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Genetic consequences of Comstock-era logging on sugar

pine populations in the Lake Tahoe Basin
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Tree image source - http://www.123rf.com/clipart-vector/conifers.html
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What are the genetic consequences
of historical logging in the Lake
Tahoe Basin?

* High genetic drift in some sugar pine populations in
the LTB. Genetic drift can result in important traits being
lost from a population without respect to survival and
fitness.

» Effects of drift are greater in small populations and can
act faster to reduce genetic variation.

* Populations at Tunnel Creek, Crystal Bay, & Sugar Pine
Point SP, have “0” heritability for water-use efficiency.
Essentially these populations have lost their “memory”
to pass this trait on to the next generation.

* Such genetic losses could affect sugar pine’s resilience
and ability to respond and adapt to environmental
change.
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Ecological & Evolutionary Consequences
of Environmental Change

 Shifts in species composition & structure
* Genetic shifts within existing species

* Is climate change exerting a selective pressure for
drought resilient forest trees?
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Drought — Bark Beetle
Interactions

» Bark beetles, such as mountain pine beetle (MPB),
are known to preferentially attack drought-
stressed trees.

* Trees have a physical-based defense by producing
resin.

* Host chemistry can either defend against bark
beetle attack or aid in locating a suitable host.

* When trees, such as those here in the Sierra
Nevada are drought-stressed, they can emit
chemicals such as ethylene that can signal tree
vulnerability and detection by bark beetles such
as MPB.
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TERC’s forest and
conservation biology lab
cored from 100 live and 100
mountain pine beetle-killed
sugar pine trees to conduct
a retrospective analysis of
their tree rings.
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Retrospective analysis of water-use

efficiency over the last 90 years




Drought stress and susceptibility to MPB

Sugar pine trees that were more
water-use efficient, and perhaps
better adapted to drought,
survived the 2012-2016 MPB
outbreak.

613C (%o) intrinsic water-use

efficiency

-22.00
-22.50
-23.00
-23.50
-24.00
-24.50
-25.00
-25.50
-26.00
-26.50

-27.00

More water-use efficient

-

Less water-use efficient

I_J\_|_l =

&

T

1930-1935

1960-1965 1990-1995 2009-2014

Time period




Drought stress and susceptibility to MPB
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* In contrast those sugar pines
killed by MPB utilized water less
efficiently and were most
susceptible to MPB attack.
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Drought stress and susceptibility to MPB

Trees under high drought stress
often have reduced host
defenses to bark beetle attack.
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Amplityingwithin-population resilience to
drought—=
Collectiens from local drought “survivors”

Collected from 100 surviving‘sugar pines in 2017 & 2021




Amplifying within-population 20192020 UCD & the

resilience to drought CCC out-planted the
progeny of 100 local and

diverse sugar pine trees,
essentially those trees
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We consider this
approach as “assisted
regeneration” of local and
diverse seed sources.




Who Should Pick the Winners
of Climate Change”?

Michael S. Webster,"* Madhavi A. Colton,” Emily S. Darling,?
Jonathan Armstrong,® Malin L. Pinsky,* Nancy Knowlton,® and
Daniel E. Schindler®

Many conservation strategies identify a narrow subset of genotypes, species,
or geographic locations that are predicted to be favored under different sce-
narios of future climate change. However, a focus on predicted winners, which
might not prove to be correct, risks undervaluing the balance of biological
diversity from which climate-change winners could otherwise emerge. Drawing
on ecology, evolutionary biology, and portfolio theory, we propose a conser-
vation approach designed to promote adaptation that is less dependent on
uncertain predictions about the identity of winners and losers. By designing
actions to facilitate numerous opportunities for selection across biological and
environmental conditions, we can allow nature to pick the winners and increase
the probability that ecosystems continue to provide services to humans and
other species.

Cell

Trends
Predict-and-prescribe  management
may erode diversity by focusing on
‘winners’.

Conservation strategies based on
portfolio theory reduce risk by protect-
ing diversity.

Adaptation networks are a new
approach to conservation based on
portfolio theory.

Diverse, connected, and large adapta-
tion networks maximize the adaptive
capacity of species.

 Scientifically study the survivors / “winners”

Current Work
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* Qut-plant progeny of drought “survivors”

Current Work
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Use remote sensing technologies, geospatial
datasets, and high resolution microtopographic
maps to improve microsite selection for restoration
plantings and increase seedling survivorship

Current Work
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Monitor seedling survival as well as track the fate of
100 genetic individuals
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* Measure a suite of ecologically important traits (e.g.,
water-use efficiency, chemical defense, disease
resistance, growth, resource allocation, etc.)

Current Work




Trait-based
approach

Seed are collected from many sources
(families). This can be local e.g., the
Tahoe Basin or range-wide.




Trait-based
approach

Families are grown in a common
environment.
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Trait-based
approach
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Measure a variety of adaptive traits.




Trait-based
approach

Determine relationships between traits
and environment of the source
locations.




Amplifying within-population resilience to drought — Take 2
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Workforce Development

The goal is to develop

with the CCC a pipeline with the

California
Conservation Corps
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Currently we are seeing moderate to high fir mortality
on the west shore of Lake Tahoe but this is also being

Fir mortallty observed more broadly across the Sierra Nevada,

particularly on the western slopes.
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Photo Credit: Pete Angwin USDAFS FHP

Image sources: Tree with roots - http:/www.123rf.com/clipart-vector/conifers.html;
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Figure source: Worral and Geils 2006. Dwarf mistletoes. The Plant Health Instructor. DOI: 10.1094/PHI-I-2006-1117-01
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