Implementing Northern Goshawk Habitat Management in

Southwestern Forests: A Template for Restoring Fire-Adapted

Forest Ecosystems

ABSTRACT

Developing and displaying forest structural targets are
crucial for sustaining the habitats of the northern goshawk,
asensitive species in Southwestern forests. These structural
targets were described in Management Recommendations
for the Northern Goshawk in the Southwestern United
States (MRNG) (Reynolds, et al., 1992). The MRNG were
developed in a unique food-web approach that identified
desired forest conditions for the goshawk. These desired
conditions were based on syntheses of the habitats of both
goshawks and the diverse suite of plants and animals in their
food web. Not surprisingly, implementing these structural
targets results in forests restored to conditions similar to
our understanding of pre-European settlement forests.

Silviculturists are responsible for:
1) developing a silvicultural system,

2) documenting the system in a silvicultural prescrip-

tion, and

3) establishing protocols for monitoring the development
and perpetuation of the desired forest conditions.

We present spreadsheet tools to aid silviculturists with
diagnosis and development of silvicultural prescriptions
and tree-marking guides that produce the desired uneven-
aged, heterogeneous forest structures that comprised his-
toric forests, as well as goshawk habitats, in Southwestern
ponderosa pine landscapes. These tools incorporated fire
behavior and fuel considerations, rendering them appro-
priate for developing prescriptions for other management
objectives (e.g., restoration of fire-adapted forest ecosystems)
and biophysical situations.
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HISTORY OF GOSHAWK
HABITAT MANAGEMENT IN THE
SOUTHWEST

The northern goshawk (Accipiter gentilis) is a large
forest raptor that typically occurs in old forests and feeds
on birds and mammals such as tree and ground squirrels,
rabbits, jays, woodpeckers, and grouse. Many of these
prey species are more abundant in older forests (Squires
and Reynolds, 1997). Over the last 30 years, considerable
controversy has developed regarding the conservation of the
goshawk (Greenwald, et al., 2005). It has been suggested
that tree harvests negatively affect goshawks by altering
the composition and structure of their habitats (Reynolds,
1971; Reynolds, et al., 1982; Moore and Henny, 1983), and
Crocker-Bedford (1990) showed that territory occupancy
and reproduction of goshawks in northern Arizona were
lowered by tree harvests. These findings initiated a flurry
of appeals and litigation aimed at reducing tree harvests
in the Southwest and provided the basis for petitions to
list the goshawk as threatened (Boyce, et al., 2006). In
response to these challenges, the Southwestern Region of
the Forest Service (FS) convened a scientific committee
of goshawk biologists and silviculturists to develop forest
management recommendations to protect and enhance
habitats of the goshawk in the southwestern United States
(Boyce, et al., 2006). The committee’s recommendations
were published in the Management Recommendations for
the Northern Goshawk in the Southwestern United States
(hereafter MRNG) (Reynolds, et al., 1992). In 1996, man-
agement standards and guides (hereafter “guidelines”) were
developed by the Southwestern Region based on the MRNG,
which appeared in a Final Environmental Statement for
amending National Forest Management Plans in Arizona
and New Mexico (Boyce, et al., 2006). In 1996, a Record of
Decision (ROD) amended the Forest Management Plans to
implement the MRNG in all National Forests in the South-
west (USDA Forest Service 1996). The Plan Amendment
directed National Forests to apply the goshawk guidelines
in almost all vegetation manipulation projects (timber sales
and fuels management treatments). An initial strategy was
developed in 1993 (Higgins, 2003) for implementing the
guidelines on the Kaibab National Forest (KNF), based on
the concepts and desired forest conditions described in the
MRNG. Despite this, there continued to be uncertainty
in forest management applied in the Southwest regarding
the MRNG desired forest conditions (Boyce, et al., 2006).
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Here we present tools to help managers with the process
of prescription development, implementation layout, and
monitoring. These tools facilitate understanding and ap-
plication of the concepts outlined in the MRNG and meeting
the guideline specifications outlined in the ROD.

GOSHAWK HABITAT
MANAGEMENT: FOREST ECOLOGY

The MRNG described sets of desired goshawk breeding
habitats for Southwestern forests based on syntheses of
the life history and habitats of goshawks and 14 important
Southwestern goshawk prey species and the ecology of
dominant overstory and understory plants in each forest
type (Reynolds, et al., 1992; Reynolds, et al., 2006). The
MRNG described habitats at three spatial scales:

(1) a 12-ha (30-acre) nest area with relatively large trees
and high canopy cover relative to forest type,

(2) a 168-ha (420-acre) post-fledging family area (PFA)
surrounding the nest area providing a transition
from forest structures similar to those in nest areas
to structures suitable for goshawk foraging (see be-
low), and

(3) a 2,160-ha (5,400-acre) foraging area surrounding
the PFA comprised of structures suited for goshawk
foraging and mosaics of prey habitats (Reynolds, et
al., 1992) (Figures 1-2).

Goshawk foraging habitat included subcanopy flight space
(lifted crowns), abundant tree perches, and available
prey. Prey habitats included highly interspersed groups
of mid-aged (140+ years) and old trees (230+ years) with
interlocking tree crowns (for tree squirrels), small openings
(typically <0.5 ha, 1.25 acre) around tree groups (for ground
squirrels, rabbits, birds), decadent reserve trees and snags
(for woodpeckers, tree squirrels), logs (for ground squir-
rels, rabbits, woodpeckers), and wood debris (for ground
squirrels, rabbits, birds) (Reynolds, et al., 1992). Mid-aged,
mature, and old forests provided the best habitat for most
prey species, but small openings were also important
(Reynolds, et al., 1992). Old forests also provide sub-
canopy flight space suited for goshawk hunting. Predator
and prey habitats were synthesized into desired landscapes
so that the distribution and interspersion of habitats op-
timized their availability to territorial goshawks and their
prey with an objective of maximizing goshawk occupancy,
reproduction, and survival (Reynolds, et al., 2006b). To



Goshawk Landscape

Figure 1. Conceptualized Goshawk Home Range

assure that the specific desired habitats were within the
biophysical capabilities of a forest and could therefore be
attained and sustained, the MRNG developed specific de-
sired conditions for Southwestern ponderosa pine, mixed
conifer, and spruce/fir forests by incorporating local and
regional variations in vegetation composition and structure,
tree development rates and longevity, natural disturbances
and succession, the sizes, shapes, juxtapositions of plant
aggregations, and site capabilities (Reynolds, et al., 1992,
Reynolds, et al., 1996, Long and Smith 2000, Reynolds,
et al., 2006).

PFA and Nest Areas

™ 3 PFA

Figure 2. Conceptualized Goshawk PFA and Nest Areas

175

The intent of the MRNG was to maintain goshawk repro-
duction by sustaining predator and prey habitats on each
home range and used vegetative structural stages (VSS) to
describe the desired vegetation. VSS integrates the stages
that vegetation complexes (e.g., composition, structure) go
through beginning with regeneration through maturation
and mortality (Oliver and Larsen 1990, Franklin, et al.,
2002, Thomas et al. 1979). The MRNG defines 6 vegetation
structural stages from forest initiation (VSS 1) to old forest
(VSS 6) (Figure 3). Due to forest dynamics (e.g., resulting
from vegetation growth, succession, natural disturbances)
landscapes entirely of old forest (VSS 6) can not be sustained.
Therefore the MRNG used maturation rates of Southwestern
forests to estimate sustainable landscape proportions of old
forest, and recommended that about 10% of a naturally
forested landscape be in a grass/forb/shrub stage (VSS 1;
to 20 yrs), 10% in the seedling/sapling stage (VSS 2, to 50
yrs), 20% in young forest (VSS 3; to 96 yrs), 20% in mid-
aged forest (VSS 4; to 137 yrs), 20% in mature forest (VSS
5; to 183 yrs), and 20% in old forest (VSS 6; to 233+ yrs)
(Reynolds, et al., 1992, Appendix 5, Table 1). Excluding
grass/forb/shrub, each VSS comprised similarly-aged trees
and elements such as live-tree decadence, snags, logs, and
vertical and horizontal heterogeneity. Over time (= 250
years), the desired landscape consisted of a temporally
shifting mosaic of highly interspersed VSS groups in the
desired proportions of VSS (Reynolds, et al., 1992, Long and
Smith 2000). Sizes of VSS groups approximated the natural
(prior to tree harvests and fire suppression) conditions in
these forests and contained 2 - 44 trees occupying 0.2-0.3
ha (0.5- 0.75 acre) (Cooper 1961, White 1985, Pearson
1950). At the coarse scale (landscape), ponderosa pine was
all-aged, but trees within each group (fine scale) tended to
be similar age (Pearson 1950). The desired within-group
structure in the mid-aged to old classes (VSS 4-6) included
open understories, interlocking tree crowns, abundant large
limbs (goshawk hunting perches), and shade for mycorrhizal
fungi (food of several prey species) (Reynolds, et al., 1992).
Grass, herb, shrub habitat was interspersed in and around
groups and provided habitat for rabbits, ground squirrels,
and birds (e. g., grouse, doves) (Reynolds, et al., 1992).
Additional desired conditions include retention of large live
reserve trees within regeneration groups > 0.4 ha (1 acre) in
size, snags, downed logs, and woody debris. Anideal MRNG
landscape had home ranges spaced at about 4 km (2.5 mile)
between centers (Reynolds, et al., 1992, Boal et al. 2001,
Reynolds, et al., 2005, Reynolds and Joy 2006). Because
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Figure 3. Forest Structural Stages

the desired MRNG condition for Southwestern ponderosa
pine forests closely resembles the pre-European settlement
(before grazing, fire control and major harvesting) condi-
tions in this forest type (Cooper 1961, White 1985, Pearson
1950, Covington and Moore 1994, Fulé et al. 1997, Long
and Smith 2000), implementation of the MRNG is a large
step towards ecological restoration.

