but

are also in grasslands throughout the presesee@ppendix BRareand ThreatenedPlans).

False lupine Thermopsis macrophy)lavas documented in 1981 in the serpentine chaparral

south of the barrmeadow but has not been seen sindsocally uncommon plants at

Pemerwood include Congdon's monkeyflowafitnulus congdonji

Invasive plant species found in gfzaral include, butire not limited to: yellow stahistle
(Centauria solstitialjs barbed goatgras#\égilops triuncialis French broomGenista
monspessulana and Klamath weedHypericum perforatumn(see Appendix C Invasive Plants).
While Douglasfir (Pseudotsuga menziesar. menziesiiis a native plant, it is essentially
invasive in chaparral settings.

Vegetation alliances (Sawyer et 2009)and provisional vegetation allianc@dalbur et al.
2013)included inthe serpentine and chaparral community at Pepperweoet

Quercus durat&hrubland Alliance (leather oak chaparral)

Adenostoma fasciculatur8hrubland Alliance (chamise chaparral)

Baccharis pilulariShrubland Alliance (coyote brush scrub)

Ceanothus cuneatushrubland Alliance (wedge leaf ceanothus chaparral, foogkh
chaparral)

Mixed Manzanita Chaparral Provisional Alliance

1 Mixed Chaparral Provisional Alliance

= =4 =4 A

=

Monitoring

The annual PepperwodBreeding Bird Survey has taken place at poadjacent and within
chaparral since 2007. In 2012 and 2013 we also searched for birds in the serpentine chaparral
at the preserve entrance. Since 2012, we have had two wildlife cameras located at permanent
stations and multiple cameras regularly movedaihghout chaparral. We have also been
monitoring plant phenology in the serpentine chaparral between the Dwight Center and barn
since 2013.

Management Objectives and Supporting Activities

Chaparral managementiscused oninvasive species management, @tasfir removal, and
road and trail maintenance activitiefable6.1 below summarizes keghaparralmanagement
and monitoring objectives and activities, and related adaptive management goals.
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Table6.1. Chaparral management and monitoring summary

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Manage invasive specie| 1.1 Current:Regularly conduct | 1.1 CurrentVisual observation | 1a, 1b, 2d, 3a
in chaparral, especially invasive species control
serpentine chaparral areag activities, including Douglég
removal

2. Avoid development of | 2.1 Current:Review proposed | N/A 2e, 3a, 4a
infrastructure (e.g.trails, | infrastructure development
roads) through chaparral | activities
communities to prevent
fragmentation and risk of
invasion, unless absolutely
necessary
3. Promote chaparral 3.1 December 207 N/A la, 1b, 2d, 2f

species diversity and
abundance

Incorporate chaparral
management in the prescribed
fire managemenplan(e.g.,
shaded fuel breaks adjacent to
chaparral zones)

N/A

3.2 December 2020mprove
vegetation map and chaparral
baseline condition
documentation

3.2 Potential:Map and monitor
potential expansion of chaparrg
preservewide every ten years;
install soil moisture probes in
chaparral habitats
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Table6.1. Chaparral management and monitoring summary

Adaptive
Management Objective ManagementActivities Monitoring Activities Management
Goals Met*
3. Promote chaparral N/A 3.3December 2021Develop a | 1a, 1b, 2d, 2f
species diversity and chaparral monitoring plan that
abundance incorporates climate data

3.3 Potential:Monitor
communities at dive-year
interval using a quick rapid
assessment (or similar) protocd
explore the necessity and
feasibility of managing
encroachment of chaparral into
at-risk communities

* la-habitat diversity;1lb-species diversity2c-nutrient cycles2d-promoting native vegetation;
2e-landscape connectivit@f-beneficial disturbancesa-control invasive plantsta-education
and recreation impacts. See Overarching Adaptive Management @agks,3for a full
description of these goals.

ManagementDiscussion

Recent Chaparral Fire History

Most of the chaparral at Pepperwood burned in the 1964 Hanley Fire and the 1965 Pacific Gas
& Electric Fire (see Introduction: Setting and DrivBr§etting, Land Use History), with the
exception of Garrison Cangavhere we find mature manzanita and mixed chaparral (M&p E.

Fire Footprints of Pepperwood). The most recent chaparral fire (August 2001) burned
FLILINPEAYIF GSte Go2 | ONBa ySIN KS LINB&ASNWBSQa

Chaparral Fire and Fuels Management

Fire is inevitablén chaparral. Our best management strategy may be to prepare for potentially
greater fire frequency and intensity under the future climate change scenaviasagement

tools such as prescribed burning and mastication (physical chipping of woody plants) are
regularly used for fuel reduction and are increasingly being studied; however, theitdong
effects are still not well understood, and results can sometimes be contradi&iersnanagers,

we can explore ways to prevent extreme fire events from spregbeyond the chaparral edge,
ridgetops, and where vegetation communities shift (e.g., providing a shaded fuel break by
removing ladder fuels that occur along the edge of chaparral habitat).
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Chaparral responses to fire and fuels management is complexwBetoresearch findings that
may inform our chaparral management.

Fire Seasonality

1 Burning during the wet season Kkills the seed bér&kFer and Parker 2005)

1 No seasonal influence was detected on pbstn plant community composition in
Southern Californighaparral(Beyers and Wakeman 1997)

1 Fall burning promotes budirush while spring and winter fires do n@wilkin et al.
2015)

1 Ten years following fire treatment, shrub cover was similar among plots that were
burned during differenseasons and hadfercentless cover than the contr@¢Wilkin et
al. 2015)

Fire Frequency

1 Burning too frequently shifts chapai to nonnative annual grassland and reduces
biodiversity(Keeley 2002, Syphard et 2006)

1 Fire disturbance (especially in fall months) decreases shrub cover for long periods,
thereby increasing nonative plant and grass abundance, but to a lesser degree than
mastication(Wilkin et al. 2015)

1 Seed banks of some fire dependent species could die off if théréieeduration is
greater than a centurgKeeley 1991, Keeley et al. 200B)it others (e.g.Ceanothus
species) may have seed that survive for centufzessitkovski and Newton 18%

1 Some mature stands of chaparral that do not have a recorded fire event (>100 years)
are stable and are not exhibiting signs of dying or converting to different vegetation
types(Keeley and Daviz007)

Mastication
1 Nonnative annual grasses and forbs and noxious weeds were much more likely to occur
ten years later in masticated areas rather than burn ar@ssgkin et al. 2015)
1 Ten years following mastication, shrub cover was abouytet2entless than the control
(Wilkin et al. 2015)
1 Mastication reduces shrub cover for longer periods than fire, increasesatve plant
and grass abundance, but also increases preferred deer br@wskin et al. 2015)

Animals
Chaparral provides yeaiound shelter, food, and nectar sources for animals. Birds including
Californiaand spotted towheegMelozone crissaliand Pipilomaculatus respectively,
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California quailCallipepla californiga bluegray gnatcatcherdPolioptila caerulep Bewick's

wren (Thryomanes bewicljiand several others regularly use chaparral for habitat and as a

food source. WrentitsGhamaea fasciajause chaparral habitat exclusively, and lazuli buntings
(Passerina amoenawill often use chaparral a few years following fire. Biailed deer often

seek shelter in chaparral, and have been caught on Pepperwood wildlife cameras nursing their
young in srall open patches, sometimes seeking shelter in these areas for days at a time.

Chaparral is also home to blatiled jackrabbitsl{epus californicusubsp.californicug and

bush rabbits $ylvilagus bachmaniWestern toadsAnaxyrus boregsare often sptted on wet

NEFR& G yA3IKG FR2FOSyd (2 GKS &ASNLISYyiAyS OKI

Climate Change Considerations

The discussion below considers potential responses of Pepperwood's chaparral to projected
longterm climate trends as well as chargg® annual and seasonal variability. Hypotheses
presented here will be evaluated in the process of our @rgn monitoring and adaptive
management. In particular, we look at the contemporary distribution of vegetation resources
relative to climatehydrology gradients on the preserve. This analysis allows us to identify
susceptible populations, as well as potentially vaelapted populations capable of thriving in

an increasingly arid environment punctuated by more frequent extremes in rainfall, drought,
and fire.

Climate Change: LoAgrm Trends and Increases in In@mnual Variability
Current regional models of vegetation transitions due to climate change indicate that chamise
chaparral may expand in response to rising temperatifekerly et & 2015)

1 Chamise chaparralalong with norsprouting species dfeanothu®r manzanita
tends to dominate the most arid sites with little soil moistkeeley and Davis 2007)

1 Increasng winter minimum temperatures may lift distribution restrictions for chamise,
which is not as tolerant to lower January temperatures as karcish(Keeley and Davis
2007)

1 Chaparral species divéssmay be reduced over time if chamise chaparral becomes
more dominant across the landscape

1 Climate change may alter our definition of "weedy" species to include chaparral species
that expand and displace other vegetation communities

1 Chaparral communitieare adapted to high climatic water deficits (CWDs) and may not
be greatly affected by prolonged drought periods unless there is a potentially negative
effect on essential soil microbes and mycorrhizal fungi
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1 Chaparral communities could be threatened byightfire frequency or if they burn
during the growing season

1 The combination of prolonged drought following fire could negatively impact the
regeneration of chaparral shrulgBratt et al. 2014)

1 Shifts in seasonal rainfall and temperatures may alter plant phenology and flowering
periods, in turn affecting pollination, gene flow, and reproductive suacespecially if
pollination and fruit distribution by animals is practed

1 Summer fog may alleviameseasonal drought effects in chaparral

1 Leaves of chamise plants monitored through the Pepperwood Phenology Ridfeat
National Phenology Network 201B6avebeen observedrowingimmediately following
a wetsummerfog event If the seasonality of fog is shifted, dthe number of fog days
in a season decline, chaparral plants may not get sufficient late season water ta thrive

1 Invasive plants may be favored under the future climate, which could be exacerbated by
increased fire frequency and intensity, posing an addal threat to chaparral
communities

Chaparral CWD Distribution and Potential Expansion

Chaparrabccupies the preserve's highest CWD regidfigure6.1). As such chaparraimay

respond to CWIhcrea®s better than low CWD communities such as Oregdnvazodlands.

Sites with relatively low but variable CWD are more likely to be occupied by higktdl&kdnt
species (e.g., chamise) than low but stable CWD sites, although possibly at low numbers. High
CWhDtolerant species that do occur in these areas rrayease in abundance in the near term.
These communities may be resilient to composition changes in response to increasing CWD
because they have established under relatively higher levels of stochasticity compared to
communities in stable low CWD sites.

Sites on the preserve with the lowest CWD and stable CWD are not currently occupied by
chaparral, but may see expansion of chaparral into them as CWD increases over time. Chaparral
regions with the lowest and most stable CWD include Weimar East and Béeitien (Figure

6.2). High CWD species that already exist in these areas may become more abundant in the
near term, making these unique locations to monitor biological response to increased CWD.
Leather oak chaparral at the preserve entrance currentlythasiighest CWD of all chaparral

at Pepperwood making it another good community to monitor (Figug.

Regions of the preserve that are consistently high in CWD (low standard deviation), are very
likely to be dominated by high C\Deferring species ahmay be the analog communities
that survive and become dominant under future climates. Chaparral areas with high, stable
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CWD include Garrison Canyon, Rogers Canyon and Horse Hill. Areas surrounding these locations
can be monitored for the encroachment loigh CW[Rolerant species. Depending on their

CWD thresholds, these high CWlerant species may already be experiencing stress if

currently at the upper end of their CWD limits. If pushed beyond their biological thresholds

under future climate, these ptaes may not support the vegetation communities currently

present within Sonoma County, and may convert to vegetation suskrasdesert scrub (e.g.,
Artemisiasp.) (Ackerly et al. 2015)We may see locally or regionally novel commugigenerge

in these localities.

Figures 6.1.a¢b. Distribution ofclimatic water deficit (CWDaluesat Pepperwood hya)
vegetation communityand b) chaparral at Pepperwood relative to curr@WDvalues
Source: 10m BCM mean CWD 12810

6.1.a. Distribution of CWD at Pepperwood by vegetation community
SeeAppendix D Climate and Hydroldgy a detailed description
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The 276meter BCM data reveal that historical and recenty@ar averages of annual CWD

values in chaparral range from about Z860 mm per year, or 284 inches per year, and are
projected to reach a range of 860020 mm pewear, or 3440 inches per year, by the end of

the century under a hot, low rainfall scenario (Figure 6.2). This level of increase in CWD exceeds
historic range of variability for the preserve.

