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INTRODUCTION

This report is a supplement to the Fish and Wildlife Service’s (Service) Fish and Wildlife
Coordination Act (FWCA) detailed report (hereafter, “2016 FWCA”) on the U.S. Army Corps of
Engineers (Corps) Lower San Joaquin River Feasibility Study (LSJRFS) (FWS 2016). The
purpose of this supplemental report is to present the results of a habitat evaluation of one reach
segment within that study known as TS 30 L. We also provide preliminary recommendations
for the siting of mitigation for the impacts of construction of that reach.

BACKGROUND AND COORDINATION HISTORY

The preferred alternative for the proposed project (alternative 7a) involves some 24 miles of
levee improvements, of which TS 30 L is part, and two tidal gates in an overall effort to protect
greater Stockton from flood events. The 2016 FWCA did not include a formal habitat evaluation
of any of the project elements because of limited information, and funding and schedule
constraints within the Corps’ “SMART” planning guidance (Corps 2015a). Therefore, we were
limited to a Corps-provided desktop analysis using aerial images and their estimates of impact,
and our own observations during several hours of site visits to the project element locations. The
2015 draft Integrated Feasibility Report/Final Environmental Impact Statement/Report
(FS/FEIS/R) stated that a full mitigation plan, including field surveys and habitat evaluations as
appropriate, would be done during the Pre-construction Engineering and Design (PED) phase
(Corps 2015Db).

The Corps issued a final FS/FEIS/R for the project in 2018 (Corps 2018). There are significant
differences from the project as described in the final environmental document (Corps 2018). The
2018 FS/FEIS/R states that mitigation bank credits would be obtained to offset impacts of the
project; however, such credits are not currently nor foreseeably available. In response to our
2016 FWCA, the Corps also committed in its 2018 FS/FEIS/R to evaluate other on and near
impact site opportunities for mitigation, including some we had identified (FWS 2016). The
project elements that would incorporate mitigation for impacts included one setback levee,
within Fourteenmile Slough, which would incorporate mitigation in the forms of some riparian
and Shaded Riverine Aquatic (SRA, a type of riparian cover adjacent to water) cover types, and
was also intended to accept elderberry transplants (host plant for the federally listed Valley
Elderberry Longhorn Beetle, or VELB) from other parts of the project. However, constructing
other reaches like TS 30 L in advance of the Fourteenmile Slough element creates the
additional need to develop mitigation elsewhere.

The Feasibility Study entered the PED phase around October 2019 and the Service was funded in
late 2020 to resume FWCA coordination activities. The Corps had selected the segment

TS 30 L as the first construction element, a 5,900 foot long stretch of levee bordered at the
south by March Lane and to the north by the Fourteenmile Slough levee near White Slough. In
environmental documents and our 2016 FWCA report, this segment is one of several in the Delta
Front work element, which includes Shima Tract, Fivemile, Tenmile, and Fourteenmile Slough,
with “TS” referring to the Tenmile Slough levee. The work at TS 30 L originally involved the
installation of cutoff walls, slope reshaping, and application of west facing rock protection.



Project refinements to TS 30 L have since been identified which would likely increase impact
beyond the estimates in the environmental documents, including a 20-foot westward levee prism
shift which is needed to allow room for a patrol road to inspect the land (east) side of the levee.
This would extend water side work (rock revetment, patrol road, levee reconstruction), in most
sections, all the way to the irrigation ditch (the westward extent of the natural habitat).
Additionally, at the time of the 2018 FS/FEIS/R, there was consideration of applying for a
variance which would permit some vegetation on the lower slopes of levees. During PED,
however, the Corps determined it would not seek a vegetation variance, but might consider a
design deviation based on risk assessment which could permit some vegetation growth. Whether
or not a design deviation is approved, nearly all vegetation within the impact footprint area
would be removed initially due to earthwork.

A more detailed site visit to the TS 30 L impact area was conducted in March 2021. Among the
more notable observations was the apparent high wildlife use by songbirds and raptors,
elderberry bushes, and mixture of habitat elements (trees, snags, shrubs, herbaceous areas, native
trees, exotics). Persistence of the habitat appeared to be a consequence of both proximity to an
irrigation drainage ditch, and apparent low maintenance at least on the lower levee slope.

Several potential areas for mitigation were discussed and/or looked at briefly in early 2021 as
well.

We provided a site visit report in March 2021 with our findings and, after further review of the
project history, we also provided a May 2021 guidance memo with our preliminary
recommendations for mitigation and imminent construction as it pertains to TS 30 L. In brief,
we concluded no path forward to 2021 construction because of unresolved matters of project
impacts without mitigation agreed and in place prior to project impacts, unevaluated changes to
the project, elderberry impacts which required reconsultation, and the need to evaluate on/near
site mitigation options. Our primary recommendation, if the Corps intended to proceed with

TS 30 L construction in the near term, was to plan a mitigation area in a corridor adjacent to the
affected habitat.

Beginning late August 2021, the Service participated in a number of calls with the Corps related
to the sequencing of the project, various mitigation locations and ratios, and technical assistance
under the Endangered Species Act (ESA) regarding federally listed species. The Corps planned
to proceed with the project beginning with vegetation removal in early 2022 in advance of other
construction. To quantify the baseline habitat value of the impacted areas before these
anticipated impacts, the Corps communicated to the Service the need to conduct a habitat
evaluation of the impact area of TS 30 L. That habitat evaluation, based on field work
conducted in December 2021, is the focus of this supplemental report. At the time of the writing
of this report, vegetation has not been impacted because the project has not yet begun. On July
26, 2022, the Service attended a site visit to view additional potential mitigation sites. To better
assist the Corps’ mitigation planning, this report also includes an initial evaluation and
prioritization of these mitigation sites based on our observations and best professional opinion.



HABITAT EVALUATION PROCEDURES

Habitat Evaluation Procedures, or “HEP”, is an accounting methodology developed by the
Service and other agencies to quantify habitat value of a particular area of habitat to selected
wildlife species or communities associated with that habitat (FWS 1980a, 1980b, 1981). It is
based on models which calculate an index value between 0.0 and 1.0, the Habitat Suitability
Index (HSI), that is used to weight habitat area. HSI models consist of a set of habitat variables
which are measured or estimated (usually denoted V1, V2... etc.) that are considered important
life requisites to the particular wildlife species or community. These variables, or Vs, are
converted to Suitability Indices (SIs) using graphical relationships or best-fit word descriptions
provided in the model that assign an index value to a measured or assumed variable quantity.
The SIs are then combined using equations to obtain the HSI. A series of HSIs are estimated for
several points in time in the future (called Target Years, or TYs), over the life of the project;
these sets of HSIs for the target years are commonly referred to as “futures”. For these futures,
the HSI is multiplied by the habitat area to obtain habitat units, which are summed and averaged
over the life of the project (Average Annualized Habitat Units, or AAHUs). This routine can be
applied to both an impacted project site and a proposed mitigation site. AAHUs are used as the
metric to compare habitat values of the future without the project to the future with the project.

APPLICATION AND LIMITATIONS

HEDP is a tool that can be useful in assessing the need and adequacy of mitigation for impacts of
an action but it has limits and assumptions. AAHUs for a mitigation site can be compared to that
of an impact site to estimate the area of mitigation necessary to provide at least the same habitat
value. HEP does not normally include and therefore does not evaluate habitat values within a
landscape context: corridor values that permit the movement of wildlife across a landscape, the
distribution and rarity of habitat across a region, actual use by wildlife, or the interaction
between habitats, agriculture or urban components. It is often a coarse evaluation, subject to
error in the measurements themselves and variation in the way wildlife resources use habitat in
different regions of the Country. HEP is also not used for listed species. Instead, mitigation for
effects on listed species is determined separately during ESA consultation, often using guidance
documents and similar treatment as in other consultations for the individual species. Listed
species guidance can vary, and may involve the use of standardized mitigation ratios and other
factors.

MODEL SELECTION

The process of model selection for this HEP study involved preliminary assessment of the habitat
during a site visit, a review of available models, and communication with a HEP team that
included Service and Corps staff. Models were selected that we considered to best represent the
values of the affected habitat and mitigation, and the majority of the habitat components. A site
visit was first conducted on March 9, 2021. Vegetation had just started to leaf out, however, the
general habitat characteristics could be observed. There was a mix of woody vegetation
dominated by dense shrub species, particularly willows, blackberry, and buttonbush, together
with some larger and taller willows, other taller trees such as oaks and some non-natives
(walnuts, pecan) and patches of rose and elderberry. Snags (larger dead limbs or entire dead



trees) were evident throughout the site. The woody vegetation was interspersed with tall
herbaceous plants, especially thistle. Wetland patches were also seen in association with what
appeared to be an agricultural drainage ditch at or slightly beyond the toe of slope, which was
maintained on the west side and had water (or evidence of recent water). At this time, and in
subsequent visits to the site, a variety of avian wildlife were noted such as hummingbirds,
sparrows, mockingbirds, raptors, quail, and others. The habitat mix varied over the length of
TS 30 L, with areas dominated by shrubs, trees, or herbaceous plants, depending on exact
location.

On the basis of these initial observations, we reviewed available models and selected a suite of
five HEP models that would complement one another and best represent the values provided by
the existing habitat. These included published models, modifications to published models, and
in-house unpublished models locally developed and applied to evaluations of other Corps
projects. A HEP “package”, consisting of the models, summary of methods, and basic rationale,
was provided to the Corps prior to field sampling. The Corps noted prior to field sampling, per
their current guidance, that unpublished and modified models would need to undergo a
certification process, which involves review by the Corps’ Engineering Research and
Development Center (ERDC) and communication with Service staff. However, given the field
conditions (late fall), the Service and Corps mutually agreed to proceed and complete field
sampling, in advance of completion of the certification process. The Service responded to all
ERDC requests for documentation and justification of models used to the extent these were
available. The Corps notified the Service that certification was forthcoming, and to proceed at
least for use in this specific application (HEP evaluation of TS 30 L) (August 4, 2022, email
from David Fluetsch, Sacramento District). The selected models and rationales are as follows:

Yellow Warbler (Schroeder 1982): The preferred habitat of this species is a deciduous riparian
assemblage of hydrophytic species such as willows and cottonwoods. It is a summer resident in
similar habitat in the Central Valley of California. This model emphasizes the lower and middle
canopy and the habitat preference of this species for hydrophytic shrubs. The Service developed
and validated this model for use throughout this species’ range; however, the original model is
derived from early work in the eastern United States which acknowledged forest use as
occasional only. That original model had three variables, all associated with shrubs and/or lower
canopy (percent deciduous crown cover, average shrub height, and percent hydrophytic shrubs).
We used a modification of this published model that we had also applied to other local Corps
Federal projects since 1998. This modification added a fourth variable for tall trees, consistent
with forage beats by this species in the West ranging up to 40 feet above the ground, presence of
trees in portions of the project area, and expected effect of the project on this combination of tall
trees with a shrub understory. During the Corps’ certification process, we researched and
responded to Corps questions to justify this modification, noting that partial use of the higher
canopy by this species had been well documented in the West.

Riparian Songbird Guild (Roberts et al. 1986): This is an unpublished model originally
developed for application to forested or scrub-shrub wetlands in Humboldt Bay, and was the
original model used to evaluate riparian forest habitat in the 1999 and 2009 HEPs of the Corps’
Napa Creek project (FWS 2009). It is intended to apply to a relatively broad range of bird
species (mostly in the order Passeriformes, but also associated species in the order Piciformes)



that use plants, snags or associated insects for food, or use the plants and snags for nesting.
Variables include shrub and tree cover, tree height, canopy layering category, snags, and overall
woody cover. The variables focus on somewhat shorter canopy elements. This model has the
smallest snag dimension (4 inches) of the three models with snag variables used for TS 30 L.
This was deemed appropriate because of the presence of woodpeckers and birds at TS 30 L, and
the small snags present that would be impacted by the project.

Riparian Forest Cover Type (DeHaven 2001): This unpublished model was developed by the
Service’s Sacramento Fish and Wildlife Office originally for Corps bank protection actions along
the lower Sacramento River, and was later modified for use in the Corps’ Llagas Creek project.

It is a generalist model, intended to quantify values to a range of bird and mammals that could
utilize this habitat. It combines vegetation parameters such as height, closure, stand width,
understory, and species number, and has discounting factors for non-native dominance and
distance from water. This model is sensitive to structural diversity of habitats and narrowing of
corridors by project actions. It was considered appropriate for TS 30 L in light of the
combination and variation in tree and shrub cover, and stand width, at this location.

Downy Woodpecker (Schroeder 1983): The species’ habitat covered by this published model
associates primarily with older soft wood riparian species like willow and cottonwood in lowland
stream bottoms. Older trees are not common in TS 30 L, but are present and considered a
significant component which would be affected by the project. The variables are snags (6 inch
minimum; required for value) and basal area at breast height, the latter of which can only be
coarsely estimated in thick young stands such as TS 30 L. Nevertheless, this model was
included in this HEP analysis because it reflected the values, albeit limited, of this older
vegetation component, the presence of snags at TS 30 L, and the observation of cavity dwellers
such as woodpeckers and owls at this site.

Hairy Woodpecker (Souza 1987): The habitat represented by this published model is also older,
larger, trees in a variety of forest types and densities. Measurements include mean tree diameter
at breast height (used in two suitability indices), canopy cover, and snag count. It has an even
larger snag dimension criterion (10 inches) than other models in this HEP study. It was included
for the HEP at TS 30 L as an alternative to the Downy Woodpecker model. This model
emphasizes larger trees and snags, but without an absolute requirement for snags to yield value
in a plot. Larger trees and snags were present, but infrequent and patchy, at this location.

STUDY ACTIVITIES
The HEP evaluation for TS 30 L involved the following sequence of activities:

a) Field Sampling: Sampling was conducted on December 2, 3, 7, and 8, 2021. The Service
author of this report was present on all days (Steven Schoenberg, Senior Biologist), and was
assisted by one or two Corps staff each day (Savannah Fahning, Jessica Agajan, Steve
McLemore, Miranda Doutch, or Dave Fluetsch). Conditions were considered fair due to some
leaf drop and shedding of terminal branches, but acceptable for the purposes of the study. The
suboptimal field conditions mean that there is some potential underestimate of features such as
woody vegetation height and cover that could result in an underestimate of baseline value, but



not to a major degree. The measurement requirements for the selected models included both
transect and plot based parameters.

The plot size and extent of effort for each parameter was tailored by the Service staff’s best
judgement to complete the sampling in a reasonable time, given the size of the site, the need to
assess 20 variables in the five models, limited remaining season due to ongoing leaf and branch
shedding, and short days at the time of the field work. The TS 30 L site is also typified by the
presence of a dense, often thorned, lower shrub layer, and patchy dense woody stems. The
limited time available to meet these study needs and difficulty moving within a site with these
characteristics necessitated a coarse, visual estimation of some variables. Detailed measurement
protocols for each variable are provided in Appendix A, TAB: Models.

Taking these factors into consideration, a plot length of 300 feet was selected, which could be
sampled within study time constraints while still capturing the variation in habitat suitability over
the length of the site. Two perpendicular transects were set up in each plot. Transect position
within a plot was decided by selecting two single digits from a random number table (1-9),
which were each multiplied by a tenth of the total plot length to determine the locations of the
perpendicular transects. After a plot and its transects were set up, a waypoint location of the
beginning (south end) of each plot was recorded on a GPS device. When all sampling was
completed, the spatial data for the plot boundaries were downloaded from the GPS device using
the software Garmin Basecamp, and converted to a shapefile (Appendix D, Plate 1). Three
photographs were taken on each plot, one facing north from the beginning of each plot, and west
across each of the two perpendicular transects. Measurements were recorded on paper data
sheets, one per plot (Appendix C). All raw data were entered into a multitab Excel spreadsheet
file, designed to convert the data into SIs and HSIs for each model (Appendix A). In a few rare
instances of missing data, all noted in Appendix C, either reference photos and/or similar data
from other models were used to develop a best estimate of values for those variables.

b) Data Reduction: Measurements from the two transects for each plot were averaged to obtain
plot specific values for the transect-based measurements and, with the values for the other full
plot measurements, were used to obtain a single plot-specific variable for each SI and then, using
the model equations, plot specific HSIs for each model. These plot-specific HSIs were averaged
to determine a reach-wide HSI for each model. This manner of calculation, with plot-specific
HSIs used to obtain a reach-wide average, is typical in HEP studies. Some test calculations were
done by assigning a single, reach-wide average SI for snag density and basal area to each of the
plots, to see if variation between plots in these particular variables might bias the reach-wide
HSI. However, these test calculations showed that the reach-wide average HSI would be the
same with either calculation routine (Appendix A, TAB: HSIdatacalcs, lines: 224-225, 282), so
this alternative routine was not used, and is not discussed further in this report.

c) Futures: Initial, solely HEP-based, estimates of mitigation needs were made by developing
mitigation site futures and calculating and comparing changes in habitat value (AAHUs) for the
Corps-determined 13.88 acre impact footprint and a hypothetical 10 acre (ac) restoration site
(Appendix A, TAB: futures). The ratio of losses at the impact site to gains at the restoration site,
adjusted by area, is the theoretical mitigation ratio. As noted in the general assumptions



described below, for the purposes of this exercise, we assume that restoration at the mitigation
site, including planting, is complete by the time of first project impact.

