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I believe strongly in the work Pepperwood is doing – its power to transform our 
understanding about fire resilience and climate change. I believe just as strongly 
in the importance of connecting a multi-racial, multi-ethnic, multi-generational 
coalition to this important work to address both the crisis of climate change and 
the crisis of environmental justice and equity.”
LISA CARREÑO, PRESIDENT & CEO, UNITED WAY OF THE WINE COUNTRY, AND PEPPERWOOD BOARD MEMBER

Shooting Stars  
Photo by Anton Sorokin
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 Dear Friend,

I remember when one of our first 
philanthropy partners observed 
this about Pepperwood: “you’re 
substantial enough to make an impact, 
yet small enough to remain nimble.” 
To me, nimble means possessing the 
capacity to innovate ways of adapting 
to changing times and emerging 
challenges. You, our community, have 
empowered Pepperwood to fulfill this 
potential in more ways than we could 
have ever imagined.

This spring, we invite you to celebrate 
the spirit of innovation with us. In 
this issue of Life+Landscapes, we 
share stories of novel collaborations, 
groundbreaking technologies, and 
inventive nature-based solutions 
focused on building our community’s 
resilience through science. 

Discover the light, the passion, the 
wellspring of ingenuity that fuels our 
work at Pepperwood. It’s all possible 
because of our incredible team, 
including: staff, volunteers, visiting 
scholars, sponsors, and Friends of 
Pepperwood. Each person drawn to 
this land and our research institute 
at the Dwight Center is mission-
driven and dedicated to inspiring 
conservation through science. 

Together, we are designing innovative 
solutions to our greatest collective 
challenges: climate change, drought 
and fire resilience, and risks of species 
extinctions. All the while, we’re 
keeping our spirits strong and our 
community connected to the healing 
power of nature.

These innovations have fueled the 
growth of Pepperwood from an 
organization of three staff in 2009 to 
now a team of nearly 25 outstanding 
science, education, and nonprofit 
professionals. As our team grows and 
deepens its roots into our mission, we 
empower new leaders and invite them 
to bring their own creativity to bear  
on the challenges at hand. 

We believe in a future where we all 
understand, value, embrace, and 
actively protect the diversity of 
Earth’s natural systems for the benefit 
of current and future generations. 
Our community breathes life into this 
vision and powers the work we do. 
Thank you for helping to sustain the 
planet that sustains us.

Warm Regards,

Lisa Micheli
President & CEO

The Spirit of 
Innovation
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Pepperwood Hills   
Photo by Gerald & Buff Corsi

Collaborating on 
California’s “30 x 30” 

Large landscape conservation is essential to building 
resilience under a changing climate. It requires bringing 
people together across geographies, sectors, and cultures  
to collaborate on conserving diverse ecological, cultural,  
and economic benefits provided by our dynamic landscapes. 
Uniting people around this vision is what energizes me 
everyday. Lately, I’ve been engaged in a collaboration called 
the California Biodiversity Network focused on making the 
large landscape conservation vision of “30 x 30” a reality for 
the State of California.

What exactly is “30 x 30”? It is a call to action to conserve 
30% of the planet by 2030. In response to the climate and 
extinction crisis, “30 x 30” embodies a simplistic goal aiming 
to be measurable, ambitious, realistic, and time bound.  
This vision was recently adopted by the United Nations, and 
70 countries including the United States. Champions of this 
campaign hope it promises one of the biggest global 
investments in nature’s resilience to date. 

California is the first state to launch a parallel effort in 
alignment with this global movement. California’s “30 x 30” 
initiative aims to conserve 30% of California’s land and 
coastal waters by 2030. The current administration has 

Dr. Lisa Micheli, PhD, President & CEO

committed to advancing three objectives as part of this goal: 
protecting California’s unique and rich biodiversity, 
enhancing equity and access to nature for all Californians, 
and advancing nature-based solutions and increased 
resilience of ecosystems in the face of climate change.

I’m choosy about what I sign up for – collaborations can be 
both time and energy consuming, and I have a day job at 
Pepperwood. But, when I was asked to collaborate with 
several of my favorite conservation colleagues to help 
realize this vision of “30 x 30” for California by working with 
sister organizations across the state, I simply couldn’t say no.

Our new California Biodiversity Network is providing 
technical support to help develop a vision for 
implementation to be released by the Department of 
Natural Resources this Spring in a Pathways to 30 x 30 
Report. The Network is a consortium of public and private 
research and conservation organizations framing the 
science needed to support climate and biodiversity 
protections for the sake of this and future generations. 
Pepperwood is a founding member of this new network.

https://cabiodiversitynetwork.org/
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In addition to serving on the steering committee, my role  
is to co-chair the new Climate-Biodiversity Sentinel Site 
Roundtable, which is one of four roundtables that make up 
the Network. I volunteered for this role because the time  
is ripe to network field stations, like ours at Pepperwood,  
in order to provide an integrated picture of our state’s 
biodiversity and how it is responding to climate change.  
I firmly believe California can be a leader in demonstrating 
how big data can be leveraged to improve our success and 
reduce the costs of doing effective conservation. 

In my opinion, “30 x 30” may have been bolstered to some 
extent by a very famous and somewhat controversial 
biologist, E.O. Wilson, who just passed away at the close of 
last year. A few years ago, Wilson published a book called 
Half Earth (and launched a nongovernmental organization  
of the same name) where he argued it was time to set aside 
half of the planet for nature and the ecosystem services it 
provides, and to sacrifice the remaining half of the planet  
to human development. 

When I first heard Wilson present his “half earth” concept, 
the way he framed it struck me as problematic. First of all,  
I feel we should aim to save the whole planet, including the 
people and cities, not just half. Second, biodiversity often 
aligns with cultural diversity, and people live almost 
everywhere, so how could this pie-dividing operation work 
out in an equitable way? As the field of conservation evolves, 
and we learn from our Indigenous partners, we’re realizing 
that people are an integral part of conserving the planet.  
But to Wilson’s credit, perhaps after he drew this 50% 
target as a line in the sand it made saving 30% of the planet 
seem more palatable.