Knowledge Gaps and Uncertainties
Knowledge gaps are consideradanajor threat to biodiversityCommunity Foundation Sonoma
County 2010)Below are current major knowledge gaps about mixed hardwood forests as
identified by Pepperwood stafflhis is not a complete list, but is meant to inventory the largest
or most problematic information gaps. These gaps have been revealed, and may also be filled,
through the adaptive management process.
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1 What is(are) the mechanism(s) that will drive chaphto expand within our region
under climate change?

1 What is the rate of community transition and/or chaparral expansion?

1 What is the source of chaparral expansion (e.g., seed bank, existing understory plants,
recruitment from neighboring areas)?

1 How willchaparral species composition shift in response to climate change?

1 Will chaparral displace other cool climaaelapted plant communities as the local
climate becomes more arid?

1 What is the threshold for managing chaparral encroachment into novel areas or
different communities, such as cool nofthacing slopes?

1 Will chaparral species be considered "weedy" and managed thus under future climates?

1 What is the optimal combination of prescribed fire frequency and season to maintain
diversity in coastal mountairhaparral while preventing conversion to nomtive
annual grassland and noxious weed invasion?

1 How does prescribed burning impact chaparral wildlife?

1 What is the optimal way to manage Dougfasencroachment into serpentine
chaparral?

1 What is the impact bgrazing on chaparral that adjoins grasslands?

1 How will nitrogen deposition alter serpentine chaparral communities?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forward.
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7. Wetland, Riparian, and Aquatic Habitat Management

Resource Values of Wetland, Riparian, and Aquatic Habitats

Wetlands are areas where water either covers the soil, or is present at or near the surface of for
at least some part of the year, including during the growing season. Wetlands fall into two
general categories: coastal (tidal) and inland @tidal). Within those two categories, wetlands

vary widely due to regional and local differences in soils, topography, climate, hydrology, water
chemistry, vegetation, and other factors such as human disturbance. Inland wetlands are
commonly found on river and streano@idplains (e.g., riparian zones), in isolated depressions
(e.g., bogs, freshwater marshes, and vernal pools), along margins of lakes and ponds, and other
low-lying areas where groundwater meets the soil surface or precipitation allows for soil
saturation(USGS 1996)

Water saturation primarily determines the nature of the soil and types of plant and animal
communities living in wetlands. The US Fish and Wildlife Service developed a definition of
wetlands that emphasize three key characteristics:

1) Hydrology- the degres of flooding or soil saturation such that the substrate is saturated
or covered by shallow water at some time during the growing season

2) Vegetation- the presence of plants that are adapted to grow in water, or in a substrate
that is occasionally oxygen filgent due to water saturation (hydrophytes)

3) Soils-the substrate is saturated for long enough during the growing season to create
oxygendeficient conditions in the upper levels, which commonly includes the majority
of the root zone (hydric soil§Cowardin et al. 1979, USGS 1996)

California's wetlands have significant economic and environmental value, including maintaining
water qualty, attenuating floods and erosion, preventing saltwater intrusion, and creating
wildlife habitat. An estimated 9percentof threatened species in California spend some

portion of their lifecycle in wetland, riparian, or aquatic habitats. However, the state has lost
over 90 percent of its original wetlands, primarily due to conversion to agriculture. Wetland
protection is igntified as a goal of the California Environmental Quality Act of 1970, and is also
provided for under section 404 of the Clean Water.Act

Wetland, Ripariapand Aquatic Habitats at Pepperwood
CKS YF22NAGe 27F t SLILISNY 2 2 RQ afivdRusgiah Rivalzsalo G A 2 v &
basins that supply water to downstream portions of the watershed, supporting critical cold
water fisheries and providing important groundwater and surface water sepplihe majority
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season and in early spring, but may dry out by the end of the summer.

Wetland, riparian, and aquatic habitats at the preserve include perespiahgs, ephemeral

stream channels with occasional perennial pools, upland vernal pools, freshwater marshes, one
natural seasonal pond (Turtle Pond), and four hureahanced seasonal ponds (Figuré,

Map E4 WatershedsWetland, Ripariapand Aquatic Haibats of Pepperwooyl There are 33
documentedperennial springs at Pepperwood, at least five of which are laojeme springs.

The majority of the springs are in the southern part of the preserve, and make up the upper
portion of the Mark West Creek watershed (Appendix D Climate and HydrdlagkeD.1). The

four largestwet meadowsare located at the Goodman Homestead, Rogers Spring, Skovie Basin,
and Upper Skovie MargbeNevers 201,3Viap E6 Vegetation Communities of Pepperwagod

Riparian habitats occupy the transitional zone between aquatic and terrestrial ecosystems and
include specialized vegetation that thrives adjacent to aquatic habi@®rge et al. 2013)

Pepperwood's riparian habitats include seeps, sprisgslessmall wetlands, stream channels,

and their associated vegetation. The linear nature of streams makes them a vital connector

among many different habitat types, antlavs them to support the exchange of energy and

materials among these sité&eorge et al. 2013Riparian zones are particularly important for

0KS LINBaAaSNBSQa O0ANR LRLJzZFidAzyas FyR Yle& |faz
amphibians and some reptiles.

Figure7.1. The different types of aquatic and riparian habitats found at Pepperwood
SourceUnited Sates Geological Survey 1996

Basins with streams Seepage amas and springs Isalated deprassions

The impacts of historical land and water uses have largely shaped the current state of
t S LILIS N¥ 2 2-dediated hahbitdtdBome of the preserve's aquatic habitats were created
or modified by humans, includg three ponds created by European settlers during the late 19th
or early 20th centuryNlap E4 WatershedsWetland, Riparianand Aquatic Habitats of
Pepperwoodd @ DNJ T Ay3 KIFa fA1Stfe AYLIOGSR (KS LINXB&S
various ways site European colonization. During the period of early Spanish settlement, our
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region was severely overgrazed by sheep. We hypothesize this resulted in a catastrophic loss of
native vegetation, the introduction of invasive European grasses, and significendre in both
pastures and in ephemeral stream channels.

Human population growth and development in the 20th century modified wetlands and

channelized streams in reaches and floodplains downstream of Pepperwood, and also likely led

to hydrological shiften the preserve. Stream channels have been lowered due to increased

runoff and grazing damage has caused additional erosion incised creek beds move up the
OKIFIyySt Ayi(i2 GKS &ai0NBFIYaQ KSIRglFGSNRED® C2NI | Y
hydrology, pleae refer to Appendix D Climate and Hydrology.

Wetland, Riparianand Aquatic Vegetation at Pepperwood

Wetland, riparian, and aquatic habitats support a large part of the plant diversity at
Pepperwood. Truly riparian vegetation is uncommon at Pepperwomst likely due to the
ephemeral nature of our creeks and streams. Trees that occasionally occur in our riparian
habitats include white alderAlnus rhombifoli® Fremont cottonwoodFRopulus fremontisubsp.
fremontii), red willow Galix laevigath arroyowillow (Salix lasiolep)s and Oregon ash-(axinus
latifolia).

¢KS LINBaAaSNWSQa LRYyRa IyR @SNylrt ¢SiflyRa &dzJJ
nine species of rusheduncuspp.), 12 species of sedg&€afexspp.,Cyperuspp.,Eleocharis

spp.,Scirpus microcarpisricefield water nymph Najas guadalupensiswaterplantain

(Alisma trivialg, western mannagras§&(yceriax occidentali$, and the rare Lobb's aquatic

buttercup Ranunculus aquatiligsee Appendix B Rare and Thezeed Plants).

Many wildflowers can be found growing in seeps and springs such as seep spring monkeyflower
(Mimulus guttatug, watercressNasturtium officinalg yellow cressRorippa curvisiliquaand
hedgenettle (Stachys albenandS. strictg. A fav springs also support duckweedefnna

minor), horsetail Equisetunspp.), and giant chain fer{oodwardia fimbriata.

Invasive plant species that occur in our wetlands and ponds include waxy mann&gjyassia

declinatg, pennyroyal Mentha pulegiun), and rabbitfoot grassRolypogon monspelienyitsee
Appendix C Invasive Plants).
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Monitoring

Streamflow

Streamflowhas been continuously monitored in Rogers Creek (aka Horse Hill Creek, USGS)
since 2012, with hourly depth and temperature measurements recorded by an automated
pressure transducer and data logger. Due to the dynamic nature of this study reach, the
transducer was buried during a storm in 2018anually retrievedn the fall of 2014, and buried
again in December 2014. In the fall of 2015, a second transducer was installed just upstream of
the original where deposition may be less lik&yreamflowmonitoringwasexpanded into

Martin Creek in 2016.

During the winter of 2015, we began monitoring the onset and cessatistredmflowon

three small headwater drainages using paired temperature sensors (Thermochron iButtons)
placed in the deepest part of the ahnel (thalweg) and on the channel banks. An additional 25
sites will be added in the near future. The goal is to link flow onset and cessation to
precipitation and soil moisture measurements at our weather stations and vegetation
monitoring plots. Waterd detected by differences in the diurnal swing of temperature between
the two sensors. This approach provides an indirect measure of the efficacy of land
management techniques aimed at increasing the infiltration and soil moisture holding capacity,
particularly in grassland drainages.

Pond Hydrology

The depth and water quality at Turtle Pond has been monitored by texdus on a biweekly

basis fromSeptember 20142016 Monitoring includes water clarity, temperature, depth, and

water chemistry (since May022), and theoccasionatlocumentedobservation & living

organisms includingorthern western pond turtlegActinemys marmorataubsp.marmorata)

(see below)Staff gauges were added th&®&w Q&4 t 2y R FyR (GKS fFNBSal 2-
2015

Wildlife

t SLILISNB22RQa . NBESRAY3a . ANR { dz2NBSeé KIFa oSSy 02
types on the preserve, including riparian areas. The analysis of this data with respect to habitat

type or proximity to riparian zones could reveal which birds occbpge areas of the preserve

and how populations may be changing over time.

In October 2015, a ruler was attached to the floating log frequented by turtles in Turtle Pond to
allow for closer estimation of size classes as part of ongoing pond monitoring.
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In 2016 we began planning and seeking funding for a-teng amphibian monitoring program,
the protocolsfor which wouldbe based onand build uponthe (now discontinued) USGS North
American Amphibian Monitoring Project. We will also evaluate protot@sdnable us to
contribute data to ongoing amphibian research databases low cost of entry such the
FrogWatch citizen science initiatives.

Riparian Restoration

A 2015 assessment of ephemeral creeks by the Sonoma Resource Conservation District (SRCD)
identified headcuts and evaluated potential restoration techniques. A Santa Rosa Junior College
internship project used the SRCD survey to locate and install check dams at hesadthtsf

Three Tree Hill.

Management Objectives and Supporting Activities

Current aquatic habitat management activities focus on controlling invasive species and
minimizing impacts under wet conditions and during amphibian breeding season.7Table
below provides additional details about these activities and their relaidaptive management
goals.