Two future comparisons were done. In the first, we varied habitat development. Two future
scenarios were developed to describe the range of potential mitigation ratios and areas: a “best
case” scenario with the fastest development and higher optimum ranges reflective of high
management and success; and a “worst case” scenario, which has a more moderate rate of habitat
development and maxima. This “worst case” scenario is not unsuccessful, but takes into
consideration the possibility of less than fully optimal habitat for certain model parameters.

Such limits on habitat potential may reflect constraints created by variability in weather and
water availability, unforeseen disturbances like fire and disease, site-specific limitations such as
power line easements, natural variation in parameters, and/or reduced long term management.

In the second comparison, we varied mitigation start. We compared mitigation that was started
10 years prior to impact, with mitigation concurrent with impact, for the worst case scenario only
(see RESULTS, below).

d) Mitigation Site Qualitative Evaluation: Based on site visit observations, and our best
professional opinion, we analyzed six identified locations in terms of other habitat value
characteristics not reflected in the selected HEP models (distance from impact, corridor value,
utility easements, buffer value, adjacent land use, floodplain/connectivity to delta waters,
benefits to special-status species, unit size, etc.). Together with the futures estimate of mitigation
site habitat value from the HEP, this qualitative evaluation was used to prioritize the sites and
propose a recommended mitigation ratio for each location.

c¢) Documentation: Documentation of study activities is provided within the Appendices of this
report (Excel spreadsheet, data forms, models, plates) and/or, as appropriate, is maintained in
electronic files at the Service’s field office (Excel spreadsheet; shapefile of plot boundaries;
reference photographs; email communications).

ASSUMPTIONS
The following assumptions apply to the analysis and findings in this report:
-The impact site at TS 30 L, about 13.88 ac, can be adequately assessed as a single cover-type
consisting of a mosaic of patches of scrub, herbaceous, scrub and tree cover in varied
proportions, wetland, and ditch cover.
-All vegetation will be initially removed within this 13.88 ac project footprint.
-For the purposes of assessing without-project habitat value, we assume that the baseline
measurements in this HEP are representative of the future, which is explicit in the calculations as

shown by a constant HSI for the life of the project, without the project.

-The life of project is 50 years, equivalent to the period of economic analysis, and the period of
analysis is 51 years, equal to the life of project plus construction, assumed to be one year.



-There is an inherent, unknown, level of error due to simplification of the measurement
techniques for many of the variables, such as rough visual estimates of cover proportions (see
Appendix A for details). Nevertheless, the measurements are assumed to be of adequate
accuracy to represent existing habitat values of the site and hence, determine the losses and
mitigation need associated with project implementation.

-There is also an inherent, unknown, level of error due to simplification of the calculation
procedure, which uses the average HSI across plots and the overall impact area (13.88 ac), to
calculate habitat value. Again, although higher precision is possible with a stratified sample
across patch subtypes, and much greater effort, the simplified procedure is assumed adequate to
represent existing habitat values and losses with project implementation.

-For the purpose of the simplified analysis of futures, below, we assume that mitigation site
construction is completed at Target Year 1, the time of impact. Impact in this situation is the
clearing of vegetation in TS _30_ L, which would occur in the winter preceding construction-
related earth-moving later that same year. In habitat restoration, earthwork is done before
planting. Accordingly, the results discussed below for concurrent mitigation would apply only to
a situation where restoration is complete (i.e., including planting), by the time of first impact.

RESULTS

Results are expressed in habitat value changes, in AAHUS, calculated for the five models at the
impact site and a theoretical 10 ac site under best and worse case future scenarios (Table 1).

Table 1: Habitat Values for TS 30 L HEP study. Impact is loss of December 2021 baseline.
Mitigation is for a conceptual 10 ac site started concurrent with construction, under best and
worst case future habitat scenarios. See text and Appendix A for details.
Habitat Value change, AAHUs area to offset “mitigation
AAHU loss, ac ratio”
future habitat scenario: best worst best worst | best | worse
Impact mitigation | mitigation
Model: TS 30 L | 10ac 10ac
Yell. -8.8 8.8 59 9.9 14.9 0.72 | 1.08
Warbler
Rip. -8.8 5.7 3.0 15.5 293 1.12 | 2.11
Songbird
Rip. Forest -10.0 8.9 5.4 11.3 18.8 0.81 | 1.35
CT
Downy -3.2 2.1 1.4 14.8 222 1.07 | 1.60
Wood.
Hairy Wood. | -0.9 4.1 0.9 2.1 9.2 0.15 |0.88




Comparison of the losses at the impact site to the gains at the theoretical mitigation site is used to
determine the mitigation need in terms of acres and the mitigation ratio. In such an analysis, it is
customary for the Service to apply to its recommendation the result from the model that shows
the greatest ratio. This practice ensures that in-kind values for other models with lower ratios
would be at least fully compensated. For TS 30 L under the stated assumptions, and assuming a
reasonable worst-case future scenario for mitigation, full compensation for loss of habitat values
for all models would be achieved by a ratio (impact site: mitigation site) of about 2.11:1. This
would require a riparian mitigation area of 29.3 ac to offset the habitat value impacts to the 13.88
acat TS 30 L. As we explain below (Analysis), this result is not a precise prescription for our
mitigation recommendation due to factors beyond the scope of the models.

We also conducted a futures analysis to compare mitigation scenarios (worst case only) where
the mitigation was assumed initiated 10 years before impact (Table 2). This was intended to
illustrate the mitigation value in excess of that needed for TS 30 L, which could be used to
offset a future impact (APPENDIX A, TAB: futureexcess). For purposes of this exercise, we
assume that the impact is the same as TS 30 L, although another reach would likely have a
different baseline and area. Over a 51 year period of analysis of that scenario, an earlier
mitigation start lowered the mitigation ratio. The greatest difference is for the Hairy
Woodpecker model (ratio of 0.49 compared to 0.88, above) which is attributed to the longer
period of snag presence. The minimum effect, for the Riparian Songbird Guild model, is slight
(ratio of 2.05 compared to 2.11, above). Taken together, the results indicate that the
recommended mitigation ratio with advance mitigation (or remaining excess used for future
impacts) remains about 2:1.

Table 2: Habitat Values for TS 30 L HEP study. Impact is loss of December 2021 baseline.
Mitigation is for a conceptual 10 ac site started either concurrent with construction or 10 years
before construction (“10 yr”, below), under worst case futures scenario. See text and
Appendix A for details.
Habitat Value change, AAHUs area to offset “mitigation ratio”
AAHU loss, ac
start scenario: concurrent | 10 yr concurrent | 10 yr |concurrent | 10 yr
site: Impact Mitigation | Mitigation
Model: TS 30 L | 10ac 10ac
Yell. Warbler | -8.8 5.9 6.7 14.9 13.1 1.08 0.94
Rip. Songbird | -8.8 3.0 3.1 29.3 28.4 | 2.11 2.05
Rip. Forest CT | -10.0 5.4 5.7 18.8 17.7 | 1.35 1.28
Downy Wood. | -3.2 1.4 1.5 22.2 20.8 1.60 1.50
Hairy Wood. | -0.9 0.9 1.3 9.2 6.8 0.88 0.49
ANALYSIS

Here, we consider differences between the impact site and alternative mitigation locations
(Appendix D, Plates 2-3). This analysis involves other factors not inherent in HEP which,
together with the HEP results, are used to develop recommendation for siting priority and site-
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specific mitigation ratios for impacts at TS 30 L. Unless noted otherwise, the sites are privately
owned. These mitigation locations are:

e Adjacent Corridor: This would be immediately west of TS 30 L, about 80-100 feet wide
and roughly the length of TS 30 L. This would make it about 25 ac, corresponding to
the parcel in which it is located. There is a force sewer main and associated easement
running the full north-south length of the parcel and another shorter easement where high
power lines cross. As with TS 30 L, adjacent land use is residential to the east and rice
agriculture within this site and to the west.

e Manteca: This site is located 18 miles south of TS 30 L, about a half mile southwest of
the intersection of South McKinley Street and Pink Muhly Lane. About 150 ac, it is
currently in agriculture (gourd such as squash or pumpkin). It is surrounded by levees,
and part of the site is close to Walthall Slough, a perennial waterway which has some
natural oak woodland, riparian, and wetland vegetation.

e Van Buskirk Park: This site is about 5 miles south of TS 30 L along the right (north)
bank of French Camp Slough. It is a recently decommissioned golf course with
redevelopment pending, on land deeded to the City of Stockton for the purpose of
community recreation. Currently, the site has been cleared of most woody vegetation,
although some scrub has regrown in former water features. The mitigation concept is to
include a component of habitat restoration of some of the 152 ac in redevelopment of the
site in a way that would be consistent with that purpose. Improvement of the levee at this
site is another component of the LSJRFS, although it could be set back or modified to
provide tidal influence and additional benefit.

e Kumar Property: This site is a horseshoe-shaped area of 50 ac, currently with young
olive trees, that surrounds another 40-50 ac mitigation site managed by the Center for
Natural Lands Management known as the Pace Preserve. This mitigation site has a
mosaic of trees, shrubs, and wetlands. High-power lines run through the site. It is
several miles west of TS 30 L. The idea at this site would be to remove the olive trees
and perform habitat restoration. Vegetation may be limited under the power lines.

e Solari Property: This 50 ac site is fallowed, former farmland with a few shrubs. It is also
a few miles west of TS 30 L. It appears bordered by hay fields. It is perhaps 100 yards
or so from the San Joaquin River, which is leveed. There are no visible power lines or
other known utilities.

e Pump Station: This 113 ac site is a mile or so north of TS 30 L at the corner of 14 Mile
and White Sloughs. An actual pump station takes up a small portion of the site, and
another portion of the site was used at one time as sewage ponds. Several high-voltage
lines and associated towers run through the site. Most of the site is fallow herbaceous
weeds, and some scrub. The concept for this site would be to restore riparian (with
shorter habitat types or wetland under power lines). It may be possible to modify the
levee alignment to allow tidal exchange.

PRELIMINARY MITIGATION RECOMMENDATIONS
The recommendations in this report are to be considered preliminary due to the limited

information about the mitigation sites. These recommendations are based on the Service’s best
professional opinion on resource considerations only, such as habitat quality, fish and wildlife
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resource needs - including those of listed species, and landscape factors. Other factors such as
real estate acquisition, cost, and implementation schedule are beyond our purview and are not
discussed. As originally described in our FWCA report for the LSIRFS, repeated below, we use
similarity in location and habitat type to prioritize mitigation options (Service 2016, p. 28):

“In order of decreasing preference, the Service's preference for type and location
of mitigation action for this project would be: (1) avoidance of impact, such as
through changes in design or design approach; (2) minimization of impact, by
similar means; (3) compensation on-site, as in the same location of the impact; (4)
compensation near-site, and in-kind, as in very close proximity to the impact site
on the same waterway, and of the same or similar habitat type, or, if an alternative
habitat type, one which will benefit the affected fish and wildlife resources; (5)
off-site compensation, also in-kind; and (6) off-site compensation, out-of-kind,
meaning a moderately or completely different habitat type, but preferably, a cover
type which is as or more desirable than that being affected. Existing conservation
banks, due to their siting and other factors, would be considered of relatively low
priority in this scheme.”

Following this scheme as a guide, the Service’s first preference of the location for mitigation of
TS 30 L impacts is Adjacent Corridor. This is closest to the impact site and would replace
several functions not achievable with other options. This is the only option which would
provide, as well as enhance, a direct corridor for wildlife movement between habitat at Tenmile
Slough/Bulkley Cove and Fourteenmile Slough. Habitat in Adjacent Corridor would replace the
buffer between the Brookside residential community and adjacent rice agriculture currently
provided by habitat in the TS 30 L footprint. Disturbance of a portion of the site, with
relocation of the drainage ditch, is already necessary for the construction of TS 30 L, so the
additional work for restoration would be modest. In the long term, lateral groundwater
movement due to proximity to the drainage ditch would presumably support the restoration.
During the design high water event, riparian vegetation here might provide an increment of wave
attenuation that could enhance flood protection. The sewer main and easement location, depth,
and associated vegetation restrictions, would need to be assessed for consistency with
restoration. If tall unmowed (or infrequently mowed) herbaceous vegetation were allowed in this
easement, this might replace the value of the herbaceous/woody mixture of the current habitat at
TS 30 L.

In general, habitat quality increases with unit size and width, which are limited in Adjacent
Corridor by the narrow width of the allowed woodland. However, we noted that the TS 30 L
impact site is also narrow and experiences apparently high wildlife use. Raptors seen on tall
snags during the March 2021 site visit may be foraging in plowed fields near the site at that time
of year, or in the herbaceous grassland patches within the site. Site specific factors not explicit
in the HEP models which may attract wildlife to this site include the patch combination of dense
shrub, herbaceous, and tree cover, nearby semi-perennial water, semi-perennial water of the
drainage ditch, associated wetlands, aspect (west facing), or other factors. The Service would
recommend mitigation similar to the HEP-derived 2.11:1 ratio (mitigation area:impact area) for
the Adjacent Corridor, due to its similarity in landscape functions, very close proximity to the
impact site, and potential to integrate restoration work with project construction.
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The Kumar, Solari, and Pump Station sites are similar in their next nearest proximity to the
impact site, and have a mixture of advantages and disadvantages on first impression. Both the
Kumar and Pump Station sites have significant powerline easements that would likely limit
habitat restoration underneath them in those areas. The Solari property has no such easements,
but it is a smaller unit size. The Pump Station has the potential for contaminants in minor areas
which would require at least assessment and possibly cleanup. All are more or less isolated sites
which do not act as a corridor, although all are in the general proximity of the San Joaquin River
or White Slough, which are potential wildlife corridors. The Service would recommend a
slightly higher mitigation ratio for these sites, on the order of 2.5:1. Because one or more of
these sites have a higher near term certainty of implementation than the others, and their
proximity to the impact site, they are considered second preference to Adjacent Corridor.

Van Buskirk is more distant from the impact site, but has additional potential because it is close
to a section of French Camp Slough near its confluence with the San Joaquin River, and also
across the slough from the French Camp Mitigation Bank. This levee is heavily rocked and
planned currently to be improved (raised, slurry wall) in place under the LSIRFS, but it could be
set back or modified to provide a tidal connection. This would allow for water side vegetation
(both wetlands and SRA cover) habitat at the land-water interface. Mitigation in the form of
waterside vegetation and tidal connection would provide habitat values to the Delta and
associated aquatic community. Although tidal habitats are not impacted by TS 30 L in
particular, there are expected impacts to Delta tidal waters in other elements of the LSJRFS that
do affect SRA cover and shallow water habitat generally. Actual habitat restoration area at Van
Buskirk is likely to be partial due to other site uses, but still significant (~50-70 ac). If Van
Buskirk were to be ready and available as mitigation for TS 30 L, the Service would
recommend a lower mitigation ratio on the order of 2.0-2.5:1, with the lowest ratio associated
with a setback design. However, due to distance from the impact site and lower certainty of near
term implementation, it is considered third priority.

Manteca is the farthest from TS 30 L but it also is the largest in size of actual restorable habitat
(150+ ac). It is far enough south that it is in the range of the listed riparian brush rabbit, which
has been successfully propagated and introduced elsewhere on the west side of the San Joaquin
River. Adequate water appears to be available through the existing agricultural infrastructure.
This site, about a mile east of the San Joaquin River, would add to other habitat on Walthall
Slough and the vicinity. Nevertheless, mitigating for impacts of TS 30 L, and likely other
impacts within the LSJRFS so far away would have the adverse effect of consolidation (i.e., the
formation of habitat voids by concentrating mitigation at one location, to offset impacts to
widely distributed habitat). Here, mitigation would be at the south end of the LSJRFS, at the
expense of impacted fragments and channel-associated riparian all to the north. Additionally,
this particular site is also identified for habitat restoration under the Mossdale Tract Urban Flood
Risk Reduction project (Mossdale UFRR) as an enhancement action. Although the Mossdale
UFRR is in earlier planning and subject to change, the Service would need to further scrutinize
the matter of changing the intent of enhancement to using it as mitigation for TS 30 L. Should
Manteca ultimately be selected and ready for TS 30 L, the Service would recommend a higher
mitigation ratio of at least 3:1. For these reasons, the Manteca site is considered fourth priority.
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GENERAL RECOMMENDATIONS

1. Sequence: To ensure that the amount (area) of habitat is not reduced and, consistent with our
general guidance, we recommend that mitigation be fully constructed and planted prior to the
time of first impact. That is, if vegetation clearing and any associated elderberry transplantation
for TS 30 L were done during the winter season to minimize impacts, the mitigation for those
impacts should already be in place by the time of clearing.

2. Overall Mitigation Strategy: An overall strategy is recommended to incentivize early
implementation and provide a mechanism for accounting impacts and mitigation. Because most
sites are larger than needed for TS 30 L, any excess that is generated could potentially be used
to offset impacts of future reaches of the LSJRFS. Mitigation ratios for future impacts will
depend on the baseline habitat affected, the time that the excess mitigation has been in place,
additional HEP study, and further coordination with the Corps expected as part of their
development of an overall mitigation strategy.