HISTORIC REFERENCE
CONDITIONS: FOREST
RESTORATION AND MRNG

Historic reference conditions (HRC) provides a frame-
work for understanding forest conditions, ecological pro-
cesses, and the historic range of variability prior to extensive
European settlement (Moore and others 1999). Figure 4
shows historic forest patterns in the Fort Valley Experi-
mental Forest near Flagstaff, Arizona (Covington, 1997).
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Note the similarity of historic forest tree group patterns to
the desired conditions described under the MRNG. Such
patterns are relevant for developing management strategies
in Southwestern ponderosa pine and dry mixed-conifer
forest types.

Following are some concepts related to MRNG and eco-
logical restoration of historic reference conditions:

* Implementation of MRNG and other ecological restora-
tion approaches based upon historic conditions will
lead to restoration of forest resiliency to disturbances
within the historic range of natural variability.

* Strict-sense ecological restoration involves restora-
tion of historic reference conditions relative to forest
structure, patterns, species and ecological processes.
It is the end-goal of a process that provides for main-
tenance of desired conditions by re-introduction of or
mimicking historic ecosystem processes (fire, insects,



etc.). It will hereafter be referred to as restoring
historic reference conditions (RHRC). Some groups
and individuals believe most, if not all, management
actions on southwestern forests should be designed
to restore HRC.

* MRNG is a strategy that provides for development,

maintenance and sustainability of the desired forest
structural conditions. These desired conditions are
based on the habitat requirements of the goshawk
and their prey species and are similar to the historic
range of variability of natural forest conditions. Imple-
mentation of MRNG will result in forest landscape
restoration (structure, patterns and species composi-
tion within this historic range of variability of natural
forest conditions). But MRNG is a management system
designed to provide sustainability within a manage-
ment framework that recognizes multiple resource
objectives. Resultant desired future condition of the
MRNG strategy will be similar but not necessarily
identical to RHRC, and the maintenance strategy may

or wildland fire use alone and tree cutting is not
warranted. In contrast, MRNG utilizes tree cutting
as a scheduled activity for maintaining desired forest
conditions. Timber production isn't an objective, but
rather is a by-product of maintaining structural com-
position. In addition, prescribed fire is the preferred
method of treating surface fuels but mechanical and
hand methods are not excluded. Because of this flex-
ibility, implementing the MRNG appears to be more
feasible than maintaining desired forest structures
by prescribed fire alone.

* Grouped and single trees are interspaced within a

grass/forb/shrub mosaic (see below) under both
management approaches. This results in an irregular
and discontinuous forest canopy with variable tree
densities and discontinuous arrangement of fuels
which minimizes the potential for crown fire and
facilitates the use of low intensity prescribed fire.
Therefore both MRNG and RHRC are applicable for
decreasing fuels and crown fire hazard.

differ between the MRNG and RHRC. e Both RHRC and MRNG focus on development of

clumps/groups of trees, surrounding root develop-
The following are some implementation similarities and

differences between MRNG and RHRC:

ment zones, natural openings, and replacement trees
arranged in fine scale mosaics [e.g., 0.04 to 0.8 ha
* Both approaches may utilize tree harvest as a tool for (0.1 to 2.0 acre) in ponderosa pine forests].

obtaining desired conditions. But some strict-sense « Depending on the setting, type and current forest

RHRC advocates have suggested that desired condi-
tions should be maintained by either prescribed fire
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condition, implementing the MRNG could tend to

create and maintain even-aged groups of trees while
the RHRC would tend to create uneven-
aged groups. Nevertheless, depending on
the frequency and intensity of treatments
utilized by both approaches, a variety of
forest compositions and structures could
be maintained.

* The RHRC approach focuses on historic
locations of tree groups and clumps based
upon remnant evidence (stumps and logs

1 representing pre-settlement trees) for de-

termination of the number and location
of replacement trees. Such pre-settlement
evidence can also be used to develop
desired forest structures identified in the
MRNG. A key to using both historic
reference conditions and the MRNG for
treating forests is to use this information

Figure 4. Historic Reference Conditions
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along with intrinsic site information such
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as but not limited to potential vegetation type, soil
type, climate, successional stage, insect and disease
conditions, and fire regime condition class. This
information should be incorporated in all silvicul-
tural applications utilizing fundamental knowledge
of tree silvics, growth patterns etc. and displayed and
quantified where appropriate using metrics such as
stand density index, site index, etc.

SILVICULTURAL METHODS AND
SYSTEMS

Desired forest conditions for the goshawk food web
are described in the MRNG and goshawk guidelines. At-
tainment and maintenance of these forest conditions can
be achieved by applying appropriate silvicultural systems
documented in a silvicultural prescription (Graham and Jain
2004). In general the desired forest conditions and suggested
forest dynamics inherent within them can be created and
maintained using selection systems (Pearson 1950, Long
and Smith 2000, Graham and others 2007). However, even
though selection systems and silvicultural methods neces-
sary to create and maintain goshawk habitat are slightly
different than those aimed at producing commercial timber,
the principles and concepts are relevant to selection systems
for sustaining goshawk habitat, such as:

* Maintenance of high-forest cover on landscapes at
all times (forests and stands have no origin or end-
point).

* Forest regeneration is established following each man-
agement entry (cutting cycle) on a scheduled basis.

o Structural regulation and sustainability is provided
for at the local and landscape scale and smaller
spatial scales (stand, group, clump) are integral to
attaining desired landscape conditions (Long and
Smith 2000).

The MRNG focuses on creating and sustaining a patchy
forest of highly interspersed structural stages ranging from
regeneration to old forest throughout a goshawk territory
(= 2,400 ha, 6,000 acre landscape). These variable density
tree groups can be comprised of 2-40 trees occupying up
to 1.6 ha (0.1 to 4 acres) but tree groups are generally less
than 0.3 ha (0.75 acres). Sufficient growing space between
tree groups is required for producing the desired large trees
and the canopy densities within tree groups. Depending
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on the biophysical setting and existing forest structure, oc-
casional openings to 1.6 ha (4 acres) in size may be created,
but each regeneration group larger than 0.4 ha (1 acre) must
provide for retention of 3-5 mature reserve trees per 0.4 ha
(1 acre). The discontinuous, irregular forest structural stage
distribution is similar to that maintained by the mature
selection system described by Pearson (1950) or the grade
selection system described by Meyer (1934). Meyer (1961)
perfected the use of “q” defined diameter distributions for
sustaining the production of timber. In fact the structural
stage distribution defined in the MRNG can be represented
by a diameter distribution defined by a “q” of 1.16 (2 inch
diameter class basis). Perhaps “individual/clump or clump
selection” are appropriate terms that describe the silvicul-
tural system used to sustain goshawk habitat. As Baker
(1934) stated there are not four or five silvicultural systems
but general classifications that contain a myriad of systems
that can be developed to sustain forest conditions to meet

management objectives.