Table7.1. Wetland, ripariapand aquatic habitats management and monitoring summary table

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Promote and protect 1.1 Current:Minimize potentially 1.1 CurrentVisual la, 1b, 1c, 2d, 2

diversity at thecommunity, | negative impacts to aquatic and inspection
speciesand genetic scake | riparian habitats in all management
activities including fuel reduction 1.1 Potential:Consider
projects, prescribed burns, grazing | pre- and posttreatment
and infrastructure projects or project, or regular
monitoring of aquatic
and riparian habitats
1.2 Current Avoid grazing and other| 1.2 CurrentVisual

disturbances during amphibian inspection
breeding season, larval, and
metamorphic life stages 1.2 Potential:Consider

pre- and posttreatment
or project, or regular
monitoring of aquatic
and riparian habitats
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Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
1. Promote and protect 1.3 Current:Create periodic 1.3 Current.Visual la, 1b, 1c, 2d,
diversity at the community, | disturbances via shoterm grazing | inspection 2f
speciesand genetic scale | €Xposure in wetlands and seasonal
ponds 1.2 Potential:Consider
pre- and posttreatment
or project, or regular
monitoring of aquatic
and riparian habitats
1.4 Current:Minimize disturbance or| N/A
trampling of amphibian breeding,
eggs, larvae, anchetamorphosis at
wetlands and ponds by preserve
visitors. Staff monitor and manage
visitor impact during hikestc.
1.4 Potential:Include information on
amphibians during visitor
orientations and hikes that occur in
the breeding season
2. Promote and protect key | 2.1 Current:increase soil carbon 2.1 Current:Weather 1b, 2a,2b, 2c,
ecosystem functions and | through conservation grazing and | station combined with | 2d, 2f
services native grass restoration to improve | streamflow
water infiltration observations
3. Reduce threats posed by| 3.1 Current:Control invasive specieg 3.1 Current:Anecdotal | 1b, 2d, 3a3b
invasions of invasive specig including bullfrogs, feral pigs, and | assessment of invasive
(See Appendix C Invasive | invasiveplants species populations
Plants for details) based on field
observations
3.1 March 2017Build a
database of invasive
bullfrog removal
3.1 Potential:Consider
regular monitoring of
aquatic and riparian
habitats for invasive
species
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Table 7.1. Continued

Adaptive
Management Objective Management Activities Monitoring Activities Management
Goals Met*
4. Maintain and enhance 4.1 Current:Minimize impacts to | 4.1 CurrentVisual 2a, 2b, 2d, 3d,
water quantity and quality | riparian vegetation in all inspection 4a, 4b,6¢, 6d
by minimizing negative management activities (see 1.1
impacts of infrastructure above) 4.1 Potential:Consider
and human access pre- and posttreatment
or project, or regular
monitoring of aquatic and
riparian habitats
4.2 Current:Prevent pathogen 4.2 Current:Require all
contamination of wetlands and staff and visiting scholars
aquatic habitats to clean their equipment

prior to enterirg wetlands
4.2 Potential:Provide shoe and and aquatic habitats
equipment washout stations for al
visitors; include information on the
importance of preventing aquatic
disease spread during visitor
orientations and hikes

4.3 Current: Minimize erosion into | 4.3 Current:Visual
waterways and wetlands through | inspection

road and trail best mactices and

culvert maintenanceapply for 4.3 December 2020:

EQP funding for road Develop an erosion and

improvements sediment monitoring
plant

4.4 Current Minimize groundwater| 4.4 Current:Main and

use in dry summer months Garrison Canyon well
monitoring

4.4 Potential:ldentify strategies to
minimize water use 4.4 Potential: Monitor
Dwight Center and
Bechtel House water use
monitor cattle water use
from wells including the
well at Hill 1524
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Table 7.1. Continued

Management Adaptive
Management Objective gy Monitoring Activities Management
Activities
Goals Met*
4. Maintain and enhance 4.5 December 208&: 4.5 Current: Monitor well water 2a, 2b, 2d, 3d,
water quantity and quality | Assess whether quality 4a, 4b, 6c¢, 6d
by minimizing negative bacteria is a water
impacts of infrastructure quality issue 4.5 Potential: Monitor water quality of
and human access creeks and springs, such as during fir
flush;target monitoring for creeks thay
have documented elevated bacterial
counts dwnstream (offsite)

* la-habitat diversity;1b-species diversityt cgenetic diversity2a-water cycle2b-soil health;
2c-nutrient cycles2d-promoting native vegetatior2f-beneficial disturbancesa-control
invasive plants3b-control invasive animal8d-infectious disease}a-education and recreation
impacts;4b-research impactcroads and trails6d-utilities; See Overarching Adaptive
Management Goalgpage 3for a full description of these goals.

Management Discussion

Target Species

Threatened species that occur in aquatic habitats incluolehern western pond turtles,
foothill yellowlegged frogsRana boyl)i, and California giant salamandeBidamptocebn
ensatu3. The majority of our management focuses on controlling invasive species (e.g.,
American bullfrogslfithobates catesbeianj)sthat prey on target species or degrade their
habitats.

Invasive Species Control

Invasive species managed in aquatibitets at Pepperwood include American bullfrog, feral
pigs Sus scrofp Himalayan blackberrir(ibus armeniacysperiwinkle ¥inca majoy, and to a
lesser degree pennyroyafientha pulegiumy and curly dockRumex crispys

Bullfrog management has includeat least two seasons in the mi®90s when water was
pumped from Double Ponds to fully eliminate bullfrog breeding potential. Bullfrogs were first
confirmed in Turtle Pond 2011, and in Redwood Pond in 2014. Staff have routinely removed
young bullfrogs byand in early summer since these infestations were first identified.

Feral pigs are highly attracted to springs, where they root, wallow, and cause severe
disturbance. Pigs at Pepperwood have been hunted on a continual basis since the 1980s.
Possibly aa result of this hunting pressure, resident pig populations declined through the
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1980s and 1990s, and remain low today despite regional abundance. From 1980 to today, 358
pigs have been culled, and exclusion fencing has also been added to protect samge.spri

Invasive vegetation management efforts have not been as intensive in wetland and aquatic
habitats as they have in open grasslands and oak woodlands at Pepperwood, except for some
limited efforts to remove blackberry. Between 2011 and 2014, pennyrayd curly dock were
pulled at the vernal pool near Double Ponds. S8anchus aspgblessedmilk (Silybum

marianum) and bull Cirsium vulgargthistle have been pulled annually from most wetlands and
marsh habitats.

Invasive species of concern thae not currently managed in aquatic habitats include barred
owls @trix varig, whichare suspected t@ccurat Pepperwood buhave not been confirmed.
First detected in Sonoma County in 1988&rk et al. 1998)his eastern species preys on
streamdwelling organisms. Velvet grass$olcus lanatusis not currently cotrolled, but may
dominate aquatic habits once it becomes established.

Creating Periodic Grazing Disturbance

Prior to European settlement, large elk herds would have periodically browsed wetland and
riparian plants, creating episodic disturbances that may have had multiple benefits. These
ecosystems would have also been exposed to more frequent natural and ipex$cires.

Today we use cattle in grassland habitats, and to a limited extent, in adjacent riparian and
wetland habitats. The decision to use this technique was based on emerging consensus that
preventing any disturbanaeparticularly when compounded withitrogen deposition and

noxious, invasivelantst can actually degrade overall biological value. More research and
monitoring is needed to fully understand the ecological impacts of different grazing regimes on
aguatic systems.

There is no single prescription for using grazing in riparian habitat management, but research
has identified some best practices. Controlling the timing of grazing, reducing the duration of
time livestock spend in riparian habitats, utilizing permanenteonporary exclosures, and
reducing intensities during sensitive seasons (e.g., breeding season) are all recommended
tactics. The beneficial effect of grazing on plant productivity is actually likely to be more
pronounced and more coupled with managememagtices in wet or mesic habitats, rather

than dry grasslands where abiotic factors primarily drive resource limit¢Gaorge et al.

2013)

From the 1970s through 2012, cattle grazed in an open range fashion at Pepperwood most

years during the wet season. The cattle spent longgaks in the stream channel of Martin
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Creek, where they may have preferentially selected riparian and wetland forage and caused
some stream bank erosion. In 28)IPepperwood began a highly controlled method of
conservation grazing, which has allowed foy deason grazing, and for the exclusion of cattle
from wet habitats that would otherwise be disproportionally impacted due to cattle
preferences and behaviors. When these habitats are grazed now, it is for a relatively short
duration and at timewhen amplibian species in particular apgesumed less prevalent, such

as during the dry seasoBrowsed woody riparian vegetation, including willows, had previously
declined but have made a conspicuous recovery since the initiation of these conservation
grazing méhods.

Water Quality Considerations

Brooks Creek and Lower and Upper Franz Creeks all flow into the Geyserville Hydrologic Sub
Area of the Russian River, which is impaired by hagtteriacounts (EPA 303d list Clean Water
Act).According to a study in our regigdC Davis Rangeland Watershed Laboratory 2011)
moderately and heavily sheegrazed oak woodland watersheds, having 1000 Ibs/acre residual
dry matter (RDM) and 500 Ibs/acres RDM, respectively had higheslandfecal coliform
bacteriacounts than did watersheds not grazed since 1955

We suspect that oupast andcurrent grazing regimes have not had large impacts on stream
bacterialevels however advancing our RDM monitoring from visual estimation tog/fmanal
measurement and documentation would allow us to predict whether grazing intensity likely
results in a chroic increase in bacterignalternative to measuring RDMto directly test for
bacteria in collabortion with agencies already engad inwater quality monitoringin our local
watersheds.

Emerging Pathogens

Threats to regional amphibian biodiversity now include emerging pathogens. For example,
while North America is the global biodiversity hotspot for salamanders, populations are
currentlythreatened by the potential arrival of a new, salamangeecific chytrid fungus
(Batrachochytrium salamandrivorajgr BSa), the spread of which is accelerated by the
international pet tradeA related pathogenRatrachochytriundendrobatidisor Bd) isthought
to have arrived in the County of Sonoma in the late 199@dte et al. 20159nd is known to
have driverthe decline and extinction of multiple species of amphibians glol{Skiyart et al.
2004) Researcherfom the US Geological Survey and San Francisco State University have
collectedand analyzedwab samplefrom salamanders at Pepperwodol both pathogens.
Unsuprisingly, no animals were found to be infected in thegmeeening foBSabut Bdwas
deteded in 2 of 6 adult newts in 201®. Halstead pers. comm. 2018)anagement for chytrid

fungus requires thelecontamination okurfaces likeshoes, waders, aquatic toolstc., or the
17%
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prevention of potentially contaminated surfacé®m coming in contact with aquatic habitats
at Peperwood.

Climate Change Considerations

Wetland, aquatic, and riparian species may well be some of the most vulnerable resources on

the preserve particularly those that rely on nearaturated conditions to support their entire

lifecycle. The seasonaln®®B 2 F t SLIWISNF22RQa ¢SiflyRa YSIya
these habitats already experience relatively extreme conditions in the winter versus the
adzYYSNX |1 26SOSNE Al A& y2ad 1y2e6y 6KFG YAIKG O
beyond theirbiological tolerances for variability.

Increased rainfall variability may create greater extremes for wetland, riparian, and aquatic
habitats. Climate change will increase local temperatures, which in turn increase rates of
evapotranspiration, resultingnia trend of increasing annual soil water deficits and increased
aridity across the preserve. The magnitude of these deficits are projected to range from about
3¢6 incheger yearof waterby the end of the centurgomparedto historic conditions

More intense and/or frequent winter storms could increase stream erosion and potentially
periodicallywipe out aquatic habitats through flood scour and erosional deposition. Depending
on the lifecycle of the species, amphibians, reptiles, or downstrednmiesy lose individuals or
habitat to storminduced erosion. How much damage occurs will be in part a function of how
healthy our riparian vegetation remains, as it helps to strengthen and protect stream banks.

Springs are the only perennial water souroesthe preserve, providing precious yaaund

baseflow in the alluvial deposits that make up stneambed and vegetated soils. While this

water may not be fully visible during the dry summer months, it is critical for organisms living in

this tenuouslysaturated zone. Future climate scenarios indicate increased water deficits by
adzYYSNRa SyYyRX Yy AYRAOFIGAZ2Y 2F AYyONBlIAaAAy3d RNER
the possibility of an extended summer season if the rainy season is comprisedeofdisnms.

This may stress obligate wetland plant species like rushes and sedges found on the preserve.

Climate change is likely to impact the timing and duration of wet conditions in wetland habitats,

which in turn drives the phenology of watdependentspecies. Largstreamflons may be of

shorter duration, and the dry season may see reduced baseflow compared to historic

conditions. For ponds, while maximum depths may occur as a result of winter season rainfall,

the timing and magnitude may be more vdiie. With rising temperatures and increasing rates

2F SOILRONY YALANI GA2YyS Fff OfAYFGS Fdzi dzNBE A& LIN
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levels drop at a faster rate than they have historically. This will directly drive the lifecycle of
associatedJt  yda FyR FyAYFIfaY gAGK 'y SEIFYLES o0SAYy
vegetation which track vertical water level transitions. When combined with nitrogen

deposition and the spread of invasigants, these drying trends may cause wetland vegetation

types to shift to upland or nonative species.

Fire frequency and intensity may increase in the future as a result of climate crsege (
Introduction Section 3Drivers of Change;igure3.4). Fire can cause severely impact water
quality, particularly postire flooding, which can cause smothering debris flows and rapid
changes in aquatic habita{Bixby etal. 2015) Streamdwelling organisms are especially
susceptible to posftire impacts, as debris flows and floods can scour substrate, removing most
organisms and severely degrading their habf@atesswell 1999As conditions beome more

arid in our region, riparian vegetation may die back if environmental thresholds are exceeded,
increasing the amount of dead or dying woody fuel along riparian areas. This may increase fire
frequency and intensity in riparian areas where tragive vegetation may not be adapted to

fire.

