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have fragmented forests, reducing both the size and connectivity
of remaining populations.

These problems are compounded in long-lived organisms like
trees, which cannot keep pace with the changing climate through
natural dispersal and whose long generation times make any loss
of genetic diversity through mortality or demographic
bottlenecks, a slow process to replenish.

SOoLUTION: Integrating population genomic approaches with
restoration planning to inform seed sourcing decisions with an
eye towards capturing a representative fraction of the regional
diversity.

MATERIALS AND METHODS

STUDY SPECIES: Red spruce (Picea rubens Sarg.) is a temperate
coniferous tree species that has experienced widespread decline
due to anthropogenic causes since the late 19 century and is a
prime example of a tree species vulnerable to rapid changes in
climate due to its isolated populations and limited within-

population genetic diversity in the southern part of its range
(Capblancq et al., 2020, 2021).

SEED SELECTION: We focused on two measures of genomic
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Early-Life fitness for genetic diversity (GD) and genetic load (GL).
Recreated from the results of (Capblancq et al., 2021) for the red spruce
range edge.

DEFINING REGIONAL Focus: Regional admixture provenancing
strategy is based on sourcing seeds from a set of populations
within the region of the target restoration sites that share a

common biogeographic history and patterns of local adaptation
(Bucharova et al., 2019).

EXPERIMENTAL DESIGN FOR MONITORING RESTORATION:
Monitoring protocol at planting to enable tracking of
establishment success (survival and growth through the second
year). The monitoring design consisted of replicate
georeferenced experimental plots stratified by seed source so
that we could assess single-source variability at each site and
compare the effect of single vs. pooled sources on trait variance
(Fig. 2). Plot locations were buffered by 18m (16m plot radius +
2m buffer) in ArcGIS to avoid overlapping adjacent plots. Data
on establishment success was collected 1 year after planting at
the beginning of the growing season (April 2022).

83°W

83°W 82°W 81°W

Longitude

80°W 79°W 82°\W

REGIONAL ADMIXTURE PROVENANCING: The seeds sourced were
mostly within the same climate-based seed zone or one seed
zone away from the restoration site (Pike et al., 2020), keeping
with the idea of environmental similarity during regional
admixture provenancing (Fig 3).

SOURCE POOLING: Across the sites, CV . and GD:GL were highest for
the pooled sources compared to any single sources (Fig. 4). High
CV_ for functional traits such as height can increase the resilience
of populations to future environmental perturbations by
increasing the genetic variability the population has for traits to
respond to novel selection pressures.
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Figure 3. STUDY AREA AND SEED SOURCING: The location of the red spruce restoration site and the seed sources selected for planting sites in Maryland, West
Virginia and Virginia. The dark red polygons on the map are the known range extent of red spruce. The map colouring is based on the Eastern Seed Zone
database.

RESULTS

DISCUSSION

MAJOR FINDINGS

No "super sources” found across the sites, with the pooled
combination for each site having high GD:GL and evolvability
compared to any singular sources (Fig 4).

We found that GD:GL increased with set size until around four to
five sources, beyond which there were minimal gains in diversity
by combining additional sources (Fig. 5).

This work sets up the blueprint for successful collaboration
between science and practice using a novel approach using forest
genetics for ecological restoration. This science-practice-
monitoring should be seen as a feedback loop rather than a one
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2012) was categorized as non-synonymous for GL calculation:

Genetic diversity:Genetic load
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Figure 4. Evolvability (CV ) for different sources planted at each
restoration site and the bootstrapped pooled CV . for source combinations at
each site. The x-axis shows the GD:GL estimates for the singular and pooled
sources.
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missense variant, splice acceptor variant, splice donor variant,
splice region variant, start lost, stop gained, stop lost.

WHERE,
V. is the genetic component of trait variance
X Is the trait mean
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