





The LR team discussed how to best use reference
conditions to evaluate post-treatment forest struc-
ture, and two main points of concern arose as a
result of this discussion. One concern was that
further assessment of how to use reference condi-
tions to evaluate project-scale results may be
needed. By using reference sites within 30 miles
surrounding a site we may be combining data from
a range of different site conditions to assess the
success of a single site with a more narrow range of
site conditions. An additional concern arose about
the influence of the 1851 fire year on reference
condition data, which describes the forest structure
of ca. 1860. Much of FRFRnet was conducted in
areas that were disturbed during the fire year, and
the group wanted to avoid making recommenda-
tions to restore sites to reflect a recent post-distur-
bance landscape. Both of these concerns will be
addressed during the next monitoring discussion.
In addition, staff at the Colorado Forest Resto-
ration Institute will explore proxies for productivity
such as total wetness index for future analyses.

Restoration Effects on Fine-scale Spatial
Structure

Jeffery Cannon® presented preliminary data from

current research that utilizes satellite imagery to
evaluate how CFLRI treatments across the Front
Range alter fine-scale spatial structure (Figure 3A).

The work refines previous work on this topic by
addressing problematic issues with shadows in aerial
imagery, (2) presenting new analyses that directly
address desired conditions using simpler metrics
related to canopy openings and tree group size
distribution, and (3) making direct comparisons of
spatial structure to historical conditions from the
FRFRNet. Major results presented from Ryan
Quinlan and Phantom Creek project areas indicate
that treatments are creating appropriate levels of
canopy openness, however, more of these openings
occur in close proximity to canopy edge rather than
as part of larger openings relative to historical
conditions (Figure 3B). In addition, treatments are
altering tree group size to better reflect reference
conditions, however isolated trees and very large
groups (>15 trees) are over-represented, while mod-
erate sized groups (2—15 trees) are under-represent-
ed relative to historical conditions (Figure 3C).
Local spatial statistics such as distribution of tree
group size may be more intuitive and more readily
incorporated into treatment prescriptions and
marking protocols compared to previous metrics of
heterogeneity (e.g, FragStats-based metrics). In
general, these results indicate that a greater focus on
creating small- to medium-sized tree groups rather
than isolated trees during tree marking could lead to
post-treatment spatial patterns that are more
congruent with historical stand conditions.
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The LR team agreed that the simpler spatial metrics
presented here (proportion of stand in canopy, edge
openings, large openings, and tree group size) may be
more useful for monitoring changes in stand-scale
heterogeneity and should be further pursued across the
Front Range. Additional work to produce visual maps of
forests with varying proportions of canopy openings
and group size may aid in translating desired conditions
into improved treatment prescriptions and tree marking
prior to treatments. Lastly, the members of the LR team
suggested that the language of desired conditions related
to spatial heterogeneity may be too vague and could be
refined to include more specificity regarding fine-scale
tree patterns.

Restoration Effects on Fire Behavior

One of the goals of the LR team is to better understand
how restoration treatments may impact fire behavior.
Justin Ziegler® presented a summary of research desctib-
ing how seven forest restoration thinnings in CO, AZ,
and NM altered stand heterogeneity and modeled fire
behavior using a 3D fire model, Wildland-urban inter-
face Fire Dynamics Simulator (WEFDS). Two of the sites
included in Justins analyses were part of the Front
Range CFLRI—including Phantom Creek and Messen-
ger Gulch. For most sites, trees were aggregated before

thinning and remained aggregated after thinning, though
thinnings had inconsistent effects on the degree of tree
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aggregation (Table 1). This inconsistency can be
ecologically appropriate according to reference
conditions. Most importantly, no thinning created
tree uniformity. Modeled fire line intensity and rate
of spread decreased following treatment, and this
effect was more pronounced at higher wind speeds
(Figure 4). Rearrangement of fuels into heteroge-
neous arrangements had an effect on fire behavior,
but it was relatively modest compared to the promi-
nent effect of reducing canopy fuels. Details can be
found in Ziegler (2014).