Knowledge Gaps and Uncertainties

Here we list major knowledge gaps that have been identified by Pepperwood staff to date. This
list is not complete, but is meant to inventory the largest or most problematic gaps i

knowledge. These gaps are revealed, and may also be filled, through the adaptive management
process.

1 What are the impacts of riparian management practices in ephemeral streams?

91 Does late season (summer) grazing negatively impact woody riparian vegét#tso,
to what degree do grazing exclosures protect riparian vegetation? Are there other best
management practices we can use to protect riparian vegetation?

1 How much of the bacteria in the headwaters of Pepperwood is attributable to grazing?
Can modifing our grazing strategy reduce bacterial growth in our creeks?

1 What are the impacts of grazing ephemeral wetland habitat occasionally during the wet
season?

Additional research and monitoring to address these knowledge gaps will be incorporated into
the adaptive process moving forward.
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Appendix A. Wildlife Species Lists

Table A.1. Amphibians of Pepperwood

Caudatag Salamanders

Dicamptodontidae Giant Salamanders

Californiagiant salamandericamptodon ensatys

Plethodontidae Lungless Salamanders

yellow-eyed ensatinaEnsatina eschscholtaiibsp xanthopticg

Oregon ensatinansatina eschscholtziibsp.oregonensis

California slender salamandeBdtrachoseps attamatus)

arboreal salamandeneides lugubr)s

black salamandeneides flavipunctatusubsup flavipunctatug

Salamandridae Newts

roughskinned newt Taricha granulose

California newt Taricha torosa

red-bellied newt Taricha rivulariy

Anurag Frogs

Bufonidae- True Toads

western toad Anaxyrushoreag

Hylidae- Treefrogs and their allies

pacific chorus frogRseudacsregilla)

Ranidae True Frogs

foothill yellow-legged frog Rana boyl)i

American bullfrogl{ithobates catesbeianys

Table A.2. Arachnids of Pepperwood
Source: iNaturalist

Antrodiaetidae

Salticidae

California turret spiderAntrodiaetus riversi

Johnson jumperRhidippus johnsoi

Araneidae

Theridiidae

yellow garden spiderArgiope aurantia

western black widowl(atrodectus hesperiis

Dysderidae

Thomisidae

woodlouse spiderjysdera crocata

goldenrod crab spidetMisumena vatia

Ixodidae

green crab spideiaea livens

American dog tickl{ermacentor variabiljs

Vaejovidae

western blacklegged tickdodes pacificys

western forest scorpionyroctonus mordax

Nemesiidae

false tarantula Calisoga longitars)s
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Table A.3Birds of Pepperwood
CE= climate endangered arfd= climate threateneqNational Audubon Society 20155 species of
special concerfCDFW 2016a)

Accipitridae- Hawks, Kites, Eagles, and Allies Caprimulgidae- Goat Suckers
bald eagleKlaliaeetus leucocephal)is °>¢ common nighthawkChordeiles mingr
Cooper's hawkAccipiter coopent>© common poorwill Phalaenoptilus nuttallf®
golden eagleAquila chrysaetg§® ¢ Cardinalidae- Cardinals, Saltators, and Allies
northern goshawkAccipiter gentilefs>® blackheaded grosbeakPheucticus melanocepha)iis
northern harrier Circus cyane)s >°¢ lazuli bunting Passerina amoena
osprey Pandion haliaetus® ¢ Cathartidae- New World Vultures
red-shouldered hawkButeo lineatuy turkey vulture Cathartes aura
red-tailed hawk Buteo jamaicens)s Certhiidae- Creepers
sharpshinned hawkAccipiter striatu} > brown creeper Certhia americanf-
white-tailed kite Elanus leucury)§' 5¢ Charadriidae- Lapwings and Plovers
Aegithalidae- Longtailed Tits and Bushtits killdeer Charadriussociferouy
bushtit Psaltriparus minimys Columbidae- Pigeons and Doves
Alaudidae- Larks bandtailed pigeon Patagioenas fasciab%?’lT
horned lark Eremophila alpestr)s>© mourning dove Zenaida macroura
Alcedinidae- Kingfishers rock pigeon Columba livia
belted kingfisher Ceryle alcyon Corvidae- Crows and Jays
Anatidae - Ducks, Geese, and Swans American croworvus brachyrhynchps
cackling gooseBfanta hutchins)P°© Californiascrubjay (Aphelocoma californida
Canada gooséfantacanadensip common ravenCorvus cora)>?T
canvasbackAythya valisinerif>° Steller's jay Cyanocitta stelleyi
mallard Anas platyrhynchogE Emberizidae; American Sparrows
ruddy duck Oxyura jamaicensjs blackchinnedsparrow Spizella atrogular}s® >>¢
wood duck Aix sponsy’ Californiatowhee (Melozone crissaljs
Apodidaec, Swifts chippingsparrow Spizella passerine”
Vaux's swift Chaetura vauyf==¢ field sparrow Spizella pusilla
white-throated swift @eronautes saxatalj%T fox sparrow Passerella iliaga
Ardeidae- Herons, Bitterns, and Allies golden-crownedsparrow Zonotrichia atricapilla

SSC

great blue heronArdeaherodiag grasshopper sparrowAmmodramus savannarujir®

SSC

great egret Ardea alby SSC

lark sparrow Chondestegrammacu3

green heron Butorides virescefs Oregonjunco gunco hyemaljs
Bombycillidae- Waxwings rufouscrownedsparrow @Aimophila ruficeps’
cedar waxwingBombycilla cedroruin savannahsparrow Passerculus sandwichensis
Calcariidae- Longspurs songsparrow (Melospiza melodip
lapland longspurQalcarius lapponiciis spotted towhee Pipilo maculates

vespersparrow Pooecetes gramineyfg
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Table A.3. Continued

Emberizidae; American Sparrowgcontinued)

Odontophoridae- New WorldQuail

white-crownedsparrow Zonotrichia leucophrys

Californiaquail (Callipepla californica

white-throated sparrow Zonotrichia albicolljs

mountain quail Oreortyx pictul’

Falconidae- Caracaras and Falcons

Paridae- Chickadees and Titmice

Americankestrel (Falco sparveri)§'

chestnutbackedchickadee Poecile rufesceis

merlin (Falco columbariy§®=°©

oaktitmouse Baeolophus inornat)3>°

peregrinefalcon falco peregriny§' >>¢

Parulidae- Wood-Warblers

prairie falcon Falcomexicanuy™™ >>¢

blackthroated gray warbler@endroica nigrescem%T

Fringillidae- Fringilline and Cardueline Finches and Alli

hermit warbler @endroica occidenta)fs™ >

Americangoldfinch Carduelis tristis

orangecrownedwarbler ¥ermivoracelata)

housefinch Carpodacus mexican)is

Townsend'svarbler Oendroica townsenfi’

Lawrence'goldfinch Carduelis lawrencki' >5¢

Wilson'swarbler (ilsonia pusillalCT

lessergoldfinch Carduelis psaltrig

yellowwarbler Dendroica petechii>*

pine siskin Carduelis piny§"

yellow-rumpedwarbler Oendroica coronate

purplefinch Carpodacus purpure)i;eJ

Passeridae Old World Sparrows

red crossbill {Loxia curvirostr}®

housesparrow Passer domesticis

Hirundinidae- Swallows

Pelecanidae Pelicans

barn swallow Hirundo rustica

American white pelicarPelecanus erythrorhynchﬁ ss¢

cliff swallow Petrochelidon pyrrhonoja

Phalacrocoracidae Cormorants

northern roughwinged swallow $telgidopteryx serripennis

doublecrestedcormorant Phalacrocorax aurit)§" 55

tree swallow (Tachycineta bicol)t"

Phasianidae Partridges, Grouse, Turkeys, Old World Qu

violet-greenswallow (Tachycineta thalassir)%\T

wild turkey Meleagris gallopavp

Icteridae- Blackbirds

ring-neckedpheasant Phasianus colchiclus

Brewer'sblackbird Euphagus cyanocepha)is

Picidae- Woodpeckers and Allies

brown-headedcowbird (Molothrus ate)

acornwoodpecker Klelanerpes formicivorys

Bullock'soriole (cterus bullockjF"

downywoodpecker Picoides pubescens

hooded oriole Icterus cucullatus”

hairy woodpecker Picoides villos)s"

red-wingedblackbird Agelaius phoenicejis

Lewis'swoodpecker Melanerpes lewi T

westernmeadowlark Sturnella neglecta

northern flicker Colaptes auratus

Laniidae- Shrikes

Nuttall'swoodpecker Picoides nuttall)F>°

loggerheacshrike (Lanius ludovician)¥™©

pileatedwoodpecker Dryocopus pileatys

Laridae- Skuas, Gulls, Terns, and Skimmers

red-breastedsapsucker $phyrapicus rub¢°rT

caspiantern (Sterna caspif ' >>¢

yellow-belliedsapsucker $phyrapicus variys

Mimidae - Mockingbirds and Thrashers

Podicipedidae Grebes

Californiathrasher Toxostoma redivivuin

pied-billed grebe Podilymbus podiceps

northern mockingbird Mimus polyglotto$

Rallidae- Rails, Gallinules, and Coots

Motacillidae - Wagtails and Pipits

Americancoot (Fulica americana

Americanpipit (Anthus rubescer)%T

19¢



Appendix A. Wildlife Species List®epperwood Adaptive Management Plan

Table A.3. Continued

Regulidae- Kinglets

Troglodytidae- Wrens

golden-crownedkinglet Regulus satrapd’

Bewick'swren (Thryomanes bewichkii

ruby-crownedkinglet Regulus calendu)a

housewren (Troglodytes aedon

Scolopacidae Sandpipers, Phalaropes, and Allies

pacificwren (Troglodytes pacific)s’

2 At asfdipe@allinago gallinagp

rock wren Galpinctes obsoletyis

Sittidae - Nuthatches

Turdidae- Thrushes

pygmynuthatch Sitta pygmaejt™

Americanrobin (Turdus migratorius

red-breastednuthatch GSitta canadenii’

hermit thrush Catharus guttatu}’’

white-breastednuthatch 6ittacaro|inensi};CT

Swainson'shrush Catharus ustulatys

Strigidae- Typical Owls

variedthrush (xoreus naeviys®

burrowing owl Athene cunicularix™ 53¢

westernbluebird Sialiamexicand“’

great horned owl (Bubo virginianus

Tyrannidae- TyrantFlycatchers

long-eared owl Asio otuy~F 3¢

ashrthroated flycatcher Myiarchus cinerascehs

northern pygmy-ow! (Glaucidium gnomyx™

blackphoebe Sayornis nigricans

northern saw-whet owl (Aegolius acadic)s

olive-sidedflycatcher Contopus coopeyi>*

northern spotted owl (Stryx occidentalis caurijix®

pacificslopeflycatcher Empidonax difficil)s"

westernscreechowl (Megascops kennicot)fi’

Say'gphoebe Gayornis saya

Sturnidae- Starlings

westernkingbird (Tyrannus vertical)s

Europearstarling Sturnus vulgarjs

westernwood-pewee Contopus sordidult)l%E

Sylviidae- Old World Warblers and Gnatcatchers

willow flycatcher Empidonax traill)f”’ ss¢

blue-graygnatcatcher Polioptila caerulep

Tytonidae- Barn Owls

Thraupidae- Tanagers

barn owl (Tyto alb3“"

westerntanager Piranga ludoviciang'

Vireonidae- Vireos

Timaliidae- Babblers

[ | a avikey @ideo cassinji

wrentit (Chamaea fasciala

Hutton'svireo (Vireo hutton)“®

Trochilidae- Hummingbirds

warblingvireo (Vireo gilvuy

Allen'shummingbird Gelasphorus sagftf >

Anna'shummingbird Calypte anna

calliope hummingbirdgelasphorus calliope’

rufoushummingbird Gelasphorus ruf)s" >
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Table A.4. Insects of Pepperwood
Source: iNaturalist, AntWeb