“30 x 30” is all about getting politicians to take action based 
on conservation science, but as with any ambitious agenda, 
there are devilish details. It’s a catchy slogan, but what 
exactly does it mean? Here we need to lean on science to 

help translate a campaign promise into policy and action. 
However, setting priorities for conservation that include 
what, where, and how much to conserve requires subjective 
considerations as well. 

Problem one: what is your definition of conservation? Is it a 
park? Does it matter if that park has ATV usage or not? Are 
protected working lands included, like sustainable timber or 
ranching? Every jurisdiction that adopts “30 x 30” needs to 
answer this question first. 

Problem two: how do you ensure equity in realizing the vision? 
Historically, in many cases protecting land for conservation 
has entailed displacing Indigenous, agricultural, and other 
land-based populations. How do we ensure this is not the 
case with this initiative? Furthermore, equitable access to 
these open spaces is a key concern as well. We shouldn’t 
conserve space for the privileged “some,” we must conserve 
these places for all. 

As of February 2022, the California Biodiversity Network, 
has engaged over 400 experts to provide input via 
roundtable workshops to define the science needed to 
support the Pathways to “30 x 30” Report that’s to be 
released this spring. Thanks to your support, Pepperwood is 
using this opportunity to help highlight the specific natural 
science needs to set goals for, and measure success of this 
endeavor. We’re also framing the social research needed to 
ensure solutions are equitable, and to elevate traditionally 
unheard voices. Our efforts will contribute to a roadmap for 
students, community scientists, researchers, policymakers, 
and funders dedicated to realizing the promise of “30 x 30.” 

https://cabiodiversitynetwork.org/30x30-partnership/
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Biodiversity 
Illustrated by Marley Peifer 
www.marleypeifer.com

It seems like everyone’s talking about 
biodiversity – especially in this 
newsletter! But what is biodiversity? 
Biodiversity is the variety of all life, 
and its complex web of 
interrelationships, within a given 
system. Usually it’s explored at three 
levels: genetic diversity, species 
diversity, and ecosystem diversity.  
     These three levels work together      
         to create the complexity of life  
        on Earth. 

As you explore this artwork by Marley 
Peifer capturing the diversity of 
Pepperwood, notice how it makes you 
feel. What do you see, and what do 
you wonder? You may observe iconic 
species, native species, and even 
vilified invasive species. Plants, 
animals, and fungi, whether big or 
small, all have a role to play in their 
community. But consider what they 
create together.

Even species we may deem to be pests, 
like ticks, poison oak, or rattlesnakes, 
have an important role. Maybe they’re 
someone else’s food source or are 
supporting another species in a 
symbiotic way. Perhaps they’re 
effective at culling populations of 
certain species to make room for 

Illuminated  
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others. Ticks contribute to microbial 
transfer, and they’re food for many 
other species. Poison oak is a well-
liked deer food. Rattlesnakes cull 
rodent populations. 

See if you can find the bay laurel leaf. 
It’s portrayed with sudden oak death 
sores, caused by the invasive plant 
pathogen Phytophthera ramorum. What 
fungi can you see here? The presence 
of fungi indicates the natural 
processes of death and decay. 
Microbial disease and decomposers 
not only contribute to the variety of 
life, but can facilitate ecosystem 
renewal (e.g., nutrient cycling) or 
decline (e.g., invasive pathogens).

What are the physical features of this 
landscape? Rocks, soil, a dead tree 
snag… to name a few. How do these 
non-living components of the system 
support the biodiversity of this place? 
What habitats do they create and 
what nutrients do they provide? 

Finally, do you notice the understated 
silhouette of a human? How do you 
think humans fit into biodiversity? 
What impact have humans had on  
the place and species pictured here? 
What’s your role in the ecosystem 
that supports you?
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Yellow Garden Spider (Argiope aurantia)

Mt. Saint Helena Morning Glory (Calystegia collina subsp. oxyphylla)

Sticky Monkey-flower (Diplacus aurantiacus)

Pacific Amanita (Amanita calyptroderma)

Blue Dips (Dipterostemon capitatus)

Dog Vomit Slime (Fuligo septica)

California Poppy (Eschscholzia californica)

Lichen (Lobaria anthraspis)

Cobweb Thistle (Cirsium occidentale)

Three-lined Cockroach (Luridiblatta trivittata) (Invasive)

Millipede (Paeromopus angusticeps)

Western Forest Scorpion (Uroctonus mordax)

Redwood Sideband Snail (Monadenia infumata)  

(endemic to redwood forests, conservation concern)

Tiger Centipede (Scolopendra polymorpha)

Hedgenettle Stink Bug (Cosmopepla conspicillatus)

Steelhead Trout (Oncorhynchus mykiss)

California Vole (Microtus californicus)

Jack-O-Lantern Mushrooms (Omphalotus illudens)

Acorn Woodpecker (Melanerpes formicivorus)

Coast Live Oak (Quercus agrifolia) 

Sudden Oak Death sores (Phytophthora ramorum) (invasive)

Cramp Balls (Daldinia concentrica)

Oyster Mushroom (Pleurotus ostreatus) 

Witches Butter (Tremella mesenterica)

Common Greenshield Lichen (Flavoparmelia caperata)

Bobcat (Lynx rufus)

Dusky-footed Woodrat (Neotoma fuscipes)

Poison Oak (Toxicodendron diversilobum) 

Botta’s Pocket Gopher (Thomomys bottae) 

Red-bellied Newt (Taricha rivularis)

American Dog Tick (Dermacentor variabilis) 

Cougar tracks (Puma concolor) 

Rattlesnake (Crotalus oreganus subsp. oreganus)

Anna’s Hummingbird (Calypte anna)

Wild Boar (Sus scrofa) (Invasive)

Cooper’s Hawk (Accipiter cooperii)

Western Screech Owl (Megascops kennicottii)

California Bay Laurel (Umbellularia californica) 

Red-tailed Hawk (Buteo jamaicensis) (hint: silhouetted)

California Scrub Jay (Aphelocoma californica)

Great Egret (Ardea alba)

American Bullfrog (Lithobates catesbeianus) (Invasive)

Human (Homo sapiens)























































































See if you can find  
the species listed 
here in the 
illustration on the 
previous page.  
As you look around 
for them, consider 
what role they play  
in the ecosystem.



