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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
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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 communitieacross 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 iclimatic water deficit for Pepperwood, 192099, 276meter

resolution
Source: 2014 California BCM
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