The Forest Vegetation Simulator (FVS) is an excellent
tool for planning and displaying either group selection or
individual tree selection systems (Dixon 2002). It can be
calibrated to local conditions and variants are available for
most forests. FVS’s default individual tree selection and
group selection options readily project diameter distribu-
tions and tree densities through time; however, FVS has
many other options for designing and projecting stand
treatments. For example, trees can be selected to leave or
remove by species, diameter, height, canopy cover, stand
density index, basal area, trees/unit area, crown class, and
from inventory plots to name a few. Stand dynamics (i.e.,
regeneration, growth, death) projected by FVS are readily
displayed by the Stand Visualization System (SVS). Because
the automatic default in SVS randomly distributes trees, the
tree patterns and their juxtaposition will most likely differ
from the desired goshawk forest structures displayed in the
MRNG. Nevertheless, mapped tree locations or estimated
tree locations can be input and used by SVS to display the
group/clump distribution inherent to the MRNG. In ad-
dition, individual trees can be selected by location within
the stand to be left or removed or trees can be selected by
characteristics (e.g., diameter, species height etc.) This
information can be used to schedule treatments in FVS (see
Graham and others 2007, Appendix A for an example of
using FVS and SVS for projecting and displaying complex
stand structures). In addition the fire and fuel extension



of FVS can readily be used to display fire behavior metrics
such as torching and crowning index.

PROJECT PLANNING

Regional management priorities

“The restoration of the ecological functionality of
Southwestern forests and grasslands, with primary
emphasis on fire adapted systems, has been identified
as the central priority for this Region... Nationally, the
Forest Service recently decided that each Region would
develop a 5-year, integrated regional strategy outlining
how they plan to address designing land management
programs that achieve resource-specific objectives and
work to create a landscape pattern that effectively lessens
the likelihood of large wildland fires.” (USDA Forest
Service, Southwestern Region, 2004).

Management direction linking this central priority to
implementation of the MRNG was stated in a transmittal
letter from the Southwestern Regional Forester: “...we have
come to understand there is a high level of compatibility
between research findings for northern goshawk habitat,
ecological restoration, sustainability, and the restoration of
fire adapted ecosystems.” (Forsgren, 2006).

Forest plan standards: Incorporation of MRNG

In the Southwestern Region, Land and Resource Man-
agement Plans (LRMPs) provide the management direction
and Standards and Guidelines for the Mexican Spotted
Owl (MSO) and other Threatened & Endangered species
as well as the northern goshawk (MRNG). Under current
Forest LRMPs, most forest types that are not classed as re-
stricted habitat under MSO or management-limited by other
specified requirements will be managed under the MRNG
strategy. Additionally, 75-80% (depending upon geographic
area) of the MSO restricted forest types may be managed
under the MRNG strategy, but this is not required under
Forest LRMPs. Cutting trees greater than 60 cm ~ 24 inch
diameter at breast height (dbh) is prohibited in Mexican
spotted owl restricted habitat (mixed conifer and pine/oak
forest types). Consultation with U.S. Department of Inte-
rior, Fish and Wildlife Service must be initiated to resolve
conflicts when activities conducted in conformance with the
MRNG may adversely affect other threatened, endangered,
or sensitive species or may conflict with other established
recovery plans or conservation agreements.
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Figure 5. MRNG Forest Stratification Criteria

Project planning is initiated by stratification of an analysis
area to classify both plan-level (MSO, other special areas),
and bio-physical (forest types, structure, condition, etc.)
management stratum. Itis critical to identify existing forest
conditions that are unsuitable for uneven-aged silvicultural
treatments, and to recommend other management alterna-
tives. Examples of unsuitable forest conditions include:

(1) those affected by severe insect, disease, or other
damage;

(2) forest types that may experience windthrow damage
if openings are created within the stand; and

(3) inappropriate forest types (characteristic lethal fire
regime with ecologically-adapted even-aged forest
development).

Some forest conditions may be permanently unsuitable
for uneven-aged silvicultural treatments (i.e. characteristic
lethal fire regime), while other conditions (severe insect,
disease, or other damage) may be more appropriately man-
aged with even-aged silvicultural methods during the initial
treatment, but in the long-term these areas are suitable for
uneven-aged management strategies (planning analysis and
stratification flowchart, Figure 5). There are also multiple
other decision criteria for selection of appropriate silvicul-
tural systems and methods. Some of the most important
are listed below:

* Biophysical setting and/or potential vegetation

* Current condition relevant to both short- and long-

term desired condition
 Wildfire hazard/fire regime condition class

e Dwarf mistletoe/other insect-disease conditions
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Figure 6. Plot by Plot Spreadsheet Summary, Example Project Analysis Area, Current Condition

* Operability, logging systems, economics, and feasibil-
ity of treating

* Regeneration of desired species

* Snags and woody debris

A specific need to manage a stand outside goshawk
guidelines must be identified and discussed by an inter-
disciplinary planning team during project development.
Managing outside the guidelines requires a site specific
Forest Plan amendment for Southwestern Region National
Forests.

Inventory and analysis

The MRNG recommends the targeted vegetative struc-
tural stages (VSS, 6 stages) proportions be managed with
juxtapositions such that there is a high degree of intersper-
sion of VSS at the sub-stand level. This implies an uneven-
aged forest, regulated to provide landscape (2,400 ha ~ 6,000
acre goshawk territory home range) sustainability.

Sub-stand structural classification of uneven-aged forests
poses a challenge relative to stand inventory and analysis
for prescription development and planning. Generally,
structural stages are determined by which tree component
represents the highest basal area. However, even though
a big tree may dominate a group’s basal area, a predomi-
nance of grass/forb/shrub, seedlings, or young forest may
determine the VSS (i.e., VSS 1-grass/forb/shrub, VSS 2-
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for one and two-storied stands that
will be treated to initiate conversion
to future uneven-aged structure, but is
inadequate for stands currently composed of three or more
VSS classes. One method for analysis of uneven-aged forest
sub-stand characteristics is to classify and summarize each
sample plot independently. In this way, all uneven-aged
stands in the project area can be combined into a stratum
and individual plots within a stratum can then be com-
piled to generate stratum statistics. This method may not
perfectly determine VSS distribution but it does provide a
sub-stand summary of forest characteristics sufficient for
planning and prescription development. The use of fixed-
area rather than variable-area sample plots will also provide
abetter representation of local structural characteristics. In
addition, stand maps could be obtained for a few of these
fixed area plots and displayed using both FVS and SVS, an
excellent communication tool. Other inventory methods
such as transects can also provide an overall summary of
VSS distribution [see Graham and others (2007) for methods
for quantifying and displaying VSS distributions].

The Southwestern Region has developed a methodology
for project planning analysis. An analysis area is stratified
according to previously-described criteria: forest types
by structure/condition (e.g. even-aged/two-aged, uneven-
aged, unsustainable stands) are classified and grouped
into separate stratum. Standard stand-level summaries
are computed to determine current condition for the even-
aged/two-aged and unsustainable stands and summarized
by stratum. The following process is used to develop current
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Target Stand Conditions

Figure 3 shows the six structural stages and their
target distribution for sustaining goshawk habitat, or
for that matter sustaining any vegetative community
(Odum 1971).

Understanding canopy cover and how it is measured
is required for developing the desired goshawk habitat.
Moreover, canopy cover recommendations vary depend-
ing on goshawk home range components (i.e., nest area,
PFA, FA). Canopy cover is defined in MRNG as: “the
percentage of a fixed area covered by the crowns of
plants delimited by a vertical projection of the outermost
perimeter of the spread of the foliage” and is determined
at the group or clump level for VSS 4 thru 6 (mid-aged
through old forest).

The group and clump nature, especially of native
ponderosa pine forests in the Southwest, not only encom-
passes the area occupied by tree boles and canopies but

italso includes areas extending beyond tree crowns that

Figure 7. Plot by Plot Spreadsheet VSS Classification Statistics, Example

condition statistics for uneven-aged stratum (USDA Forest
Service. 2007b):

e Stands are sorted and grouped by goshawk habitat
management emphasis (PFA, FA or nest), and each
grouping of stands is then aggregated into separate
stratum for analysis.

* The exam plot data for each stand are assigned to
their respective stratum, and disassociated with
individual stands.

* Data for each plot is expanded to a unit area basis,
and grown to a common analysis year through
the FVS model. Plots comprising a specific stra-
tum are then batch run through FVS. FVS will
summarize VSS classification, normal standard
summary statistics and computed values for each
plot independently.

* FVS individual plot summaries are exported to
the PLOT_BY_PLOT excel workbook. Macros in
this workbook are used to combine plots by VSS
class and display summary statistics for each VSS
class. Examples of these summaries are shown

Group
Boaundary

are often occupied by tree roots (Pearson 1950). These
areas (primary rooting zones) between tree clumps are
free of trees and are occupied by roots of trees within
the clump/group. These areas not only provide a rooting
zone, they also provide growing space for crown expansion,
needle development and other factors that allow trees within
groups to develop while the desired relatively high canopy
cover within the group is maintained (Figure 8). Therefore,
a highly heterogeneous stand containing the entire suite

What is a group?

Group 3
]
.,
b
%
Matrix
I .
Canopy Zono Primary Rooting Zone
winacee {*% radius of Canopy Zone)
R=3r

in Figures 6 and 7.

