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Editorial on the Research Topic

Retaining ecosystem legacies in forest management: effects on forest
structures and functions

Introduction

Nature-based solutions have become a central focus of global climate policy for
addressing the substantial terrestrial carbon and biodiversity deficits resulting from land-
use change (IPCC, 2019). No longer is simply focusing on reducing greenhouse gas
emissions from fossil fuels and cement production sufficient for avoiding catastrophic
climate change; developing nature-based solutions to restore and protect existing carbon
stocks, and enhance sequestration capacity, are also imperative (Austin et al., 2020). In
addition to filling these historical deficits, enhancement of ecological resilience will be
necessary to diminish accelerating greenhouse gas emissions resulting from severe climate-
driven wildfires, insect outbreaks and forest diebacks (Sommerfeld et al., 2018). Forests in
particular, along with other land and ocean ecosystems, are essential global carbon sinks,
and protecting and enhancing their ability to sequester, store and safeguard carbon will be
crucial strategies (Moomaw et al., 2020). Loss of forests to logging and other disturbances
must be curbed, and degraded forest lands reforested, restored or pro-forested, and their
health and resilience protected or enhanced (Tian et al., 2023). This Research Topic is
particularly focused on the ecological legacies that underpin healthy forest structures and
functions, and provides clues for nature-based solutions that protect them from forest
management, wildfire and climate-associated losses.

Forests are complex systems composed of interconnected structures and functions
across wide spatial and temporal scales, all nested within variable and shifting climatic
patterns (Filotas et al., 2014). Forests experience continual managed and natural
disturbances, and ongoing recovery and succession. Ecosystem legacies, or remnants that
persist after disturbances, include “memory imprints” such as residual trees, dead wood,
soils, seeds, above and below-ground biota, and biogeochemical cycles (Perry et al., 2008).
Ecosystem legacies, or memory, are essential in the ability of the forest to recover and re-
organize after disturbance, or to resist or adapt to climatic stress. In other words, ecological
memory plays an important role in the direction of post-disturbance recovery of biotic
communities, and hence in forest resistance and resilience to climate-driven disturbances.
Understanding ecosystem legacies, therefore, is important in designing forest management
regimes that foster resilience against global change.
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This Research Topic gathered novel research findings on the
role of ecosystem legacies in forest structure and function, and
how these legacies are important in facilitating forest recovery
from disturbance, as well as resistance, resilience, and adaptation
to climatic stress. The Research Topic includes eight papers that
emphasize: (i) carbon and nutrient legacies across climatic and
salmon gradients in primary forests, (ii) wildfire, clearcutting,
tree planting, and vegetation management effects on carbon
and nutrient pools, and (iii) clearcutting, soil degradation, and
tree planting effects on soil fungal communities essential to
forest health.

Carbon and nutrient legacies in
primary forests

Carbon and nutrient legacies were strongly influenced by
regional climate aridity and salmon returns in the primary forests
of British Columbia, suggesting that shifts in these ecosystem
drivers with global change could affect forest productivity and
carbon stocks. In their paper examining interior Douglas-fir forests
across a regional climate gradient, Roach et al. found that total
ecosystem carbon increased from 222 Mg ha™! in an arid interior
climate to 565Mg ha™! in a humid coastal climate, with about
half in aboveground pools (trees and plants) and half belowground
(coarse woody debris, forest floor, and mineral soil to 55cm).
Tree species richness was positively correlated with total carbon
stocks, suggesting niche complementarity may enhance carbon
sequestration. In the rainforests of the central coast of British
Columbia, Larocque and Simard showed that increasing salmon
density across 23 streams was associated with increased soil fertility,
particularly as indicated by soil nitrate and ammonium. Soil
fertility, and therefore forest productivity, was also correlated with
greater tree and shrub diversity. Both of these studies show that
increasing climatic aridity and declining salmon runs may be
associated with loss of carbon and nutrient stocks from these
Pacific forests.