The 2022 City Nature Challenge is approaching, and we invite you to take part! 
Our friends at the California Academy of Sciences and the Natural History 
Museum of Los Angeles County coordinate this massive annual community 

science event, which takes place the weekend of April 29th – May 2nd this year. 

The City Nature Challenge is a global bioblitz – an international collaborative 
effort to get as many people out there documenting as much local nature in their 

communities as possible. This celebration of nature, biodiversity, and the 
collective power of the people, uses iNaturalist.org – an app that Pepperwood is 

proud to have helped launch, which crowd-sources community data collection for 
a global record of biodiversity. Every year this partnership brings tens of 

thousands of people together with nature, to make hundreds of thousands  
of ecological observations!

Are You a Nature Nerd? 
Take Part in this Year’s City Nature Challenge with Pepperwood!

Your observations can have a direct local impact. You could document a new 
species, confirm a population of a rare or invasive species that wasn’t previously 
known, or build a better understanding of where particular species live in your 

area. Local governments, parks departments, and organizations like Pepperwood, 
who track biodiversity in our region, can use these data to  

make more informed stewardship decisions. 
 

Find Wildlife
It can be any plant, 

animal, or evidence of 
life found in your city.

Take a Picture
Take a picture of what 

you find. Be sure to 
note the location of 
the critter or plant.

Share!
Share your 

observations through 
iNaturalist.

9

https://citynaturechallenge.org/
https://www.inaturalist.org/
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Finding DNA   in Bear Scat  

10

Steven Hammerich looking at tree for scratch marks   



Prescribed burn at Pepperwood.
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Finding DNA   in Bear Scat  
Ursus americanus – the American Black 
Bear – is native to forested areas of 
North America. They are without a 
doubt one of our most iconic 
terrestrial species. Because they’ve 
adapted to living alongside human 
society, respectful boundaries are an 
important means of keeping both 
bears and humans safe when our 
worlds overlap. At Pepperwood, we’re 
part of an exciting collaboration that is 
using new DNA sequencing 
technology to complement our wildlife 
camera research and to support 
strategies for living in harmony with 
our wild neighbors.

For the past ten years, we’ve been 
utilizing motion-activated wildlife 
cameras as a non-invasive tool to gain 
a glimpse into the world of bears and 
how they relate to our landscape. Our 
pioneering Wildlife Picture Index 
(WPI) project has amassed over eight 
million photos since its introduction in 
2012. The Index uses photos from our 
Mayacamas Mountains wildlife 
camera array, which consists of two 
grids of 20+ cameras deployed at two 
sites. One grid is situated at 
Pepperwood and the other is at 
Audubon Canyon Ranch’s Modini 
Preserve. Pepperwood Wildlife 
Specialist, Steven Hammerich, 
regularly checks every camera at both 
grids to collect photographic data.

This wealth of long-term data enables 
us to learn about the abundance, 
behavior, and habitat requirements of 
our local bears. As part of our Linking 
Landscapes for Wildlife Initiative, 
we’ve documented evidence of how 
bears communicate (scent-marking 
and scratching/rubbing on trees), what 
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they eat and when (acorns, 
blackberries, elderberries, insects, 
etc.), and the nature of their family 
relationships. But what’s missing is 
information about specific individuals, 
how they are related, and their 
population dynamics. How many 
individual bears are there in our 
region? How healthy and genetically 
diverse are these bears? How are they 
dispersing across the landscape?

Every living thing possesses a unique 
genome made out of DNA, its personal 
blueprint. DNA is the molecule inside 
cells that stores the genetic 
information responsible for the 
development and function of an 
organism. The patterns, or sequence of 
proteins, found in DNA is unique to an 
individual, so with DNA sequencing 
technology you can identify a unique 
“signature” for an organism. This kind 
of genetic data is the raw material of 
biodiversity, and recently the 
technology to map DNA sequences has 
become much more accessible to 
conservation science practitioners.

Applying DNA Sequencing  
to Bear Ecology
Over the past two years, in 
collaboration with the North Bay Bear 
Collaborative and CA Department of 
Fish and Wildlife, a team led by Steven 
Hammerich has scoured remote 
regions of the reserve to look for signs 
of bear, and to collect bear scat (AKA, 
poop). Once collected, it is analyzed at 
a UC Davis lab to identify the unique 
DNA signature of the individual who 
left it behind. But to find the scat you 
have to know where to look, and that’s 
where Steven’s knowledge is essential.  

Steven’s extensive knowledge of bear 
behavior, combined with our wealth of 
wildlife camera images, enables him to 
zero in on the most likely places within 
our study plots that a bear would visit. 
“When I look for signs of bears, I am 
looking for scat, tracks, bear beds, 
evidence of rubbing on trees, and 
trees with bear claw scratch marks,” 
says Hammerich. Sure enough, when 

https://www.pepperwoodpreserve.org/project/wildlife-picture-index/
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Learn more about projects like this one 
that support wildlife. Check out our 
Linking Landscapes for Wildlife initiative

he’s out in the field it doesn’t take him 
long to find evidence of a bear. At the 
base of a large Douglas-fir tree, he’s 
found a classic bear bed – an area that 
has been intentionally tamped down 
and/or cleared away of debris and duff 
by a bear, to provide a sleeping area 
for the night. 

Next, Steven looks around the tree 
trunk. “We usually find scratch marks 
on trees that have been charred by fire 
– the burned bark is soft, and the bears 
tend to leave long scratch marks as 
they climb,” he remarks. You can tell by 
the size of the scratch mark whether it 
was cut with the intention of scent-
marking or by a cub. Cubs climb up 
baby-sitter trees – trees selected by 
mama bears so that their cubs and 
yearlings have a safe refuge when 
mom goes off foraging or when she 
senses danger. Since there are definite 
signs of activity on the ground here, 
Steven begins to look around the area 
for scat.