3. Objectives: The Service will seek to achieve both (a) no net loss of in-kind habitat value, the
resource category goal stated in Service (2016) as well as (b) no net loss of in-kind habitat area,
for Resource Category 2 habitats. No net loss of area is justified when, as in this project area
with its combined development for urban and agricultural uses, the habitat types are already rare
and limited. This includes wetlands and riparian cover-types.

4. Mitigation Ratio: The recommended mitigation ratio will depend on the site, but should in no
case be less than 2:1 on an area basis.

5. Listed Species compensation: To the extent possible, mitigation should include components
of compensation for listed species, such as elderberry bushes for VELB, wetlands for giant garter
snake, and habitats adjacent to tidal waters such as SRA cover and shallow water habitat for
listed fishes.
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APPENDIX A: Excel Spreadsheet for HEP of TS 30 L



A

B |

THIS IS THE "Models" TAB

This Excel Spreadsheet has seven TABS and calculates

habitat value for the HEP sampling done at TS_30_L in December 2021

last edited

11/2/2022

This first TAB starts includes a description of the seve

n TABs in this excel spreadsheet, and describes the models used

Sampling d

ates: December 2, 3, 7, and 8, 2021

TABS

Models: describes the variables, curves, and methods used

(o} ool ILNE No )l U, BN SNy NUUR B \OJ F-

HSIdatacal

c: includes raw data from field datasheets, plot values for variables (V), associated suitability indicices (SI), and HSI

also includes rough calculation of sampled area (all habitat area), and average HSIs which are used in futures

Tree Hts: includes raw data from field datasheets, plot averages in meters and feet, Sl calculations for V1(rfct) and V3(

rsg) variab

les models

Species: includes list of species seen in each plot, as noted on field datasheets \ \

BasalArea: includes all direct measurements and estimations in field for basal area for each plot, and total calculations

Futures: desktop exercise to assess mitigation area need; best professional opinion of best case and worst case scenari

‘developed futures for each model; compared loss to existing; based on concurrent mitigation ‘

FuturesExcess: this tab is a scenario in which mitigation is set to begin at 10 years old at time of project impact

CAUTION: futures are best case, preliminary/subject to review/revision, actual habitat value may vary with mitigation timing, actu

al performance,

as well as other factors not reflected in HEP models (e.g., adjacency to water/ag, connectivity, location/position on landscape, etc.

)

Models chosen based on general characteristics, dominated by shrub/understory vegetation, some larger willows, a few larger trees

snags susp

ected; high bird use noted in March 2021 site visit (raptors, songbirds, woodpeckers, hummingbirds, others);

proximity to ag fields, water via ag drainage ditch, and separation from human activity (levee, restricted access) enhances wildlife use

1. modified Yellow Warbler (Schroeder 1982) - FWS "bluebook" model; derived from earlier Morse studies;

V1- percen

t deciduous shrub crown cover, total as measured on two transects in each plot. Optimal at 60-80% cover

note: herbaceous, including tall stiff herbaceous, are not included as shrub, that is, it is woody only; frequently estimated to nearest 5 or 10 feet.

V2 - average height of deciduous shrub canopy, in meters; average of shrubs along or nearest to two transects. Optimal at 2+ meters.

V3 - % deciduous shrub canopy cover composed of hydrophytic shrubs, ft cover along two transects converted to %. Min Sl = 0.1; Max Sl at 100% cover

V4 - % cover of tall trees (> 30 feet tall), measured as the canopy greater than 30 feet over two transects in each plot

Note: V4 is a modification, an added variable first developed by local sponsor in a 1988 HEP for the upper Guadalupe River

The 1988 version had a minimum of zero for 0% tall trees, optimum of 1.0 from 50-75% tall trees, and decline to 0.75 at 100% tall

trees

This original modification was further modified in the 1998, USFWS HEP, to have a minimum value of 0.5 at 0% tall trees.

This further modified model, with 4 variables was again used in the 2009 Reach 12 HEP on the Guadalupe River

Use of tall trees, for occasional forage beats, or nest protection from cowbird parasitism, is consistent with yellow warbler observations

since Morse and the 1982 Schroeder model, and is particularly applicable to yellow warbler populations in the western USA

HSI (yellow warbler modified) = (siV1 x siV2 x siV3 x V4)*1/2




A | B | ¢ | b c | w | 1 [ M

40

2. Riparian Songbird Guild (Roberts 1986)

41

V1 - % shrub cover: by transect intercept method (feet cover of woody vegetation 1-3 m tall along transect/total transect length * 100)

42

V2 - % tree cover: by transect intercept method (feet cover of woody vegetation > 3m tall along transect/total transect length * 100)

43

V3 - average height of overstory trees: A minimum of 3 overstory trees were selected within each 300 x ~100 ft plot, and measured using a clinometer

44

In some instances, a clear line of sight to the treetop and tape could not be established, so these trees were estimated visually ‘ ‘

45

note: clinometer and visual estimates are noted in the data sheets with "c" or "v"; clinometer estimates are in feet calculated from the slope angle

46

percentage multiplied by ground distance, however, these angles and distances are not recorded, only the height in feet ‘ ‘

47

V4 - Canopy Layering Category: 1-none (SI=0); 2-shrubs only (SI=.25); 3=tall shrubs only (SI=.5); 4=trees only (SI=.75); 5=multiple layers (SI=1)

48

V5 - number of snags > 4 inches per acre: snags were identified for the entire plot, roughly 1/14 acre ‘

49

assuming 300 ft X 100 ft wide plots (3000 sq ft), the suitability index is maximized by 1 snag observed in a plot

50

dead limbs of trees were counted as snags if at least breast height (4.5 feet) above the ground. \

51

V6 - Percent of site in woody vegetation; this was measured directly by all woody vegetation over a transect ("feet woody" on data sheets)

52

note: herbaceous, including tall stiff herbaceous, are not included as shrub, that is, it is woody only; frequently estimated to nearest 5 or 10 feet.

53

54

HSI = {[(V1+ V2 + (2 X V3)/4)X VA]A0.5 + V5}*V6/2

55

56

3. Riparian Forest Cover type (USFWS. 2001. Sacramento Fish and Wildlife Office in-house model)

57

V1 - Average tree height, in feet; optimal at 60 feet and greater; same data as rip. songbird guild V3, converted to feet, different Sl curve

58

V2 - Average canopy width of riparian trees, measured as intersection along transect across riparian zone. min Sl = 0.2 at 30 or less ft; opt Sl

=1 at 70+ ft.

59

field estimate by taking total transect length, and subtracting tape-measured outer herbaceous, if any. \ \

60

V3 - Tree Canopy Closure, measured as percent of tree cover over transect; optimal at 60-80%; SI=0.8 at 100%, SI=0.0 at 0%

61

Note: 5M criterion (16.5 ft) for trees, so may not be same as rip. songbird guild variables V2 (tree cover, 3M+) or V6 (all woody cover, which includes shrubs)

62

Rationale is that low shrubs (1-3 M) are not considered "canopy", nor "tree"; notation made on all data sheets that rip. songbird guild V2 is to be used.

63

V4 - number of tree or shrub species; optimal at 4+ species; minimum value of 0.6 for 1 species ‘ ‘ ‘ ‘

64

V5 - Average Understory Vegetative Density in %, this calculated from the feet of interception of vegetation at planes at 2, 6, and 14 feet, estimated at each transect

65

Note: One such overall estimate at each transect, then average of transects within a plot ‘ ‘ ‘ ‘

66

A (non-native adjustment factor): If tree canopy dominated by non-natives, HSI is reduced by 40%, so A=.6; if native-dominated tree canopy, A= 1.0

67

B (separation from surface water): If riparian edge begins further than 20' from water, reduce by 1/3, so B=2/3; otherwise B =1.0 (not applied in this stu

dy)

68

69

HSI (riparian forest cover type) = A*B*(((siV1 * siV3 * siV4)*M/3 + (siV2 * siV5).5)/2)

70

71

4. Hairy Woodpecker (Sousa 1987)

72 |Note: model applicability states a minimum of 4 ha (~11 acres) of habitat and 40 M width, marginal for TS_30_L, but other forested habitat is present south.

73

Note: variables V1-3 measured with Biltmore stick

74

Vi snags>25cm/acre

‘optimized at 2+/acre; due to rarity of this size snag, and use in nesting, average of all plots is applied for this variable (total ~1.4 ac)

75

V2 nest component; SI=0 at >8", 1.0 at 16+"; mean dbh of overstory tree; overstory trees in each plot as could be reasonably estimated;

76

V3 cover component; SI=.5<6", 1.0>10"; mean dbh of overstory tree; plot specific as with V2 \ \ \

77

V4 % tree canopy cover; from trees 6+M, above songbird guild/RFCT models; coarse estimate (nearest 5-10% or feet recorded)

78
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79 [HSI = (V1 +.75V2) X (V3 X V4)
80 | |
81 |5. Downy Woodpecker (USFWS. 1983. FWS/OBS-82/10.38)

82

V1 - Basal area; at 4.5' height, optimal (SI=1) from 10-20 sq M/hectare (2.71 ac), SI=0 at 0 basal area; SI=.5 at 30+sq M.

83

Note: alternative method to cruz-all needed for this study due to obscured visibility from shrubs, did stem count/diameter coarse

estimate of basal area of entire plot

84

V2 - density of snags > 6" in diameter, per acre; optimal at 5+ snags/acre ‘ ‘

85

‘optimized at 5+/acre; due to use in nesting, average of all plots is applied for this variable (total ~1.4 ac for 21 plots)

86

Note: a constant snag density is used (all plots) with a plot-specific basal area