Figure 8. Groups and Group Spacing



of VSS (grass/forb/shrub through old forest) and the open
areas occupied by tree roots would be at full site occupancy
even though timber management metrics (e.g., stand den-
sity index, trees per unit area, basal area) may not indicate
these conditions. In addition, by separating the crowns
between tree groups and creating and maintaining highly
variable forest structures with multiple tree juxtapositions,
these conditions reflect the historic conditions and reduce
crown fire potential as measured by crowning and torching
index. Additional desired conditions include a scattering
of large reserve trees (7.4-12.3 per ha = 3- 5 per acre), large
snags (4.9 per ha =~ 2 per acre), large logs (7.4 per ha = 3
per acre), and woody debris (2.2-3.1 Mg per ha ~ 1965 to
2947 pounds/acre) through the landscape. The forest floor
should retain a reasonable amount of down woody debris
the amount of which should be commensurate with local
site historic conditions and provide for the ability to restore
frequent surface fires for ecosystem maintenance.

Prescription Targets

Various threshold target densities for structural groups
are recommended in the MRNG for differing forest types
and goshawk home range components. Based upon these
recommendations, targets have been developed for goshawk
PFA and FA for ponderosa pine and mixed conifer forest
types. Determination of target canopy cover thresholds
during field implementation has been problematic due to
various methods used to measure canopy cover and natural
variability of forest characteristics. There have also been
misunderstandings of the recommended means for mea-
suring canopy cover. Therefore target stocking levels for
project implementation have been developed by using the
FVS canopy cover model. With this model, stocking levels
were developed based on canopy cover and translated to
measurable variables such as trees per unit area and basal
area (BA) and by VSS class (Tables 1-4). Growth modeling
to develop target stocking levels was conducted using the
following assumptions:

e The MRNG target canopy cover thresholds for VSS
4-5-6 would be achieved and maintained.

» Target stocking levels for VSS 1-2-3 were developed to
provide necessary stocking levels of younger tree age
classes to achieve future mid-aged to old tree target
size classes/densities.
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* Differing site indices were examined for ponderosa pine
and dry mixed conifer forest types. No significant
stand developmental differences were noted based
upon an average site index range, so stocking targets
were developed by forest type and goshawk home
range component (PFA and FA). (Stocking levels may
need to be adjusted for very dry or otherwise poor
site locations.)

o Structure and density is maintained by mechanical
treatments on a 20-year cycle, and prescribed fire
on a 10-20 year cycle.

Projections based on the stand modeling process de-
termined that threshold canopy cover densities could not
be achieved nor maintained as a whole stand condition.
Therefore, it is recommended that group size be limited
to less than 0.2 ha (0.5 acre) on average to sustain the
desired canopy cover levels. Primary rooting zones pro-
vided growing space necessary to develop and sustain the
desired canopy cover within tree groups. Full-stocking
level targets were developed with these concepts in mind
and are a starting basis for project planning. In the context
of MRNG, full-stocking levels are defined as the condition
where the forest is patterned as shown in Figure 9. Note
that full-stocking in this context is not equivalent to full-
stocking as defined by traditional density measurements
such as stand density index (SDI).

Many current Southwestern Region projects are focused
on RHRC, since there has been a tremendous increase in
the number of trees per unit area since the late 1800’s.
Historic reference conditions are generally less than the
full-stocking level MRNG targets for average growing
site conditions. On forest sites of above-average growth
potential, the historic condition may be greater than the
full-stocking level MRNG targets. Sometimes hazardous
fuels reduction project objectives cannot be achieved at the
full-stocking level. However, the broad objectives of the
MRNG can be met at a wide range of forest densities; overall
stand density can be reduced or slightly increased from the
full-stocking level, while adhering to MRNG sustainability
principles. During project implementation, canopy zone
separation of tree groups may be adjusted from full-stocking,
as long as forest structural sustainability and group canopy
cover guidelines are met. If the desired conditions can
not be met, a site specific Forest Plan amendment must be
prepared. However in most cases, conditions suitable for



both MRNG and project objectives can be met by creation
of additional inter-group space (matrix) between rooting
zones to achieve a desired average distance between tree
canopy zones in adjacent groups (Figure 10). This inter-
group space can be described as an additional open area
composed of few or no trees. It may be desirable to retain
a low density scattering of individual trees throughout
this area, both to provide for natural forest patterns, and
to provide for long-term development of other structural
components (i.e., large/old reserve trees). To facilitate
prescription development, a spreadsheet tool has been
developed to calculate stand metrics at variable spacing

MRNG “full-stocking” Concepts”

* pondércsa pine PFA full-Sbcking tangel = 25% SDI max
" pondércea pine FA full-aiocking tarpel = 20% S0 max

distances between tree group canopy zones (USDA Forest
Service, Southwestern Region, 2006). Figure 11 displays
the spreadsheet summary data for a ponderosa pine forest
type PFA at the full-stocking (100%) level. In this example,
the spacing between canopy zones is 37.1 feet (11.3 meters)
and the average acre mean target density is 69 square feet
basal area (2.6 square meters/hectare). Figure 12 shows
the summary data for an adjusted target condition with
spacing between canopy zones of 55.5 feet (16.9 meters).
In this example, the adjusted average acre mean density
target is 51 square feet basal area (1.9 square meters/hect-
are), representing a resulting stocking density of 74% of

Adjustments to MENG
“full-stocking” targets

Figure 9. Full-Stocking (Illustration)

Figure 10. Groups and Stand Density Adjustments from Full-
Stocking (llustration)
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MRNG Adjusted Stocking (PP PFA)

In summary, planning and manage-
ment of goshawk territories entails the
map delineation of 6 nesting areas (3

Per acre basis mean - -qﬂmt i Pootwrg Jora i Cascpry Tores (170 m+
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Figure 12. Groups and Stand Density Adjustments from Full-Stocking (Spreadsheet Summary)

full stocking. Use of this spreadsheet tool facilitates rapid
analysis of target stand conditions for project planning. The
leave stand characteristics displayed by the spreadsheet can
then accompany the marking guide templates to provide
implementation instructions to field layout crews.

IMPLEMENTATION

Project Layout

Surveys for goshawks are made within the management
analysis area prior to management activities, including an
area 0.8 km (0.5 mile) area beyond the boundary. Survey
requirements are spelled out in the MRNG. These surveys
will help identify nest areas, PFAs, and foraging areas and
a requisite spacing of territories across the landscape (3.2
to 4 km = 2 to 2.5 mile). Goshawk Territories are made
up of the following components (Figures 1-2):

1) PFA (168 ha = 420 acres total), including 6 nest areas,
each 12 ha (= 30 acres) in size; 72 ha (= 180 acres)
minimum of nest areas should be identified within
each PFA (six nest sites - three nests are suitable and
three are replacements).

2) One Foraging Area = 2,160 ha (= 5,400 acres) sur-
rounding the PFA.

3) Total Home Range Size = about 2,400 ha (= 6,000
acres).
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through September 30). The remainder
of the 2,400 ha (6000 acre) management
territory consists shall be managed as
foraging areas, according to applicable guidelines

Tree Designation

This management strategy focuses on attainment and
monitoring of residual forest characteristics. For these
reasons, implementation of project prescriptions would
be difficult or impossible without designation by leave
tree marking.

General Guides for Marking Even-aged and Two-aged
Stands

Stands with these structures cannot be regulated with
uneven-aged management systems during initial treatment
entries. The following guidelines outline a process for
converting these types of stands to uneven-aged structures
within the context of MRNG desired conditions.

Initial steps toward conversion to an uneven-aged forest

structure:

1. Where some age class diversity is present, leave as
many under represented VSS trees, in small groups,
as possible.

2. Create openings for VSS 1 age class recruitment (in-
cluding the primary rooting zones) on approximately
15-20% of project/stand area. Do this by removing
entire groups of trees from the predominant age
class, but only in those areas with trees of sufficient
maturity and vigor to provide adequate seed for



natural regeneration. Diseased (e.g., mistletoe) and
damaged trees may be targeted for regeneration, but
because these trees are often important elements
in forest ecosystems, some may be retained. It is
recommended that diseased trees not be retained as
seed trees for new VSS 1 groups. Diseased trees can
be retained within larger VSS tree groups with other
trees of similar height. Diseased trees can also be
isolated from younger trees when the desired distances
between tree groups is attained. Follow MRNG re-
garding tree group sizes, opening sizes, reserve trees,
downed logs, woody debris, etc.