Here, he’s in luck. There are three scat 
samples distributed around the base 
of the tree. A basic observation of bear 
scat helps us to identify what they’re 
currently eating and where they are 
likely foraging. The size of the scat 
gives us an idea of how big the bear is. 
Small scat near large scat is an 
indication of a sow with one or more 
cubs, and based on the size of the 
smaller scat we can get an idea of how 
old the cub(s) might be. Cross-
referencing this with bear behavior 
caught on the wildlife cameras helps 
us to confirm what we see in the scat. 

A scat sample is carefully collected, 
documented, and stowed in plastic 
bags. Each sample will be analyzed to 
sequence the individual’s DNA and to 
define their unique signature. With 
enough scat samples, we can generate 
a fairly robust picture of how 
individual black bears are moving 
across the reserve and between sites 
in the North Bay. We can also 
determine the number of individual 
males and females on the reserve and 
how related they are, in order to map 
parental and sibling relationships 
between individual bears.

This evidence can also be used to rate 
the “genetic health” of the population, 
with evidence of inbreeding a sign of 
potentially limited habitat availability. 
“In 2020, these DNA analyses 
indicated that we had nine different 
individuals passing through the 
reserve,” Hammerich noted at a 
presentation for the Wildlife Society 
Regional Conference in February 
2022, “three females and six males. 
Last year we observed four new cubs 
on the reserve – a pair of cubs from 
two separate sows!”  

We’re learning how megafauna like 
bears are responding to different 
features of their evolving 
environment, including climate 
change, wildfire, and habitat 
fragmentation – which occurs when 
large tracts of habitat are cut into 
smaller pieces by development such as 
roads or housing. Developing this 
robust knowledge base around our 
local black bear population is tracking 
the pulse of our local wildlife 
populations. We are learning how well 
they are adapting to their local 
conditions, and the effectiveness of 
our habitat stewardship. Sign up for 
our e-newsletter to catch the latest  
on our ursine friends!

Pepperwood is an active partner of the 
North Bay Bear Collaborative – a 
working group of agencies, non-profit 
conservation groups, landowners, and 
individuals committed to being proactive 
liaisons between humans and bears. This 
project is made possible by this 
partnership, and by supporters like YOU. 

https://www.pepperwoodpreserve.org/linking-landscapes/
https://beingwithbears.org/
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Summer Swallow. BELOW: Summer Swallow 
leads a hike for local elementary school students 
during a SCENIQ field trip.

The Wild Wondress

Summer Swallow, Environmental Educator

          Innovating Virtual  
      Environmental Education 

My name is Summer Swallow, and I never expected I’d become a teacher. Now 
that I am one, I can’t imagine doing anything else. When you’re an environmental 
educator, every day is an adventure. Especially when one is fortunate enough to 
have a classroom like Pepperwood – a 3,200-acre expanse of land that is 
perpetually ripe for exploration. What I love most about teaching is that whether 
I’m working with second graders or grandparents (or anyone in between), I am 
always learning something from my students. 

Our community of learners at Pepperwood constantly keep me on my toes. 
Imagine this: we’re walking along the Ono Shi Trail and a garter snake slithers 
across the path and into the grass, catching the eye of several 4th grade students 
in our SCENIQ program, (an acronym for our local elementary school 
environmental science field trip program: Students Conducting Environmental 
Inquiry). Calmly pointing to this reptile friend, one student matter-of-factly shares 
with us, “did you know that snakes overwinter underground?” For the rest of our 
hike, even holes in the ground take on a whole new and intriguing meaning for the 
entire group.  

Another day, at Pepperwood Creek with a TeenNat alumni group, a TeenNat 
youth asks, “how old are the rocks in this creek?” What a brilliant question, I think 
to myself as I mentally thumb through my geology notes. Not wanting to take 
their question for ‘granite,’ I reply, “that’s a great research question that we can 
look up! While we’re standing here, what do you notice about these rocks and  
the surrounding landscape?” 
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https://www.pepperwoodpreserve.org/what-we-do/inspiring-connections-with-nature/sceniq/
https://www.pepperwoodpreserve.org/what-we-do/inspiring-connections-with-nature/teennat/
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Western fence  lizard, AKA “blue-belly.”

Wild Wonders:  
Inspiring Virtual Connections 
With Nature
It was difficult to connect our 
community with the natural world 
when in 2020 and much of 2021 we 
weren’t able to have in-person 
gatherings at the reserve. But it is 
essential to maintain our connection 
with nature, regardless of our age, 
because we are a part of our natural 
world. 

As outdoor educators, my team and I 
knew that getting outside – whether 
in an urban concrete-oriented setting 
or deep in a regional park – was vital 
to maintaining the physical and mental 
health for our community. That’s why  

On another hike with a 3rd grade 
SCENIQ class, students excitedly point 
out a blue-belly lizard, “why is it doing 
push-ups?” Have you ever seen this 
and wondered what they are doing? 
“Hmm, perhaps it’s an arms day, and 
they are working on their biceps,” I say. 
Later I’ll reveal that there are a few 
known options: it might be a mating 
display, or it could be territorial 
performance as they guard their 
favorite sunning spot. 

One Saturday morning, I posed 
questions to the adult participants of 
our UCANR California Naturalist 
certification course: 

Why are plants essential to life? 
What is conifer encroachment?  
How can conifer encroachment impact 
the health of an oak woodland 
ecosystem? 
Why is stewarding native perennial 
grasslands important? 

These are big questions with a myriad 
of potential answers and perspectives. 
Questions like these spark deep 
conversations, bouts of wonder, and 
precious moments of connection with 
the natural world that sustains us. 

The common thread for each of these 
different age groups and audiences,  
is the encouragement of noticing and 
wondering. I believe what’s most 
important is shifting one’s focus 
toward the process of discovering, 
rather than the discovery itself. Each 
of us are curious observers and 
knowledge-holders. As an 
Environmental Educator I strive to 
encourage this kind of inquiry, and 
empower a learner’s inner scientist  
to come out and play. 

Find our Wild Wonders video series, 
in both Spanish and English, on our 
YouTube Channel
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https://www.pepperwoodpreserve.org/project/california-naturalist/
youtube.com/PepperwoodFoundation
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I embarked upon the novel quest of 
bringing nature to our community, no 
matter where they were. This resulted 
in the creation of the virtual outdoor 
excursions that became Pepperwood’s 
Wild Wonders video series. 

