Variable retention harvests (green-tree retention; GTR) are
designed to maintain some aspects of mature forest habitat,
maintain biodiversity, and provide an alternative to clearcut
harvesting of temperate and boreal forests. Long-term response data are lacking regarding effectiveness of these treatments in conserving biodiversity. We report on a retrospective
investigation of the impacts of salvage harvesting of lodgepole
pine, killed by an outbreak of mountain pine beetle (MPB)
in the 1970s, with variable retention of Douglas-fir as major
stand-level structures to maintain biodiversity over time. This
approach provided an inference to biodiversity by using ecological indicators of coniferous stand structure and an array of
mammal species. Examples of these potential “keystone” species are the southern red-backed vole and common shrew on
the forest-floor, the red squirrel and northern flying squirrel in
the arboreal mammals, and the snowshoe hare and mule deer
in the larger mammals.
A MPB outbreak in the mid-1970’s in the southern interior
of B.C. resulted in relatively widespread salvage logging of
lodgepole pine from mixed pine – Douglas-fir stands. In
pine-leading stands, fir were left as residual standing trees.
This seed-tree silvicultural system leaves a variable number
of wind-firm seed trees standing singly (dispersed retention),
or in groups (aggregated
retention), to provide a
source of fir regeneration as
a secondary species to lodgepole pine, which regenerates
naturally from abundant
cone slash.
Seed-tree stand with overstory
Douglas-fir and understory pine

Seed-tree stand

Uncut old-growth forest

This is a relatively widespread practice that has been
in place since the early to
mid-1970’s when lodgepole
pine became an important
commercial timber species.
Because of this history, it is
possible to do a retrospective investigation of the
responses of stand structure
and biodiversity 30 years
after salvage harvesting of
beetle-killed timber. Stands
with residual green trees,
composed of dispersed to
aggregated Douglas-fir with
understory lodgepole pine,
cover several landscapes in
the southern interior, having
arisen from harvesting over
the past 30 years.
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How do these stands compare to those uncut in terms
of stand structure and development of late seral forest
conditions?
This question has direct relevance to sustainable forest management for wildlife habitat and biodiversity.
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We predicted that, at 30 years after salvage harvest of beetlekilled lodgepole pine trees,
(1) abundance (basal area and density of coniferous trees
and amount of vegetation) and diversity (species diversity
and structural diversity of the herb, shrub, and tree layers) of
various aspects of stand structure, and
2) abundance (population density or relative habitat use) of
these mammal species,
will decline with lower levels of Douglas-fir tree retention.
Stand structure attributes and selected mammals were sampled
during 2005-2008 in replicated units of 30-year-old stands
of lodgepole pine, with a range of GTR as seed-trees (none,
dispersed, and aggregated Douglas-fir), and uncut mature/oldgrowth stands, near Summerland in south-central B.C., Canada.
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Overall mean relative habitat use by snowshoe hares, based
on counts of fecal pellets, was highest in the young pine than
seed-tree stands, with all three stand types higher than the uncut
stands, in both summer and winter seasons.
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Response of Mammals
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Mean Number/ha

Mean Number/ha

0.5
0.0

13.01
9.73b
0.83
0.39
20.1
0.88

6.95
64.75a
2.99
0.36
24.4
1.27
3

Overall mean abundance (± 95% confidence intervals) of the
red-backed vole was
consistently higher (2.3
to 6.4 times) in the
uncut forest than other
stands. Overall mean
abundance of the common shrew was similar
among stands.

100
90

Abundance
Herbs
Shrubs
Mosses
Terrestrial Lichens
Total Species Richness
Total Species Diversity

Young Pine
Single Seed-Tree
Group Seed-Tree
Uncut Forest

Overall Mean Number/ha

40 b
1941
0.84

1.0

0.6

Common Shrew

Summer Range

Snowshoe Hares
400
Overall Mean Number of
Pellets/ha (x1000)

30 b
2303
0.77

Uncut Forest

1.5

Young Pine
Single Seed-Tree
Group Seed-Tree
Uncut Forest

0.8

350
300
250
200
150
100
50
0

1.0

Young
Pine

Single
Seed-Tree

Group
Seed-Tree

Winter Range

350
300
250
200
150
100
50
0

Uncut
Forest

Young
Pine

Single
Seed-Tree

Group
Seed-Tree

Uncut
Forest

0.8

For mule deer, overall mean relative habitat use was higher in
seed-tree stands than young pine in both summer and winter.
Habitat use was similar in seed-tree stands and uncut forest in
both seasons.

0.6
0.4

There were higher
0.2
numbers of red squir0
rels in the young pine
Young
Single
Group
Uncut
and seed-tree stands
Pine Seed-Tree Seed-Tree Forest
than uncut forest
stands during fall 2006,
with no difference in other seasons. Mean numbers ranged from
1 to 2.5 squirrels per ha. Mean abundance of flying squirrels was
similar among stands, ranging from 0.1 to 0.7/ha. Overall mean
numbers of red squirrels seemed higher in the seed-tree than
uncut forest stands. The pattern of overall mean abundance for
flying squirrels was similar among stands, although the young
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Salvage logging alters: (1)
populations of organisms,
(2) stand structure, and (3)
ecosystem processes and
functions. However, what are
the long-term consequences
of this practice, particularly
where green-tree retention occurs at the time of harvest?

Natural disturbance regime
with overstory Douglas-fir and
understory lodgepole pine.

This study is the first investigation of the long-term (3 decades) effects of salvage logging of
beetle-killed timber, and the subsequent influence of green-tree
retention, on biodiversity via inferences from ecological indicators
of stand structure and mammals. Retention of green trees can (1)
maintain some species and ecological processes from the original
forest, (2) provide stand structure in the regenerating forest stand,
and (3) provide some connectivity in the commercial forest landscape. These attributes are particularly enhanced by retention of
aggregated or group seed-tree patterns of residual trees. This harvesting approach emulates a natural disturbance regime whereby
some residual Douglas-fir survive amidst fire- or MPB-regenerated
stands of lodgepole pine.
At 30 years after salvage harvesting, we have an indication of how
close we are to managing forests sustainably by comparing wildlife
habitat and biodiversity, in forests with and without residual
fir trees, to those in uncut mature/old-growth forests. Using
measurements of stand-level structures, mammals, and inferences
to biodiversity, we have examined past disturbance to provide a
vision of forest conditions 3 decades into the future. An overall
summary of response variables indicated that the seed-tree stands
had the same or higher value than the uncut forest in 25 of 31
cases. In 6 of 31 cases the uncut forest was higher than the seedtree stands for mean diameters of the major conifers (Douglas-fir
and lodgepole pine), BA of total conifers, and mean abundance of
red-backed voles.
Habitat heterogeneity (structural diversity) and animal species
diversity, so-called “keystone structures” of a given vegetation
complex, seem to have profound implications for biodiversity
management. Individual legacy trees provide important habitat
for wildlife in managed
stands. Several other studies
have noted the importance of
green-tree retention for maintenance of mycorrhizal fungal
networks for tree nutrition
and sporocarp food sources
for a variety of species such as
red-back voles, red squirrels,
and flying squirrels.
Flying Squirrel
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