87

88

HSI (downy woodpecker) = the mininum Sl of V1 and V2
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1 |THIS IS THE "HSIdatacalc" TAB
2 |Yellow Warbler Modified
3 |note: for V3, essentially all deciduous shrub canopy cover is by hydrophytic species, thus V3 = 1.0 unless specified otherwise
4 |Plot 1 2 3 4 5 6 7
5 |transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
6 |length 65 100 100 100 120 100 100 100 100 100 100 100 100 100
7 |feet dsc 18 79 72 82 60 100 50 90 90 100 70 90 90 90
8 |Viltrans 0.28 0.79 0.72 0.82 0.5 1 0.5 0.9 0.9 1 0.7 0.9 0.9 0.9
9 |Vlavg 0.59 0.77 0.73 0.70 0.95 0.80 0.90
10 [SI(V1)avg 0.98 1.00 1.00 1.00 0.70 1.00 0.80
11 (V2 2 2 2 1.6 2 1.88 1.92 1.45 1.5 1.79
12 |V2avg 2 2 2 1.8 1.9 1.475 1.79
13 |SI(V2) 1.00 1.00 1.00 0.80 0.94 0.73 0.90
14 |1V3 1.00 1.00 1.00 1.00 1.00 1.00 1.00
15 |SI(V3) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
16 |V4 0 0 0 0 0.6 0.1 0.6 0.1 0.3 0.3 0 0.3 0 0.2
17 |Vdavg 0 0 0.35 0.35 0.3 0.15 0.1
18 |SI(V4) 0.5 0.5 1 1 0.8 0.5 0.5
19
20 |HSI-ywmod 0.70 0.71 1.00 0.89 0.73 0.60 0.60
21 |HSIl-yworig 0.99 1.00 1.00 0.89 0.81 0.85 0.85
22
23 |Plot 8 9 10 11 12 13 14
24 |transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
25 |length 100 100 60 50 100 100 100 100 100 100 100 100 100 100
26 |feet dsc 85 100 60 50 60 100 90 100 95 75 80 80 77 74
27 |Vitrans 0.85 1 1 1 0.6 1 0.9 1 0.95 0.75 0.8 0.8 0.77 0.74
28 |Vlavg 0.93 1.00 0.80 0.95 0.85 0.80 0.76
29 |SI(V1)avg 0.75 0.60 1.00 0.70 0.90 1.00 1.00
30 (V2 1.76 1.88 1.6 2 2 1.8 1.6 2 2 2 1.1 2 1.65 1.22
31 |V2avg 1.82 1.8 1.9 1.8 2 1.55 1.435
32 |SI(V2) 0.88 0.80 1.00 0.80 1.00 0.55 0.83
33 |V3trans 1.00 1.00 1.00 1.00 1.00 1.00 0.40 1.00 1.00 1.00 1.00 1.00 1.00 1.00
34 |V3avg 1.00 1.00 1.00 0.70 1.00 1.00 1.00 1.00
35 |SI(V3)avg 1.00 1.00 1.00 0.73 1.00 1.00 1.00
36 |v4 0 0 0 0 0 0.1 0.2 0 0.2 0 0 0 0.2 0
37 |Vdavg 0 0 0.05 0.1 0.1 0 0.1
38 [SI(v4) 0.5 0.5 0.5 0.7 0.7 0.5 0.7
39
40 [HSI-ywmod 0.57 0.49 0.71 0.53 0.79 0.52 0.76
41 |HSI-yworig 0.81 0.69 1.00 0.64 0.95 0.74 0.91
42
43 |Plot 15 16 17 18 19 20 21
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44 |transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
45 |length 100 100 150 120 100 100 80 75 100 90 80 80 80 80
46 |feet dsc 50 50 135 90 50 85 60 30 30 0 45 60 75 60
47 V1 0.50 0.5 0.9 0.75 0.5 0.85 0.75 0.4 0.3 0| 0.5625 0.75 0.9375 0.75
48 |Vlavg 0.50 0.83 0.68 0.58 0.16 0.66 0.84
49 |SI(V1)avg 0.83 0.93 1.00 0.97 0.26 1.00 0.91
50 |Vv2 0.5 0.81 2| 1.466667 1.75| 1.647059 2 2 1.25 0 2 1.8 2 1.75
51 |V2avg 0.655 1.733333 1.698529 2 0.625 1.9 1.875
52 |SI(V2) 0.25 1.00 0.88 1.00 0.63 1.00 1.00
53 V3 1.00 1.00 1.00 1.00 1.00 1.00 0.40 1.00 1.00 0.00 1.00 1.00 1.00 0.69
54 |V3avg 1.00 1.00 1.00 0.70 0.50 0.10 1.00 0.84
55 [SI(V3)avg 1.00 1.00 1.00 0.73 0.55 1.00 0.86
56 |V4 0 0 0 0.1 0 0 0| 0.533333 0 0 0 0 0 0.2
57 |Vdavg 0 0.05 0 0.266667 0 0 0.1
58 [SI(V4) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
59
60 [HSI-ywmod 0.32 0.68 0.66 0.59 0.21 0.71 0.63
61 |HSI-yworig 0.46 0.97 0.94 0.84 0.30 1.00 0.89
62
63 |Riparian Songbird Guild
64 |note: for variables V1 and V2, these are considered non overlapping, as "trees" being >3M only generally have lower limbs that go 1-3M as well
65 |note: this non-overlapping assumption may modestly underestimate foliage Sls and overall HSI but is deemed appropriate for this site
66 |note: V4 is the maximum, not the average, of both transects, considering that multiple layers anywhere in a plot applies
67 |Plot 1 2 3 4 5 6 7
68 |transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
69 |length 65 100 100 100 120 100 100 100 100 100 100 100 100 100
70 |ftshrub<3m 18 79 77 82 60 100 50 90 90 100 40 45 30 30
71 |V1 27.69230769 79 77 82 50 100 50 90 90 100 40 45 30 30
72 |Vl1avg 53.34615385 79.5 75 70 95 42.5 30
73 |SI(V1)avg 1.00 1.00 1.00 1.00 0.63 0.81 0.50
74 |fttree>3m 12 70 77 82 80 80 20 70 80 80 50 55 70 60
75 |Vv2 18.46153846 70 77 82| 66.66667 80 20 70 80 80 50 55 70 60
76 |V2avg 44.23 79.5 73.33333 45 80 52.5 65
77 |SI(V2)avg 0.21 1 1 0.25 1 1 1
78 |V3 7.66 7.10 10.8966 13.716 8.5344 9.492343 5.7912
79 [SI(V3) 1 1 1 1 1 1 0.95824
80 |Vv4 5 5 5 5 5 5 5 5 5 5 5 5 5 5
81 |V4max 5.00 5.00 5.00 5.00 5.00 5.00 5.00
82 [SI(v4)max 1 1 1 1 1 1 1
83 |snags>4" 1 3 1 4 0 1 6
84 |V5 1.76 4.356 1.32 5.808 0 1.452 8.712
85 |SI(V5) 0.59 1.00 0.44 1.00 0.00 0.48 1.00
86 |allwoodyft 18.00 79 77.00 82 120.00 90 70.00 90 90.00 100 70.00 90 90.00 90
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87 |V6%allwoody 27.69 79.00 77.00 82.00 100.00 90.00 70.00 90.00 90.00 100.00 70.00 90.00 90.00 90.00
88 |Vbavg 53.35 79.50 95.00 80.00 95.00 80.00 90.00
89 |SI(V6)avg 0.51 0.78 0.95 0.79 0.95 0.79 0.89
90
91 |HSI-rsg 0.38 0.78 0.68 0.75 0.45 0.58 0.86
92
93 |Plot 8 9 10 11 12 13 14
94 |transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
95 |length 100 100 60 50 100 100 100 100 100 100 100 100 100 100
96 |ftshrub<3m 40 25 60 0 30 60 40 100 65 40 80 80 32 40
97 |V1 40 25 100 0 30 60 40 100 65 40 80 80 32 40
98 |Vlavg 32,5 50 45 70 52.5 80 36
99 |SI(V1)avg 0.56 1.00 0.88 1.00 1.00 1.00 0.65
100|fttree>3m 60 75 0 40 70 40 40 0 30 30 5 5 45 30
101|V2 60 75 0 80 70 40 40 0 30 30 5 5 45 30
102|V2avg 67.50 40 55 20 30 5 37.5
103]|SI(V2)avg 1.00 0.75 1.00 0.25 0.50 0.00 0.69
104]V3 8.26 7.62 6.096 8.382 6.477 7.112 6.2992
105]SI(V3) 1 1 1 1 1 1 1
106|V4 5 5 5 5 5 5 5 5 5 5 5
107|V4max 5.00 5.00 5.00 5.00 5.00 5.00 5.00
108]SI(V4)max 1 1 1 1 1 1 1
109|snags>4" 2 0 1 3 4 4 3
110]V5 2.904 0 1.452 4.356 5.808 5.808 4.356
111]SI(V5) 0.97 0.00 0.48 1.00 1.00 1.00 1.00
112]allwoodyft 85 100 60 50 100 100 100 100 100 75 85 85
113|V6%allwoody 85 100 100 100 100 100 100 100 100 75 85 85 77 74
114|V6avg 92.50 100.00 100.00 100.00 87.50 85.00 75.50
115]SI(V6)avg 0.92 1.00 1.00 1.00 0.87 0.84 0.74
116
117|HSI-rsg 0.88 0.48 0.73 0.95 0.84 0.79 0.71
118
119|Plot 15 16 17 18 19 20 21 TEST
120|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
121|length 100 100 150 120 100 100 80 75 100 90 80 80 80 80
122|ftshrub<3m 40 30 10 60 35 85 40 29 30 0 20 40 30 20
123|V1 40 30| 6.666667 50 35 85 50| 38.66667 30 0 25 50 37.5 25
124|Vlavg 35 28.33333 60 44.33333 15 37.5 31.25
125]SI(V1)avg 0.63 0.46 1.00 0.86 0.13 0.69 0.53
126|fttree>3m 0 20 130 30 10 30 20 50 0 0 25 20 45 55
127|V2 0 20| 86.66667 25 10 30 25| 66.66667 0 0 31.25 25 56.25 68.75
128|V2avg 10.00 55.83333 20 45.83333 0 28.125 62.5
129]SI(V2)avg 0.00 1.00 0.25 0.90 0.00 0.45 1.00
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130|V3 8.26 7.18 7.3152 9.0424 5.588 8.1788 6.94944
131]SI(V3) 1 1 1 1 0.9176 1 1 1
132|Vv4 1 5 5 5 5 5 5 5 2 1 5 5 5 5
133|V4max 5.00 5.00 5.00 5.00 2.00 5.00 5.00
134|SI(V4)max 1 1 1 1 0.25 1 1 1
135[snags>4" 4 2 1 2 4 1 1
136|V5 5.808 2.151111 1.452 3.747097 6.113684 1.815 1.815
137]SI(V5) 1.00 0.72 0.48 1.00 1.00 0.61 0.61 1
138|allwoodyft 50 50 135 90 50 85 60 65 30 0 45 60 75 75
139|V6%allwoody 50 50 90 75 50 85 75 87 30 0 56 75 94 94
140|V6avg 50.00 82.50 67.50 80.83 15.00 65.63 93.75
141]SI(V6)avg 0.47 0.82 0.66 0.80 0.11 0.64 0.93 1
142
143]HSl-rsg 0.43 0.67 0.46 0.79 0.07 0.48 0.72 1.00
144
145|Riparian Forest Cover Type
146|note: V1 is in feet; V2 is feet over transect; V3 is % estimate over transect; V5 is % visual estimate over transect, at 3 planes, averaged, recorded on datasheet (entered here)
147|Plot 1 2 3 4 5 6 7
148|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
149]length 65 100 100 100 120 100 100 100 100 100 100 100 100 100
150|V1treehtft 21 23 21 27 24 24 30
151|SI(V1-RFCT) 0.35 0.39 0.34 0.45 0.39 0.40 0.49
152|V2ripwdthft 20 80 77 82 120 100 100 90 90 100 85 90 90 90
153|V2avg 50 79.5 110 95 95 87.5 90
154|SI(V2-RFCT) 0.6 1 1 1 1 1 1
155]V3canopy% 0 20 20 0 80 50 20 70 80 80 5 50 60 40
156|V3avg 10 10 65 45 80 27.5 50
157|SI(V3-RFCT) 0.2 0.2 1 0.9 1 0.55 1
158|Va#spp 4 3 4 5 4 4 5
159|SI(V4-RFCT) 1 0.9 1 1 1 1 1
160|V5undstry 55 60 70 50 85 40 75 90 90 60 75 80 55
161|V5avg 30 65 67.5 57.5 90 67.5 67.5
162|SI(V5-RFCT) 1.00 0.94 0.91 1.00 0.63 0.91 0.91
163|Nnadjfctr 1 1 1 1 1 1 1
164
165|HSI-RFCT 0.59 0.69 0.83 0.87 0.76 0.78 0.87
166
167|Plot 8 9 10 11 12 13 14
168|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
169]length 100 100 60 50 100 100 100 100 100 100 100 100 100 100
170|V1treehtft 23.5 25 20 27.5 21.25 23.33333 20.66667
171]SI(V1-RFCT) 0.39 0.42 0.33 0.46 0.35 0.39 0.34
172|V2ripwdthft 85 100 60 50 100 100 100 100 100 100 100 100 100 100
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173|V2avg 92.5 55 100 100 100 100 100
174|SI(V2-RFCT) 1 0.7 1 1 1 1 1
175|V3canopy% 50 30 0 25 90 30 40 0 20 30 5 0 40 30
176{V3avg 40 12.5 60 20 25 2.5 35
177]SI(V3-RFCT) 0.8 0.25 1 0.4 0.5 0.05 0.7
178|Va#spp 5 4 5 3 4 5 7
179]|SI(V4-RFCT) 1 1 1 0.9 1 1 1
180[V5undstry 70 70 50 80 90 80 60 60 60 70 35 35 55 30
181|V5avg 70 65 85 60 65 35 42.5
182|SI(V5-RFCT) 0.88 0.94 0.69 1.00 0.94 1.00 1.00
183|Nnadjfctr 1 1 1 1 1 1 1
184
185|HSI-RFCT 0.81 0.64 0.76 0.77 0.76 0.63 0.81
186
187|Plot 15 16 17 18 19 20 21
188|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
189|length 100 100 150 120 100 100 80 75 100 90 80 80 80 80
190|V1treehtft 27 24 24 30 18 27 23
191|SI(V1-RFCT) 0.45 0.39 0.40 0.49 0.31 0.45 0.38
192|V2ripwdthft 90 60 135 90 65 75 60 70 50 0 45 60 75 80
193|V2avg 75 112.5 70 65 25 52.5 77.5
194|SI(V2-RFCT) 1 1 1 0.9 0.2 0.65 1
195{V3canopy% 0 0 135 90 5 35 20 65 0 0 20 10 50 62.5
196|V3avg 0 112.5 20 42.5 0 15 56.25
197|SI(V3-RFCT) 0 0.59375 0.4 0.85 0 0.3 1
198|Va#spp 7 6 2 5 6 6 6
199]SI(V4-RFCT) 1 1 0.8 1 1 1 1
200|V5undstry 15 30 85 40 30 65 40 40 25 0 45 50 75 50
201|V5avg 22.5 62.5 47.5 40 12.5 47.5 62.5
202|SI(V5-RFCT) 0.80 0.97 1.00 1.00 0.53 1.00 0.97
203|Nnadjfctr 1 1 1 1 1 1 1
204
205]|HSI-RFCT 0.45 0.80 0.72 0.86 0.37 0.72 0.85
206
207|Downy Woodpecker
208|see BasalArea TAB of this spreadsheet for V1, SI(V1-dw) calculations
209]|Plot: 1 2 3 4 5 6 7 8 9 10
210]SI(V1-dw) 0.27 1.00 0.99 0.50 0.50 0.80 0.19 0.05 0.16 1.00
211|plot 10"snag 1 3 1 2 0 1 6 0 0 1
212|V2-snag/ac 1.5 4.4 1.5 2.9 0.0 1.5 8.7 0.0 0.0 1.5
213|SI(V2-dw) 0.29 0.87 0.29 0.58 0.00 0.29 1.00 0.00 0.00 0.29
214|HSI-dw 0.27 0.87 0.29 0.50 0.00 0.29 0.19 0.00 0.00 0.29

215
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216|Plot: 11 12 13 14 15 16 17 18 19 20 21
217]SI(V1-dw) 0.20 0.74 0.71 0.16 0.34 0.59 0.77 0.30 0.14 0.78 0.71
218|plot 10"snag 3 3 0 2 2 1 0 1 1 0 0
219|V2-snag/ac 4.4 4.4 0.0 2.9 2.9 1.5 0.0 1.5 1.5 0.0 0.0
220|SI(V2-dw) 0.87 0.87 0.00 0.58 0.58 0.29 0.00 0.29 0.29 0.00 0.00
221 HSI-dw 0.20 0.74 0.00 0.16 0.34 0.29 0.00 0.29 0.14 0.00 0.00
222
223|Test calculation (average snag density) 1.16 Test calculation (average basal area) 38.14
224|associated snag SI(V1-dw) 0.23 associated BA SI(V2-dw) 0.87
225|Test calculation, HSI-dw from average snag and BA 0.23
226|Test calculation, HSI-dw as average HSI across plots 0.23
227
228|Hairy Woodpecker
229|see BasalArea TAB of this spreadsheet for V1-hw (DbH of overstory trees) calculations
230|Plot: 1 2 3 4 5 6 7 8 9 10
231|transllength 65 100 120 100 100 100 100 100 60 100
232|trans2length 100 100 100 100 100 100 100 100 50 100
233|plotl0"snag 1 2 0 0 0 0 3 0 0 0
234|V1-snag/ac 1.5 2.9 0.0 0.0 0.0 0.0 4.4 0.0 0.0 0.0
235]SI(V1-hw) 0.29 0.58 0.00 0.00 0.00 0.00 0.87 0.00 0.00 0.00
236|meandbhov 8.8 1.0 13.8 8.8 4.7 6.5 12.5 6.0 1.3 12.5
237|SI(V2-hw) 0.11 0.00 0.83 0.11 0.00 0.00 0.65 0.00 0.00 0.65
238|SIN 0.37 0.58 0.63 0.09 0.00 0.00 1.36 0.00 0.00 0.48
239|Testcalc SINavgsng 0.26 0.18 0.80 0.27 0.18 0.18 0.66 0.18 0.18 0.66
240|SI(V3-hw) 0.86 0.50 1.00 0.87 0.50 0.57 1.00 0.51 0.50 1.00
241|cancovtreel 10 20 80 20 60 0 60 50 0 15
242|cancovtree2 25 20 20 50 70 30 30 25 25 25
243|cancovtree%total 21 20 45 35 65 15 45 38 23 20
244|SI(V4-hw) 0.09 0.07 0.44 0.29 0.71 0.00 0.43 0.32 0.11 0.07
245|SIC 0.08 0.04 0.44 0.25 0.36 0.00 0.43 0.16 0.06 0.07
246|HSI(hw) 0.03 0.02 0.27 0.02 0.00 0.00 0.58 0.00 0.00 0.03
247|testcalc HSlavgsng 0.02 0.01 0.35 0.07 0.06 0.00 0.28 0.03 0.01 0.05
248
249|Test calculation: average snag density = 0.90
250|Test calculation: average SI(V1-hw)= 0.18
251|using avg snagSsl
252
253|Plot: 11 12 13 14 15 16 17 18 19 20 21
254|transllength 100 100 100 100 100 150 100 80 100 80 80
255]trans2length 100 100 100 100 100 120 100 75 90 80 80
256|plot10"snag 3 2 0 0 1 1 0 0 0 0 0
257|V1-snag/ac 4.4 2.9 0.0 0.0 1.5 1.5 0.0 0.0 0.0 0.0 0.0
258|SI(V1-hw) 0.87 0.58 0.00 0.00 0.29 0.29 0.00 0.00 0.00 0.00 0.00
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259|meandbhov 5.0 12.5 14.0 7.7 12.5 25.0 12.3 17.0 5.7 17.9 10.6
260|SI(V2-hw) 0.00 0.65 0.86 0.00 0.65 1.00 0.62 1.00 0.00 1.00 0.37
261|SIN 0.87 1.07 0.65 0.00 0.78 1.04 0.46 0.75 0.00 0.75 0.28
262|Testcalc SINavgsng 0.18 0.66 0.83 0.18 0.66 0.93 0.64 0.93 0.18 0.93 0.46
263|SI(V3-hw) 0.50 1.00 1.00 0.72 1.00 1.00 1.00 1.00 0.50 1.00 1.00
264|cancovtreel 30 20 0 30 0 10 0 15 0 0 10
265|cancovtree2 0 20 0 20 10 20 25 40 0 5 40
266|cancovtree%total 15 20 0 25 5 11 13 35 0 3 31
267|SI(V4-hw) 0.00 0.07 0.00 0.14 0.00 0.00 0.00 0.29 0.00 0.00 0.23
268|SIC 0.00 0.07 0.00 0.10 0.00 0.00 0.00 0.29 0.00 0.00 0.23
269|HSI(hw) 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00 0.06
270|testcalc HSlavgsng 0.00 0.05 0.00 0.02 0.00 0.00 0.00 0.27 0.00 0.00 0.11
271
272|Test calculation (average snag density) 0.90
273|associated snag SI(V1-hw) 0.18
274
275|Summary of HEP: |HSImean HSImax  |[HSImin
276|Model
277|YellowWarblerMod 0.64 1.00 0.21
278|YellowWarblerOrig 0.83 1.00 0.30
279|RipSongbirdGuild 0.64 0.95 0.07
280|RipForestCovertyp 0.73 0.87 0.37
281|DownyWoodpckr 0.23 0.87 0.00
282|HairyWoodpckr 0.06 0.58 0.00
283|Hwtestcalcavgsnag 0.06 0.35 0.00
284
285|Area estimate (rough, average width X 300 ft, summed)
286(Plot 1 2 3 4 5 6 7
287|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
288|length 65 100 100 100 120 100 100 100 100 100 100 100 100 100
289|area, acres 0.57 0.69 0.76 0.69 0.69 0.69 0.69
290(Plot 8 9 10 11 12 13 14
291|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
292|length 100 100 60 50 100 100 100 100 100 100 100 100 100 100
293|area, acres 0.69 0.38 0.69 0.69 0.69 0.69 0.69
294(Plot 15 16 17 18 19 20 21
295|transect 1 2 1 2 1 2 1 2 1 2 1 2 1 2
296|length 100 100 150 120 100 100 80 75 100 90 80 80 80 80
297|area, acres 0.69 0.93 0.69 0.53 0.65 0.55 0.55