Coleoptera- Beetles

Formicidae continued

Chrysomelidae

Solenopsignolesta

cobalt milkweed beetléChrysochus cobaltinus

Sigmatommapallipes

Coccinellidae

Tapinomasessile

California lady beetléCoccinella californiga

Temnothoraxcaguatan

sevenspottedladybird(Coccinella septempunctgta

Temnothoraxnevadensis

convergentladybeetle (Hippodamia converges Veromessoandrei

Scarabaeidae Lepidoptera- Moths and Butterflies
ten-lined June beetl¢Polyphylla decemlineaja Adelidae

Carabidae three-stripedlonghorn(Adela trigrapha
ground beetle(Promecognathys crassus Hesperiidae

ground beetle(Promecognathus laevissumus

propertiusduskywing(Erynnis propertiys

Hemiptera- Bugs

northern cloudywing(Thorybes pyladégs

Largidae

Lycaenidae

borderedplant bug (Largus californicys

brown elfin (Callophrys augustinjis

Hymenoptera- Wasps, Bees, and Ants

acmonblue (Plebejus acman

Apidae

striped hairstreak(Satyrium liparops

honeybee (Apis mellifery

Nymphalidae

carpenter bee(Xylocopa tabaniformjs

Californiasister (Adelpha californicp

Vespidae

commonwood nymph (Cercyonis pegaja

Europearpaperwasp(Polistes dominula

Californiaringlet (Coenonympha tullia california

westernyellowjacket(Vespula pensylvanita

monarchbutterfly (Danaus plexippys

Formicidae

variablecheckerspot(Euphydryas chalcedoha

Aphaenogasteonccidentalis

commonbuckeye(Junonia coenia

Brachymyrmexdepilis

mourningcloak (Nymphalis antiopa

Camponotusquercicola

Papilionidae

Camponotussemitestaceus

pale swallowtail (Papilio eurymedon

Camponotusvicinus

westerntiger swallowtail (Papilio rutulu$

Qematogastercoarctata

aniseswallowtail (Papilio zelicaon

Formicamoki

Pieridae

Formicasubpolita

Californiadogface(Colias eurydide

Hypoponerasp.

orangesulphur (Colias eurytheme

Linepithemahumile

Saturniidae

Liometopumluctuosum

polyphemusmoth (Antheraea polyphemuys

Liometopumoccidentale

ceanothussilk moth (Hyalophora euryalys

Monomoriumergatogyna

Sphingidae

Pheidolecalifornica

wild cherry sphinxmoth (Sphinx drupiferarum

Prenolepismparis




Table A.4. Continued

Appendix A. Wildlife Species List®epperwood Adaptive Management Plan

Mantodea - Mantids

Mantidae

European mantigMantis religios

Megaloptera- Stoneflies and Fish Flies

Corydalidae

gray fish fly(Neohermes<alifornicu3

Odonata- Dragon and Damsel Flies

Aeshnidae

commongreendarner (Anax juniu}

Cordulegastridae

pacificspiketail (Cordulegaster dorsa)is

Libellulidae

westernpondhawk(Erythemis collocafa

blacksaddlebaggTramea lacerath

Orthoptera- Crickets, Grasshoppers, and Allies

Stenopelmatidae

Jerusalentricket (Stenopelmatus fusciis
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Table A.5. Mammals of Pepperwood

Artiodactyla - Eventoed Ungulates

blacktailed deer Qdocoileus hemionsibsp.columbianu$

pig Sus scrofp

Carnivora- Carnivores

black bear{rsus americanys

bobcat Lynx rufusubsp.californicu3

coyote Canis latransubsp.ochropu$

gray fox Urocyon cinereoargentewstibsp.townsendi)

long-tailed weaselNlustela frenatg

mink (Mustela visorsubsp.aestuaring

mountain lion Puma concolosubsp.californicg

North American badgefT@axidea taxups

raccoon Procyon lotosubsp psorg

ringtail Bassariscus astutgsibsp.raptor)

river otter (Lontra canadensisubsp.pacificg

striped skunKMephitis mephitissubsp.occidentali¥

western spotted skunkSpirogale gracil}s

Chiroptera- Bats

big brown bat Eptesicus fuscusubsp.bernardinug

California myotisNlyotis californicusubsp.caurinug

fringed myotis Kyotis thysanodes

pallidbat (Antrozous pallidusubsp.pacificug

Didelphimorphia- Marsupials

opossum Didelphis virginianga

Euliptophyla- Hedgehogs, Moles, and Allies

Trowbridge's shrewSorex trowbridgisubsp.montereyensips

vagrant shrew moleSorex vagransubsp.sonomae, Scapanus Neurotrichu$

Lagomorpha Rabbits and Hares

blacktailed jackrabbi{Lepus californicusubsp californicug

brush Rabbitylvilagus bachmahi

Rodentia- Rodents

Botta's pocket gopheffhomomys bottasubsp.bottae)

brush mousdgPeromyscus boylii

California meadow mous/fcrotus californicusubsp.eximug

chipmunk Tamiassp.)

deer mouseReromyscus maniculategabspgambeli)

Douglas squirrelMamiasciurus douglayii

duskyfooted wood rat Neotoma fuscipesubsp fuscipe$

ground squirrel$permophilusp.)

pinyon mouseReromyscus trueiubsp gilberti)

porcupine Erethizon dorsatuijn

western gray squirrelSciurus griseusubsp griseus

western harvest mousergithrodontomys megafotsubsp.longicaudi¥
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Table A.6. Reptiles of Pepperwood

Serpentes Snakes

Boidae- Boas

northernrubber boa Charina bottag

Colubridae Colubrid Snakes

aquatic garter snakeThamnophis atratus

California kingsnake_émpropeltis getulaubsp.californiad

Californianightsnake idypsiglena ochrorhynchaubsp.nuchalatg

California reesided garter snakeThamnophis sirtalisubsp.infernalig

gopher snakeRituophis catenifer

racer Coluber constrictQr

ring-necked snakelfiadophis punctatys

sharptailed snakgContia tenuig

western terrestrial garter snakd flamnophis elegans

Viperidae- Vipers

northern Pacific rattlesnake@rotalus oreganusubsp.oreganu$

Squamata- Lizards

Anguidae- Anguid Lizards

northern alligator lizardElgaria coerulepn

southern alligator lizardHlgaria multicarinata

Phrynosomatidae Spiny and Shottorned Lizards

western fence lizard3celoporus occidentdlis

Scincidae Skinks

western skinkRlestiodon skiltonianys

Testudines Turtles

Emydidae Pond Turtles

northern western pond turtle Actinemys marmorataubsp.marmorata)
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Appendix BRare and Threatened Plants

Pepperwood Adaptive Management Plan

Table B.1. Rare plant occurrence and management

Priority was based on rare plant ranking, risk of threats and relative abundance at Pepperwood. "Seed Banked" referetawheth
rare plant species has seed stored at the Santa Ana Botanical Garden as of March 2016, but does not include seedaullected fr

Pepperwood since we have not initiated a seed bank collection program.

Common CNPS| State | Global Seed Known Location(s)
Priority Binomial Name Rank | Rank Rank Banked Threats Habitat at Pepperwood
Amorpha Development, habitat | Chaparraf; broadleafed | North-facing oak
o Napa false alteration™""% land forest (openings), | woodland slopes,
HIGH | californicavar. | . p 1B.2 S2 G4T2 Yes red . i up ' S (openings), | woodia ) sopes
. indigo overgrazing, fire chapatrral, cismontane Horse Hill, Redwood
napensis suppression* woodland™"® Canyon
Development, foot Open mixeeevergreen
traffic, and forest, chaparralgravelly
collecting™ ¥ possibly | soil, 4&1220 meters; bossibly common at
. narrow- threatened by road volcanic, broadleafed y
Brodiaea _ Pepperwood;
HIGH anthered 1B.2 S37? G3? No maintenance and non | upland forest, chaparral, .
leptandra brodi native plant§""$fire | cismontane woodland locations
rodiaea pa . e undocumented
suppression, shading | lower montane coniferous|
by Dougladir and forest, valley and foothill
California bay* grasslanf™®
Chaparral, northeast
Volcanic slopes, chaparra| corner of
Habitat alteration, fire . pes, P Pepperwood
Ceanothus Calistoga suppressiofi"" 'y pine/oak woodland, 150 (Weimar east) on
HIGH _ 1B.2 S2 G2 No ) - 950 meters§ chaparral _ .
divergens ceanothus possibly competition volcanic ash deposit;

for light*

(serpentinite or volcanic,
rockyf"S

just a few plants
documented by Peter
Warner in 2009
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Common CNPS| State | Global Seed Known Location(s)
Priority Binomial Name Rank | Rank Rank Banked Threats Habitat at Pepperwood
; ; One plant collected
Hemizonia congested Adriculture Grassy sites, marsh edge in 1926 on
congesta headed g ’ < 100 meter¥; sometimes _
HIGH . 1B.2 S1S2 | G5T1T2 No development, road . serpentine; ned to
subsp. hayfield iorFNPS roadsides, Valley and ) .
| constructio foothill grasslan&NPS confirm still present
congesta tarplant on site
Open or partially shaded | Widelydistributed
. a x . . rassy slopes; < 500 across preserve;
Leptosiphon WS LJa 2 y ( Habitat g
HIGH | . P p lebtosiph y 1B.2 S2 G2 No n:n-lnztif/znvlzstgﬁ';s meters’ usually volcanic,| especially dominant
Jepsonti eptosiphon P chaparral, cismontane in serpentine
woodland™"® grasslands
One plant
R2 Odzy Sy i SH
the! f £ 2 G2 LI
Open wooded slopes 5SOAL0& V)
Habitat alteration, P Ep ' (DeNevers 2013)
logging, road 500:1500meters” Peter Warner did not
Lupinus Cobb mi?ntSr;ance or broadieafed upland find this species
HIGH : Mountain 1B2 | s2 G2 No At forest, chaparral, (IS sp
sericatus . widening, cismontane woodland during the 2009 rare
lupine herbicide$""¥ fire ' | plant survey; might
. lower montane coniferous|
suppression* foresENPS have been observed
on neighboring
property to the south
of the preserve
entrance
Urbanization, Dry soils in chaparral, gaps ir
horticultural collecting, | conifer forest, 3q1800
logging, road meters”; sometimes
Lilium construction and Serze_r:;m'teb’son:ﬁt"?eds Weimar Canyon
MED redwood lily 4.2 S3 G3 No maintenance, non roacsides, broadieale below Weimar Falls,
rubescens upland forest, chaparral,

native plants, and
grazing""$ increasingly
rare in southern portion
of rangé™®s

lower montane coniferous
forest, North Coast
coniferous forest, upper
montane coniferou§'">
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Common CNPS| State | Global Seed Known Location(s)
Priority Binomial Name Rank | Rank Rank Banked Threats Habitat at Pepperwood
Potentially threatened | Chaparral, oak woodland,
by development, conifer forest, also
MED Monardella green 43 sS4 Ga No hybridizes with\I. serpentine, 159800 Grouse Hill, chaparra
viridis monardella ' villosasubsp. meters’; broadleafed near Dwight Center
villos&="F* fire upland forest, chaparral,
suppression* cismontane woodland'">
- . Ponds, < 500 mete
Urbanization, habitat mesic cismontaneifs Vernal pools of Threg
_ - alteration, agriculture ' Tree Hill, Double
Ranunculus 200Q4a ! " | woodland, North Coast '
MED i [ 4.2 S3 G4 No and developmerit""? . Ponds, above Doublg
lobbii buttercup . . coniferous forest, valley .
invasiveplants, . PondsSpring,
and foothill grassland, .
drought* NPS Weimar Pond
vernal pool§
Chaparral, yellovpine
forest, generally north
. facing slopes, 361400 Garrison Canyon,
Viburnum ovalleaved A
MED lioti b 2B.3 S3 G5 No Habitat alteratiof""° | meters’ chaparral, { KNRADSNI / t
ellipticum viburnum cismontane woodland, Canyon
lower montane coniferous|
forest™N"®
Road maintenandd®s Open grassy or rocky places Serpentine grassland
cal . ) : » | orinopen oak/pine and serpentine
alystegia Mt St. Helena fire suppression, woodland, often serpentine, chaparral, Barn area
LOW | collinasubsp. e 4.2 S3 G4T3 No encroaching trees and | < 600 meter¥; serpentinite, o ' § ’
oxyphylla morningglory shrubs, livestock chaparral, lower montane €pperwoo
grazing* coniferous forest, valley and er.1trance, Threg Tree
foothill grassland*™® Hill, Telegrapttill
Rocky, generally volcanic,
open or disturbed sites in
Harmonia nodding NPS chaparral and woodland, . .
LOW nutans harmonia 4.3 S3 G3 No Development 100c1000 meter& rocky or Serpentine soils

gravelly, volcanic, chaparral,
cismontane woodland"™®
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Common CNPS| State | Global Seed Known Location(s)
Priority Binomial Name Rank | Rank Rank Banked Threats Habitat at Pepperwood
Possibly threatened by,
development, .
. P Pine/oak woodland,
agriculture, and road chaparral. aenerall
Lomatium Napa maintenanc&""¥ fire cer pentin(’egloosooy Along road to Grouse
LOW . 4.3 S3 G3 No suppression, P E . Hill; has not been
repostum biscuitroot meters’ serpentinite, .
encroachment of . seen in many yers
. chapatrral, cismontane
Douglasfir and NPS
o . woodland®
California bay, litter
accumulation*
Observed south afed
barn in serpentine
Fire suppression, nen
native EIZnts Sandstone, chparral, (2|0039 and one plztch of
Thermopsis - ene | 10001400 meterd; plants near an o
LOW E I falselupine 1B.3 S1 G1 Yes recreational activities, ch | q i homestead site by
macropnylia and road ’ aparral (san %;Sgram '@ Rogers Canyon; need tg
maintenanc&\?s disturbed areas‘i confirm species ID due
to occurring outside
aLISOASEQ NI
Fire following annual,
common on Chalk
. Mountain after 1996
.. AL oA n loam il
WATCH | Calandrinia NB 6 § NI _ _ Sandy to loamy so burn: might be
. . 4.2 S34 G4 No Fire suppression* disturbed sites, burns, < i
FOR breweri calandrinia abundant after fire on