Forest management effects on carbon
and nutrient pools

The forest gradient of Roach et al. was used by Robinson et al.
to calibrate the Carbon Budget Model of the Canadian Forest
Sector in order to simulate the effects of forest harvesting and
climate change on total ecosystem carbon stocks 50 years post-
harvest. Increasing harvesting intensity led to significant losses in
total ecosystem carbon stocks, with clearcuts containing 36% less
carbon than uncut forests after 50 years. Under the high emissions
representative compensation pathway, RCP 8.5, total carbon stocks
were projected to decline by only 7%, but caution was expressed
that belowground carbon stocks and climate driven disturbance
effects were not well-represented by the model. Carbon pools were
also found to be strongly affected by management practices by
Clason et al,, who examined a chronosequence of 21 wildfires
across central British Columbia. Site preparation that removed
deadwood to make way for tree planting resulted in substantial
total ecosystem carbon losses. Tree planting was projected to
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increase live carbon stocks by only 3% over a century, prompting
the authors to recommend preserving carbon legacies by forgoing
site preparation when replanting burned forests. Sanborn and Ott
found that silviculture treatments aimed at reducing alder cover
had little effect on the growth of lodgepole pine crop trees, and
they recommended minimal treatment of the early seral plant
community was needed to maintain forest productivity. Together,
these three studies show that intensive forest management practices
involving clearcutting, site preparation or vegetation management
can have negative effects on carbon and nutrient pools, and that
forest management practices should be carefully designed to protect
these legacies for future forests.

Forest management effects on soil
fungal communities

Soil fungal communities are essential legacies to forest
ecosystem function and regeneration. The negative effects
of clearcut logging on mycorrhizal and pathogenic fungal
communities, as well as the regenerating plant communities in
the HJ Andrews forests of Oregon, persisted four decades later.
Spencer et al. suggested that tree planting could speed up the
recovery, but also cautioned that planted trees can also introduce
novel fungi that could negatively affect the recovery trajectory. At
deforested and eroded ectomycorrhizal oak-dominated woodlands
in Central Mexico, Bermudez-Contreras et al. found that planting
of arbuscular mycorrhizal juniper trees significantly changed
the fungal communities associated with planted oak seedlings,
but oaks did not similarly affect junipers. The junipers appeared
to form, or at least closely associate with, ectomycorrhizas in
the presence of oaks, potentially forming mycorrhizal networks
with the native plants. The authors found juniper promising for
reforesting severely degraded sites, but also cautioned that planting
of non-native tree species can have negative effects on native
ectomycorrhizal fungal communities in more intact woodlands.
In the high elevations of the Columbia Mountains in interior
British Columbia, Southam et al. found that the composition of the
ectomycorrhizal fungal community was predictive of the health
of whitebark pine trees and their resistance to a fungal pathogen,
white pine blister rust. Planted whitebark pine seedlings and
surrounding soils were diminished in ectomycorrhizas compared
with naturally regenerated trees, and may be due to site effects
that will compromise planted seedling survival. All three of these
studies show that the legacy of the mycorrhizal fungal community
from the pre-disturbance forest is important in the success of
reforestation or restoration of disturbed areas, and retention of
native trees, plants and soils can facilitate the re-assembly of
healthy soil fungal communities.

Collectively, the findings from these eight studies highlight
that protecting ecosystem legacies, or memory imprints, in
forests, including migrating salmon, deadwood, trees, plants and
mycorrhizal fungal communities, are important in carbon and
nutrient accumulation and storage in ecosystems, as well as
recovery and productivity of the forest. Carbon and nutrient
stocks vary widely along natural gradients in climatic aridity
and soil fertility, and this variation can provide insight into
potential losses of these legacies as climatic or biotic (e.g., salmon
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lifecycle) conditions change. These stocks also provide insights
into the importance of protecting forest legacies and memory for
mitigating losses under anthropogenic climate change or altered
disturbance regimes. Forest management practices focused on
timber extraction and regrowth ought to be adjusted to protect
carbon, nutrient and fungal legacies for the heath of future forests
and soil productivity. Protection of salmon, legacy trees, natural
regeneration, coarse woody debris and early successional plant
communities are important techniques that can foster resilient
forests for the future. By better understanding how these complex
adaptive systems symbiotically function illustrates the critical need
for forest management changes to value healthy forests as natural
nature-based solutions.
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