Restoration Effects on Wildlife Communities

Jenny Briggs®, Casey Cooley’ , and the Wildlife
Working Team are currently investigating the effects
of restoration treatments on wildlife communities.
They presented the process used to select wildlife
species to monitor and provided preliminary results
for Abert’s squirrel monitoring, Priority (tier 1)
species to monitor were chosen systematically by
starting with over 300 species found in Front Range
lower montane forests and filtering based on politi-
cal prudence, economic/social importance, and
ecological significance. The process resulted in
seven avian species, the Abert’s squirrel, and pine
squirrel, which are sampled biennially beginning in
2014 by the Bird Conservancy of the Rockies
(BCR). The sampling strategy used by BCR
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employs spatially balanced grids in which bird
counts are conducted to provide density and occu-
pancy estimates. Because much of this strategy
relies on auditory calls from birds, detection proba-
bility of Abert’s squirrel is low as they are typically
less vocal. Due to the difficulties in monitoring
Abert’s squirrel, much of the recent work by the
Wildlife Working Team has focused on a pilot study,
looking at the efficacy of using camera traps baited
with peanut butter (Figure 5A) compared to the use
of four transects at four points within the bird grid
(Figure 5B) to record signs of Abert’s squirrel activi-
ty—primarily needle clippings and “cone cobs.”

While the data has not yet been evaluated for the
squirrel sign portion of the study, camera traps
estimated occupancy consistently for 2014 and 2015
(Figure 5C). As monitoring data continues to be
collected, occupancy estimates will be more mean-
ingful as changes in occupancy can be better
attributed to factors beyond natural population
cycles for a given species. This year, the wildlife
team plans to collect data at bird grids, evaluate the
squirrel sign study, and make a decision on sampling
methodology for Abert’s squirrel monitoring,

Restoration Effects on Understory Plant Com-
munities

Brett Wolk® and Paula Fornwalt’ presented an
update on progress toward evaluating how CFLRI
treatments impact understory plant communities.
Progress toward this goal includes refining the
desired conditions related to understory plants into
seven testable monitoring hypotheses. Currently,
they are collecting pre-treatment data in a variety of
treatment areas to assess how treatments alter the
abundance and diversity of (1) native species, (2)
functional groups, (3) eatly seral species, (4) exotic
plants, (5) key native species (i.e., threatened/endan-
gered), (6) noxious weeds, and (7) spatial heteroge-
neity of herb communities (i.e., beta diversity). In
addition, Brett presented an update on the seven
treatment areas that have been established where
pre-treatment herbaceous surveys have been com-
pleted. The seven treatment areas span the Front
Range and include a total of 18 treatment and
control pairs and three different treatment types
(mechanical thinning, hand thinning, and prescribed
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fire). Because several treatments have not yet been
implemented (and was one canceled), Brett and
Paula are exploring ways to make other inferences
from the data such as relating overstory and under-
story data while remaining treatments are complet-

ed.
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Next Steps

After consideration of analyses of monitoring data
on forest structure and fine-scale stand spatial struc-
ture, the LR team agreed that current monitoring
protocols are collecting sufficient data to allow the
group to make recommendations to adjust future
restoration treatments. However, it is currently
unclear what form such recommendations may take
(i.e., presentation, formal report, etc.), and future
LR team meetings may focus on development of
formal recommendations. One potential direction is
to further explore whether the apparent discrepan-
cies outlined here are consistent across CFLRI proj-
ect areas.

Although the LR-team agreed that current monitor-

ing data collection is sufficient to make recommen-
dations, they agreed that additional analyses of the
currently collected monitoring data will allow more
concrete recommendations. One recommendation
was to explore productivity gradients besides slope
aspect (e.g,, topographic wetness index) to inform
how treatments vary across these gradients and
relate to historical conditions. Additionally, the
development of simpler metrics to analyze spatial
metrics allowed evaluation of spatial structure, but
additional analysis that delineate opening could
further advance this understanding. Spatial analyses
that quantify the number and size of large openings
(such as the use of a patch detection algorithm) can
help inform how treatments alter gap size distribu-
tion and relate to historical expectations (e.g., Dick-
inson 2014).

Inclusion of new analyses comparing pre- and
post-treatment forest structure to reference condi-
tions was an important step toward making formal
recommendations to improve future CFLPR treat-
ments. However, the LR team identified that further
refinement of how reference conditions are framed
and compared to pre- and post-treatment condi-
tions may be necessary. Development of a frame-
work for comparing post-treatment conditions to
historical reference conditions along with continued
evaluation of CFLRI treatment effects on forest
structure and fine-scale spatial patterns is an
important step toward developing concrete recom-
mendations to further the adaptive management
process for the Front Range CFLRI.
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