3. Thin trees to initiate development of greater forest

diversity, to create desired forest structural char-
acteristics, and as necessary to meet project-level
resource objectives.

a) Begin to create group structure, including both the
canopy and primary rooting zone portions of the
group. Initial creation of groups could be referred
to as creating doughnuts. The doughnut is the
primary rooting zone and the doughnut hole is
the canopy zone that is left. These groups should
generally be sized from 0.04 to 0.13 ha (= 0.1t0 0.3
acre) of various shapes. Once trees within identified
primary rooting zones (and the inter-group matrix,
if necessary) are removed, thinning of retained
groups may be required to grow young trees (VSS
2 and 3) into large trees more rapidly.

b) Thin VSS 2 and 3 groups to variable densities
to accelerate their growth. However, thin VSS 2
and 3 commensurate with attaining the desired
interlocking crowns when these tree groups grow
into VSS 4-6.

©) For high-density mid-aged groups that have not
been previously thinned, only thin groups to the
extent necessary to sustain group maintenance
and development, taking care to maintain required
canopy cover density. Do not thin VSS 6 groups,
except to remove smaller young trees that pose a
threat to sustainability of the mature tree group. Do
not thin groups such that the structural attributes
are altered. Suppressed and damaged trees that
have developed with the group are important habitat
elements for wildlife species. Squirrels, for example
use overtopped trees for nesting. Only thin groups
to the extent necessary to maintain desired current
and future species composition, sustainability and
development.
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d) Areas lacking adequate seed bearing trees will be
difficult or impossible to regenerate naturally dur-
ing an initial management entry. In this situation,
accelerating tree growth to larger VSS classes is the
primary management objective. Thinning should be
prescribed to develop trees within groups that have
full live crowns for viable cone production.

4. Create a matrix between tree groups (groups = canopy
and primary rooting zones) if less than full stocking is
desired, based upon project-level objectives. Maintain
matrix (beyond rooting zones) with few or no trees.
A matrix is designed to provide for additional spac-
ing between high density canopy zones, beyond that
provided by the primary rooting zones.

General Guides for Marking Uneven-aged Stands

Some project areas and ecosystem management areas
presently have a mix of VSS classes. These areas can be
managed to further develop and maintain desired VSS class
diversity. Inventory dataat the landscape level is desired to
ensure the VSS distribution proportions and juxtapositions
are known so the desired structural proportions on the
landscape can be developed. By having a landscape view,
prescriptions can be developed to ensure the landscape
desired condition is planned for and being developed. In
order to maintain desired structural proportions on the
landscape, it's important to balance structural distribution
at the local (stand scale) within larger landscapes. Some
local areas could be managed to temporarily provide a dis-
proportionately large percentage of a structural stage that is
otherwise limited or lacking in the larger landscape. Any
VSSin surplus of the desired percentage may be regenerated
to create a future balance of VSS classes. Marking guide
templates have been prepared for use as samples for differ-
ent forest cover types and goshawk habitats in uneven-aged
forest conditions, based upon full stocking density targets
(USDA Forest Service, 2006b). As previously discussed,
stocking levels can be adjusted to meet various manage-
ment objectives and provide prescription parameters for
residual stand desired conditions. A marker’s tally form
spreadsheet has been developed as a guide to measure at-
tainment of desired structures during marking. Each marker
tallies leave tree groups by VSS and group size (1/10 acre
basis) during the marking process. This tool summarizes
post-marking conditions to provide information on how
many acres of each VSS class are being retained as well as
the residual percentage of each VSS class over the entire



Marker’s Talley Form
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Figure 13. Marker’s Tally Form Summary

project area (USDA Forest Service, 2006¢) (Figure 13). As
such, this tool can be used for both quality control and as

monitoring documentation.

CONCLUSION

The goal of silviculture is to develop vegetation manage-
ment strategies to meet desired conditions (silvicultural
systems- a planned series of treatments through the life of
a forest) and to document them in silvicultural prescrip-
tions to meet management objectives. The Southwestern
Region is committed to restore the historic resilience and
function of fire adapted (ponderosa pine and dry mixed
conifer) forests and is committed to develop and maintain
habitat for both the Mexican spotted owl and the northern
goshawk through a Regional Amendment of Forest Plans.
Management recommendations for the northern goshawk,
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ecological restoration research, ponderosa pine management
information, and fire hazard and fuel treatment information
are only a partial list of science that can be used to inform
the management actions (silvicultural treatments) in the
Southwestern Region (Reynolds and others 1992, Covington
and Moore 1994, Pearson 1950, White 1985). Through
this effort we have been able to establish a strong link be-
tween restoring historic conditions and implementing the
MRNG. However, this information in most circumstances
is inadequate for planning and executing on-the-ground
activities. Therefore the Southwestern Region developed
tools that could help planners, silviculturists, fuels special-
ists, and others involved with designing and implementing
treatments directed at restoring fire adapted forests of the
Southwest. These tools and the MRNG both provide a
template, a process, and approach that are adaptable to a
wide variety of forests and a wide variety of management



objectives. We do not postulate that the exact metrics in
the MRNG or those presented in spreadsheet tools are
precisely applicable to other locales. However, we argue
the tools and procedures have sufficient flexibility to allow
project planners to incorporate other objectives.
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Assessing the Ecological Benefits and Opportunity Costs

of Alternative Stream Management Zone Widths

for Eastern Hardwood's

ABSTRACT

Leaving buffer zones adjacent to waterways can effectively
reduce the water quality concerns associated with timber
harvesting. However, riparian areas are also some of the
most productive sites and can yield high quality wood. The
amount of unharvested timber left in SMZs (Streamside
Management Zones) can represent a substantial opportu-
nity cost to landowners. In this study we used computer
simulation to integrate contemporary scientific dataamong
disciplines to develop opportunity cost and ecological func-
tion protection tradeoffs that result from the implementation
of alternative SMZ widths. We quantified the opportunity
costs and ecological benefits of using different buffer zone
widths. We used the principles of benefit/cost analysis to

compare the results. Results suggest that benefit/cost ra-
tios range from 5.89 to 1.49 depending on the buffer zone
width, the species composition of the stand, and the logging
technology used to harvest the timber. A literature review
was used to score the ability of different buffers to protect
riparian functions. Results show that to fully protect the
riparian functions modeled, 45 meter buffers are needed.
The study results should be of high interest to landowners,
managers, loggers, land use planners, and other decision
and policy makers who need to understand the opportunity
costs and ecological benefits associated with implementing
different widths of streamside management zones.

Keywords: ecological functions; capital recovery costs;
simulation; optimization; riparian zones; benefit/cost
ratio
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INTRODUCTION

Streams, wetlands, and riparian areas are among our
most valuable natural assets. From an ecological perspec-
tive, riparian zones are among the most productive wildlife
habitats on the continent (Bisson and others 1987, Kentucky
Department of Fish and Wildlife Resources 1990). In
addition, riparian areas protect water quality and aquatic
communities by reducing the amount of sediment entering
the stream channel (Castelle and Johnson 2000), shading
the stream channel from solar radiation (Brown and Krygier
1967), supplying organic material for food (Allan 1995), and
contributing woody material that increases the hydraulic
and structural complexity of the stream channel (Bisson
and others 1987, Hilderbrand and others 1997). Removal
of streamside vegetation during logging operations has been
shown to increase the sediment load in the stream (Davies
and Nelson 1994), increase water temperature (Brown and
Krygier 1967), and change the food supply and condition of
the habitat, altering the aquatic and riparian communities
(Hawkins and others 1982, Hanowski and others 2002).
Leaving buffer strips adjacent to waterways can effectively
reduce the water quality concerns associated with timber
harvesting.

Because of their ecological importance, the protection
of riparian areas is a top priority for most state and federal
conservation agencies (Blinn and others 2001). This goal
isusually achieved by establishing streamside management
zones (SMZs) adjacent to waterways and by adopting best
management practices (BMPs), which are guidelines for
locating haul roads, skid trails, log landings, and stream
crossings. Recommendations for SMZs and BMPs vary
among states (Huyler and LeDoux 1995, Shaffer and others
1998, Vasievich and Edgar 1998, Blinn and Kilgore 2001,
Williams and others 2004) and are often voluntary. For
example, a commonly suggested BMP includes no harvesting
activities in 15-45m buffer strips adjacent to the waterway,
sometimes with allowances for up to 50 percent removal
of the volume of standing trees to leave an evenly spaced
stand to protect the riparian function (LeDoux and others
1990, Phillips and others 2000).

