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Decoupling the Diameter–Age Debate: The Boise 
National Forest’s Legacy Tree Guide
John Riling,  Kathleen Geier-Hayes, and Theresa Jain

As trees age, they develop discernible attributes (legacy characteristics), that provide critical wildlife habitat. An arbitrary diameter cap is often used in planning to ensure old 
trees remain on the landscape. Although a relation exists between tree age and diameter, several environmental factors also influence growth; consequently, not all large trees 
are old and not all small trees are young. Personnel on the Boise National Forest questioned the efficacy of using a diameter cap of 20 in. (51 cm) as a method for conserving 
old trees because it prevented the ability to meet other Forest Plan desired conditions associated with restoring ecosystems. To address this concern, Forest personnel conducted 
an administrative study within four project areas. Data were collected on trees ≥20 in. (51 cm) dbh—primarily ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga 
menziesii), and grand fir (Abies grandis). Results from this study provided the data used to refine a locally relevant legacy tree field guide, built trust among stakeholders, 
and improved the environmental planning process.
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Both large and old trees serve a variety of structural and func-
tional roles within forested ecosystems. Old trees are unique 
because they display distinguishable characteristics from 

younger trees. Perry and Amaranthus (1997)and Franklin et  al. 
(2007) describe these old trees and other survivors of disturbance 
as “biological legacies.” Kaufmann et al. (2007) and Van Pelt (2008) 
labeled these types of trees “legacy trees.” The bole of legacy trees, by 
nature of the structural complexity of their bark surface, can pro-
vide numerous microhabitat sites supporting abundant and diverse 
insect communities, which in turn support large varieties of wildlife 
species and enhanced species diversity (Lindenmayer and Laurance 
2017). Legacy trees and trees with legacy characteristics contribute 
to functional old forest habitat and can serve as ecological “stepping 
stones” for plant and animal species across a landscape (D’Amato 
and Catanzaro 2009). When dead, they provide a unique snag hab-
itat compared to younger dead trees because they have a greater 
surface area of loose bark, more stem and branch decay, and larger 
cavities (Mannan et al. 1980). Trees with legacy characteristics gener-
ally provide a greater dead wood medium for arthropods, crevices, or 
cavities for roosting bats, perching sites for raptors and other birds, 

excavation opportunities for cavity nest or den sites, and a growth 
substrate for fungi, moss, and lichens than dead trees with less sur-
face area or less structurally complex bark and limbs. These large 
dead trees also tend to remain upright longer than younger snags 
because they have more extensively developed root systems and a 
higher proportion of heartwood that decays slower than sapwood 
(Morrison and Raphael 1993, Bull et al. 1997). Generally, these trees 
are survivors of past disturbances, from either one previous stand in-
itiation event or numerous low- to moderate-intensity disturbance 
events (Figure 1). These survivors act as a sanctuary in disturbance-
driven ecosystems by preserving biological diversity through seeds, 
maintaining certain types of habitat and microclimates, and helping 
preserve connectivity within and across landscapes.

Legacy trees typically grow in openings and generally occur in 
dominant or co-dominant crown classes, which favor large crown 
development (Figure 2). They can be a single isolated tree or grow 
together in clumps and groups. In addition, older trees have deep 
bark fissures, wide bark plates, greater variation in bark color, 
flattened or rounded crowns, dead or epicormic branches on the 
lower bole, possibly dead tops, and a complex crown form. Van 
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Pelt (2008) suggested that these characteristics generally start to de-
velop in trees older than 150 years. When managing for old forest 
conditions in drier forest types, legacy trees provide the foundation 
from which to build restoration actions (Van Pelt 2008); therefore, 
it is imperative to be able to recognize and include them during 
project planning and implementation.

A popular method to maintain these trees on the landscape is to 
apply an arbitrary diameter cap (all trees above a particular dbh are 
retained) (USDA Forest Service 2013); however, Van Pelt (2008) 

noted that although there is a linear relation between diameter and 
age, tree diameter is more a function of environmental conditions 
than time. He found that not all old trees were large, and not 
all large trees were old, and subsequently not all large trees were 
legacies. He concluded that older trees with legacy characteristics 
are not necessarily the largest trees.