My goal was to provide inspiration for 
folks to get outside, slow down, and 
observe. Nature is literally all around 
us. If you’re unconvinced, go for an 
early morning walk and marvel at the 
dew sparkling on spiderwebs. Step 
into afternoon sunlight and watch a 
huge variety of insects buzzing about 
their daily tasks. Check those 
forgotten corners of your closet or 
bathroom and see spiders helping to 
remove unwanted insects from  
your home. 

While these may not be the glorious, 
romanticized images of nature that we 
see in documentaries, these are our 
local workhorses. From banana slugs, 
turkey vultures, and fungi – the 
rockstars of nature’s cleanup crew, to 
toyon and leather oak – provisioners 
of precious food for animals in our 
chaparral habitats; every plant, fungi, 
and animal has a unique role or niche 
to fulfill, which contributes to the 
diverse tapestry of life. 

Local teachers use Wild Wonders to 
supplement the curriculum for local 
elementary school students when field 
trips weren’t possible. Nowadays, 
teachers tell me I’m famous in their 
classroom! Imagine my surprise in this 
latest turn in my career path. Never 

did I think I would create YouTube 
videos, let alone be recognized for it. 
But innovation is often a product of 
adversity and need. We humans are 
animals and we need a steady dose of 
nature time just as we need clean 
water, fresh air, and nutritious food. 

So as you engage in the daily hustle 
and bustle of life, remember to slow 
down and tune back into nature. And  
if you can’t get outside, take a stretch 
break and check out an episode of 
Wild Wonders on our YouTube 
channel!
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Restoring 
Indigenous 
Stewardship: 
Cultural 
Burning  
and Food 
Sovereignty

At Pepperwood, we partner directly with Native land 
stewards on the adaptive stewardship of the reserve. Our 
Indigenous Education Coordinator, Clint McKay, provides 
continuous and consistent cultural leadership on education, 
outreach, and land stewardship. We are committed to 
creating a culture in conservation where the resiliency, 
ingenuity, diversity, and continuance of California’s First 
Peoples are honored and celebrated.

To understand why this is a priority, let’s take a moment to 
go back in time to the California that existed prior to 
European contact. Wappo villages were widely distributed 
in Napa, Sonoma, and Lake Counties, inclusive of the land 
we now call Pepperwood. Wappo stewardship practices 
were very similar to those practiced by their neighbors, the 
Pomo, Miwok, and Patwin. Most likely the entire North Bay 
region shared a cultural ecology over multiple thousands of 
years, which regarded habitat stewardship an ancient and 
sacred partnership between humans and nature.

For generations, no plant was planted, pruned, or coppiced 
without a shared acknowledgement of the connection 
between it and the person collecting its leaves, branches, 
roots, or bark. Indigenous land and water stewardship 
entailed a complex set of activities strategically designed to 
support resource abundance in much the same way we’d 
tend a beloved garden today. Seed saving, weeding, and 
plant cultivation were a regular part of Indigenous 
stewardship of this landscape. 

In fact, sage species (called “chia” by Native Californians) in 
the genus Salvia and Indian clover (Trifolium albopurpureum 
and Trifolium amoenum) were both maintained in 
monocultures of sometimes ten or more acres. This level of 
production was also true for seed crops like California 
fescue (Festuca californica) and numerous other plants that 
provided edible roots and bulbs. Plant communities that 
offered fiber and basketry resources like dogbane, willow, 
sedge, bulrush, redbud, and bracken fern, were also 
encouraged. Such intense habitat manipulation had a 
profound effect on the evolution of local animal 
communities.

For instance, the Native practice of encouraging willow, 
sedge, and bulrush kept river and stream banks secure and 
fostered healthy salmon and steelhead trout (Oncorhynchus 
mykiss) populations. These species played a critical role in 
the local food chain, connecting the inland and coastal 
regions. Likewise, Native-managed meadowlands supported 
vast herds of deer and tule elk (Cervus canadensis subsp. 
nannodes) and their predators. This mosaic of healthy 
habitats also supported a diverse array of bird life.

Among the most powerful Native land tending tool was fire. 
Every North Bay habitat type was likely burned on a regular 
basis. Burns at the end of summer (before seed germination) 
were used to eliminate undesirable plants such as poison 

Clint McKay and his grandson light the first cultural fire in over 200 years at 
Pepperwood, with other family members looking on. An important part of 
cultural burning is the inclusion of family, and teaching younger generations 
how to move around fire safely and competently.
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oak, thickets of Douglas-fir saplings, overly dense chaparral, 
and tanoaks in redwood forests. Fall burns were used to 
encourage particular plant communities that respond well 
to fire, and those that benefit from the carbon and other 
nutrients fires release into the soil. 

There was an understanding and a harmony built upon 
respect and reciprocity between people and the lands, 
waters, and life that supported them. We cannot go back in 
time, but we can work to restore what was lost in the last 
two or so centuries. Native peoples – whose traditional 
ecological knowledge (TEK) is alive despite the impacts  
of colonization, persecution, and physical and cultural 
genocide – play a critical role in restoring this balance 
between people and our planet. This is one reason why 
elevating Indigenous leadership is a thread woven into each 
of Pepperwood’s five-year strategic initiatives: restoring 
native grasslands, building climate and fire resilience,  
linking landscapes for wildlife, and inspiring connections  
to the land.

In the last year, we’ve made great strides restoring native 
stewardship at the reserve. First, we are transitioning our 
prescribed burning program to include cultural burning with 
Indigenous leadership and oversight. Second, we are 
launching an Indigenous food sovereignty program onsite 
– building on the Native Advisory Council’s Black Oak 
conservation project. With Clint McKay’s leadership, we 
will be stewarding culturally significant food resources with 
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Indigenous partners. We’re 
collaborating closely with 
cultural leaders on staff and on 
our Native Advisory Council, 
who share a legacy of TEK  
that stretches over millennia. 
This ensures the careful 
stewardship of cultural 
resources and fosters 
collaborations engaging Indigenous scientists, 
families, and service organizations.