A | B | <C D E G H M
1 |THIS IS THE "TreeHts" TAB
2 |Tree height calculation for Riparian Songbird model, variable V3; Riparian Forest Cover Type model variable V1
3 |for December 2021 HEP of Lower San Joaquin River Feasibility Study, Reach TS_30_L
4 [note: method identifier c, refers to clinometer, calculated in field; v means visual estimate by eye
5 |note: some numbers represent "synthetic" values to reflect visual estimates recorded on data sheets and verified by photos
6 |Data sheet: 1 2 3 4 5 6 7 8 9 10 11
7 14 55 30 55 29 53 10 20 25 18 30
8 60 16 47 35 30 25 10 21 25 22 25
9 20 16 25 25 26 10 30 30
10 22 18 41 27 40 25 25
11 20 18 28 30 20
12 20 20 29 18 25
13 20 20 30 15
14 |Ht feet (V1 RFCT) 25.1 23.3 35.8 45.0 28.0 311 19.0 23.5 25.0 20.0 27.5
15 |Ht meters (V3 RSG) 7.7 7.1 10.9 13.7 8.5 9.5 5.8 7.2 7.6 6.1 8.4
16 |
17 |Data sheet: 12 13 14 15 16 17 18 19 20 21
18 33 38 25 25 15 30 45 21 18 20
19 20 25 25 25 12 35 25 14 22 18
20 20 14 20 30 35 20 25 15 48 35
21 20 20 20 22 22 20 40 20 28 20
22 20 30 20 22 40 44 25 13 25
23 20 12 25 20 18
24 25 55 20 20
25 40 20 25
26 25 20
27 20
28 20
29 25
30 25
31
32 |Ht feet (V1 RFCT) 213 23.3 20.7 27.1 23.6 24.0 29.7 18.3 26.8 22.8
33 |Ht meters (V3 RSG) 6.5 7.1 6.3 8.3 7.2 7.3 9.0 5.6 8.2 6.9
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1 |THIS IS THE "Species" TAB
2 |This TAB records the species observed in each plot:
3 [Plot: 1 2 3 4 5 6 7
4 BB BB BB BB BB BB buttonwillow
5 ash willow willow red willow red willow willow BB
6 willow buttonwillow buttonwillow silver willow silver willow elderberry red willow
7 unk. compd leaf walnut buttonwillow buttonwillow silver willow unid hanging seed
8 walnut green unid Fig?
9
10 |Plot: 8 9 10 11 12 13 14
11 buttonwillow buttonwillow BB california rose buttonwillow buttonwillow BB
12 red willow red willow buttonwillow willow BB hackberry silver willow
13 silver willow compnd leaf unid unid willow BB red willow silver willow red willow
14 BB red oak seedling red willow valley oak red willow unid
15 Fig elderberry unk brownfuzzybush |compnd leaf unid
16 unid near top unk brownfuzzybush
17 buttonwillow
18
19 |Plot: 15 16 17 18 19 20 21
20 red willow silver willow buttonwillow willow valley oak willowl pecan
21 BB live oak ‘ silver willow buttonwillow willow willow2 valley oak
22 buttonwillow buttonwillow valley oak 2nd willow spp BB willow
23 2nd willow spp BB ‘ BB unid treewithgalls  |pecan BB
24 cork oak coyote bush 2nd willow spp fig live oak unid hanging seed
25 black locust walnut live oak valley oak live oak
26 walnut BB
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1 |THIS IS THE "BasalArea" TAB
2 |Note: Basal Area was determined from DbH measurements of larger trees, plus estimates of stem number X approximate DbH of dense stems
3 |this calculation can be seen in the cells for rows "BA ft/ac", recorded exactly as noted in field on data sheets.
4 [Note: overstory trees shown in bold
5 |Note: plots 2, 4, and 5, were not done by stem count due to extremely high willow density, in these plots, estimated 3 or 6 inches
6 per square yard (9 sq ft), and applied that density to the shrub portion of the plot, that is 300 ft x shrub cover in V1-yellow warbler model
7 to get an estimate of basal area in feet, per acre ‘ ‘ ‘ ‘ ‘ ‘
8 |Note: missing data/not measured in plot 10, so assumed 3"/yard X 50 ft shrub cover average / 9 ft per yard x (30,000 plot size/43,560 sq ft per acre)
9 estimate based on field photos 196, 197, 198 ‘ ‘ ‘ ‘ ‘ ‘
10 [Note: some plots (2,4,5) where average stem densities per square meter were included, yielded very large basal areas, and may be overestimates
11 INOTE: 4/15/22 - SOME BASAL AREAS ARE MISRECORDED AS SUM OF DIAMETERS, THESE INDIVIDUAL DIAMETERS MUST BE CONVERTED TO AREAS BEFORE SUMMING
12 INOTE: 4/27/22 - ALL BASAL AREAS CHECKED, RECALCULATED, RESUME EDITING 6/24/22
13 |Plot: 1 2 3 3-BAsq ft 4 5 6 7 8 9 10
14 9 8000 26 3.687008 30 4 20 10 6 8 15
15 10 16 1.396263 7 4 6 15 6 20 10
16 10 16 1.396263 4 6 6 6 10
17 6 16 1.396263 4 6 6 10
18 14 1.069014 6 6 6 8
19 4/ 0.087266 6 6 6
20 4| 0.087266 8 6 6
21 11 0.659953 7 6
22 15 1.227185 6 48
23 16 1.396263 10
24 60
25 14000 16000 40
26 12.40275
27 |Basal Area estimation notes for plots 1-10:
28 [Note: all square inches linear converted to square feet by dividing by 144
29 |plot 1: estimate wooded northern half of site is 8" per 100 sq ft, or 960" (80') BA, site area is ~.57 ac (300*(65+100/2)
30 1/2 of site is 150 x 80 feet wide = 12,000 sq ft so if 8" per 100 feet, that is 960" BA (or 960/144= 6.7 sq ft) in whole plot. BA perac=6.7/.57=11.7"
31 |plot 2: note estimate wooded area, 80% of site (24,000 sq ft, 2667 sq yds) has 3"(3/144 = .0208') BA per yard, or 667 sq ft BA; 43560/30000*55.5=80.5'/ac BA
32 |plot 3: data sheets recorded 10 tree diameters, and "2x20 - 2x40" notation, meaning 2" X 20 to 40 willow shrubs, and "est, several feet/10th acre"
33 Total for trees only is 12.4 ft sq; but if est, above is for willows, that is 3 ft/tenth acre is 30 sq feet/ac BA; overall guess 43.4/ac BA ‘
34 |plot 4: data sheet notes "likely high, 6" per sq M", which is 0.0417sq ft; assuming 80% (average of "all woody", RSG V6) reduces this to 0.033 ft BA per 9 sq ft
35 .033 ft/sq M ~.033 ft/9 sq ft; expanding to an acre 0.033/9*43560 sq ft/ac = 161.5'/ac BA | | | |
36 |plot 5: data sheet notes " est thick willow stems 6" per sq M + trees. Likely high [BA]." This would calculate out to at least plot 4, or more; 161.5' ac BA
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plot 6: data notes "15 willows x 6" = 90 sq in trees alone + willows; dense willows 1/3 site 6+"/sgM"; 20" willow, willow 6-8 stems 6"
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species ‘diameter ‘BA ‘assumption ‘ ‘ ‘ ‘
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40 willow 6| 1.374447|7 stems this size
41 willow 20| 2.181662
a2 thicket 20.83333/((100x45/9)x 6)/144 = 20.83333
43 total BA in plot 24.38944 total per acre 35.41347
44 (300 x45/9)/3x 6/144=46.3 sq ft BA in 30,000 sq ft site. 46.3*43560/30000=67.2/ac BA
45 |plot 7: data notes "4-6"/10 sq M for 1/2 site; 0"/sq M [for other 1/2?]";

46 data note calculation, assume "10 sq M" is 90sqft, not 900.

47 so overall is 2"/sqM; 2"/144=.014'; .014/9*43560=67.8'/ac BA

48 overall average of "4-6" and zero, is 2.5", (5+0)/2 ‘

49 estimate calculation of BA per sq ft, therefore, is (2.5/144)/90 0.000193

50 the BA for 1 acre is the above per foot x 43560 ‘ 8.402778

51 this was one of the few sites with a cruz-all estimate, 2 x 5 BAF, or 10'/ac BA

52 select the lower of the two estimates for the HEP ‘

53 |plot 8: notes say "not possible ~1 x 5?", in likely reference to a cruz-all measurement; the seven, 6" trees are 28" BA each or 196" total

54 169"/144=1.36 sq ft in the plot. 1.36*43560/30000=1.98'/ac BA | | | |
55 |plot 9: notes indicate 10, 4" stems; thats pi x 2 squared,x 10, or 125.6 inches or 0.872' BA in plot (125.6/144); 0.872*43560/30000=1.27/ac BA
56 individual trees measured additionally

57 species |diameter BA assumption

58 ash 8 0.349066

59 buttonW 20| 2.181662 multiple stems of same species

60 10| 0.545415

61 10| 0.545415

62 8 0.349066

63 total BA in plot 3.970624 total per acre 5.765346 plus 1.27 above = 7.035346

64 |plot 10: "missing data", post field photo interp: min 2" dia/yd=(~3" BA) per yard x 50' wooded x 300' long /144 sq in per ft)/9 ft per yd *43560/30000 = 50.4'/ac BA
65 |Plot: 1 2 3 4 5 6 7 8 9 10

66 |meanDbH 8.8 1.0 13.8 8.8 4.7 6.5 12,5 6.0 1.3 12.5

67 |BA ft/ac 11.7 80.5 434 161.5 161.5 354 8.4 2.0 7.0 50.4

68 [SI(V1-dw) 0.27 1.00 0.99 0.50 0.50 0.80 0.19 0.05 0.16 1.00

69

70 |Plot: 11 12 13 14 15 16 17 18 19 20 21
71 6 14 10 4 16 16 8 14 6 11 15
72 6 13 9 18 8 29 8 12 5 18 10
73 4 32 12 6 13 30 8 18 6 34 8
74 3 4 8 6 8 20 16 22 11
75 3 4 10 6 7 12 25 28 21
76 8 8 15 6 23 6 26 11
77 30 24 22 9
78 18 6 9
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79 6 9
80 6 8
81 8
82 8
83 |[meanDbH 5.0 12.5 14.0 7.7 12.5 25.0 12.3 17.0 5.7 17.9 10.6
84 |BA ft/ac 8.6 32.7 31.1 6.9 15.0 26.1 33.9 13.1 6.2 34.2 31.1
85 |SI(V1-dw) 0.20 0.74 0.71 0.16 0.34 0.59 0.77 0.30 0.14 0.78 0.71
86 |Basal Area estimation notes for plots 11-21:
87 |plot 11: notes for this plot have a list of species and diameters, and a guess of "10-20" for 1/3 plot", likely in reference to sum of diameters
88 photos show a foreground of rose, with sufficiently separated trees in the background to conclude the stem/diameter counts are accurate
89 species |diameter BA assumption
90 walnut 8 0.349066 individual
91 buttonW 10 0.545415 individual
92 buttonW 5/ 0.545415 20 inch sum of diameters recorded, guess 5 inches, 4 stems
93 hollyoak 6 0.19635 individual
94 willow 10| 1.090831 individual
95 willow 8 1.047198 25 inch sum of diameters recorded, guess 8 inches, 3 stems
96 willow 4| 0.698132 30 inch sum of diameters recorded for bush, guess 4 inches, 8 stems
97 elderberry 8 0.349066 individual
98 elderberry 31 0.147262 individual, overstory measurement says "4,3,3" so guess 3 inches, 3 stems
99 3-4 willow 5/ 0.545415 20 inch sum of diameters recorded, "3-4 willows, 20' total", guess 5 inches 4 stems
100 2 willows 5/ 0.409062 recorded "2 more willows, 15" total", guess 5 inches, 3 stems
101 total BA in plot 5.923211 total per acre 8.600503
102|plot 12: notes for this plot have a list of diameters, or diameter classes and numbers of stems, by species.
103 species |diameter BA assumption
104 willow 14| 1.069014
105 willow 13 0.921752
106 willow 32| 5.585054
107 willow 4/ 0.087266
108 willow 20| 8.726646 4 of these
109 willow 20| 2.181662 |1 of these
110 willow 5/ 0.545415 4 of these
111 buttonW 20| 2.181662 |1 of these
112 buttonW 15/ 1.2271851 of these
113 total BA in plot 22.52566 total per acre 32.70725
114|plot 13: species diameter BA assumption
115 buttonW 6 0.19635 5 of these
116 hackberry 18| 1.767146
117 willow 20| 2.181662
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118 buttonW 6| 0.785398|4 of these
119 hackberry 9.5| 0.984475|2, actually 2 stems 10 and 9"
120 buttonW 12| 1.570796/|24", assume 2 12"
121 buttonW 24| 1.668971|24" assume 15 and 9"
122 willow 45| 12.27185|30 and 15"
123 total BA in plot 21.42664 total per acre 31.11149
124|plot 14: notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
125 buttonW 4 0.349066 4 of these |
126 buttonW 8| 0.785398 3 of these, 20" total, 8" x2, 4"x1
127 willow 0.19635 2,4, and 4"; 10" total
128 willow 15/ 1.227185 individual
129 willow 18 1.767146 individual
130 thicket 2 0.261799 25" total dia recorded; assume 12, 2 inch stems
131 fuzzytree 6 0.19635 individual
132 total BA in plot 4.783293 total per acre 6.945341
133|plot 15 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
134 species |diameter BA assumption
135 corkoak 16 1.396263
136 willow 8 0.370882 8 and 2" stems
137 willows 1 0.1309 24x1" stems
138 buttonW 6/ 0.19635
139 willow 20| 2.181662
140 redberry 18| 1.767146
141 willows 1 0.163625 30x1" stems
142 walnut 13| 2.405282 |13 and 12" stems
143 locust 7 0.267254
144 unid 23| 2.885247
145 total BA in plot 11.76461 total per acre 17.08221
146|plot 16 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
147 willow 16 1.396263
148 willow 29| 4.586943|recorded "28-30" willow"; assume 29
149 willow 30| 4.908739|recorded "28-32" willow"; assume 30
150 willow 1 1.041667100's of 1" stems; assume 1.5" BA per stem
151 buttonW 8| 0.349066
152 walnut 20| 2.181662
153 walnut 18 1.767146
154 walnut 18 1.767146
155 total BA in plot 17.99863 total per acre 26.13401
156|plot 17 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
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157 species |diameter |BA assumption
158 willow 30| 14.72622|3, 9" stems
159 willow 2| 1.636246|thicket, assume 25, 2 inch stems
160 willow 8| 0.349066
161 liveoak 20| 2.181662
162 willow 1| 0.327249 thicket, assume 20, 1 inch stems
163 buttonW 24| 3.141593
164 buttonW 18| 0.981748|12, 6 inch stems total 18 dia
165 total BA in plot 23.34378 total per acre 33.89517
166|plot 18 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
167 species |diameter BA assumption
168 willow 2 0.392699 thicket, 35" total , 18, 2 inch stems
169 buttonW 14| 1.069014 each stem in two bushes measured individually
170 12| 0.785398
171 8 0.349066
172 16 1.396263
173 buttonW 5/ 0.136354
174 31 0.049087
175 3/ 0.049087
176 31 0.049087
177 8 0.349066
178 valloak 25| 3.408846
179 willow 2 0.327249 thicket, 30" total , 15, 2 inch stems
180 willow 5/ 0.681769 small bush, 25" dbh total, assume 5 stems 5"
181 total BA in plot 9.042987 total per acre 13.13042
182|plot 19 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
183 species |diameter BA assumption
184 willow 5/ 0.818123 "large thicket"; 30", assume six, 5 inch stems
185 willow 2 0.283616 thicket; 25", assume 13, 2 inch stems
186 valloak 31 0.049087 individual stems on two trees measured
187 6 0.19635
188 4/ 0.087266
189 valloak 6 0.19635 individual
190 willow 1/ 0.109083 thicket; 20"; smaller stature, assume 20, 1" stems
191 1/ 0.109083 thicket; 20"; smaller stature, assume 20, 1" stems
192 1/ 0.109083 thicket; 20"; smaller stature, assume 20, 1" stems
193 1/ 0.109083 thicket; 20"; smaller stature, assume 20, 1" stems
194 fig 20| 2.181662 individual
195 total BA in plot 4.248786 total per acre 6.169237
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196|plot 20 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
197 species |diameter BA assumption
198 pecan 11| 0.659953
199 willow 18 1.767146 very large willow with many individually measured stems
200 34| 6.305002
201 22| 2.63981
202 28| 4.276057
203 26| 3.687008
204 22| 2.63981
205 valloak 6 0.19635
206 liveoak 6 0.19635
207 pecan 12| 0.785398
208 willow 1/ 0.218166 thicket; 40"; assume 40, 1" stems
209 willow 1/ 0.163625 thicket; 30"; assume 30, 1" stems
210 total BA in plot 23.53467 total per acre 34.17235
211|plot 21 notes - reconstructed/estimated stems from basal area and overstory dbh lists as best possible
212 species diameter BA assumption
213 valloak 15 1.227185 individual
214 pecan 10| 0.545415 two stems, measured individually
215 8| 0.349066
216 unid 6| 1.178097 6, 6" stems
217 corkoak 21| 2.405282
218 corkoak 11 0.659953
219 pecan 5/ 0.136354
220 unid 4| 1.570796 18 stems
221 willow 8 2.792527 large stems, 60" , estimate 8, 8" stems
222 total BA in plot 10.86467 total per acre 31.13587
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1 |THIS IS THE "Futures" TAB
2 |This TAB estimates best case futures in mitigation site, that could be theoretically used to estimate mitigation ratio.
3 |Assume a site, such as agriculture, which has no value/woody currently.
4
5 |Warbler Model - Best Case Scenario Warbler Model - Worse Case Scenario
6 |V1-shrub cover: estimate this would be optimized (60-80%) in 5 years; with lots of planting/watering V1-shrub cover: maxes out at 40% due to water variability/dieoff after year 5
7 |V2-shrub height: estimate it would take 5 years to get to 2M tall average, with watering, ideal site V2-shrub height: 1.2 M max due to alot of herbaceous
8 |V3-percent deciduous shrub cover: presume this would be 100%, determined by planting pallette V3- percent deciduous shrub cover: same as best case
9 [V4-percent tall tree cover, optimized at 50-75%, is 30 feet tall, estimate 15 years V4- percent tall tree cover, takes longer due to variable water, 40% maximum
10
11 TYO TY1 TYS5 TY15 TY25 TY51 TYO TY1 TYS5 TY15 TY25 TY51
12 (V1 0 0.1 0.6 0.8 0.8 0.8 V1 0 0.1 0.6 0.5 0.5 0.5
13 (V2 0 0.1 2 2 2 2 V2 0 0.1 0.6 1.2 1.2 1.2
14 (V3 0 1 1 1 1 1 V3 0 1 1 1 1 1
15 (V4 0 0 0 0.3 0.5 0.75 V4 0 0 0 0.3 0.4 0.4
16
17 [SI(V1) 0.00 0.17 1.00 1.00 1.00 1.00 SI(V1) 0.00 0.17 1.00 0.83 0.83 0.83
18 [SI(V2) 0 0.05 1 1 1 1 SI(V2) 0 0.05 0.3 0.6 0.6 0.6
19 |SI(V3) 0.1 1 1 1 1 1 SI(V3) 0.1 1 1 1 1 1
20 |SI(V4) 0.5 0.5 0.5 0.8 1 1 SI(v4) 0.5 0.5 0.5 0.8 0.9 0.9
21 |HSI-ywm 0.00 0.06 0.71 0.89 1.00 1.00 HSI-ywm 0.00 0.06 0.39 0.63 0.67 0.67
22
23 |TY 0 1 5 15 25 51 TY 0 1 5 15 25 51
24 [HSIw/o 0.00 0.00 0.00 0.00 0.00 0.00 HSIw/o 0.00 0.00 0.00 0.00 0.00 0.00
25 |HSI w/ 0.00 0.06 0.71 0.89 1.00 1.00 HSI w/ 0.00 0.06 0.39 0.63 0.67 0.67
26 |area w/o 10 10 10 10 10 10 area w/o 10 10 10 10 10 10
27 |area w/ 10 10 10 10 10 10 area w/ 10 10 10 10 10 10
28 |HUs w/o 0 0 0 0 0 HUs w/o 0 0 0 0 0
29 |HUs w/ 0.322749| 15.43313| 80.0767| 94.72136 260 HUs w/ 0.322749| 9.036961| 50.98769 65.1638| 174.4133
30 |[AAHUs without 0 AAHUs without 0
31 |AAHUs with 8.834391 AAHUs with 5.880873
32 |change due to project 8.834391 change due to project (mitigation gain) 5.880873
33
34 |TY 0 1 5 15 25 51
35 |HSIw/o 0.64 0.64 0.64 0.64 0.64 0.64
36 [HSIw/ 0.64 0.00 0.00 0.00 0.00 0.00
37 [area w/o 13.88 13.88 13.88 13.88 13.88 13.88
38 [area w/ 13.88 13.88 13.88 13.88 13.88 13.88
39 |[HUs w/o 8.867974| 35.4719| 88.67974 88.67974| 230.5673
40 [HUs w/ 4.433987 0 0 0 0
41 |AAHUs without 8.867974
42 |AAHUs with 0.086941
43 |change due to project (project impact loss) -8.78103
44 Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
45 |l set the area of the mitigation site at 10 acres; so this suggests the habitat value Best case scenario: CR = 0.71611
46 |is compensated roughly at a ratio of slightly less than 1:1 with perfect mitigation Worst case scenario: CR = 1.075757
47 |
48 compensation area best case: 9.94
49 |
50 compensation area worst case: | 14.93151
51
52 |Riparian Songbird Model - best case scenario Riparian Songbird Model - worst case scenario