The Boise National Forest (BNF) Plan, as amended in 2010, 
emphasizes a wildlife conservation strategy, which focuses manage-
ment objectives toward restoring, recruiting, and fostering resil-
ient old forest habitat and large tree stand conditions. Long-lived 
shade-intolerant species such as ponderosa pine (Pinus ponderosa) 
and western larch (Larix occidentalis) are prioritized for conserva-
tion, but other species, such as Douglas-fir (Pseudotsuga menziesii) 
or grand fir (Abies grandis), have similar legacy characteristics im-
portant for old forest habitat (Franklin et al. 2008). In response to 
public concerns focused on retaining old trees, projects on the BNF 
started including diameter cap design features/elements (specific 

Management and Policy Implications

This study addressed three management goals. The first was to adapt the Van 
Pelt (2008) old tree identification guide for tree species on the Boise National 
Forest (BNF) to quickly and consistently address management objectives. Field 
crews were able to use the BNF legacy tree guide to identify old trees ef-
ficiently and accurately based on legacy characteristics. The second was to 
quantify large tree (≥20 in. dbh) abundance and tree diameter–age rela-
tions to inform and improve efficiencies in planning. We determine that not 
all large trees were old, and not all old trees were large, but trees larger 
than 27.5 in. (69.49 cm) dbh tended to be over 150 years old, which pro-
vided a good modeling threshold. Retaining all large trees would result in a 
large tree size class dominated by young-to-mature, shade-tolerant grand fir. 
The third goal was to build stakeholder trust and support by illustrating that 
the forest can conserve old trees using methods other than diameter caps. 
The local collaborative group expressed support for the legacy tree guide, 
which helped streamline the National Environmental Policy Act of 1969 pla-
nning process. This science-based management approach provides an easily 
replicated framework for validating tree-age relations in other forests as well 
as an efficient and effective method to conserve old trees.

Figure 1. Trees that survive disturbance may become legacy trees. Particularly trees that live through numerous disturbances (A) or survive 
high intensity wildfires (B) develop legacy characteristics.

Figure 2. Legacy ponderosa pine, known as the Holbrook tree, 
located on the Boise National Forest.
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means, measures, or practices that make up aspects of the proposed 
action and alternatives). The BNF has included different diameter 
caps, particularly 20.0 in. dbh (50.8 cm), as this corresponds with 
the Forest’s large tree size class. However, consistent with findings 
of Abella et al. (2006), Triepke et al. (2011), and Sanchez-Meador 
et al. (2015), managing with diameter caps results in tradeoffs that 
have been shown to limit the BNF’s ability to restore desired species 
composition and structural conditions (USDA Forest Service 2013). 
To address these challenges, an administrative study was conducted 
to answer the following questions: (1) Using an administrative study, 
did the developed BNF legacy tree guide that used concepts from Van 
Pelt (2008) provide consistent and reliable identification of legacy 
trees? (2) Could we identify a diameter–age relation for nonlegacy 
and legacy trees, and if so, was there a diameter threshold that could 
be used in forest planning to represent trees ≥150 years old?

Methods
Administrative Study Area

Four landscapes were selected in ponderosa pine, Douglas-
fir, and grand fir habitat types (Steele 1981) on the BNF, north 

of Boise, Idaho (Figure 3). These are the dominant habitat types 
where active management occurs on the forest. In addition, these 
locations represent moderate growing conditions on the BNF and 
consequently ideal environments where soil moisture and growing 
season length should not constrain plant growth. Furthermore, 
three of the four project areas involved a collaborative process 
with the Boise Forest Coalition, a citizen-led collaborative group 
composed of stakeholders from a broad range of outside interests 
including the environmental community, timber industry, recrea-
tional groups, and State and County government, which allowed 
for direct application of results and collaborative feedback through 
a consensus decision process (http://boiseforestcoalition.org/
main_page.html). The four landscapes occurred within the Scriver 
Integrated Restoration Project (2013), Williams Creek Project 
(2015), High Valley Integrated Restoration Project (2016), and 
French Hazard WUI Project (2018) (Figure 3).