1200 meterd®

Pepperwood; not
confirmed present on
site

* = Warner 2009
= Jepson eFlor@depson Flora Project (eds.) 20d8pson eFloranttp://ucjeps.berkeley.edu/IJM.html, accessed on Mar 07 2016
CNPS- CNPS rare plant inventai@NPS, Rare Plant Program. 2015. Inventory of Rare and Endangered Plants (online edjoiGalBornia Néve Plant
Society, Sacramento, CA. Website http://www.rareplants.cnps.org [accessed 07 March 2016].
Seed bank collections
http://www.rsabg.org/seedconservation?catid=155:articles&id=256:semthservatiorprogramcollections
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Table B.2Rare plants and lichens that may occur at Pepperwadddrk West Quad & eight quads surrounding Mark West
Source: CNPS, Rare Plant Program. 2015. Inventory of Raemdaagered Plants (online edition;@8). California Native Plant Society, Sacramento, CA.
Website http://www.rareplants.cnps.org [accessed 07 March 2016].

Rare Plants Mark West Quad

Binomial Common Name S:Eks 2?rt1ek C;lzzzl Lifeform Habitat
Damp rock and soil on outcrops, usually on roadcuts,
Anomobryum julaceum| slender silver moss 4.2 S2 G4G5 | moss broadleafed upland forest, lower montane coniferous
forest, North Coast coniferous for&sf®
Open grassy areas, thin clay soil, {00 neters’;
Astragalus claranus Clara Hunt'snilk-vetch 1B.1 S1 Gl annual herb | serpentinite or volcanic, rocky, clay, chaparral (opening
cismontane woodland, valley and foothill grasslﬁ'?'fcf
perennial Volcanic slopes, chaparral, pine/oak woodland; ZB)0
Ceanothus confusus Rincon Ridge ceanothuy 1B.1 S1 G1 evergreen meters’ volcanic or serpentiniteglosedcone coniferous
shrub forest, chaparral,cismontane woodland"">
Grassland, coastal salt marshes, alkaline springs, seef
Centromadi.a parryi pappose tarplant 1B.2 s1 G371 | annualherb 400 meterd often alkaline, chaparral, coastal prairie,
subsp.parryi meadows and seeps, marshes and swamps (coastal sz
valley and foothill grassland (vernally meSi€y
erennial Dry slopes, rocks, ledges along rivers, < 1100 m&ters
Erigeron biolettii streamside daisy 3 S3? G3? Eerb rocky, mesic, broadleafed upland forest, cismontane
woodland, North Coast coniferous for&8F°
Gratiola heterosepala Boggs Lake hedge 1B.2 S92 G2 annual herb Shallow water, margins of vernal pools., < 1608tens’;
hyssop clay, marshes and swamps (lake margins), vernal f)'&?l
Openings on slopes, ridges, shallow soils, sedimentary|
Micropus amphibolus | Mt. Diablo cottonweed 3.2 S3S4 | G3G4 | annual herb volcanic rocks, 400 metgré’f rocky, broadleafed
upland forest, chaparral, cismontane woodland, valley
and foothill gr::isslan(ifi\'PS
erennial Moist grassland, open woodland, < 300 meterslosed
Microseris paludosa marsh microseris 1B.2 S2 G2 ﬁerb coneconiferous forest, cismontane woodland, coastal

scrub, valley and foothill grasslant®
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Appendix B. Rare & Threaten&antsi Pepperwood Adaptive Management Plan

CNPS | State | Global
Bi ial N Lifef Habitat
inomial Common Name Rank | Rank | Rank ifeform abita
Navarretia Vernalpools, < 1700 meters mesic, cismontane
leucocephalaubsp. Baker's navarretia 1B.1 S2 G4T2 | annual herb | woodland, lower montane coniferous forest, meadows
bakeri and seeps, valley and foothill grassland, vernal pobfs
Navarretia
many-flowered Vernalpools, 80@1100 meters; vernal pools (volcanic
leucocephalaubsp. ¥ , 1B.2 S1 G4T1 | annual herb P NPS @ P (
. navarretia ash flowf
plieantha
Rare Plants Eight Quads Surrounding Mark West
CNPS | State | Global
Binomial Common Name Lifeform Habitat
Rank Rank Rank
. . perennial Dry hillsides, < 300 metéfsclay, volcanic, often
Allium peninsular@ar. . . . . . .
. Franciscan onion 1B.2 S1 G5T1 | bulbiferous | serpentinite, cismontane woodland, valley and foothill
franciscanum NPS
herb grassland
Alopecurus aequalis erennial Freshwater marshesiparian scrub, §365 meters;
P q Sonoma alopecurus 1B.1 S1 G5T1Q P P 53 . P
var.sonomensis herb marshes and swamps (freshwater), riparian s&iB
Gravelly slopes, grassland, openings in woodland, ofte
L . bent-flowered 4 E
Amsinckia lunaris _ 1B.2 S2? G2? | annual herb | serpentine, (5)56800 meters’ coastal blufcrub,
fiddleneck . .
cismontane woodland, valley and foothill grassIaifd
erennial Openings in chaparral, rocky areas, often on serpentin
Antirrhinum virga twig-like snapdragon 4.3 S3S4 | G3G4 Eerb 2002000 meter; Rocky, openings, often serpentinite,
chaparralJower montane coniferous foreSt">
. erennial i
Arctostaphylos bakeri , . P Serpentine chaparral near coast,cB90 meters; often
. Baker's manzanita 1B.1 S2 G2T2 | evergreen . S
subsp.bakeri shrub serpentinite, broadleafed upland forest, chapaﬁl\é{‘]
Arctostaphylos Sonoma canescent perennial
canescensubsp. manzanita 1B.2 S2 G3G4T2 evergreen Chaparral, open forests, §0700 meterd®
sonomensis shrub
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Appendix B. Rare & Threaten&antsi Pepperwood Adaptive Management Plan

CNPS | State | Global
Binomial mmon Nam Lifeform Habitat
omia Common Name Rank | Rank Rank efo abita
Arctostaphylos perennial Woodland, chaparral, conifer forest, generally volcanic
manzanitasubsp. Konocti manzanita 1B.3 S3 G5T3 | evergreen soils, 221850 meterd; volcanic, chaparral, cismontang
elegans shrub woodland, lower montane coniferous foré&f®
Arctostaphylos perennial . .
. . . . Chaparral, 100 meters chaparral (rhyolitic), cismontaneg
stanfordianasubsp. Rincon Ridge manzanity 1B.1 S1 G3T1 | evergreen P NPS s P (hy )
woodland
decumbens shrub
erennial Serpentineoutcrops, 701600 meterd: serpentinite,
Asclepias solanoana | serpentine milkweed 4.2 S3 G3 ﬁerb chaparral, cismontane woodland, Lower montane
coniferous forest™" >
Open slopes, grassy areas, on serpentine or not, < 95(
. . meters’ Oftenserpentinite, volcanic, chaparral,
Astragalus breweri Brewer's milkvetch 4.2 S3 G3 annual herb | | P P
cismontane woodland, meadows and seeps, valley ang
foothill grassland (open, often graveft)§*
erennial Moist serpentine areas, 1@2500 meterd; serpentinite
Astragalus clevelandii | Cleveland's milivetch 4.3 S4 G4 P seeps, chaparral, cismontane woodland, riparian
herb CNPS
forest
} Often on serpentine soil, 15000 meters; often
Astragalus rattanivar. L . .
. . Jepson's milkvetch 1B.2 S3 G4T3 | annual herb | serpentinite, chaparral, cismontane woodlan@lley and
jepsonianus . NPS
foothill grasslanf
. . Open grassy or rocky slopes, valleys, generally <= 140
Balsamorhiza , perennial P gE Y : ysop o ve: d .y
. big-scale balsamroot 1B.2 S2 G2 meters’; sometimes serpentinite, chaparral, cismontan
macrolepis herb . NPS
woodland, valley and footh@rasslana
Peatland, marshes, wet meadows in forest, coastal scr,
Calamaarostis perennial and prairie, < 500 meters mesic, bogs and fens,
bolandegr]i Bolander's reed grass 4.2 S4 G4 rhizomatous | broadleafed upland forest, closembne coniferougorest,

herb

coastal scrub, meadows and seeps (mesic), marshes g
swamps (freshwater), North Coast coniferous fof&8&?




Appendix B. Rare & Threaten&antsi Pepperwood Adaptive Management Plan

CNPS | State | Global
Binomial Common Name Lifeform Habitat
Rank Rank Rank
. . perennial Slopes, meadows, coastal marshes, < 3400 méters
Calamagrostis stricta . . .
. slipstem reed grass 2B.1 S2? G3Q | rhizomatous | coastal scrub (mesic), marshes and swamps
subsp.inexpansa NPS
herb (freshwater§
Meadows, seeps, grassland, chaparf@aest, generally
erennial on serpentine soils, < 1065 met&serpentinite, rocky,
Calamagrostis ophitidis| serpentine reed grass 4.3 S3 G3 Eerb chaparral (open, often nortffiacing slopes), lower
montane coniferous forest, meadows and seeps, valley
and foothill grassland">
perennial Moist meadows, < 500 metefscoastal prairie, coastal
Calochortus uniflorus | pink startulip 4.2 S3 G4 bulbiferous | scrub, meadows and seeps, North Coast coniferous
herb forest™"S
Calvotridium Sandy or gravelly areas, generagrpentine, 4092000
yp. four-petaled pussypaws| 4.3 S4 G4 annual herb | meters’; sandy or gravelly, usually serpentinite,
quadripetalum . s
chaparral, lower montane coniferous for&8f
erennial Marshy areas, +&100 meters;; mesic, bogs and fens,
. . P . closedcone coniferous forest, coastal prairie, meadows
Campanula californica | swamp harebell 1B.2 S3 G3 rhizomatous
and seeps, marshes and swamps (freshwater), North
herb . PS
Coast coniferous forest
_ . annual herb | Coastal bluffs, grassland, < 5@ters’; coastal bluff
Castilleja ambiguaar. | . . ) . .
ambiaua johnny-nip 4.2 S4 GA4T5 | (hemiparasit | scrub, coastal prairie, coastal scrub, marshes and swal
g ic) valley and foothill grassland, vernal pools mar&'?ﬁg
. perennial .
Ceanothus foliosugr. . . Rocky slopes, flatshaparral, woodland, mixedvergreen
. Vine Hill ceanothus 1B.1 S1 G3T1 | evergreen NPS
vineatus forest, < 300 meter§ chaparraf
shrub
Ceanothus gloriosus perennial
g glory brush 4.3 S4 G4T4 | evergreen Sandy or rocky substrates, < 500 mef%rshaparra‘f“pS
var.exaltatus shrub
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Appendix B. Rare & Threaten&antsi Pepperwood Adaptive Management Plan