A | B | ¢ | o [ £ | £ | @ H J kK | . | M | N 0 Q R
53 |V1- % shrub cover, 1-3M;optimal 50-75%; this will take 10 years to achieve V1 - takes 14 years, maxes out at 50%
54 |V2- % tree cover, 3+M; optimal 50-75%; takes about 15 years ‘ V2 - takes 15 years, maxes out at 40%
55 |V3- ht of trees, optimal 6+M; takes about 10 years, with watering V3 - takes 14 years to reach 6+M
56 |V4- layering category; 1-none, 2-low shrub, 3-tall shrubs, 4- trees only, 5- multiple layers; TY1 low only (.3); TY5-51 - multiple (1.0) ‘ V4 - not all "5", some "2","3","4"; max SI .7
57 [V5- snags 4"+ ; optimal at 3+/ac; none for TY0-14; then optimal TY15-51 V5 - not optimal throughout; max average is 1.2 snags/ac
58 [V6- % of site as woody riparian; TY1-5%; TY5-30%; TY10-50%; TY15t051-75% V6 - lower, max is 60%
59
60 [TY 0 1 5 10 14 15 51 TY 0 1 5 10 14 15 51
61 (V1 0 10 30 50 50 60 75 Vi 0 10 30 40 50 50 50
62 (V2 0 0 0 30 30 50 75 V2 0 0 0 30 40 40 40
63 (V3 0 1 3 6 6 6 6 V3 0 1 3 5 6 6 6
64 (V4 1 2 3 5 5 5 5 V4 1 2 3/(assume Sl of 0.7, mix of categories 2-5)
65 V5 0 0 0 0 0 3 3 V5 0 0 0 0 0 1.2 1.2
66 |V6 0 5 30 50 75 75 75 V6 0 5 30 50 60 60 60
67
68 [SI(V1) 0 0 0.5 1 1 1 1 SI(V1) 0 0 0.5 0.75 1 1 1
69 |SI(V2) 0 0 0 0.5 0.5 1 1 SI(V2) 0 0 0 0.5 0.75 0.75 0.75
70 [SI(V3) 0 0 0.4 1 1 1 1 SI(V3) 0 0 0.4 0.8 1 1 1
71 |SI(V4) 0 0.3 0.5 1 1 1 1 SI(V4) 0 0.3 0.5 0.7 0.7 0.7 0.7
72 [SI(V5) 0.00 0.00 0.00 0.00 0.00 1.00 1.00 SI(V5) 0.00 0.00 0.00 0.00 0.00 0.40 0.40
73 |SI(Ve) 0.00 0.00 0.26 0.47 0.74 0.74 0.74 SI(V6) 0.00 0.00 0.26 0.47 0.58 0.58 0.58
74 |HSI-rsg 0.00 0.00 0.06 0.22 0.34 0.74 0.74 HSI-rsg 0.00 0.00 0.06 0.18 0.26 0.37 0.37
75
76 |TY 0 1 51
77 |HSIlw/o 0.64 0.64 0.64
78 |HSI w/ 0.64 0 0.00
79 |area w/o 13.88 13.88 13.88
80 |area w/ 13.88 13.88 13.88
81 |HUs w/o 8.9 445.5
82 |HUs w/ 4.5 0.0
83 |AAHUs without 8.9
84 |AAHUs with 0.1
85 |change due to project -8.8
86
87 [TY 0 1 5 10 14 15 51 TY 0 1 5 10 14 15 51
88 |HSIw/o 0 0 0 0 0 0 0 HSIw/o 0 0 0 0 0 0 0
89 |HSI w/ 0.00 0.00 0.06 0.22 0.34 0.74 0.74 HSI w/ 0.00 0.00 0.06 0.18 0.26 0.37 0.37
90 |area w/o 10 10 10 10 10 10 10 area w/o 10 10 10 10 10 10 10
91 |area w/ 10 10 10 10 10 10 10 area w/ 10 10 10 10 10 10 10
92 |HUs w/o 0 0 0 0 0 0 HUs w/o 0 0 0 0 0 0
93 [HUs w/ 0.00 1.25 7.10 11.32 5.41 265.26 HUs w/ 0.00 1.25 6.12 8.78 3.15 134.16
94 |AAHUs without 0.00 AAHUs without 0.00
95 [AAHUs with 5.69 AAHUs with 3.01
96 [change due to project 5.69 change due to project 3.01
97
98 |In this case it would take more than 10 acres to compensate the losses of value Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
99 [to riparian songbird guild; the estimated compensation area would be: 15.50 Best case scenario: CR = 1.11646
100{which is somewhat more than 1:1 with perfect mitigation Worst case scenario: CR = 2.112309
101|with "worst case" futures; the estimated compensation area would be: 29.31885
102 | | |
103|Riparian Forest Cover Type - Best Case Scenario Riparian Forest Cover Type - Worst Case Scenario
104
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105{V1 - tree height; optimum 60+ feet; takes about 20 years to get this V1 - tree height; optimum 60+ feet; max avg of 40 feet after 20 years
106{V2 - stand width; optimum assumed if 70+ feet wide site ‘ V2 - stand width; optimum assumed if 70+ feet wide site, same as best case
107|V3-tree canopy closure; optimum 50-80%, may barely get there in 20 years V3-tree canopy closure; optimum 50-80%, scenario max is 40%
108|V4- # species; assume can be optimally planted at 4+ species, all survive V4- # species; 3 of 4 planted species survives
109|V5 - average understory density; optimal 30-60% this will evolve over time V5 - average understory density; overshoots optimum after year 20
110{TY5=20%; TY10-51 - optimal (i.e., 30-60%) * - discount overall HSI by 1/3 per model assumes most not adjacent to water
111
112|TY 0 1 5 10 15 20 51 TY 0 1 5 10 15 20 51
113|V1 0 3 15 25 35 60 75 V1 0 3 15 25 30 40 40
114|V2 0 70 70 70 70 70 70 V2 0 70 70 70 70 70 70
115|V3 0 0 10 30 40 50 60 V3 0 0 10 30 35 40 40
116(V4 0 4 4 4 4 4 4 V4 0 4 4 3 3 3 3
117|V5 0 0 20 30 50 60 60 V5 0 0 20 25 50 70 70
118
119(SI(V1) 0.00 0.05 0.25 0.42 0.58 1.00 1.00 SI(V1) 0.00 0.05 0.25 0.42 0.50 0.67 0.67
120[SI(V2) 0.2 1 1 1 1 1 1 SI(V2) 0.2 1 1 1 1 1 1
121]SI(V3) 0 0 0.2 0.6 0.8 1 1 SI(V3) 0 0 0.2 0.6 0.7 0.8 0.8
122|sI(v4) 0 1 1 1 1 1 1 SI(v4) 0 1 1 1 1 1 1
123|SI(V5) 0.20 0.20 0.73 1.00 1.00 1.00 1.00 SI(V5) 0.20 0.20 0.73 0.87 1.00 0.88 0.88
124|HSI-rfct 0.10 0.22 0.61 0.81 0.89 1.00 1.00 HSI-rfct* 0.07 0.15 0.41 0.52 0.57 0.59 0.59
125
126|TY 0 1 51
127|HSIw/o 0.73 0.73 0.73
128|HSI w/ 0.73 0 0
129|area w/o 13.88 13.88 13.88
130]area w/ 13.88 13.88 13.88
131|HUs w/o 10.1 507.4
132|HUs w/ 5.1 0.0
133|AAHUs without 10.1
134|AAHUs with 0.1
135[change due to project -10.0
136
137|TY 0 1 5 10 15 20 51 TY 0 1 5 10 15 20 51
138|HSIw/o 0 0 0 0 0 0 0 HSIw/o 0 0 0 0 0 0 0
139|HSI w/ 0.10 0.22 0.61 0.81 0.89 1.00 1.00 HSI w/ 0.07 0.15 0.41 0.52 0.57 0.59 0.59
140|area w/o 10 10 10 10 10 10 10 area w/o 10 10 10 10 10 10 10
141|area w/ 10 10 10 10 10 10 10 area w/ 10 10 10 10 10 10 10
142|HUs w/o 0 0 0 0 0 0 HUs w/o 0 0 0 0 0 0
143|HUs w/ 1.62 16.72 35.68 42.57 47.20 310.00 HUs w/ 1.08 11.20 23.33 27.35 28.90 181.36
144|AAHUs without 0.00 AAHUs without 0.00
145{AAHUs with 8.90 AAHUs with 5.36
146|change due to project 8.90 change due to project 5.36
147
148|In this case it would take more than 10 acres to compensate the losses of value Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
149[to riparian forest covertype; the estimated compensation area would be: 11.29 Best case scenario: CR = 0.813662
150{which is somewhat more than 1:1 with perfect mitigation Worst case scenario: CR = 1.351352
151|with "worst case" futures; the estimated compensation area would be: 18.75677
152 |
153|Downy Woodpecker model - Best Case Scenario Downy Woodpecker model - Worst Case Scenario
154]|V1- Basal Area, this will take awhile to maximize (44'/acre); guess is at least 20 years, remains optimal through TY51 V1 = less, slower, basal area, site heterogeneity, limits max Sl to 0.7
155[V2- 6+" snags, these take longer than 4" snTgs; guess 20 years for this exercise; will max out at 1.5 snags/ac V2 = snags slightly less abundant at year 20, 1.0 snags/ac
156
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157
158|TY 0 1 5 10 19 20 51 TY 0 1 5 10 19 20 51
159|V1 0 5 10 20 40 44 90 Vi 0 5 10 20 24 25 31
160|V2 0 0 0 0 0 1.5 1.5 V2 0 0 0 0 0 1 1
161
162|SI(V1) 0.00 0.11 0.23 0.45 0.91 1.00 0.97 SI(V1) 0.00 0.11 0.23 0.45 0.55 0.57 0.70
163|SI(V2) 0.00 0.00 0.00 0.00 0.00 0.30 0.30 SI(V2) 0.00 0.00 0.00 0.00 0.00 0.20 0.20
164|HSI-dw 0.00 0.00 0.00 0.00 0.00 0.30 0.30 HSI-dw 0.00 0.00 0.00 0.00 0.00 0.20 0.20
165
166|TY 0 1 51
167|HSIw/o 0.23 0.23 0.23
168|HSI w/ 0.23 0 0.00
169|area w/o 13.88 13.88 13.88
170|area w/ 13.88 13.88 13.88
171|HUs w/o 3.2 160.5
172|HUs w/ 1.6 0.0
173|AAHUs without 3.2
174]AAHUs with 0.0
175[change due to project -3.2
176
177(TY 0 1 5 10 14 15 51 TY 0 1 5 10 14 15 51
178|HSIw/o 0 0 0 0 0 0 0 HSIw/o 0 0 0 0 0 0 0
179|HSI w/ 0.00 0.00 0.00 0.00 0.00 0.30 0.30 HSI w/ 0.00 0.00 0.00 0.00 0.00 0.20 0.20
180|area w/o 10 10 10 10 10 10 10 area w/o 10 10 10 10 10 10 10
181|area w/ 10 10 10 10 10 10 10 area w/ 10 10 10 10 10 10 10
182|HUs w/o 0 0 0 0 0 0 HUs w/o 0 0 0 0 0 0
183|HUs w/ 0.00 0.00 0.00 0.00 1.50| 108.00 HUs w/ 0.00 0.00 0.00 0.00 1.00 72.00
184|AAHUs without 0.00 AAHUs without 0.00
185|AAHUs with 2.15 AAHUs with 1.43
186|change due to project 2.15 change due to project 1.43
187
188|Best case it would take more than 10 acres to compensate the losses of valu Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
189|to downy woodpecker; the estimated compensation area would be: 14.81 Best case scenario: CR = 1.066869
190|which is more than 1:1 with perfect mitigation ‘ Worst case scenario: CR = 1.600304
191|Note: this assumes higher snag density (1.5/ac) than seen natural (1.08) Note: lower overall snag densities possible where easements restrict woody plantings/height
192|which could occur if larger trees were set as goal; may be unrealistic
193|with "worst case" futures; the estimated compensation area would be: 22.21222
194 |
195|Hairy Woodpecker - best case scenario Hairy Woodpecker - worst case scenario (shrub emphasis, encroachments, cover/dbh more limited)
196|V1 - snags >10"; optimum at 2+/acre; begin to form at year 20 V1 - snags >10"; optimum at 1/acre; begin to form at year 30 ‘ ‘ ‘ ‘
197|V2 - mean dbh, nesting, has value at 8+ inches (year 15), opt at 15+" (year 25) V2 - mean dbh, nesting, has value at 8+ inches (year 15), opt at 10+" due to encroachment limits (year 20)
198{V3 - mean dbh, cover, min value SI .5, then increases with dbh 6 to 12" (years 10 to 20); max 15 (year 25+) V3 - mean dbh, cover, min value Sl .5, then increases with dbh 6 to 10" (years 10 to 20)‘
199|V4 - % canopy cover, begins to have value >15%,then increases with cover to 55% (years 5 to 25), max 60% (yr 51) V4 - % canopy cover, begins to have value >15%,then increases with cover to 40% (years 5 to 25)
200
201|TY 0 1 5 10 15 19 20 25 51 TY 0 1 5 10 15 25 29 30 51
202|V1 0 0 0 0 0 0 1 2 2 V1 0 0 0 0 0 0 0 1 1
203|V2 0 1 3 6 8 9 12 15 15 V2 0 1 3 6 8 9 10 10 10
204(V3 0 1 3 6 8 9 12 15 15 V3 0 1 3 6 8 9 10 10 10
205(v4 0 0 0 30 40 48 50 55 60 va 0 0 0 30 35 40 40 40 40
206
207(SI(V1) 0 0 0 0 0 0 0.2 0.4 0.4 SI(V1) 0 0 0 0 0 0 0 0.2 0.2
208]SI(V2) 0.00 0.00 0.00 0.00 0.00 0.14 0.57 1.00 1.00 SI(V2) 0.00 0.00 0.00 0.00 0.00 0.14 0.29 0.29 0.29
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209]SI(V3) 0.50 0.50 0.50 0.51 0.77 0.89 1.00 1.00 1.00 SI(V3) 0.50 0.50 0.50 0.51 0.77 0.89 1.00 1.00 1.00
210]SI(v4) 0.00 0.00 0.00 0.21 0.36 0.47 0.50 0.57 0.64 SI(v4) 0.00 0.00 0.00 0.21 0.29 0.36 0.36 0.36 0.36
211 HSI(hw) 0.00 0.00 0.00 0.00 0.00 0.05 0.32 0.66 0.74 HSI(hw) 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.15 0.15
212
213|TY 0 1 51
214|HSIw/o 0.06 0.06 0.06
215[HSI w/ 0.06 0 0
216|area w/o 13.88 13.88 13.88
217|area w/ 13.88 13.88 13.88
218|HUs w/o 0.9 43.6
219|HUs w/ 0.4 0.0
220|AAHUs without 0.9
221|AAHUs with 0.0
222|change due to project -0.9
223
224|TY 0 1 5 10 15 19 20 25 51 TY 0 1 5 10 15 29 30 25 51
225|HSlw/o 0 0 0 0 0 0 0 0 HSIw/o 0 0 0 0 0 0 0 0 0
226|HSI w/ 0.00 0.00 0.00 0.00 0.00 0.05 0.32 0.66 0.74 HSI w/ 0.00 0.00 0.00 0.00 0.00 0.03 0.08 0.15 0.15
227|area w/o 10 10 10 10 10 10 10 10 10 area w/o 10 10 10 10 10 10 10 10 10
228|area w/ 10 10 10 10 10 10 10 10 10 area w/ 10 10 10 10 10 10 10 10 10
229(HUs w/o 0 0 0 0 0 0 0 0 HUs w/o 0 0 0 0 0 0 0 0
230{HUs w/ 0.00 0.00 0.00 0.00 0.91 1.80 24.32 181.54 HUs w/ 0.00 0.00 0.00 0.00 241 0.56 -5.63 38.58
231|AAHUs without 0.00 AAHUs without 0.00
232|AAHUs with 4.09 AAHUs with 0.70
233|change due to project 4.09 change due to project 0.70
234
235|Best case it would take far less than 10 acres to compensate the losses of value Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
236|to hairy woodpecker; the estimated compensation area would be: 2.11 Best case scenario: CR = 0.152019
237|which is less than 1:1 with perfect mitigation ‘ Worst case scenario: CR = 0.882875
238|Note: this assumes higher snag density (1.5/ac) than seen natural (1.08) Note: lower overall snag densities possible where easements restrict woody plantings/height
239|which could occur if larger trees were set as goal; may be unrealistic Also less than 1:1 with lower futures, although HSI (0.15 after yr 25) much better than baseline (0.06)
240|With "worst case" futures; the estimated compensation area would be: 12.2543
2 | | |
242|Summary Table of Futures-based compensation area and ratio for best/worse case scenarios
243 mitigation need mitigation ratio
244|scenario best worst best worst best worse
245 project |mitigation mitigation
246 loss gain, 10ac|gain, 10ac
247\MODEL  |AAHUs AAHUs AAHUs
248|mWarblr -8.8 8.8 5.9 9.9 14.9 0.72 1.08
249|RSG -8.8 5.7 3.0 15.5 29.3 1.12 2.11
250|RFCT -10.0 8.9 5.4 11.3 18.8 0.81 1.35
251|DW -3.2 2.1 14 14.8 22.2 1.07 1.60
252|HW -0.9 4.1 0.7 2.1 12.3 0.15 0.88
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1 |THIS IS THE "FuturesExcess" TAB