Riparian areas also are some of the best sites for produc-
ing high quality wood products. The unharvested timber
left in SMZs can represent a substantial opportunity cost
to landowners (Shaffer and Aust 1993, Kilgore and Blinn
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2003, LeDoux 2006). The opportunity costs are influenced
by the species mix in the stand, by the logging technol-
ogy used, the level of riparian protection desired (Peters
and LeDoux 1984, LeDoux 2006), the stream network
to be protected (Ice and others 2006), and the increas-
ing proportion of isolated SMZ units within a watershed
(Olsen and others 1987, University of Washington 1999).
Simultaneous economic and environmental assessments
have been reported addressing the consequences of alterna-
tive fuel management strategies (Mason and others 2003)
and the layout and administration of fuel removal projects
(Hauck and others 2005). Companion papers address the
opportunity costs/capital recovery cost of managing for
old growth forest conditions (LeDoux 2004), of alternative
patch retention treatments (LeDoux and Whitman 2006),
and of implementing streamside management guidelines
in Eastern hardwoods (LeDoux 2006, Li et al 2006). In
this study, we had two objectives:

1) to evaluate the opportunity costs of different SMZ
protection options for two different stand types using
four different logging technologies; and

2) to compare the opportunity costs with the ecological
benefit of different SMZ widths using the principles
of benefit/cost analysis.

The data and results summarized in this paper are borrowed
heavily from LeDoux (2006) and LeDoux and Wilkerson
(2006).

METHODS

Stand Data

The two 27.5-ha stands selected for this study were
similar in age (120 years old), density, average diameter at
breast height (d.b.h.), and volume. One stand represents
a medium- to low- value species mix comprised predomi-
nately of yellow-poplar (Liriodendron tulipifera L.) with
some red maple (Acer rubrum L.), black cherry (Prunus
serotina Ehrh.), and sycamore (Plantanus occidentalis L.).
This stand has 232 trees/ha, an average d.b.h. of 45.6cm,
and a merchantable volume of 329m>/ha. We refer to this
stand as yellow-poplar or “YP.”

The second stand represents medium- to high-value
mixed hardwood species comprised of yellow-poplar,
American beech (Fagus grandifolia Ehrh.), shagbark hickory
(Carya ovata (Mill.) K. Koch), black cherry, red maple,



Table 1. Logging system configurations and costs used to simulate the harvest of the 27.5 ha tracts.

Costiunit
Logging Description ¥ ellow-poplar Mixed hardwood
Technology stand stand
¢ R ——

A Chainsaw felling with Ecologger | cable 20.83 20.47
yarder

B Timboo 445 Cut-to-length harvester with 1765 17.30
Valmet forwarder

o Chainsaw felling with John Deere 840 cable 16.24 16.24
skidder

D Timbco 425 feller buncher with Valmet 15.88 15.88

forsarder

cucumber tree (Magnolia acuminata L.), sugar maple (Acer
saccharum Marsh.), red oak (Quercus rubra L.), white oak
(Quercus alba L), and eastern hemlock (Tsuga canadensis
(L) Carr.). This stand has 224 trees/ha, an average d.b.h.
of 46.4cm, and a merchantable volume of 341m?>/ha. We

refer to this stand as mixed hardwood or “MH.”

These stands were selected because of their similarities,
availability of detailed tree measurements, and a relatively
low and high value species mix level. These stands are
typical of the eastern hardwood region of the United States.
Both stands were subjected via computer simulation to the
same even-aged silvicultural treatment, all merchantable
timber was harvested.

Logging Systems Evaluated

Computer simulations of four logging systems were used
in this study (Table 1). These logging systems were selected
because we have robust time and motion study data for
each and they represent contemporary methods being used
by loggers to harvest eastern hardwood stands. Machine
capacities were matched to the size of logs to be removed.
Machine configurations are ranked by their per-unit op-
erating cost, with the Ecologger 11 cable yarder being the
most expensive and the Timbco 425 feller buncher with the
Valmet forwarder being the least expensive. The per-unit
operating cost for logging system combinations C and D are
very similar, but reflect different on-the-ground operating
conditions since logging technology D is mechanized.
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Models Used

Two computer software models were used. The first
model, ECOST (LeDoux 1985), estimated the stump-to-
mill logging costs for the logging technology configurations
(Table 1). ECOST is a computer program that can estimate
the stump-to-mill costs of cable logging, conventional
ground-based skidding, cut-to-length, feller-buncher ap-
plications, forwarding, and several small farm tractors for
logging eastern hardwoods. Stand data were input into
ECOST to develop simulated estimates of the stump-to-mill
costs. The cost information within ECOST comes from
time studies and simulations conducted over the years.
The cost information is part of the model and is updated
yearly. All costs are in 2005 U.S. dollars and reflect new
equipment.

The second model, MANAGE-PC (LeDoux 1986) com-
puter program, provides the volume yield and volume/
product estimates. MANAGE-PC integrates harvesting
technology, silvicultural treatments, market prices, and
economics in a continuous manner over the life of the
stand. The simulation is a combination of discrete and
stochastic subroutines. Individual subroutines model
harvesting activities, silvicultural treatments, growth and
yield projections, market prices, and discounted present net
worth (PN'W) economic analysis. The model can be used
to develop optimal economic management guidelines for
eastern hardwoods. Stand data were entered into MAN-
AGE-PC to provide volume/production yield estimates. The



Table 2. Delivered prices for sawlogs and fuelwood/pulpwood by species

Product
Species Large” sawlogs Mackan sion Small” sawlogs Rt S
sawlogs Pulpwood
________________ L - - = houmit - - -
Sugar maple 135 103 ag 45
Red maple 106 81 56 45
Sycamare 119 75 53 45
American beech 118 75 53 45
White cak 173 118 58 45
Yellow-poplar 119 75 53 45
Red ocak 238 168 a5 45
Cucumber tree 119 79 23 45
Shagbark hickory T 61 o6 45
Hemlock 64 64 64 45
Black chemy 119 75 53 45

“Minimum small-end diameter = 33.02 em, length = 3.05 m.
“Minimum small-end diameter = 27.44 cm, length z 2.44 m.
"Minimum small end diameter = 25.40 cm, length = 2.44 m.
“Minimum small-end diameter z 10.16 cm that will not make large, medium, or small sawlogs.

average delivered prices for sawlogs and pulpwood (Table
2) were obtained from forest products price bulletins (Ohio
Agriculture Statistics Service 2007, Pennsylvania State
University 2007, Tennessee Division of Forestry 2007, West
Virginia University Division of Forestry 2007).

SMZ Protection Options

The stands were modeled identically and it was as-
sumed they were bisected by a perennial stream (Fig. 1).
Although riparian area cross-sections adjacent to streams
can be quite variable, we assumed homogeneity of stand
composition and consistent 20-25 percent sideslopes to
simplify the simulations. The simulated harvesting plan
removed timber from both sides of the stream to landings
on truck haul roads located on both sides of the stream
under the five SMZ treatment levels. SMZ protection op-
tions evaluated include:
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1) no protection, harvest all 27.5ha without buffers;
2) unharvested 15m SMZ on both sides of the stream;
3) unharvested 30m SMZ on both sides of the stream;

4) unharvested 45m SMZ on both sides of the stream;
and

5) a partially harvested 30m SMZ on both sides of the
stream with approximately 50 percent of the timber
volume removed from the SMZ.

Although commonly recommended riparian management
zone guidelines call for partial volume removal (Blinn and
Kilgore 2004), we wanted to evaluate the opportunity costs
and ecological benefits for more restrictive treatments, such
as options 3 and 4. For the no-protection option, we as-
sumed that the operator could select where haul roads and
skid trails would occur with no restrictions on soil distur-
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_ We conducted a literature re-
-"h_ view to identify studies examining
| at least one of our five categories
of riparian function. Studies with
SMZ widths that did not cor-
respond exactly to those used in
our economic models were placed
in the most logical category, while
studies with large discrepancies
in SMZ width or experimental
design were excluded from this
study. We found that few studies
examined partial timber removal
in SMZs (option 5 in this study) so
this treatment was not evaluated
for riparian protection. Research
on the ecological assessment of
SMZs does not exist in adequate
quantities from a single region of
the United States. To complete

Figure I— Diagram of modeled harvest area, stream, buffer zone, and buffer zone width.

bance or exposure. For all of the options, we assumed the
volume and species mix removed would remain constant
as we moved further away from the stream to simplify the
simulations.

Riparian Protection Score

The ecological functions of riparian zones are numerous
and range from stabilizing near-stream soil (Castelle and
Johnson 2000) to providing travel corridors for large ter-
restrial mammals (Klapproth and Johnson 2000). Quantify-
ing the full range of physical and biological functions that
occur within riparian areas would be a daunting task. In
this study, we focused on the processes and biota that are
easily measurable and strictly dependent on and/or unique
to riparian zones. We limited the various functions of the
modeled riparian forests to the following five categories:

1) coarse woody debris supply;
2) shade/temperature maintenance;
3) sediment filtering;

4) maintaining aquatic communities (macroinvertebrates
and periphyton); and

5) maintaining habitat for riparian-associated passerine
birds.
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the analysis, we tried to focus on
literature from the eastern United
States, but as data was limited
we included studies from other regions. The evaluation
of SMZ protection was limited to no SMZ (option 1), and
unharvested SMZs with widths of 15m, 30m, and 45m
(options 2, 3, 4, respectively).