Legacy Tree Rating
Van Pelt’s (2008) system rates individual trees into four categories: 

(1) young tree; (2) mature tree <150  years old; (3) mature tree

Figure 3. Vicinity map displaying four sampling locations (project areas) on the Boise National Forest.

http://boiseforestcoalition.org/main_page.html
http://boiseforestcoalition.org/main_page.html
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Table 1. Rating system for determining young, mature and legacy
developmental stages for ponderosa pine trees (USDA Forest
Service 2015).

Score

Lower bole bark condition*
Dark bark with small fissures 0
Outmost bark ridge flakes reddish, fissures small 1
Colorful plates, plate width about equal to fissure widths 2
Maximum plate width between fissures >6 inches and 
<10 inches

3

Maximum plate width between fissures >10 inches 5
Score

Knot indicators on main bole below crown
Dead branches below main crown, whorl indicators 
extending nearly to tree base

0

Old knot/whorl indicators visible below main crown 1
No knot/whorl indicators visible 3

Score
Crown vigora

Narrow crown but with a defined dominant leader 0
Broad crown with a dominant leader 3
Top of crown may be dead, and if alive the tree has a 
broad crown with a flat top, and it is difficult to identify 
a dominant leader

5

Combined score
Developmental stage scoring key**

Young tree <2
Mature tree 2–5
Legacy tree >6

Note: aThe legacy tree guide refers to sketches to illustrate crown vigor, which we 
have not included in this paper.
*Determine bark conditions on the uphill side of tree at dbh.
**Choose one score from each category and sum scores to determine develop-
mental stage.

≥150 years old; and (4) old tree ≥250 years old. The crews assigned 
each tree a category using three to four groups of criteria specific to 
each tree species, including bark condition, evidence of knots, crown 
indicators, and crown vigor. Descriptive criteria within the groups 
include color, bark plate/fissure size, presence and location of dead 
branches, branch stubs and knots, epicormic branching characteris-
tics, crown profile, and crown vigor (Van Pelt 2008) (Figure 4, Table 
1). Each group is assigned a score ranging from 0 to 5 based on what 
criteria best fit the tree. For example, the criteria for the bark condi-
tion group for ponderosa pine are 0 (dark bark with small fissures), 
1 (outermost bark ridge flakes reddish, fissures small), 2 (colorful 
plates, plate width about equal to fissure width), 3 (maximum plate 
width between fissures ≥6 in. (15.2 cm) and <10 in. (25 cm), and 5 
(maximum plate width between fissures ≥10 in.). The scores for the 
criteria groups are added together to determine the overall rating for 
the tree, which then determines assignment to one of the four age 

categories. Van Pelt (2008) provided a rating system for ponderosa 
pine, western larch, and Douglas-fir trees.

Van Pelt’s (2008) legacy tree rating system provided basic concepts 
that were used to develop the BNF’s legacy tree guide with some 
modifications. Van Pelt (2008) did not develop a rating system for 
grand fir, but did provide examples of old tree form, bark charac-
teristics (transitioning from smooth to finely dissected fissures), and 
attributes that result from multiple disturbances (e.g., fire scars, 
Indian paint fungus, epicormic branch formation). These indicators 
were used to classify legacy status for grand fir, but not to determine 
general age, as Van Pelt (2008) did for other species. In addition, 
based on forest inventory data and professional judgement, and to 
reflect differences in growing conditions, forest personnel adjusted 
tree heights to reflect the shorter trees found on the BNF compared 
to areas sampled by Van Pelt (2008). Furthermore, the four age 
categories described in Van Pelt (2008) were collapsed into three: (1) 

Figure 4. Photo collage of legacy ponderosa pine, western larch, Douglas-fir, and grand fir on the Boise National Forest.
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young, (2) mature (<150 years old), and (3) legacy (≥150 years old). 
This means that for the purposes of the field guide, all trees that ex-
hibit characteristics of older trees (i.e., meet the rating for mature 
≥150 years old and old tree ≥250 years) are identified as legacy. The 
purpose of labeling mature and old trees as legacy in the field guide is 
to assure the highest likelihood of conserving the oldest trees as well 
as those approaching older ages. Field personnel rated all trees using 
the BNF field guide and assigned either “Not Legacy” (fell into age 
category 1 or 2) or “Legacy” (fell into age category 3). This categoriza-
tion was conducted independent of the results of the tree-age coring.