CNPS | State | Global
Bi ial N Lifef Habitat
inomial Common Name Rank | Rank | Rank ifeform abita
perennial , E
Volcanic substrates, slopes, chaparral, 88 meters:
Ceanothus purpureus | holly-leaved ceanothus | 1B.2 S2 G2 evergreen . P . P
<hrub volcanic, rocky, chaparral, cismontane woodlS¥&
perennial . .
. Serpentine or volcanic substrates, chaparral, (60D
Ceanothus sonomensi§ Sonoma ceanothus 1B.2 S2 G2 evergreen P E . P
<hrub meters’; chaparral (sandy, serpentinite or volcafit)®
Serpentine, rockputcrops, gravelly slopes, chaparral,
Cryptantha dissita serpentine cryptantha 1B.2 S2 G2 annual herb | foothill woodland, 15@900 meters? chaparral
(serpentinitef™">
. . On herbs includindlternantherg Daleg Lythrum
Cuscuta obtusifloraar. , annual vine .
Peruvian dodder 2B.2 SH | G5T4T5 " PolygonumXanthium + < 500 meter§ marshes and
glandulosa (parasitic) PS
swamps (freshwatef)*
. Moist areas, dry slopes, mixexvergreen or conifer
perennial E
L . s . forest, 202200 meters; broadleafed upland forest,
Cypripedium montanun{ mountain lady'sslipper 4.2 S4 G4 rhizomatous | | .
herb cismontane woodlandpwer montane coniferous forest,
North Coast coniferous foredt”®
Vernal pools, roadside ditches, < + 150 meters (488
Downingia pusilla dwarf downingia 2B.2 S2 GU annual herb | meters, Inner North Coaﬁanges’)E, Valley and foothill
grassland (mesic), vernal podt§®
Greene's narroweaved erennial Generally on serpentine, sometimes rocky alluvium,
Erigeron greenei dais 1B.2 S2 G2 Eerb chaparral, woodland, conifer forest, (108001600
y meters’ chaparral (serpentinite or volcanféy>
. . . . erennial Serpentine scrub, 4@B00 meters;; chaparral
Erigeron serpentinus | serpentine daisy 1B.3 S2 G2 P P . Q(?g P
herb (serpentinite, seeps)’
. erennial )
. Snow Mountain pe Serpentine, 4062100 meterd; chaparral
Eriogonum nervulosum 1B.2 S2 G2 rhizomatous . .. CNPS
buckwheat (serpentinitef
herb
annual /
i .| Loch Lomond button
Eryngium constancei celery 1B.1 S1 G1 perennial Vernal pools, + 800 metefsvernal poolg;’\IPS
herb
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CNPS | State | Global
Bi ial N Lifef Habitat
inomial Common Name Rank | Rank | Rank ifeform abita
serennial Dry woodland, on serpentine, 3§0200 meters;
. . . volcanic or serpentinite, chaparral, cismontane woodla
Erythronium helenae | St. Helena fawn lily 4.2 S3 G3 bulbiferous P . P .
lower montane coniferous forest, valley and foothill
hel’b NPS
grassland
Hesperolinon two-carpellate western Serpentine, chaparral, 2000 meters; chaparral
. P P 1B.2 S3 G3 annual herb P - NPS @ P
bicarpellatum flax (serpentlmtef
erennial Sandy soils, opechaparral, 5500 meters; mesic
Horkelia tenuiloba thin-lobed horkelia 1B.2 S2 G2 ﬁerb openings, sandy, broadleafed upland forest, chaparral,
valley and foothill grasslaifi”™
In water, springy areas, shores, meadows, roadside
. ditches, <700 meters;; wetlands, roadsides, broadleafeq
perennial i
. . . . upland forest, coastal bluff scrub, closedne coniferous
Hosackia gracilis harlequin lotus 4.2 S3 G4 rhizomatous . o
herb forest, cismontane woodland, coastal prairie, coastal
scrub, meadows and seeps, marshes and swamps, No
Coast coniferous forest, valley and footigitassland™">
Serpentine or sandy soils, 180 meters:; sandy,
Layia septentrionalis | Colusa layia 1B.2 S2 G2 annual herb | serpentinite, chaparral, cismontane woodland, valley a
foothill grassland™"®
Grassy areas, woodland, chaparral, < 700 méters
Leptosiphon acicularis | bristly leptosiphon 4.2 S3 G3 annual herb | chaparral, cismontane woodland, coastal prairie, valley
and foothill grassland"">
Coastal scrub, chaparral, grasslaraidsides,
occasionally on serpentine or alkali soil¢00 meters’
Lessingia hololeuca woolly-headed lessingia 3 S3 G3 annual herb | clay, serpentinite, broadleafed upland forest, coastal
scrub, lower montane coniferous forest, valley and
foothill grasslanf?lNPS
Heavy soils, < 500eters’; adobe, chaparral, cismontan
Navarretia cotulifolia cotula navarretia 4.2 S4 G4 annual herb y b f

woodland, valley and foothill grassla?ﬁ“f‘fS

21C
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. . CNPS | State | Global . .
Binomial Common Name Rank Rank Rank Lifeform Habitat

. perennial Volcanic and serpentine slopes, open chaparral, on

Orobanche valida . E .
N Howell's broomrape 4.3 S4 G4T4 | herb Garrya,200¢1700 meterd; chaparral (serpentinite or
subsp.howellii . . CNPS
(parasitic) | volcanicy

Sidalcea hickmanii erennial Chamise chaparral, rockigyolitic volcanic soil, 45%00

. Napa checkerbloom 1B.1 S1 G3T1 P E p . by NPS o
subsp.napensis herb metersS rhyolitic, chaparrat

Serpentine barrens, associated openings in chaparral/q
. . woodland, cypress woodland, 28600 meters;

Streptanthus hesperidis green jewelflower 1B.2 S2 G2 annual herb yp

serpentinite,rocky, chaparral (openings), cismontane
woodland™"®

Serpentine barrens, chaparral, cypress/knobcgiree
woodland, 15@1100 neters” chaparral
(serpentinitef™"°

Three Peaks jewel 1B.2 S92 G2T2 perennial

Streptanthus morrisonii
P flower herb

Rare Lichens

. . CNPS | State | Global ) .
Binomial Common Name Rank Rank Rank Lifeform Habitat

spiratspored quilded crustose Often restricted to bark of conifers over 200 years old;
Calicium adspersum hz-ad Iion Iichfn 2B.2 S1? G3G4 | lichen lower montane coniferouforest, North Coast coniferous
P (epiphytic) | forest™F®

On dead twigs and other lichens; North Coast conifero
fruticose forest; potentially threatened by pollution; found on red
Ramalina thrausta Fy3ast Qa KI Al 2B.1 S27? G5 lichen alder, Dougladir, Oregon oak, and salmonberry; in

(epiphytic) Sonoma County it grows on and among dangling mats

Ramalina menziesiind Usneaspp~""°

crustose
wovenspored lichen 3 S1 G3 lichen
(terricolous)

Texosporium saneti
jacobi

On soil, small mammal pellets, dead twigs, and on
Selaginellapp.; chaparral (openinds)™
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. . CNPS | State | Global . .
Binomial Common Name Rank Rank Rank Lifeform Habitat

fruticose
Thamnolia vermicularis| whiteworm lichen 2B.1 S1 G3G5 | lichen
(terricolous)

On rocks derived from sandstone; chaparral, valley ang
foothill grassland; threatened by foot traffic’ >

On tree branches; usually on old growth hardwoods an

A . A fruticose . .
. aSuKdzasStl KQ 'u I conifers; broadleaf upland forest, North Coast conifero
Usnhea longissima . 4.2 S4 G4 lichen .
lichen (epiphytic) forest; threatened by development, road maintenance,

and logging"~*°

E= Jepson eFlora
Jepson Flora Project (eds.) 20d&pson eFlorattp://ucjeps.berkeley.edu/IIM.html, accessed on Mar 07 2016

CNPS= CNPS rare plant inventory
CNPS, Rare Plant Program. 2015. Inventory of Rare and Endangered Plants (online e@RjoiGalBornia Native Plant Society, Saweato, CA.
Website http://www.rareplants.cnps.org [accessed 07 March 2016].
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Appendix C. Invasive Plants

Pepperwood Adaptive Management Plan

The Pepperwood flora includes mangn-nativeinvasive and noxious weeds which are listed
here in accordance with The Jepson Manual, Second E@@eddwin et al. 2012)nvasive taxa

are primarily from the California Invasive Plant Inventory Database developed by the California

Invasive Plant Council (@&IC). Noxious weeds are indid S R

0é

from listings by the California Department of Food and Agriculture.

Table C.1. Pepperwood flora excerpt: invasive and nogpres

Scientific Name

Common Name(s)

Aegilops triuncialis

barbed goatgrass

Ailanthusaltissima’

tree of heaven

Allium vinealé

onion, garlic
Avena barbata slender wild oat
Avena fatua wild oat
Bellardia trixago Mediterranean linseed
Brachypodium distachyon false brome

Brassica nigra

black mustard

Brassica rapa

turnip, field mustard

Briza maxima

rattlesnake grass, large quaking gre

Bromus diandrus

ripgut grass

Bromus hordeaceus soft chess

Bromus madritensisubsp.rubens red brome
Carduus acanthoidesibsp.acanthoides plumeless thistle
Carduus pycnocephalsabsp.pycnocephalu% Italian thistle
Carthamus lanatu$ woolly distaff thistle
Centaurea melitensis tocalote

Centaurea solstitialls

yellow stathistle

Chondrilla juncea

skeleton weed

Cirsium arvense

Canada thistle

Cirsium vulgaré

bull thistle

Convolvulus arvensis

bindweed, orchard morninglory

Cotoneaster pannosus

silverleaf cotoneaster

Cotula coronopifolia

brassbuttons

Cynodon dactylon

bermuda grass

Cynosurus echinatus

bristly dogtail grass

Cytisus scopariﬂs

scotch broom

Dactylisglomerata

orchard grass

Dipsacus fullonum

wild teasel

Dittrichia graveolens

stinkwort

Rl 33 SNJ
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Table C.1. Continued

Appendix C. Invasive PlantsPepperwood Adaptive Management Plan

Scientific Name

Common Name(s)

Echium plantagineum

salvation Jane

Elymus capumedusaé medusahead
Erodium cicutarium redstem filaree
Eucalyptus globulus blue gum
Euphorbia oblongath spurge
Festuca arundinacea tall fescue
Festuca perennis rye grass
Ficus carica fig

Foeniculum vulgare fennel

Genista monspessulana

French broom

Geranium dissectum

cranesbill, geranium

Glyceriadeclinata’

low mannagrass

Hedera helix

English ivy

Helminthotheca echioides

prickly ox tongue

Holcus lanatus

velvet grass

Hordeum marinunsubsp.gussoneanum

Mediterranean barley

Hordeum murinunsubsp.leporinum

hare barley

Hypericum perforatunsubsp perforatum’

klamath weed

Hypochaeris glabra

avyzz2ik Ol Qa

Hypochaeris radicata

KI ANBE OF GdQa

Lepidium campestre

peppergrass, peppercress

Lepidium draba

heart-podded hoary cress

Lythrum hyssopifolia

loosestrife

Marrubium vulgare horehound
Medicago polymorpha California butclover
Mentha pulegium pennyroyal

Myosotis latifolia

broadleaved forgeme-not

Olea europaea

olive

Onopordum illyricurh

Illyrian thistle

Oxalis pesapre

bermuda buttercup

Parentucellia viscosa

parentucellia

Phalaris aquatica

harding grass

Plantago lanceolata

English plantain

Poa pratensisubsp.pratensis

Kentucky blue grass

Polypogon monspeliensis

rabbitfoot grass

Prunus cerasifera

cherry plum

Raphanus sativus

radish

Rubus armeniacus

Himalayablackberry

Rumex acetosella

sheep sorrel

Rumex crispus

curly dock

Silybum marianum

blessedmilk thistle
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Table C.1. Continued

Scientific Name Common Name(s)
Torilis arvensis tall sock destroyer
Tribulus terrestris caltrop, puncture vine
Trifoliumhirtum rose clover
Verbascum thapsus woolly mullein
Vinca major greater periwinkle
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Table C.2. Ranking of invasive plant treatment priorities