2 |In this TAB: a simplified future test is done, in which the starting point of the mitigation site is advanced by 10 years
3 [This scenario informs how excess mitigation might apply to a future project phase, or if mitigation is started before impact.
4 |For the purpose of this exercise, it is assumed the impact site is similar to TS_30_L in baseline value and impact
5 |The 10 year advance is done by creating a TY0 and 1 which has the same as the TY10 (or next higher TY) in the "Futures" Tab.
6 [NOTE: ONLY using the worse case scenario for mitigation sites, however, in this future test

7 |

8 |10 YEAR HEADSTART WORST CASE SHOWN BELOW

9 [NOTE: proofed 10/31/22

10 [THESE ARE THE RELEVANT COLUMNS

11 |TO SHOW VALUE OF MITIGATION "LEFT OVER" OR STARTED EARLY.

12 |

13 [WARBLER MODEL

14 |Warbler Model - Worse Case Scenario

15 [V1-shrub cover: maxes out at 40% due to water variability/dieoff after year 5

16 |V2-shrub height: 1.2 M max due to alot of herbaceous

17 |V3- percent deciduous shrub cover: same as best case

18 |V4- percent tall tree cover, takes longer due to variable water, 40% maximum

19

20 TYO TY1 TYS5 TY15 TY25 TY51

21 |V1 0.5 0.5 0.5 0.5 0.5 0.5

22 |V2 1.2 1.2 1.2 1.2 1.2 1.2

23 |V3 1 1 1 1 1 1

24 (V4 0.3 0.4 0.4 0.4 0.4 0.4

25

26 |SI(V1) 0.83 0.83 0.83 0.83 0.83 0.83

27 |SI(V2) 0.6 0.6 0.6 0.6 0.6 0.6

28 [SI(V3) 1 1 1 1 1 1

29 |SI(v4) 0.8 0.9 0.9 0.9 0.9 0.9

30 |HSI-ywm 0.63 0.67 0.67 0.67 0.67 0.67

31

32 |TY 0 1 5 15 25 51

33 |HSIw/o 0.00 0.00 0.00 0.00 0.00 0.00

34 |HSI w/ 0.63 0.67 0.67 0.67 0.67 0.67

35 |area w/o 10 10 10 10 10 10

36 |area w/ 10 10 10 10 10 10

37 |HUs w/o 0 0 0 0 0

38 [HUs w/ 6.51638| 26.83282 | 67.08204  67.08204 174.4133

39 [AAHUs without 0

40 [AAHUs with 6.704443

41 |change due to project (mitigation gain) 6.704443

42

43 TY 0 1 5 15 25 51

44 |HSIw/o 0.64 0.64 0.64 0.64 0.64 0.64

45 [HSI w/ 0.64 0.00 0.00 0.00 0.00 0.00

46 |area w/o 13.88 13.88 13.88 13.88 13.88 13.88

47 |area w/ 13.88 13.88 13.88 13.88 13.88 13.88

48 [HUs w/o 8.867974| 35.4719| 88.67974| 88.67974 230.5673

49 [HUs w/ 4.433987 0 0 0 0

50 [AAHUs without 8.867974

51 |AAHUs with 0.086941

52 |change due to project (project impact loss) -8.78103

53 |Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres

54 | | | | |

55 [worst case scenario, future with mitigation started 10 years prior to impact: CR = 0.943612
56 [Compare with worst case scenario, future with mitigation started same time of impact: CR= 1.075757
57 | | | | |
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58 |compensation area worst case, mitigation started 10 yrs before impact: 13.09733
59 |compensation area worst case, mitigation started same time as impact: 14.93151
60 | |
61 |[RIPARIAN SONGBIRD MODEL
62 [Riparian Songbird Model - worst case scenario
63 |V1 - takes 14 years, maxes out at 50%
64 |V2 - takes 15 years, maxes out at 40%
65 V3 - takes 14 years to reach 6+M
66 V4 - not all "5", some "2","3","4"; max S| .7
67 |V5 - not optimal throughout; max average is 1.2 snags/ac
68 |V6 - lower, max is 60%
69
70 |TY 10 10 10 10 14 15 51
71|Vl 40 40 40 40 50 50 50
72 |V2 30 30 30 30 40 40 40
73 |V3 5 5 5 5 6 6 6
74 (V4 3 3 3|(assume Sl of 0.7, mix of categories 2-5)
75 |V5 0 0 0 0 0 1.2 1.2
76 |V6 30 30 30 50 60 60 60
77
78 [SI(V1) 0.75 0.75 0.75 0.75 1 1 1
79 [SI(V2) 0.5 0.5 0.5 0.5 0.75 0.75 0.75
80 [SI(V3) 0.8 0.8 0.8 0.8 1 1 1
81 [SI(V4) 0.7 0.7 0.7 0.7 0.7 0.7 0.7
82 [SI(V5) 0.00 0.00 0.00 0.00 0.00 0.40 0.40
83 [SI(V6) 0.26 0.26 0.26 0.47 0.58 0.58 0.58
84 [HSI-rsg 0.10 0.10 0.10 0.18 0.26 0.37 0.37
85
86 |TY 0 1 51
87 |HSIw/o 0.64 0.64 0.64
88 |HSI w/ 0.64 0 0.00
89 |area w/o 13.88 13.88 13.88
90 |area w/ 13.88 13.88 13.88
91 |HUs w/o 8.9 445.5
92 |HUs w/ 4.5 0.0
93 [AAHUs without 8.9
94 [AAHUs with 0.1
95 [change due to project -8.8
96
97 |TY 0 1 5 10 14 15 51
98 |HSIw/o 0 0 0 0 0 0 0
99 [HSI w/ 0.10 0.10 0.10 0.18 0.26 0.37 0.37
100]|area w/o 10 10 10 10 10 10 10
101|area w/ 10 10 10 10 10 10 10
102|HUs w/o 0 0 0 0 0 0
103|HUs w/ 1.01 4.05 7.09 8.78 3.15 134.16
104|AAHUs without 0.00
105{AAHUs with 3.10
106|change due to project 3.10
107 |
108|Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
109 | | | | |
110 worst case scenario, future with mitigation started 10 years prior to impact: CR = 2.048404
111]Compare with worst case scenario, future with mitigation started same time of impact: CR= 2.112309
iE | | |
113]compensation area worst case, mitigation started 10 yrs before impact: 28.43185
114{compensation area worst case, mitigation started same time as impact: 29.31885
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115|Note: slightly lower than mitigation concurrent, 10 yr headstart makes little difference
116 | |
117|RIPARIAN FOREST COVER TYPE MODEL
118|Riparian Forest Cover Type - Worst Case Scenario
119 |
120{V1 - tree height; optimum 60+ feet; max avg of 40 feet after 20 years
121{V2 - stand width; optimum assumed if 70+ feet wide site, same as best case
122|V3-tree canopy closure; optimum 50-80%, scenario max is 40%
123|V4- # species; 3 of 4 planted species survives
124|V5 - average understory density; overshoots optimum after year 20
125[* - discount overall HSI by 1/3 per model assumes most not adjacent to water
126
127(TY 0 1 5 10 15 20 51
128|V1 25 25 25 25 30 40 40
129|V2 70 70 70 70 70 70 70
130|V3 30 30 30 30 35 40 40
131|v4 3 3 3 3 3 3 3
132|V5 25 25 25 25 50 70 70
133
134(SI(V1) 0.42 0.42 0.42 0.42 0.50 0.67 0.67
135(SI(V2) 1 1 1 1 1 1 1
136[SI(V3) 0.6 0.6 0.6 0.6 0.7 0.8 0.8
137|sI(v4) 0 1 1 1 1 1 1
138|SI(V5) 0.87 0.87 0.87 0.87 1.00 0.88 0.88
139|HSI-rfct* 0.31 0.52 0.52 0.52 0.57 0.59 0.59
140
141(TY 0 1 51
142|HSIw/o 0.73 0.73 0.73
143|HSI w/ 0.73 0 0
144|area w/o 13.88 13.88 13.88
145)area w/ 13.88 13.88 13.88
146|HUs w/o 10.1 507.4
147|HUs w/ 5.1 0.0
148|AAHUs without 10.1
149|AAHUs with 0.1
150{change due to project -10.0
151
152|TY 0 1 5 10 15 20 51
153|HSIw/o 0 0 0 0 0 0 0
154|HSI w/ 0.31 0.52 0.52 0.52 0.57 0.59 0.59
155]area w/o 10 10 10 10 10 10 10
156|area w/ 10 10 10 10 10 10 10
157|HUs w/o 0 0 0 0 0 0
158|HUs w/ 4.17 20.92 26.15 27.35 28.90 181.36
159|AAHUs without 0.00
160|/AAHUSs with 5.66
161|change due to project 5.66
162 |
163|Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
164 | | | |
165 worst case scenario, future with mitigation started 10 years prior to impact: CR = 1.278279
166|Compare with worst case scenario, future with mitigation started same time of impact: CR= 1.351352
167|compensation area worst case, mitigation started 10 yrs before impact: 17.74252
168|compensation area worst case, mitigation started same time as impact: 18.75677
169|Note: Again, a 10 year headstart on mitigation slightly lowers worst case CR
170
171\ DOWNY WOODPECKER MODEL
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172 Downy Woodpecker model - Worst Case Scenario
173 V1 = less, slower, basal area, site heterogeneity, limits max Sl to 0.7
174 V2 = snags slightly less abundant at year 10, 1.0 snags/ac
175 |
176{Note: for the 10 year headstart, shifted TY10 to TYO, and TY20 to TY10 and higher
177|TY 0 1 5 9 10 20 51
178{V1 0 20 20 24 25 25 31
179(Vv2 0 0 0 0 1 1 1
180
181[SI(V1) 0.00 0.45 0.45 0.55 0.57 0.57 0.70
182[SI(V2) 0.00 0.00 0.00 0.00 0.20 0.20 0.20
183[HSI-dw 0.00 0.00 0.00 0.00 0.20 0.20 0.20
184
185|TY 0 1 51
186|HSIw/o0 0.23 0.23 0.23
187|HSI w/ 0.23 0 0.00
188|area w/o 13.88 13.88 13.88
189]area w/ 13.88 13.88 13.88
190|HUs w/o 3.2 160.5
191|HUs w/ 1.6 0.0
192|AAHUs without 3.2
193|AAHUs with 0.0
194|change due to project -3.2
195
196|TY 0 1 5 10 14 15 51
197|HSIw/o 0 0 0 0 0 0 0
198|HSI w/ 0.00 0.00 0.00 0.00 0.20 0.20 0.20
199|area w/o 10 10 10 10 10 10 10
200|area w/ 10 10 10 10 10 10 10
201|HUs w/o 0 0 0 0 0 0
202|HUs w/ 0.00 0.00 0.00 4.00 2.00 72.00
203|AAHUs without 0.00
204|AAHUs with 1.53
205|change due to project 1.53
206 | |
207|Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
208 | | | |
209 worst case scenario, future with mitigation started 10 years prior to impact: CR = 1.49772
210|Compare with worst case scenario, future with mitigation started same time of impact: CR= 1.600304
211|Note: lower overall snag densities possible where easements restrict woody plantings/height
212|Note: again, slightly lower CR with 10 year headstart on mitigation site
213|compensation area worst case, mitigation started 10 yrs before impact: 20.78836
214|compensation area worst case, mitigation started same time as impact: 22.21222
215 |
216|HAIRY WOODPECKER MODEL

217|Hairy Woodpecker - worst case scenario (shrub emphasis, encroachments, cover/dbh more limited)

218|V1 - snags >10"; optimum at 1/acre; begin to form at year 20 ‘ ‘ ‘

219|V2 - mean dbh, nesting, has value at 8+ inches (year 5), opt at 10+" due to encroachment limits (year 10)

220|V3 - mean dbh, cover, min value S| .5, then increases with dbh 6 to 10" (years 0 to 10) ‘

221|V4 - % canopy cover, begins to have value >15%,then increases with cover to 40% (years 0 to 15)

222

223|TY 0 1 5 10 15 19 20 25 51
224|V1 0 0 0 1 1 1 1 1 1
225|V2 0 1 8 10 10 10 10 10 10
226|V3 6 6 8 10 10 10 10 10 10
227|V4 30 30 35 40 40 40 40 40 40
228
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229|SI(V1) 0 0 0 0.2 0.2 0.2 0.2 0.2 0.2
230|SI(V2) 0.00 0.00 0.00 0.29 0.29 0.29 0.29 0.29 0.29
231|SI(V3) 0.51 0.51 0.77 1.00 1.00 1.00 1.00 1.00 1.00
232|SI(Vv4) 0.21 0.21 0.29 0.36 0.36 0.36 0.36 0.36 0.36
233|HSI(hw) 0.00 0.00 0.00 0.15 0.15 0.15 0.15 0.15 0.15
234
235|TY 0 1 51
236[HSIw/o 0.06 0.06 0.06
237[HSI w/ 0.06 0 0
238|area w/o 13.88 13.88 13.88
239|area w/ 13.88 13.88 13.88
240(HUs w/o 0.9 43.6
241(HUs w/ 0.4 0.0
242|AAHUs without 0.9
243|AAHUs with 0.0
244|change due to project -0.9
245
246|TY 0 1 5 10 15 19 20 25 51
247|HSIw/o 0 0 0 0 0 0 0 0 0
248|HSI w/ 0.00 0.00 0.00 0.15 0.15 0.15 0.15 0.15 0.15
249|area w/o 10 10 10 10 10 10 10 10 10
250(area w/ 10 10 10 10 10 10 10 10 10
251|HUs w/o 0 0 0 0 0 0 0 0
252|HUs w/ 0.00 0.00 3.71 7.42 5.94 1.48 7.42 38.58
253|AAHUs without 0.00
254|AAHUs with 1.27
255(change due to project 1.27
256 |
257|Compensation Ratio estimate: CR = loss at impact site/gain at mitigation site X 10/13.88 acres
258 | | | |
259 worst case scenario, future with mitigation started 10 years prior to impact: CR = 0.49115
260|Compare with worst case scenario, future with mitigation started same time of impact: CR= 0.882875
261|Note: lower overall snag densities possible where easements restrict woody plantings/height
262|Also less than 1:1 with lower futures, although HSI (0.15 after yr 19) much better than baseline (0.06)
263|compensation area worst case, mitigation started 10 yrs before impact: 6.817155
264|compensation area worst case, mitigation started same time as impact: 12.2543
265|NOTE: Above boldface value shows significant reduction compared to without 10 years
266
267|Summary Table of Futures-based compensation area and ratio for worst case scenario, 10 year advance mitigation
268 hab value comp mitigation ratios
269 10 yr adv area this TAB from prior TAB
270]scenario worst worst worst mitigation starts same
271 project mitigation 10 yr adv 10y adv  |year as impact
272 loss gain, 10ac
273|MODEL |AAHUs AAHUs COMPARE THESE
274mWarblr -8.8 6.7 13.1 0.94 1.08
275|RSG -8.8 3.1 28.4 2.05 2.11
276|RFCT -10.0 5.7 17.7 1.28 1.35
277|DW -3.2 1.5 20.8 1.50 1.60
278|HW -0.9 1.3 6.8 0.49 0.88
279
280[Note: in the columns A-H, above left, the boldfaced values show the effect of the 10 year headstart

281

If mitigation area were "left over" from a larger than needed site for TS_30_L, the compensation

282

for a next reach exactly the same as TS_30_L, would be slightly less, due to greater AAHUs

283

gained per 10 acres of mitigation site, which would be 10 years ahead and of higher value

284

It isn't a huge difference, however, and the highest ratio of all models still rounds to 2:1‘
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The Biological Services Program was established within ‘the U.S. Fish
and Wildlife Service to supply scientific information and methodologies on
key environmental issues that impact fish and wi 'M’an resources and their
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supporting ecosystems. The mission of the program is as fo1lows

] To-strengthen the Fish and Wildlife Service in 1ts role as
a primary source of information on national fish and wild-
1ife resources, particularly in respect to environmenta}
impact assessment,

o To gather, analyze, and present information that will aid
decisionmakers in the identification and resolution of
problems associated with major changes in land and water

use.

e To provide better ecological information and evaluation
for Department of the Interior development programs, such
as those relating to energy development.