Data Sampling
Two to six belt transects were subjectively placed in ArcGIS 

to broadly cover a representative sample, in terms of topography 
and vegetation, within each project area. Field crews flagged and 
geospatially located the transect line with a GPS. On each transect, 
crews measured and painted all large trees (≥20.0 in. [50.8  cm] 

dbh) within 22 feet (6.7 meters) of either side of the line. The 
transect length was determined by the distance required to ob-
tain reliable increment core age samples from a minimum of 15 
ponderosa pine, Douglas-fir, and grand fir (45 in total) trees. 
Crews painted sample trees with a unique number and also added 
a paint mark at the base of the bole (downhill side) to allow for 
future monitoring following treatment. All sample trees had the 
following measurements recorded: species, dbh, legacy tree status 
(BNF guide), age at dbh when possible, and radial growth (USDA 
Forest Service 2014).

Tree Age and Statistical Analysis
Trees were aged using a 24 in. (61 cm) long increment borer. The 

ability to obtain reliable tree ages was constrained by the length of 
the increment borer and presence of stem decay. Tree ages fell into 
two categories: trees with no age (unable to obtain an age because 
the tree either was too large for the increment bore to hit the pith 
or had stem decay) and trees with a reliable age (age was obtained 
through the pith). The experimental design used in the analysis 
considered each tree as a single replicate across the four locations. 
We conducted a regression analysis to identify the age–diameter 
relation for all trees, nonlegacy trees, and legacy trees (question 
2—stated as a hypothesis). The regression analysis used a logarithm 
transformation of age to fulfill regression assumptions of normality 
and random error (Myers 1990). The analysis was conducted using 
SAS statistical software (Myers 1990, SAS Version 9.4 2016). Each 
hypothesis was evaluated at α  = 0.05. For some species, we had 
very low sample sizes (western larch and Engelmann spruce) with 
reliable ages, so we conducted the regression analysis for three spe-
cies, ponderosa pine, Douglas-fir, and grand fir when evaluating the 
age and diameter relations. Subalpine fire had so few observations 
that we did not add these to the analysis. We did not conduct any 
statistical analyses on parameters to inform the legacy tree guide 
(question 1) but did identify omission and commission error from 
our field evaluation.

Results
Distribution of Sampled Trees

Data were collected from 1,538 trees including ponderosa pine, 
western larch, Douglas-fir, Engelmann spruce, grand fir, and sub-
alpine fir. Grand fir represented 45 percent of the sample followed 
by Douglas-fir (31 percent) and ponderosa pine (20 percent)  
(Table 2). Other species in combination made up approximately 4 
percent of the sample. Of the 1,461 ponderosa pine, Douglas-fir, 
and grand fir sampled, 32 percent (95 trees) of the ponderosa pine, 
6 percent (30 trees) of the Douglas-fir, and 10 percent (70 trees)  

Table 1. Rating system for determining young, mature and legacy 
developmental stages for ponderosa pine trees (USDA Forest  
Service 2015).

Score

Lower bole bark condition*
Dark bark with small fissures 0
Outmost bark ridge flakes reddish, fissures small 1
Colorful plates, plate width about equal to fissure widths 2
 �Maximum plate width between fissures >6 inches and 
<10 inches

3

Maximum plate width between fissures >10 inches 5
Score

Knot indicators on main bole below crown
 �Dead branches below main crown, whorl indicators 
extending nearly to tree base

0

Old knot/whorl indicators visible below main crown 1
No knot/whorl indicators visible 3

Score
Crown vigora

Narrow crown but with a defined dominant leader 0
Broad crown with a dominant leader 3
 �Top of crown may be dead, and if alive the tree has a 
broad crown with a flat top, and it is difficult to identify 
a dominant leader

5

Combined score
Developmental stage scoring key**

Young tree <2
Mature tree 2–5
Legacy tree >6

Note: aThe legacy tree guide refers to sketches to illustrate crown vigor, which we 
have not included in this paper.
*Determine bark conditions on the uphill side of tree at dbh.
**Choose one score from each category and sum scores to determine develop-
mental stage.