For each SMZ width (excluding the partial harvest
treatment) we assessed the capacity of the SMZ to protect
against post-harvest changes for each of the five categories
of riparian function based on the following criterion: the
SMZ does not protect the component resulting in large
post-harvest changes (score = 0); SMZ results in moder-
ate post-harvest changes (score = 1); SMZ results in small
post-harvest changes (score = 2); or SMZ protects against
measurable changes in the component (score = 3). Scores
were determined by comparing the magnitude of change
to other studies or other SMZ widths and the statistical
significance/non-significance of post-harvest changes. Each
SMZ width was given a numerical score (0-3) for each of
the five categories of riparian function. An overall score for
each SMZ width was calculated by summing the score of
each category of riparian function. The overall scores had
a minimum value of 0 and a maximum value of 15. The
overall score was then converted into a percentage with 0
percent representing no protection of riparian functions
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Figure 2— Gross revenue by timber volume harvested from yellow-poplar and mixed hardwood stands.

(value of 0) and 100 percent representing complete pro-
tection against measurable changes in riparian functions
creating conditions similar to undisturbed riparian areas
(value of 15). Each SMZ protection option has a score
ranging from 0 to 100 percent and represented the effec-
tiveness of the SMZ in protecting riparian functions. It is
hereafter referred to as the SMZ protection score. Although
the structure within the SMZ changes over the 120-year
rotation, our SMZ protection score described above is
based on the immediate condition of the riparian area. The
canopy cover may recover quickly even for the completely
harvested unit however, large wood recruitment may take
much longer where the unit is completely harvested but it
may be shortened for the partial harvest options (Zobrist
and others 2005). We did not consider changing SMZ
protection score over the 120-year rotation because we
simply do not have the necessary data.
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RESULTS AND DISCUSSION

Gross revenues from timber cutting depended on stand
composition and the volume of timber volume harvested.
The gross income from the yellow-poplar stand ranged from
$7,995/ha to $10,257/ha, while the gross revenue of timber
from the mixed hardwood stand ranged from $10,084 to
$12,931/ha (Fig. 2).

Logging costs, which varied with the equipment used,
are deducted from the gross revenue of the timber harvest
to determine net income. Harvesting costs for yellow-
poplar range from $15.88 to $20.83/m?* and from $15.88
to $20.47/m> for a mixed hardwood stand (Table 1). While
logging costs are comparable between the two stands (Fig.
3), they represent a larger percentage of the gross revenue in
the yellow-poplar stand because of a greater profit margin
for the mixed hardwood stand.



Only the cost of the logging system was considered
as a treatment in this study. Cable logging systems may
reduce the roads and landings needed to harvest a tract
thus reducing the potential for erosion and sediment pro-
duction. Mechanized track mounted systems, such as the
cut-to-length and the feller buncher with forwarder, may
result in less soil disturbance and compaction, and thus
reduce roading and landing area. In this study we did not
address the physical or ecological impacts of alternative
systems because we lack the necessary data. Undoubtedly,
managers must consider logging system options when mak-
ing decisions on SMZs.

SMZ Protection Options

Leaving no SMZ generated the most revenue (gross and
net) to the landowner (Fig. 4a and 4b) by providing the
largest volume of wood (Table 3) and gross revenues of
$10,257 and $12,931/ha for the low value yellow-poplar

stand (Fig. 4a) and high value mixed hardwood stand (Fig.
4b), respectively. The net revenue ranges from $3,415 to
$5,048/ha for the yellow-poplar stand (Fig. 4a) and $5,903
to $7,546/ha for the mixed hardwood stand (Fig. 4b) de-
pending on the logging technology.

Compared to leaving no SMZ, a 15m unharvested
buffer on both sides of the stream removed 24m3/ha less
wood from the yellow-poplar stand and 25m3/ha from the
mixed hardwood stand (Table 3). This scenario grossed
$754/ha less than leaving no SMZ for the yellow-poplar
stand (Fig. 4a) and $949/ha less for the mixed hardwood
stand (Fig. 4b). The difference in net revenue can be
viewed as the opportunity cost for retaining that width
of SMZ. The cost of maintaining 15m SMZ ranges from
$252 to $370/ha (yellow-poplar stand, Fig. 5a) and $432
to $553/ha (mixed hardwood, Fig. 5b), depending on the
logging technology.

8000
--o--YP- Technology A
-- & --YP- Technology B
7500 ++--o--YP- Technology C
--¢--YP- Technology D
2000 —e— MH- Technology A
—&— MH- Technology B
= —a— MH- Technology C
§; 6500 +|—¢— MH- Technology D
@
8
g8 6000
(o}
£
o
> 5500 ]
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5000
4500 &=
=R
4000 —° ‘ | ‘
250 275 300 325

Volume removed (mslha)
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Figure 3— Logging costs by volume removed for mixed hardwood and yellow-poplar stands for four different logging systems (see

Table 1 for description of technologies used).
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Table 3. Volume of timber harvested and retained for each protection option in the

yellow-poplar and mixed hardwood stands.

for mixed hardwood (Fig. 4b) as
well as decreasing the protection
costs between $252 and $370/ha

TR blimgsd] haichmsssd
for yellow-poplar (Fig. 5a) and $432
Viokarme Vokame Wokare Vol and $553/ha for mixed hardwood
Prodecticn Cplon Haroesbed Rt ained Harnestad R il i el (Fig. 5b).
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b protect all riparian functions, but
Leaving a 30m SMZ on both sides of the stream
removes 48m*/ha and 50m’/ha less merchantable ’
wood than harvesting without an SMZ (Table 3) 12000 Y= —
for the yellow-poplar and mixed hardwood stands, 1 Net Revenue -Tech. A
10000 4 O Net Revenue -Tech.B ||
respectively. This level of SMZ protection decreases DietRevenue Tech. ©

gross revenue from harvesting with no SMZ by
$1,508/ha and $1,898/ha for the yellow-poplar (Fig.
4a) and mixed hardwood (Fig. 4b) stands, respec-
tively. Leaving 30m buffers on both sides of the
stream has a protection cost of $504 to $740/ha for
yellow-poplar (Fig. 5a) and $864 to $1,106/ha for the
mixed hardwood stand (Fig. 5b), depending on the
logging technology.

A 45m SMZ on both sides of the stream removes
72 m’/ha and 75 m’/ha less merchantable timber
for the yellow-poplar and mixed hardwood stand,
respectively, as compared to harvesting with no SMZ
(Table 3). Gross revenues decrease by $2,262/ha
for yellow-poplar (Fig. 4a) and $2,847/ha for mixed
hardwood (Fig. 4b) and protection costs range from
$756 to $1,110/ha for yellow-poplar (Fig. 5a) and
$1,296 to $1,659/ha for mixed hardwood (Fig. 5b)
when compared to leaving no streamside buffer.

Removing 50 percent of the timber volume from
a 30m SMZ results in removal of the same volume of
timber as unharvested 15m buffers on both sides of
the stream (Table 3). Compared to unharvested 30m
buffers, harvesting 50 percent of the timber volume
from the 30m SMZs can increase the gross revenue
by $754/ha for yellow-poplar (Fig. 4a) and $949/ha
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Figure 4— Gross and net revenues for different levels of SMZ protection for
the (@) yellow-poplar and the (b) mixed hardwood stands under the four
harvesting technologies (PH=partial harvest, see Table 1 for description of
technologies used).
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unnecessarily wide buffers produce an avoidable economic
loss to the landowner (Castelle and Johnson 2000). The
SMZ protection options (no SMZ, and unharvested 15m,
30m, 45m SMZs) resulted in varying levels of post-harvest
change for the individual riparian functions (Table 4). The
SMZ protection score increases with buffer width (Table 4).
No SMZ results in a protection score of O percent; it did
not protect any of the five categories of riparian function
resulting in large changes following the harvest. A 15m
SMZ has an SMZ protection score of 60 percent and a 30m
SMZ has a protection score of 87 percent (Table 4). A 45m
SMZ has a protection score of 100 percent; it protected
against measurable changes in all five of the categories of
riparian function (Table 4).