In this age of climate change 
and megafires, we need the holistic framework of TEK  
to meet the complex challenge of restoring our human 
communities in concert with the land. Native people remain 
underrepresented in land and water management decision-
making, and too often cultural divides separate Indigenous 
people and conservation practitioners. At Pepperwood, we 
believe that California Native communities must be active 
partners in the re-integration of Native lifeways and TEK 
into the life and landscapes of Northern California, and 
we’re translating this belief into action. 

All use of fire as a stewardship tool at Pepperwood, including 
partnerships with our Native Advisory Council to restore  
cultural burning, are conducted in compliance with our CalFire 
Vegetation Management Plan, and all applicable local, state,  
or federal safety requirements.

Cultural fire, like other forms of controlled burning, is a planned event that  
only takes place when the climate conditions, like temperature, wind speed  
and direction, and relative humidity among others, are suitable. 
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Flora: The Joy of Flowers

Springtime brings renewal 
for all living beings. 
Sunshine, warmth, and 
precious refreshing rains 
infuse us all with a feeling of 
revitalization. Wildflowers 
are the most beautiful 
evidence of this fresh 
springtime energy that is 
emerging. Gerald Corsi, a 
wildlife photographer with 
years of global experience,  

is the artist behind these 
stunning images, showcasing 
the exquisite beauty of 
springtime at Pepperwood. 

“The Joy of Flowers” exhibit 
is the result of decades of 
the photographer’s 
creativity. His innate ability 
to see the beauty of the 
reserve from a fresh 
perspective can be seen in 
this visual celebration of 

springtime. It is an homage 
to the beauty of Sonoma 
County and our precious 
Earth. 

Sales from the art support 
Pepperwood’s Inspiring 
Connections with Nature 
Initiative. Viewing is 
available during public 
programming and by 
appointment. 

An Exhibit in Pepperwood’s Gallery  
Featuring the Photography of Gerald Corsi

On display in the 
Pepperwood Gallery 

April 8th through 
August 7th
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Join our Sentinel Society! 
Legacy giving to protect your cherished lands 

for generations to come.

Please consider joining Pepperwood’s Sentinel Society with a legacy gift to Pepperwood 
through your estate plans, will, or by beneficiary designation. Through the Sentinel Society, 

you will inspire conservation through science that eternally benefits our community and the 
open space, wildlife, and nature we rely on for our well-being. 

The Sentinel Society takes its name from Pepperwood’s role as a Sentinel Site, which 
acknowledges Pepperwood’s critical work in providing scientific information and data that 

informs and transforms conservation practices regionally and nationally. Sentinels defend and 
keep watch, and through their estate plans, members of the Sentinel Society make it possible 

for Pepperwood to be a vigilant protector of nature today and for generations to come.

In your will, you can make an outright gift to Pepperwood, designate a percentage of your 
estate, or elect that Pepperwood receive the remainder of your estate once heirs and other 

charitable gifts are distributed.

Please contact Gwynne Corrigan (gcorrigan@pepperwoodpreserve.org)  
if you are interested or want to learn more about joining the Sentinel Society and including 

Pepperwood in your estate plans.

https://www.pepperwoodpreserve.org/sentinel-society/
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Drought Busters: 
Next Generation  
Soil Moisture Monitoring

20

Pepperwood is a test-bed for new and 
innovative monitoring technologies 
with the potential to boost our 
regional fire and drought resilience 
under a changing climate. With over 
80 projects onsite run by a 
combination of staff, community 
scientists, visiting scholars, and 
university partners, our Sentinel Site 
has collected data on the ground since 
2010 – capturing the effects of climate 
change as well as our watershed and 
ecosystem stewardship. 

An expanding role for us is to serve as 
a “calibration and validation” site for 
remote sensing data collection: these 
are data collection methods that use 
sensors on drones, airplanes or 
satellites to rapidly measure 
conditions over vast areas. One 
example is Landsat, a joint NASA-US 
Geological Survey (USGS) program 
that is the longest continually running 
enterprise for obtaining satellite 

imagery of Earth. Ever hear of  
Google Earth? Those images are made 
possible by Landsat. 

Developers of these emerging remote 
sensing technologies need partners 
who can collect data on the ground  
to ensure the sensor is measuring its 
target (validation) and that its 
measurement is accurate to a known 
degree (calibration). Since our Sentinel 
Site now has long-term records and 
collects near real-time data on 
multiple parameters, we are building 
relationships with the agencies that 
build and apply these remote sensing 
technologies, like NASA and the USGS, 
to assist them in their missions of 
serving our nation through science.

RIGHT: High resolution aerial photograph,
Normalized Difference Vegetation Index 
(NDVI), and thermal imagery at Pepperwood, 
showing active springs surrounded by dry 
vegetation and soil, oak trees, and a grazing 
enclosure.

M
IC

H
E

LL
E

 S
T

E
R

N
, U

SG
S 

A
N

D
 B

LA
C

K
 S

W
IF

T
 T

E
C

H
N

O
LO

G
IE

S



2121

Drought Busters: 
Next Generation  
Soil Moisture Monitoring

and a TBC3 affiliate who is researching 
ways to use remotely sensed data to 
improve our understanding of surface 
and root zone soil moisture at a fine 
spatial resolution for her PhD 
research topic. Stern’s work will use 
Pepperwood’s Sentinel Site to 
integrate and compare two methods 
for measuring soil moisture: direct 
“point” measurement techniques using 
buried soil moisture probes, and 

Soil Moisture
A recent partnership with USGS and 
Black Swift Technologies features the 
use of a drone to map surface soil 
moisture. This experimental method 
aims to detect the relative water 
content in the top layer of soil using 
“radiometry.”

Radiometry is a set of techniques for 
measuring electromagnetic radiation. 
It can help us read patterns of non-
visible light generated by heat, like 
infra-red radiation. Radiometry is 
about measuring the full spectrum of 
electromagnetic wavelengths, both 
visible and invisible to the human eye.  
It turns out that patterns of soil 
moisture may be detectable using a 
sensor called an “L-band” radiometer.