Table 2. Number and percentage of all trees, legacy trees, all trees with a reliable age, and legacy trees with a reliable age.

Species All trees All legacy trees Trees with reliable ages Legacy trees with 
reliable ages

(N = 1538) (N = 198)  (N = 691) (N = 104)

N % N % N % N %

Ponderosa pine 300 20 95 32 146 21 62 42
Western larch 7 <1 3 42 7 1 3 42
Douglas-fir 474 31 30 6 222 32 23 10
Engelmann spruce 67 4 0 0 30 4 0 0
Grand fir 687 45 70 10 285 41 16 6
Subalpine fir 3 <1 0 0 1 <1 0 0
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of the grand fir were legacy trees. The number of nonlegacy and 
legacy trees by diameter range varied depending on the species (Table 
2). Grand fir trees tended to have the most stem decay and unreli-
able ages, which likely partially accounts for the lower proportion of 
legacy grand fir older than 150 years, since older trees have greater 
levels of stem decay (Bull et  al. 1997). There were 95 ponderosa 
pine categorized as having legacy characteristics, with most of these 
trees ranging from 25 to 45 in. dbh (63.5 to 114.3 cm). In con-
trast, nonlegacy trees primarily ranged from 20 to 35 in. dbh (50.8 
to 88.9  cm). Douglas-fir legacy trees occurred throughout most 
diameters measured, whereas nonlegacy Douglas-fir were primarily 
<30 in. dbh (76.2 cm). A similar pattern occurred in grand fir with 
legacy trees dominating the 30 to 45 in. dbh (76.2 to 114.3 cm) and 
nonlegacy trees dominating the 20 to 30 in. dbh (50.8 to 76.2 cm).

There were 691 trees with reliable ages, and of those 660 trees 
were Douglas-fir (32 percent), ponderosa pine (21 percent), and 
grand fir (41 percent) (Table 2). Only 101 trees were classified as 
legacy, and of these, 62 trees were ponderosa pine, 23 were Douglas-
fir, and 16 were grand fir (Table 3). Most of the legacy trees (84 per-
cent) were 150 years and older. In contrast, of the 552 trees that did 
not meet the legacy rating, most were grand fir (269 trees), but only 
4 percent of these trees were 150 years and older. In fact, 96 percent 
of the trees that did not meet the legacy rating were younger than 
150 years old. A 16 percent commission error was recorded for trees 
that were rated as legacy, meaning they had legacy characteristics, 
but were <150 years old. A 5 percent omission error was recorded 
for trees that were not rated as legacy, but were ≥150 years old.

Diameter and Age Relations
For trees that had reliable ages, the regression analysis identified 

different results depending on whether or not the tree expressed 
legacy characteristics (Figure 5). Nonlegacy trees consistently had 
a strong significant relation between diameter and age (P < .0001), 
although the variation explained by this relation was low. The r2 
for ponderosa was 0.29, and for the other species, r2 was 0.16 or 
0.17. For legacy trees, only ponderosa pine had a statistically sig-
nificant (P = .0047) relation between diameter and age when tested 
at the P = .05 level. However, the r2 was only 0.12. The other two 
tree species did not have a significant relation between diameter 
and age. If we impose 27.5 in. dbh (69.8  cm) as a possible di-
ameter threshold, many nonlegacy trees have diameters larger than 
this threshold, some exceeding 35 in. dbh (88.9 cm), although the 
majority of these trees do occur below this threshold. In contrast, 
legacy trees can be smaller than this diameter threshold. These 
results indicate that the legacy tree guide is a necessary compo-
nent when implementing projects that desire retention of old trees. 
However, when conducting environmental analysis with computer 
models (such as the Forest Vegetation Simulator [Dixon 2018]), a 

field verified diameter, such as 27.5 in. (69.8 cm), provides a useful 
indicator of old trees.

