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Managing for late-successional/old-growth characteristics
in northern hardwood-conifer forests
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Abstract

In the northern hardwood region of North America managing for late-successional forest habitats and functions is an important element of
ecosystem management. This study tests the hypothesis that uneven-aged practices can be modified to accelerate rates of late-successional forest
development. An approach, termed ““structural complexity enhancement™ (SCE), is compared against conventional uneven-aged systems modified
to increase post-harvest structural retention. Experimental treatments, including controls, were applied to 2 ha units and replicated at two multi-
aged northern hardwood forests in Vermont, USA.

Structural objectives include vertically differentiated canopies, elevated large snag and downed log densities, variable horizontal density
(including small gaps), and re-allocation of basal area to larger diameter classes. The latter objective is achieved, in part, by cutting to a rotated
sigmoid diameter distribution. This is generated from a basal area (34 m? ha *
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to increase post-harvest structural retention and to represent best
management practices. Group-selection treatments are modified
to approximate the average canopy opening size associated with
fine-scale natural disturbance events in New England, based on
the findings of Seymour et al. (2002).Research over almost three



observed at these sites and deemed likely to occur due to
shallow bedrock and/or moderately to very mesic soils.



Fifty-year projections of stand development were run for each
treatment unit, including controls. To compare relative
restorative potential, only stand development resulting from
initial treatment (rather than periodic re-cuttings) was modeled
(see Section 4.3). For manipulated units, both no treatment
(based on pre-harvest sample data) and treatment (based on post-
harvest sample data) scenarios were simulated. Mean projected
diameter distributions by treatment were evaluated to determine
whether either rotated sigmoid (SCE) or negative exponential
(conventional uneven-aged) were sustained over time. Projected
basal area distributions were generated to determine the
corresponding effect on basal area re-allocation. To evaluate
projected growth responses, | calculated cumulative basal area
increment (CBAI) for each simulation run at 5-year intervals. To
normalize treatment scenarios against site/unit-specific rates of
stand development that could be expected without treatment, |
calculated differences in CBAI between “no-treatment” and
“treatment” scenarios at each time step. The Kolmogorov—
Smirnov two-sample goodness of fit test was used to test for
differences between treatment groups along mean CBAI time
series. The log-likelihood ratio goodness of fit test (  test) was
used to examine total CBAI developed after 50 years; response
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16.4 (minimum =11.6, maximum =20.7) m*ha 'in SCE
units. Variation among units sharing similar treatment was
due, primarily, to differences in timber quality (e.g. stem defect
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Post-harvest dead basal area was significantly greater when
SCE units were compared to controlss¢ = 0.036); conventional
units showed no significant differences with controls.

There were statistically significant differencesa = 0.002)
among treatments with respect to effects on downed log volume
(Fig. 2). SCE increased downed log volumes by 140% on
average. Volumes increased from 41 m3®ha * pre-harvest to
92 m®ha * post-harvest. Mean downed log volume increased

30% in the uneven-aged units, changing from 38 m® ha * pre-
harvest to 49 m® ha * post-harvest, although this effect was not
statistically significant relative to the controls. There were
slight (4% mean) increases in two of the four control units
caused by windthrow. Background recruitment rates were thus
not sufficient to explain SCE treatment effects. Analyses of
downed log decay class distributions in SCE units showed, as
expected, significanta < 0.05) shifts towards less decayed
logs due large inputs of felled trees (Fig. 3).

Of 48 attempts (24 per study area) at pulling (Mt. Mansfield)
or pushing (Jericho) trees over, 45 were successful at creating
large (mean of 14 m®) exposed root wads and pits (mean of
approximation 7 m®). Success rates were influenced by the
relatively shallow depth to bed rock (0.5-1.2 m mean) at sites
where this was attempted. Tip-up mounds were significantly
larger (. < 0.01) at Mount Mansfield, which was probably
related Yo the greater loam and moisture content of soils at
that site.
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tended to produce more conservative estimates of growth
increment and large tree recruitment due to the differences
in model operation previously mentioned. Simulations in
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Rates of large tree recruitment are likely to be faster under
SCE compared to no treatment scenarios. In SCE units, there
will be an average of five more large trees (>50 cm dbh) per
hectare than there would have been without treatment after 50
years, based on FVS projections. There will be 10 fewer large
trees per hectare on average in the conventional units than
would have developed in the absence of timber harvesting. SCE
results in an increase of four very large trees (>60 cm dbh) per
hectare, while conventional treatments produce three fewer
very large trees per hectare than would have been recruited



into the largest size classes (e.g. >50 cm dbh). This includes a
shift of basal area into the very largest size classes
(>85 cm dbh) that experience no basal area recruitment under
the ““no treatment” scenario (Fig. 6, top). The uneven-aged

treatments — modified to include a low g-factor and relatively



limitation, the projections suggest that SCE does promote large
tree recruitment. Large tree recruitment will be significantly
impaired under conventional treatments. The results of the
sensitivity analysis suggest this is due to both maximum
diameter limits and negative exponential diameter distributions



timber production is emphasized, a subset of SCE elements
might be used. Other elements, such as CWD enhancement,
might be avoided or employed at a lesser intensity. In this
scenario, multiple stand entries would be expected, but late-
successional structural development would be lower compared
to full SCE implementation. Such an approach, however, would
allow forest managers to build some degree of old-growth
associated structure into actively managed stands, while
maintaining greater timber management flexibility. This study
evaluated a 50-year growing period (no additional harvests) in
order to evaluate longer-term stand development potential
resulting from initial treatment alone. This was appropriate
because: (a) the primary research question pertained to the
restorative potential of alternate treatments, and (b) the growth
and yield models lacked adequate regeneration sub-models,
such that simulations could only project growth for the initial
population of trees. However, a 20-25-year entry cycle is
certainly a plausible option for SCE where low intensity timber
production is a management objective. This conclusion is
supported by the similar growth trends between all treatments
evaluated, including uneven-aged treatments typically sched-
uled on this (or a more frequent) entry cycle in northern
hardwoods.

Intermediate applications of SCE could be employed where
ecologically sensitive management is required within riparian
areas. Managing for forest structural complexity along fresh-
water streams would be useful where the associated influences
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