Soil moisture is an indicator of many 
things from drought stress to wildfire 
risk – both of which are studied in 
depth by our Terrestrial Biodiversity 
and Climate Change Collaborative 
(TBC3). In the quest to build climate 
and fire resilience, monitoring soil 
moisture at a landscape scale is a “holy 
grail” of indicators, relevant to water 
supply, agricultural sustainability, 
forest health, wildfire strategies, 
species survival, and flood hazards. 

Michelle Stern is a Hydrologist with 
USGS, a UC Davis doctoral student, 

emerging remote sensing techniques 
using spectroscopy readings of 
electromagnetic radiation. In this case, 
those remote sensing techniques are 
enhanced by that L-band (1–2 GHz) 
radiometer sensor based on a drone.

Currently, there are L-band sensors  
on satellites generating global soil 
moisture products – but these are too 
coarse in resolution for local 

Pepperwood/USGS/Black Swift Team with Super Swift UAS. Left-to-right: Jack Elston, Michelle Stern,  
Maciej Stachura, Ryan Ferrell.
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applications. From that distance it can 
be particularly difficult to model in 
mountainous regions where solar 
insolation (the amount of sun radiating 
on a given area), geology, ecology, and 
climate all vary. Meanwhile, Sentinel 
Site-style soil moisture data is 
extremely sparse across the state, 
especially in the hills where most of 
our water supply originates. What we 
need for regional applications in the 
West is something between these two 
scales that is capable of measuring soil 
moisture in real-time, but with high 
resolution. And this is the impetus for 
Stern’s work.

The drone, engineered right here in 
the USA by Black Swift Technologies 
and in partnership with NASA 
Goddard, is called the Super Swift (or 
S2). Black Swift founders, Drs. Jack 
Elston and Maciej Stachura, are two 
aerospace engineers who met in 
graduate school in Colorado. Their S2 
is a fixed-wing, electric UAS with a 
three-meter wingspan, that is 
propelled into the air with a pneumatic 
launcher using compressed air as a 
propellant. Affixed to S2 is a 
radiometer system composed of a 
lightweight suite of sensors that 

include multispectral cameras in the 
visible, thermal, and near infrared 
regions of the electromagnetic 
spectrum.

The team spent two days in October 
2021 flying the first of three missions 
designed to map seasonal and spatial 
variability in soil moisture across 

S2 situated on the pneumatic launcher, 
ready for take-off. BELOW: the aerial view of 
Pepperwood from S2.

Pepperwood’s landscape. This first 
flight captured imagery of the dry soils 
during one of the worst droughts ever 
recorded in California, just before a 
three-day atmospheric river brought 
approximately ten inches of rain to the 
reserve. Prior to this rainfall, surface 
soil moisture conditions were the 

driest on record, averaging about 15 
percent volumetric water content 
across the reserve. The next flight is 
set to take place this spring.

What’s exciting about this kind of 
high-tech project is that it isn’t just 
applicable to monitoring Pepperwood: 
it’s an approach that could be 
expanded and replicated throughout 
the globe. Once these technologies 
are proven, they can generate 
incredible cost savings compared to 
traditional data collection techniques, 
and build our knowledge base 
regarding changing environmental 
conditions at very large scales.

Through these emerging technology 
partnerships, Pepperwood can better 
advise our community on exactly how 
this kind of data can serve multiple 
objectives including water security, 
wildfire resilience, biodiversity 
protection, emergency response, and 
Indigenous food sovereignty in our 
region, and beyond.

What is TBC3? 
Pepperwood’s Terrestrial Biodiversity and Climate Change Collaborative, or TBC3, is a vibrant 
collective of university, nonprofit and government experts founded in 2009 and co-chaired by 
leaders at Pepperwood and UC Berkeley’s Rausser College of Natural Resources. TBC3 is focused 
on advancing the best available science to inform climate adaptation strategies for natural 
resources in California’s Coast Ranges. Our goal is to combine the diverse skill sets and expertise of 
our members, which includes numerous university and agency researchers, in innovative ways to 
advance a cross-disciplinary understanding of how climate, wildfire and biology intersect.

https://www.pepperwoodpreserve.org/tbc3/
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Forest Thinning for Forest Health  
Michael Gillogly, Preserve Manager

During my tenure as 
Pepperwood’s 
Preserve Manager, 
I’ve been evolving a 
program of forest 
thinning with the 
objective of 
increasing forest 
health. Our mixed 

hardwood and oak woodlands and forests are 
threatened from the incursion of small 
Douglas-fir trees. Douglas-fir trees are a native 
tree, but without a consistent fire regime such 
as that which existed prior to European 
colonization of this region, these native trees 
have created dense overstocked forest 
conditions. These conditions reduce water 
availability for the whole system while also 
decreasing fire resilience. 
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To replicate historic fire regimes that curbed 
Douglas-fir encroachment, we’ve implemented 
a program of forest thinning and prescribed 
burning. This has been a yearly stewardship 
activity since 2006. In the late summer and fall 
of 2021 there was a flurry of activity in the 
forests of Pepperwood, with chainsaw crews 
thinning small Douglas-fir trees to enhance our 
oak woodlands, improve wildlife habitat, and 
reduce fuel loading and ladder fuels. The goal 
of this work is to foster mature stands of 
healthy trees, featuring larger trees that 
sequester more carbon, creating a healthier 
and more resilient ecosystem as a whole. 

A fire control line has been established around 
the thinned areas in anticipation of a 150-acre 
cultural burn when conditions are adequate. 
We are collaborating with our Native Advisory 
Council to restore a comprehensive cultural 
burning program to these lands in the years to 
come with leadership from staff member  
Clint McKay.

Dense, overstocked 
conditions reduce water 
availability for the whole 
system while decreasing 
fire resilience. 

The goal behind our 
strategic forest thinning is 
to foster mature, healthy 
stands of trees that are 
larger and sequester 
more carbon. A healthier 
ecosystem makes for a 
more resilient one as a 
whole.