Discussion
The BNF undertook this study to accomplish three goals: (1) 

to assess whether a legacy tree guide can provide a consistent and 
accurate method to identify old trees in the field using tree char-
acteristics; (2) to quantify information on large tree abundance 
and diameter–age relations to inform and improve efficiencies in 
planning; and (3) to build stakeholder trust and support that the 
Forest’s integrated restoration projects could conserve old trees 
through methods other than diameter caps.

The BNF adapted concepts from Van Pelt’s (2008) legacy tree 
guide with the hope it would provide a fast, efficient, repeatable, 
and less costly method for identifying old trees that did not rely on 
tree cores. Although the rating system can appear subjective, the 
legacy tree characteristics are distinct and easy to quantify. Field 
personnel were able to identify older trees based on legacy tree 
characteristics; in fact, the majority of trees older than 150 years 
were characterized as legacies using the field guide (Table 3). 
Additionally, field crews comprising a variety of experience levels 
and backgrounds were able to incorporate legacy tree conservation 
into marking and layout without any noticeable loss in production. 
With adjustments for local species and conditions (Lindenmayer 
and Laurance 2017), this type of guide has potential application for 
other National Forests facing similar questions about the relation 
of diameter to age, particularly for National Forests where diam-
eter caps have been built into Forest Plans (Brown 2012). Although 
the BNF has also used mensuration-based approaches to conserve 
older trees, this study demonstrates that the use of diameter caps 
comes with tradeoffs, and an ecologically based approach, such as 
the legacy tree guide, can be more effective and just as efficient at 
conserving old trees.

Based on data analyses for all trees with reliable ages, trees  at 
least ≥150 years old were generally larger than 27.5 in. (69.8 cm) 
dbh, and many trees were larger than the commonly applied 20.0 
in. (50.8  cm) dbh cap; however, these trees were not necessarily 
old. This indicates that a 20.0 in. (50.8 cm) dbh diameter cap can 
capture large numbers of younger, often shade-tolerant species like 
Douglas-fir and grand fir. Although a diameter cap may be a useful 
tool for modeling (e.g., using the Forest Vegetation Simulator 
[Dixon 2018]) to represent older trees during the environmental 
planning phase, the legacy tree guide appears to be a more appro-
priate tool for conserving older trees during implementation. The 
BNF Forest Plan highlights the need to conserve large as well as 
old trees in order to promote important attributes of ecosystem in-
tegrity. However, this study demonstrated and validated Van Pelt 
(2008) who stated that not all large trees were old, and not all old 

Table 3. Percentage of trees with reliable ages that met and did not meet legacy characteristics by species, categorized around a 150-year 
age break.

Species Meets legacy Does not meet legacy

Total (N) <150 years (%) ≥150 years (%) Total (N) <150 years (%) ≥150 years (%)

Ponderosa pine (N = 146) 62 8 92 84 88 12
Douglas-fir (N = 222) 23 17 83 199 95 5
Grand fir (N = 285) 16 38 62 269 96 4
Total (N = 660) 101 – – 552 – –
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trees were large. Restoration incorporating age as opposed to a 
strict diameter, especially for dry forest types, can help conserve 
smaller older trees important to ecosystem complexity and function 
(Franklin 2012). However, although it is easy to identify tree diam-
eter, the intensive sampling needed to acquire tree age becomes im-
practical and does not guarantee accurate results (Sanchez Meador 
et al. 2015). For example, of the 1,538 trees included in this sample, 
reliable ages were obtained from only 691 (45 percent) because of 
size or degree of rot. In addition, this study verified that even when 
a site-specific diameter for age is quantified, this alone is not a good 
indicator, as there were many trees larger than 27.5 in. (69.8 cm) 
dbh that did not express legacy characteristics and several trees 
smaller than the diameter threshold that were legacy trees (Figure 
5). Moreover, this study illustrated how unsubstantiated diameter 
caps may create tradeoffs, limiting the ability to achieve long-term 

ecologically based objectives that focus on maintaining legacy trees, 
particularly for dry forest types. The BNF legacy tree guide was 
shown to retain an average of 95 percent of trees at least 150 years 
old. A diameter cap of 20.0 in. (50.8 cm) dbh would retain more 
old trees, but it could come at the expense of other objectives (e.g., 
fire, insects/disease, competition) that would increase the likeli-
hood that those 150+ year old trees would persist on the landscape. 
Although 16 percent of trees that were rated as legacy were in fact 
less than 150 years old, conserving trees with legacy characteristics, 
regardless of age, is important for functional wildlife habitat, which 
was accomplished with the use of the legacy tree guide.