Comparing Financial Costs with Ecological Benefits
Forest landowners are responsible for protecting water
quality and maintaining riparian habitat for the public
good, but they also have other objectives that may include
making a return on their investments. The challenge for
landowners is to find a balance between financial sacrifice
and ecologic protection. To find this balance, we must
consider that the revenue reductions attributed to SMZ
protection occur only once—at the time of timber har-
vest—but the ecological benefits of SMZ protection accrue
after the harvest and continue through the next rotation. To
compare the current costs with future ecological benefits, a
capital recovery factor can be calculated to convert revenue
reductions to a series of uniform annual costs that begin at
the time of harvest and extend through the next rotation.
The capital recovery cost takes the protection costs
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of retaining an SMZ and, using a real interest rate of
4 percent, divides that cost into annual allotments.
These calculations are the per-hectare cost to leave
an SMZ for each year of a 120-year rotation. In an
ecological context, capital recovery costs can be viewed
as the annual monetary cost required to maintain a

particular level of riparian function.

Benefit/Cost Analysis

We used the principle of benefit/cost ratios
(Gregory 1972) to compare the ecological benefits
with the opportunity costs. By comparing the capital
recovery costs with the SMZ protection score, we can
determine the benefit-cost ratio between ecological
protection and SMZ width (Fig. 6a and 6b and Table

5). In summary:

o All B/C ratios were greater than or equal to 1. Thus,
it is desirable to use SMZs.

e In all cases, B/C ratios are more robust for 15m
SMZs.

e In all cases, B/C ratios are still very desirable for
30m SMZs

* B/C ratios, although still desirable for 45m SMZs,
are not as robust as those from 15m and 30m SMZs,
suggesting that the benefit produced is decreasing
while costs are increasing.

SMZ protection scores increase with capital re-

Figure 5— Costs for different SMZ protection options for the (a) yellow-
poplar and (b) mixed hardwood stands (PH=partial harvest, See Table 1 for

description of technologies used).
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covery costs for both stand types and all logging
technologies. Harvesting without an SMZ leaves no



Table 4--SMZ protection scores for different SMZ widths for protecting against post-harvest changes in riparian functions
for 2 to 4th order streams.

Riparian Mo

Function Mz 15 m 30 m 45 m Refaranceas

Murphy and Koski 1989, Harmon and
Coarse woody o 1 2 3 others 1886, McDade and others 1980,

debwis Fobingon and Beschta 1920, Van
Sickle 2000, May and Gresswell 2003.
Burton and Likens 1973, Moring 1975,
Brown and Krygier 1967, Rishel and
others 1982, Lynch and others 1984,
Lynch and others 1985, Noel and others
Shade/ 1985, Beschia and others 1987, Budd
temperature 0 2 3 3 and others 1987, Caldwell and others
maintenance 1991, Kochenderfer and Edwards 1981,
Davies and Nelson 1994, Jackson and
others 2001, Kiffney and others 2003,
Wilkerson and others 20086
sadiment Karr and Schlosser 1977, Moring 1982,
mm'i 0 . 2 3 Lynch and others 1985, Davies and
ng Melson 1984, Jackson and others 2001
‘:;"”a"“n“i o Newbold and others 1980, Moel and
{m' ﬁ' ml'lmrert 5- 0 2 3 3 others 1986, Davies and Nelson 1994,
brates and Hetrick and others 1888, Kiffney and
5 others 2003, Wilkerson and others in
periphyton) '
revi
cﬁgﬁ:iﬁ Triquet and others 1580, Whitaker and
(riparian i) 2 3 3 Montevecchi 1999, Pearson and
aeenciatad Panuwal 2001
passennes)
Taotal Score 0 9 13 15
Percant SMZ
affaclivenass 0% G0% BT% 100%

“Scorng: 0) Does not protect riparian function: 1) Results in moderate post-harvest changes in riparian
function; 2) Results in small posi-harvest changes in fiparan function; 3) Complately protects against
measurable changes in rnpanan function

“Wilkerson, Ethel; Hagan, John M.; Whitman, Andrew A, In review, The effectiveness of different
buffer widths for protecting water quality and biotic communities of headwater streams in Maine.
Freshwater Biology.
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Table 5--SMZ protection scores, capital recovery costs, and B/C ratios by logging

technology and stand type.

low-poplar, Fig. 6a) and between
$52.32 and $67.02/ha/year (mixed
hardwood, Fig. 6b).

¥lkrw-paplar Wionesd Hardwaod
= ) The relationship between
increasing capital recovery costs
Profachion Soonn Facoweny Cost BT Ralie Roowvary Cost BC Ratie and increasing SMZ protection
----- Bo----  ----Bhadr---- - Ehadr- - -- score is not linear. This analysis
Technology A shows that for SMZs wider than
g 000 0.00 o 0.00 15m, the rate of increasing SMZ
L] 10,18 550 17.44 144 protection begins to diminish
a7 201 98 437 24 A 2 4D while capital recovery costs con-
tinue to increase (Fig. 6a and 6b).
100 0,84 azr 5232 1.51 . . .
Therefore, increasing streamside
protection from a 15m SMZ to a
Tedhnclogy B . . .
o 0.00 0.00 0.00 0.00 30m SMZ resultsin an increase in
economic cost that is dispropor-
& 1337 4.40 2068 2 80 . . . .
tional to the increase in ecological
L 574 325 41.32 n protection gained. However, if
100 4011 3 40 1,68 1.81 the goal is to completely protect
riparian functions against mea-
Technology © surable post-harvest changes
g .00 0.00 0,04 000 (a 100 percent SMZ protection
B0 14,55 412 2304 373 score), a45m SMZ is required and
landowners will pay an economic
a7 29,10 259 44,08 157 _ , ,
premium to achieve this level of
00 4305 <d¥ Ll 1.5 protection. Although we could not
calculate an SMZ protection score
Technology D for the 30m partially harvested
0 0.00 .00 0.00 000 .
SMZ, the capital recovery costs
&0 14.85 4.01 2.4 2 68 are 50 percent less than the 30
&7 =5 80 v 31 dd BR i a5 m SMZ without timber removal.
100 P 29 aT.02 148 Landowners may chose partial

timber adjacent to the stream resulting in an SMZ protection
score of O percent and no capital recovery costs. Retain-
ing a 15m SMZ results in an SMZ protection score of 60
percent and costs between $10.18 and $14.95/ha/year for
a yellow-poplar stand (Fig. 6a) and between $17.44 and
$22.34/ha/year for a mixed hardwood stand (Fig. 6b),
depending on the logging technology. A 30m SMZ results
in an 87 percent SMZ protection score and cost between
$20.36 and $29.90/ha/year (yellow-poplar, Fig. 6a) and
between $34.88 and $44.68/ha/year (mixed hardwood, Fig.
6b). A 45m SMZ achievesa 100 percent riparian protection
score but costs between $30.54 and $44.85/ha/year (yel-
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removal of timber within the SMZ
to reduce capital recovery costs
while still maintaining a portion of riparian structure that

can contribute to riparian function.

Considerations for Managers

Ultimately, landowners and managers and concerned
public/outside interests must determine the appropriate
balance between opportunity/capital recovery costs and
SMZ protection. The level of riparian protection will vary
between ownerships and even within different landscapes
on a single ownership. On an ownership level, managers
should consider state and local laws and BMPs, certifi-

cation requirements, and their long-term strategies for
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o 60 4 15m
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£ 50 -
3]
3
o 40 A
o
S 30-
n
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Figure 6--SMZ protection scores compared with capital recovery costs for the (@) yellow-poplar and (b) mixed
hardwood stands under the four harvesting technologies. Symbols and lines represent different logging systems.
SMZ protection scores are labeled on corresponding SMZ width (See Table 1 for description of technologies used).
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maintaining and protecting fisheries and wildlife on their
land base. At a smaller scale, managers should consider
the slope and topography of the stand, the age class and
disturbance history of the surrounding forests, and deter-
mine if there are species of special management concern
within the watershed.

The decision on which logging system to use to harvest
wood adjacent to and from within buffers requires careful
consideration of the ecological functions that one wishes
to protect. For example, cable logging systems usually
require ridge top roads and landings, which may result in
less erosion and sediment production. This could justify
narrower buffer widths with partial volume removal if
one was concerned with erosion and sediment production
only. However, if the objective is to also provide habitat for
breeding birds (Hanowski and others 2005), amphibians
(Perkins and Hunter 2006) and use by some mammals, such
as martens (Fuller and Harrison 2005), then wide (45m)
buffers with no volume removed may be required.

Using computer simulations and the principles of ben-
efit/cost analysis, we evaluated two stands, four logging
technologies, five SMZ protection options, five riparian/
ecological functions, a fixed real interest rate of 4 percent,
and fixed market prices. The results reported here are
specific to the conditions simulated and to the models and
assumptions used and should not be generally inferred.
However, the results provide an understanding of the costs
and ecological benefits associated with alternative levels of
SMZ protection.
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