BEFORE AFTER



Ecology-backed Stewardship   
Michelle Halbur, Preserve Ecologist

As Pepperwood’s 
Preserve Ecologist, 
part of my role is 
measuring and 
reporting on 
indicators of forest 
health – especially in 
areas where we’re 
conducting 

stewardship like forest thinning and burning. 
It’s no small feat – with 3,200 acres, we have a 
lot of forested land to cover. Our field crews 
work hard during the hot summer months 
surveying numerous quarter-acre plots in our 
forests to assess their structure and health. 
When we say forest structure, we’re referring 

Makayla Freed, 
Pepperwood’s Grizzly 
Corps Fellow and Field 
Technician, is shown 
here surveying a 
quarter-acre forest plot 
to assess impacts and 
benefits of our forest 
thinning stewardship.

to the horizontal and vertical distribution of 
layers in a forest including the trees, shrubs, 
and ground cover, which includes both live 
vegetation and dead and down trees. 

In over a dozen of these plots we are collecting 
long-term data on climate, wildlife (including 
small to medium sized mammals, reptiles and 
amphibians), and vegetation from the 
herbaceous layer to the upper canopy. In 2021 
alone, we collected data on about 1,800 trees 
and about 2,900 seedlings and saplings. With 
thousands of trees being watched for years – 
and hopefully decades – to come, we can learn 
about the ecological impacts and benefits of 
our stewardship. The forest will teach us how 
to best support its inhabitants.
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Community-powered Land Care    
Devyn Friedfel, Assistant Preserve Manager

One of the best parts 
of my job as the 
Assistant Preserve 
Manager is getting to 
host Community 
Volunteer Workdays 
with my colleague, 
Sonja Barringer. I’ve 
had the honor of 

co-hosting these events for the last five years, 
and I love bringing the community together 
around something I’m passionate about: 
stewardship. It’s an important way to give back to 
the land that sustains us. Facilitating this human 
to land bonding time is what I’m all about. 

I’m continually impressed by the enthusiasm, 
knowledge, and hard work that our volunteer 
community shares with Pepperwood. After 
opening up to the public again after the Covid 
shutdown, our workdays have been filled to 
capacity. We’ve had long-time Pepperwood 
volunteers, as well as new folks from local 
organizations. Three different Americorps 
groups, SRJC Natural Resource Management 
students, Medlock Ames Winery, Good Fire 
Alliance, Redbud Resource Group, and the 
Santa Rosa Rotary Club have all come up to the 
reserve to take part in stewardship. 
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CLOCKWISE  
FROM THE TOP: 

A TeenNat Alum 
participates in a 
volunteer workday 
planting native grass 
plugs in a pile burn scar. 

Devyn Friedfel 
volunteers at a cultural 
burn in Mariposa, CA 
led by Ron Goode, 
Tribal Chairman of the 
North Fork  
Mono Tribe. 

Education Director, 
Margaret Boeger 
brings her family for 
a volunteer workday, 
hosted by Devyn and 
Sonja on the first 
Saturday of the month 
at Pepperwood.



Check out some of our volunteer 
accomplishments since the fall...

species of native 
grass seeds 
harvested for 
restoration

seeds cleaned 
and sowed 

More than 

native grass 
plugs planted 
– the MOST 
we’ve ever done 
in one winter! 

Over  
 

burn piles 
created using fire 
hazard fuels

Over 

burn piles burned

More than 

burn pile scars 
restored

Nearly 

of fire break 
installed 

Over 

of trail 
maintenance 
completed

More than 

different species 
of invasive plants 
removed

5

25,000

23,000

100

350

800

a mile

two miles

ten
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Your Support Fuels 
Innovation!
Your gift to Pepperwood boosts the resilience of Northern California’s 
working and wild lands, and the communities that rely upon them for 
their wellbeing. We put your contribution to work to understand our 
changing environment and to teach people of all ages how to care for 
our natural places. 

REDWOOD 
CIRCLE 

$50,000+

OAK CIRCLE 
$25,000–
$49,999

MADRONE 
CIRCLE 

$10,000–
$24,999

MANZANITA 
CIRCLE 
$5,000–
$9,999

LEOPARD 
LILY CIRCLE 

$1,000–
$4,999

Become a Friend of Pepperwood 
Love learning about sustainable ecological practices? Enjoy immersing yourself in 
the natural world? Donors who give $50 or more annually join an inspired 
community of like-minded individuals who care about protecting the natural 
world and creating solutions that foster biodiversity and the resilience of our local 
communities. 

Join as a Sustainer Through Your Annual Pledge or Monthly Gift
Join our dedicated community of sustaining donors and be assured that your gift 
provides dependable funding to protect land, water and wildlife today and into 
the future. 

Invest in Pepperwood’s Mission – Join One of Our Giving Circles
The generosity of these donors is critical to Pepperwood’s ability to deliver on its 
mission year after year.

Your GIFT powers innovative solutions 
for a vibrant natural world. 

https://www.pepperwoodpreserve.org/donate/
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INSPIRING CONNECTIONS THROUGH SCIENCE 

Since our founding in 2005, Pepperwood has established itself as a leader in crafting 
resilience solutions for California’s wild and working lands. Located in the heart of Sonoma 
County — a globally recognized biodiversity “hotspot” — Pepperwood manages a  
3,200-acre biological reserve and the Dwight Center for Conservation Science. The  
Dwight Center serves as a hub for ecological research and education. An important refuge 
for more than 900 species of native plants and wildlife, our reserve is a living laboratory 
hosting researchers from around the world. Serving tens of thousands annually, 
Pepperwood’s operations are supported by individual gifts, foundation and government 
grants, and fee-for-service revenue. Our calling is to bring scientists and community 
together to ensure that local communities and our natural world continue to thrive 
together for generations to come.

NATURE DISCOVERY FOR ALL AGES 

With the vital support of our donors, Pepperwood makes environmental education 
affordable, accessible, and a whole lot of fun!

P
H

O
TO

 B
Y

 IA
N

 A
. N

E
LS

O
N

ON THE COVER: The Leopard Lily (Lilium 
pardalinum), or Tsawaya Kelshi in Wappo,  
grows in wet mountain meadows, and benefits 
from diffuse sunlight. It grows from small, 
usually clustered bulbs, and typically blooms  
in July. Mountain meadow wetlands are one of 
California’s most threatened habitats. Tsawaya 
Kelshi bulbs are an important food resource  
for the Wappo people.  
Photo courtesy of Gerald Corsi

NEWSLETTER EDITOR: Stephanie Beard