Of the four locations used in this study, the first project area 
(Scriver Creek) did not integrate a collaborative process. This 
project included a variety of diameter cap design features for the 
proposed action, as well as an alternative for a project wide 20.0 

Figure 5. Relation between diameter and age for three species groups: statistical results and proportion of the variation explained by the 
relation (r2).
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in. (50.8  cm) diameter cap, which was developed in response to 
scoping comments (USDA Forest Service 2013). Results of the 
environmental analysis as well as feedback during implemen-
tation raised questions about whether or not either approach 
(stand-level or project-level diameter caps) would develop post-
treatment conditions that would move toward the Forest Plan 
desired conditions. Particular concerns were whether old forest 
habitat focused on shade-intolerant species such as ponderosa pine 
and western larch could be achieved given that a large proportion 
of the species larger than the diameter caps were younger shade-
tolerant Douglas-fir and grand fir. These questions in part led to 
the data collection included in this study. Based on preliminary 
results from the first project area and supplemented by data col-
lected from the subsequent three project areas, the Forest presented 
the concept of using a method based on ecological metrics (legacy 
tree guide) rather than mensuration metrics (diameter cap) to con-
serve old trees to the Boise Forest Coalition. The Coalition was sup-
portive, particularly in light of the robust dataset provided by the 
Forest, which helped the subsequent three projects move through 
the NEPA environmental planning process without the use of di-
ameter caps. Marking crews were able to incorporate the legacy tree 
rating system into timber sale preparation and marking with min-
imal training and oversight in the three project areas.

Collaborative groups can play an important role working with 
land managers to clearly define restoration objectives, tradeoffs, 
outcomes, and expectations for what restored sites should look like 
after treatment—what trees are left in the forest stand and how 
restoration sites contribute to more diverse and resilient forest 
landscapes (IFRP 2017). Incorporating collaborative input early in 
the process can build support and reduce the potential for litigation. 
In the event litigation does occur, when collaborative groups sup-
port projects, the potential for recruiting intervenors to advocate 
for a project increases. Having transparent and easily understood 
objectives and methods for conserving old trees as well as large tree 
stand structure facilitates candid discussions on tradeoffs, allowing 
for balanced project recommendations. This study has helped to 
build collaborative support and trust, and created an opportunity 
for multiparty monitoring and citizen science. Collaboratively 
designed projects compel agencies to incorporate shared learning, 
especially using simple and efficient methods, as a fundamental 
goal of active management (Davis 2016). With the large tree-age 
transects geospatially located and marked, stakeholders can revisit 
transect lines and use the guide to make calls on legacy status and de-
termine which trees were retained following harvesting operations.

Conclusion
Challenges facing federal land managers are only becoming more 

complex, emphasizing a need for efficient and effective solutions that 
are transparent and science-driven. Developing planning and im-
plementation tools, such as a legacy tree guide, can help frame the 
long-term vision for developing and conserving important functional 
habitat conditions while allowing for active management designed to 
foster resilient landscapes. Although this study focused on the BNF, 
it corroborates other findings that diameter is a poor surrogate for 
age (Van Pelt 2008, Franklin 2012) and provides an easily replicated 
framework for validating tree-age relations in other forests. Although 
tree size is an important ecosystem component, this study highlights 
how inflexible approaches, such as broad application of diameter caps, 

may be ineffective for achieving some desired conditions particularly 
in the long-term. Diameter caps often result in tradeoffs related to res-
toration objectives associated with stand density and species compo-
sition, particularly for shade-intolerant species. Building collaborative 
support early in the process can help focus NEPA planning documents 
by avoiding extraneous detailed analysis of Alternatives or counterpro-
ductive design elements.
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