Appendix C. Invasive PlantsPepperwood Adaptive Management Plan

External Expert Ranking

Internal Ranking

(as of February 2015) Potential Impact Feasibililty
Potential Negative Treatment Effort 2015
CDFA Local Ecological Impacts for Current Feasibility Pepperwood
CatllPC Noxious | Invasiveness| (may distributeextra | Abundance Distribution Subtotal (10= Cumulative
Species Ranking Weed (5 = high) points) (5= low) (5 = easy, low cost)] most feasible) Score
French broom .
(Genista monspessulapa high c 5 5 4 4 8 18
stinkwort .
(Dittrichia graveolen)s moderate | not listed 5 3 4 5 9 17
rush skeleton weed
(Chondrilla juncel moderate A 5 4 5 3 8 17
black muste_lrd moderate | not listed 4 1 5 5 10 15
(Brassica nigra
hedge mustard . .
(Sisybrum officinale not listed | not listed 4 1 5 5 10 15
oblong spurge -
(Euphorbia oblongata limited B 5 5 5 10 15
barbed goatgrass .
(Aegilops triuncialis high B S 4 4 2 6 15
everlasting pea, sweetpea | i i | not listed 4 5 5 10 14
(Lathyrus latifoliuk
puncturevine .
(Tribulus terrestris not listed C 3 1 5 5 10 14
common forgeime-not limited | not listed 3 5 5 10 13
(Myosaotis latifolig
common mullein i .
(Verbascum thapsis limited not listed 3 5 5 10 13
dog fennel Anthemis cotula | not listed | not listed 3 5 5 10 13
annL_JaI yeI_Iovy sweet clover not listed | not listed 3 5 5 10 13
(Melilotus indicuy
common teasel moderate | not listed 3 1 5 4 9 13
(Dipsacus fullonuin
chichory Chicorium intybus | not listed | not listed 4 3 4 2 6 13
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Table C.2. Continued

External Expert Ranking Internal Ranking
(as of February 2015) Potential Impact Feasibililty
Potential Negative Treatment Effort 2015
CDFA Local Ecological Impacts for Current Feasibility Pepperwood
CatllPC Noxious | Invasiveness| (may distribute extra| Abundance Distribution Subtotal (10= Cumulative
Species Ranking Weed (5 = high) points) (5= low) (5 = easy, low cost)] most feasible) Score
yellow starthistle .
(Centauria soltistial)s high B S 4 3 1 4 13
fennel Foeniculum vulgaje high not listed 4 -1 5 4 9 12
periwinkle ¥inca majoy moderate | not listed 3 5 4 9 12
Bermudagrass .
(Cynodon dactylon moderate | not listed 4 5 3 8 12
giant reed Arundo donak high B 1 5 5 10 11
bull thistle Cirsium vulgare | moderate | not listed 3 4 4 8 11
fosy sandcrocus ) not listed | not listed 5 3 2 1 3 11
(Romulea roseaar. australig
century plant Agavesp.) not listed | not listed 1 5 4 9 10
blessed milk thistle limited | not listed 3 1 4 4 8 10
(Silybum marianum
Armenian blackberry high | not listed 4 4 2 6 10
(Rubus armeniacys
bristly oxtongue - .
(Helminthotheca echioidgs limited not listed 4 1 3 2 5 10
medusahead .
(Elymus capumedusa¢ high c S 3 ! 1 2 10
Italian thistle .
(Carduus pycnocephalus limited c 2 3 3 6 8
annual or purple false bromg .
(Brachypodium disitachign moderate | not listed 5 2 1 3 8
yellow salsify s not listed | not listed 2 4 1 5 7
(Tragopogon porrifolius
Hardmg grass moderate | not listed 5 1 1 2 7
(Phalaris aquatich
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The CalWeedMapper model is based on an ensemble of 17 global circulation models under the A2, or
unmitigated emissions scenario. The climate baseline derived from average PRISM data¢@00970
were pulled for invasive plant species based on their knoamge. By comparing baseline to

projections categories, locations are deemed as either suitable, expanded suitability, or reduced
suitability for each of the modeled species. From CalWeedMapper, the percentage of pixels in each
category in the Mark West & quad were estimated to the nearest 5 percent for species managed at
Pepperwood. Percentages were used to characterize the regional trend in our quad maps either
unchanged, small, moderate, or widespread expansion or reduction.

Table C.3. Projected ange in invasive plant habitat suitability at Pepperwood
Source: California Invasive Plants Council Weed mapper tool: http://calweedmapjj@r.ced/maps/

Pepperwood 2015 CalWeedMapper Suitability Range Predicted Chan
Priority Ranks from 201Q(;2050(as a percent of USGS quadrangle
Management Change in
Priority Feasibility Habitat Percent
Invasive Species Rank Rank Suitability Reduced
Frenc.:h broom 18 8 unchanged 100 0 0
(Genista monspessulaha
rush skgletgn weed 17 8 W|despread 10 <1 90
(Chondrilla juncern reduction
stl.nk\./vort 17 9 modergte 75 0 25
(Dittrichia graveolens reduction
barb(.—:-d goa.tgra.ss 15 6 unchanged 100 0 0
(Aegilops triuncialls
oblong spurge .
. 15 10 small reduction 95 0 5
(Euphorbia oblongata
ellow starthistle
yerow . ! . 13 4 unchanged 100 0 0
(Centauria solstitialis
t I derat
common ease 13 9 mo eré e 80 20 0
(Dipsacus fullonuin expansion
f
commor.1 orgamenot 13 10 unchanged 100 0 0
(Myosaotis latifolig
fennel
12 9 unchanged 100 0 0
(Foeniculum vulgape g
iwinkl
pe_nwm e_ 12 9 unchanged 100 0 0
(Vinca majoy
bull thistl
u_ : ISt 11 8 unchanged 100 0 0
(Cirsium vulgare
giant reed
11 10 h d 100 0 0
(Arundo donax) tnehange
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Table C.3. Continued

Appendix C. Invasive PlantsPepperwood Adaptive Management Plan

Pepperwood 2015
Priority Ranks

CalWeedMapper Suitability Range Predict€hange
from 201Q@;2050(as a percent of USGS quadrangle

Management Change in
Priority Feasibility Habitat Percent
Invasive Species Rank Rank Suitability Reduced
bristly oxtongue
10 5 h d 100 <1 0
(Helminthotheca echioidg¢s tnehange
blgssed milk t.hIStle 10 8 small expansion 95 5 0
(Silybum marianum
annual or purple false brome
h 1
(Brachypodium disitachign 8 3 unchanged 00 0 0
tree-of-heaven Ailanthus
o Y A.I N 0 NA unchanged 100 0 0
altissimg watchlisted
English i
(H(gdleralhveylix) Not ranked | Not ranked unchanged 100 0 0
Algerian i
gerian vy Not ranked | Not ranked unchanged 100 0 0

(Hedera canariensjis




Pepperwood Adaptive Management Plan

Appendix D. Climate and Hydrology

Climate and Hydrology Monitoring

Sonoma County has becormereasingly warm over the last century, reflecting trends seen for the
planet as a whole during this same tinieNSy Ra Ay {2y 2Yl /[ 2dzydiéQa OfAY
Westmap tool of the PRISM Climate Mapping Program, per below (County 097 is Sonorya Co

(Daly et al. 2008 Measured impacts of climate change for 168210 show an average increase of
approximately IF in summer temperatures and 1.5°F in winter temperatures compared to the last 30
years(Cornwall et al. 2015Precipitation in our region displays an extremely high level of variability

(Figure D.1.c).

Figures D.1ec. Sonom&ounty annual climate variabl€s8952015): a) maximum temperature, b)
minimum temperature, and c) precipitation
Source: WestMafhttp://cefa.dri.edu/Westmayp)

D.1l.a.Maximum temperaturé&Sonoma Countyl 8952015)

Maximum Temperature for California -- County 097

12 month period ending in September

- Temperature (F)

220



Appendix D. Climate & Hydrologly Pepperwood Adaptive Management Plan

D.1b. Minimum temperaturéSonoma Countyl8952015)

Minimum Temperature for California -- County 097

12 month period ending in September

Er Ir year of

- Temperature (F)

D.1c. PrecipitationSonoma Countyl 8952015)

Precipitation for California -- County 097
1 month period ending in January
E <o
1 1 940 = 1960 8
-®- Precipitation (in)

Pepperwood's own weather monitoring program began in 2010, thanks in large part to a skilled and
dedicated steward, Dave Andersen, as well as technical assistance from the USGS. As these data
accumulate, we are gaining insight Ay G2 GKS € yR&aOI L)Scather&é RNR f 2 I A C
hydrology monitoring is thus a key element of Pepperwood's Sentinel Site project (seEMap

Sentinel Site Monitoring)a longterm monitoring framework designed to measure the major physical
RNAGSNB 2F GKS SO2f23e 2y (GUKS LINBaSNBS yR GKS
approach provides a model that can be expanded into a rsit#tinetwork for moniteing the baseline

of ecology and climate in our region and beyond.
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At Pepperwood, the Sentinel Site currently features over 100 climate and hydrology sensors, a network
of weather stations, and monitoring of every form of water as it moves through the landscape
(precipitation, fog water inputs, soil moisture, spring flamd streamflow). Biological measurements

of forest composition, grassland composition, plant phenology, wildlife occupancy, and other biological
metrics complement these weather and hydrology components.

We have observed increased temperatures every yeathe past five yearsyith the greatest
increase observed in local winter minimum temperatures (Figure D.2.a). Distributed temperature
measurements over the preserve, combined with a cold air pooling model, indicdteethperatures
vary by up to 1€F across the preserve, compared to our primary weastation (MapE11l. Modeled
Winter Minimum Temperaturg). Precipitation varies widglfrom year to year, with 2011 slightly
exceedinghe longterm averageat 43 inches of rainfallivhile the 20122015years of severe drought
featured on the order of half the average annual rainfall (Figure D.2.c).

Figures D.2.ec. Pepperwood weather station data) maximumtemperature, b)minimum

temperature andc) cumulative precipitation
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D.2b. Monthly minimum temperatur¢2010;2015)

Minmum Degrees Celsius
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D.2c. Cumulative precipitatiof2010;2015)
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To complement traditional weather station data (e.g., precipitation, temperature, humidity, wind
speed and directionhydrology data collected in five to @@inute intervals at theSentinel Siténclude
soil water content, soil water potential, stream depth, water temperature, precipitation, and leaf
wetness at multiple locations. One of the most valuable measuremerRgpperwood's Sentinel Site
has turned out to be our soil water potential data (A. Hiets. comm. 2014 This data was utilized to
calibrate statewide models for drought impacts to forests and to inform reservoir operations during
the recent drought byhe Sonoma County Water Agen@jcintyre et al. 2014)

Additional hydrology metrics include stream morphology and flow in the Rogers Creek tributary of
Mark West Springs. For the 2014 to 2016 seasons, additional rain gages have been placed at 17 sites
distributed across the preserve that are paired with vegetation monitoring. Pepperwood volunteers
have also recorded Turtle Pond water levels and water quality since 2010. Summer fog has been
monitored by a combination of sensor technology and manual teghes in conjunction with visiting
scholars since 2012.
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Figure D.3. Pepperwoatreamflowand soil water content data

As of 2016, lere are 33locumentedsprings at Pepperwood, many of which are considered to be
perennial and are important water sources for both wildlife and humafesp(E4 Watersheds,

Wetland, Riparianand AquatiiHabitats of Pepperwodd Flow rates of our springs are poorly

understood but at the Bechtel Spring, a developed perennial springtheaBechteHouse, flow rates
ranged from 0.51 to 1.19 gallons per minute in February and December of 1994, respectively. In 2015
we began monitoring spring water quality (Table D.1) and sebasedSentinel Sitespringmapping
andmonitoring is scheduled to commenceSpring 2017

Planned monitoring includes equipping one to two perennial springs with inline flow meters and data
loggers using existing pipe infrastructure. Groundwater quality monitoring is an important aspect of
groundwater managemenfCDWR 2013)nd the infiltration of nitrates into groundwater may be a
symptom of high levels of aerial nitrogen degition dueto air pollution (SWeisspers. comm. 2016

The samples below outline the results of spring water quality monitoring to date.
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