Information developed by the Biological Services Program is intended
for use in the planning and decisionmaking process to prevent or minimize
the impact of development on fish and wildlife. Research activities and
technical assistance services are based on an analysis of the issues, a
determination of the decisionmakers involved and their information needs,
and an evaluation of the state of the art to identify information gaps
and to determine priorities. This is a strategy that will ensure that
the products produced and disseminated are timely and useful.

Projects have been initiated in the following areas: coal extraction
and conversion; power plants; geothermal, mineral and oil shale develop-
ment; water resource analysis, including stream alterations and western
water allocation; coastal ecosystems and Quter Continental Shelf develop-
ment; and systems inventory, including National Wetland Inventory,
habitat classification and analysis, and information transfer.

The Biological Services Program consists of the Office of Biological
Services in Washington, D.C., which is responsible for overall planning and
management; National Teams, which provide the Program's central scientific
and technical expertise and arrange for contracting biological services
studies with states, universities, consulting firms, and others; Regional
Staffs, who provide a link to problems at the operating level,and staffs at
certain Fish and Wildlife Service research facilities, who conduct in-house
research studies.

This model is designed to be used by the Division of Ecological Services

in conjunction with the Habitat Evaluation Procedures.
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
(FWS/0BS-82/10), which provides habitat information useful for impact assess-
ment and habitat management. Several types of bhabitat information are
provided. The Habitat Use Information Section is largely constrained to those
data that can be used to derive quantitative relationships between key environ-
mental variables and habitat suitability. The habitat use information provides
the foundation for HSI models that follow. In addition, this same information
may be useful in the development of other models more appropriate to specific
assessment or evaluation needs.

The HSI Model Section documents a habitat model and information pertinent
to its application. The model synthesizes the habitat use information into a
framework appropriate for field application and is scaled to produce an index
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica-
tion information includes descriptions of the geographic ranges and seasonal
application of the model, its current verification status, and a listing of
model variables with recommended measurement techniques for each variable.

In essence, the model presented herein is a hypothesis of species-habitat
relationships and not a statement of proven cause and effect relationships.
Results of model performance tests, when available, are referenced. However,
models that have demonstrated reliability in specific situations may prove
unreliable in others. For this reason, feedback is encouraged from users of
this model concerning improvements and other suggestions that may increase the
utility and effectiveness of this habitat-based approach to fish and wildlife
planning. Please send suggestions to:

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service

2625 Redwing Road

Ft. Collins, CO 80526
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YELLOW WARBLER (Dendroica petechia)

HABITAT USE INFORMATION
General

The yellow warbler (Dendroica petechia) is a breeding bird throughout the
entire United States, with the exception of parts of the Southeast (Robbins
et al. 1966). Preferred habitats are wet areas with abundant shrubs or small
trees (Bent 1953). Yellow warblers inhabit hedgerows, thickets, marshes,
swamp edges (Starling 1978), aspen (Populus spp.) groves, and willow (Salix
spp.) swamps (Salt 1957), as well as residential areas (Morse 1966).

Food

More than 90% of the food of yellow warblers is insects (Bent 1953),
taken in proportion to their availability (Busby and Sealy 1979). Foraging in
Maine occurred primarily on small 1imbs in deciduous foliage (Morse 1973).

Water

Dietary water requirements were not mentioned in the literature. Yellow
warblers prefer wet habitats (Bent 1953; Morse 1966; Stauffer and Best 1980).

Cover

Cover needs of the yellow warbler are assumed to be the same as reproduc-
tion habitat needs and are discussed in the following section.

Reproduction

Preferred foraging and nesting habitats in the Northeast are wet areas,
partially covered by willows and alders (Alnus spp.), ranging in height from
1.5 to 4 m (5 to 13.3 ft) (Morse 1966). It is unusual to find yellow warblers
in extensive forests (Hebard 1961) with closed canopies (Morse 1966). Yellow
warblers in small islands of mixed coniferous-deciduous growth in Maine utiliz-
ed deciduous foliage far more frequently than would be expected by chance
alone (Morse 1973). Coniferous areas were mostly avoided and areas of low
deciduous growth preferred.

Nests are generally placed 0.9 to 2.4 m (3 to 8 ft) above the ground, and
nest heights rarely exceed 9.1 to 12.2 m (30 to 40 ft) (Bent 1953). Plants



used for nesting include willows, alders, and other hydrophytic shrubs and
trees (Bent 1953), including box-elders (Acer negundo) and cottonwoods (Populus
spp.) (Schrantz 1943). In lowa, dense thickets were frequently occupied by
yellow warblers while open thickets with widely spaced shrubs rarely contained
nests (Kendeigh 1941).

Males frequently sing from exposed song perches (Kendeigh 1941; Ficken
and Ficken 1965), although yellow warblers will nest in areas without elevated
perches (Morse 1966).

A number of Breeding Bird Census reports (Van Velzen 1981) were summarized
to determine nesting habitat needs of the yellow warbler, and a clear pattern
of habitat preferences emerged. Yellow warblers nested in less than 5% of
census areas comprised of extensive upland forested cover types (deciduous or
coniferous) across the entire country. Approximately two-thirds of all census
areas with deciduous shrub-dominated cover types were utilized, while shrub
wetland types received 100% use. Wetlands dominated by shrubs had the highest
average breeding densities of all cover types [2.04 males per ha (2.5 acre)].
Approximately two-thirds of the census areas comprised of forested draws and
riparian forests of the western United States were used, but average densities
were low [0.5 males per ha (2.5 acre)].

Interspersion

Yellow warblers in Iowa have been reported to prefer edge habitats
(Kendeigh 1941; Stauffer and Best 1980). Territory size has been reported as
0.16 ha (0.4 acre) (Kendeigh 1941) and 0.15 ha (0.37 acre) (Kammeraad 1964).

Special Considerations

The yellow warbler has been on the Audubon Society's Blue List of declin-
ing birds for 9 of the last 10 years (Tate 1981).

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This model has been developed for application within
the breeding range of the yellow warbler.

Season. This model was developed to evaluate the breeding season habitat
needs of the yellow warbler.

Cover types. This model was developed to evaluate habitat in the dominant
cover types used by the yellow warbler: Deciduous Shrubland (DS) and Decid-
uous Scrub/Shrub Wetland (DSW) (terminology follows that of U.S. Fish and
Wildlife Service 1981). Yellow warblers only occasionally utilize forested
habitats and reported population densities in forests are low. The habitat
requirements in forested habitats are not well documented in the Titerature.
For these reasons, this model does not consider forested cover types.



Minimum habitat area. Minimum habitat area 1is defined as the minimum
amount of contiguous habitat that is required before an area will be occupied
by a species. Information on the minimum habitat area for the yellow warbler
was not located in the literature. Based on reported territory sizes, it is
assumed that at least 0.15 ha (0.37 acre) of suitable habitat must be available
for the yellow warbler to occupy an area. If less than this amount is present,
the HSI is assumed to be 0.0.

Verification level. Previous drafts of the yellow warbler habitat model
were reviewed by Douglass H. Morse and specific comments were incorporated
into the current model (Morse, pers. comm.).

Model Description

Overview. This model considers the quality of the reproduction (nesting)
habitat needs of the yellow warbier to determine overall habitat suitability.
Food, cover, and water requirements are assumed to be met by nesting needs.

The relationship between habitat variables, life requisites, cover types,
and the HSI for the yellow warbler is illustrated in Figure 1.

Life
Habitat variable requisite Cover types
Percent deciduous shrub
crown cover
Average height of Reproduction Deciduous Shrubland

™~ Deciduous Scrub/ ——— HSI

Shrub Wetland

deciduocus shrub canopy

Percent of shrub canopy
comprised of hydrophytic
shrubs

Figure 1. Relationship between habitat variables, life requisites,
cover types, and the HSI for the yellow warbler.

The following sections provide a written documentation of the logic and
assumptions used to interpret the habitat information for the yellow warbler
and to explain and justify the variables and equations that are used in the
HSI model. Specifically, these sections cover the following: (1) identifica-
tion of variables that will be used in the model; (2) definition and justifica-
tion of the suitability levels of each variable; and (3) description of the
assumed relationship between variables.

Reproduction component. Optimal nesting habitat for the yellow warbler
is provided in wet areas with dense, moderately tall stands of hydrophytic
deciduous shrubs. Upland shrub habitats on dry sites will provide only mar-
ginal suitability.




It is assumed that optimal habitats contain 100% hydrophytic deciducus
shrubs and that habitats with no hydrophytic shrubs will provide marginal
suitability. Shrub densities between 60 and 80% crown cover are assumed to be
optimal. As shrub densities approach zero cover, suitability also approaches
zero. Totally closed shrub canopies are assumed to be of only moderate suit-
ability, due to the probable restrictions on movement of the warblers in those
conditions. Shrub heights of 2 m (6.6 ft) or greater are assumed to be
optimal, and suitability will decrease as heights decrease to zero.

Each of these habitat variables exert a major influence 1in determining
overall habitat quality for the yellow warbler. A habitat must contain optimal
levels of all variables to have maximum suitability. Low values of any one
variable may be partially offset by higher values of the remaining variables.
Habitats with low values for two or more variables will provide low overall
suitability levels.

Model Relationships

Suitability Index (SI) graphs for habitat variables. This section
contains suitability index graphs that 1illustrate the habitat relationships
described in the previous section.

Cover
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Equations. In order to obtain 1life requisite values for the yellow
warbler, the SI values for appropriate variables must be combined with the use
of equations. A discussion and explanation of the assumed relationship between
variables was included under Model Description, and the specific equation in
this model was chosen to mimic these perceived biological relationships as
closely as possible. The suggested equation for obtaining a reproduction
value is presented below.




Life requisite Cover type

Reproduction DS,DSW

Equation

(V, x V, x V)72

HSI determination. The HSI value for the yellow warbler is equal to the

reproduction value.

Application of the Model

Variable (definition)

Definitions of varjables and suggested field measurement techniques (Hays
et al. 1981) are provided in Figure 2.

Vi

Va

Vs

Figure 2.

Percent deciduous shrub DS,DSW
crown cover (the percent

of the ground that is

shaded by a vertical

projection of the

canopies of woody

deciduous vegetation

which are less than

5m (16.5 ft) in

height).

Average height of DW,DSW
deciduous shrub canopy

(the average height from

the ground surface to the

top of those shrubs which

comprise the uppermost

shrub canopy).

Percent of deciduous DS,DSW
shrub canopy comprised

of hydrophytic shrubs

(the relative percent

of the amount of

hydrophytic shrubs

compared to all shrubs,

based on canopy cover).

Cover types

Suggested technique

Line intercept

Graduated rod

Line intercept

Definitions of variables and suggested measurement techniques.



SOURCES OF OTHER MODELS
No other habitat models for the yellow warbler were located.
REFERENCES

Bent, A. C. 1953. Life histories of North American wood warblers. U.S.
Natl. Mus. Bull. 203. 734 pp.

Busby, D. G., and S. G. Sealy. 1979. Feeding ecology of nesting yellow
warblers. Can. J. Zool. 57(8):1670-1681.

Ficken, M. S., and R. W. Ficken. 1965. Territorial display as a population-
regulating mechanism in a yellow warbler. Auk 82:274-275.

Hays, R. L., C. S. Summers, and W. Seitz. 1981. Estimating wildlife habitat
variables. U.S. Dept. Int., Fish Wildl. Serv. FWS/0BS-81/47. 173 pp.

Hebard, F. V. 1961. Yellow warblers in conifers. Wilson Bull. 73(4):394-395.

Kammeraad, J. W. 1964. Nesting habits and survival of yellow warblers.
Jack-pine Warbler 42(2):243-248.

Kendeigh, S. C. 1941. Birds of a prairie community. Condor 43(4):165-174.

Morse, D. H. 1966. The context of songs in the yellow warbler. Wilson Bull.
78(4):444-455,

. 1973. The foraging of small populations of yellow warblers
and American redstarts. Ecology 54(2):346-355.

Morse, D. H. Personal communication (letter dated 4 March 1982). Brown
University, Providence, RI.

Robbins, C. S., B. Braun, and H. S. Zim. 1966. Birds of North America.
Golden Press, N.Y. 340 pp.

Salt, G. W. 1957. An analysis of avifaunas in the Teton Mountains and Jackson
Hole, Wyoming. Condor 59:373-393.

Schrantz, F. G. 1943. Nest 1life of the eastern yellow warbler. Auk
60:367-387.

Starling, A. 1978. Enjoying Indiana birds. Indiana Univ. Press, Bloomington.
214 pp.

Stauffer, D. F., and L. B. Best. 1980. Habitat selection of birds of riparian
communities: Evaluating effects of habitat alternations. J. Wildl.
Manage. 44(1):1-15.

Tate, J., Jr. 1981. The Blue List for 1981. Am. Birds 35(1):3-10.



U.S. Fish and Wildlife Service. 1981. Standards for the development of
habitat suitability index models. 103 ESM. U.S. Dept. Int. Fish Wildl.
Serv., Div. Ecol. Serv. n.p.

Van Velzen, W. T. 1981. Forty-fourth breeding bird census. Am. Birds
35(1):46-112.



C

50272 -101

REPORT DOCUMENTATION ! 1._REPORT NO. 2,
PAGE | FWS/0BS-82/10.27

3. Recipient’s Accession No.

4, Title and Subtitle

Habitat Suitability Index Models: VYellow Warbler

S. Report Date

July 1982

[ 8

7. Authort(s)
Richard L. Schroeder

8. Performing Organization Rept. No.

9. Performing Organization Name and Address

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service
Drake Creekside Building One

2625 Redwing Road

Fort Collins, CO 80526

10. Project/Task/Work Unit No.

11. Contract(C) or Grant(G) No.
({4}

(G)

12. Sponsoring Organization Name and Address

Western Energy and Land Use Team
Office of Biological Services
Fish and Wildlife Service

U.S. Department of the Interior
Washington., D.C. 20240

| 13. Type of Report & Pericd Coversd

1S, Suppiementary Notes

-16. Abstract (Limit: 200 words)

publication.
ments of the species.

assessment and habitat management activities.

Habitat preferences of the yellow warbler (Dendroica petechia) are described in this
It is one of a series of Habitat Suitability Index (HSI) models and was
developed through an analysis of available information on the species-habitat require-
Habitat use information is presented in a review of the
Titerature, followed by the development of an HSI model, designed for use in impact

17. Documaent Analysis a. Descriptors

Animal behavior
Birds

Wildlife

Habits

3. ldentifiers/Ogen-Ended Terms
Yellow warbler
Dendroica petechia
Habitat Suitability Index
Habitat use

Species-habitat relations
c. COSATI Fietd/Group

Mathematical models

Impact assessment
Habitat management

18. Avaslapility Statement

19. Security Class (This Regort)

. 21. No. of Pages

RELEASE UNLIMITED UNCLASSIFIED i1 - v +7pp
RS T

{See ANSI=Z39.13) See Instructions on Reverse

% U.S. GOVERNMENT PRINTING OFFICE: 1982-0-580-667/424

QOPTIONAL FORM 272 (4=77)
(Formeriy NTIS=35)
Cepartment of Commerca






NWRC

This page has been left blank intentionally.


ON \\\\§\\\\\\\
.4_-".%," - , R ,,,,, -N -. '
{ bIT

7,
ibuquerque,

Anchorage, Alaska

LEGEND

Headquarters - Office of Biological
Services, Washington, D.C. .
National Coastal Ecosystems Team,
Slidell, La. -

Western Energy and Land Use Team, -
Fort Collins, Co.

o
O
@@ Regional Offices

U.S. FISH AND WILDLIFE SERVICE

REGIONAL OFFICES

REGION 1 ‘ REGION 4 REGION 7

Regional Director ~ Regional Director Regional Director
-U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service
Lloyd Five Hundred Building, Suite 1692 Richard B. Russell Building 1011 E. Tudor Road

500 N.E. Multnomah Street 75 Spring Street, S.W. Anchorage, Alaska 99503
Portland, Oregon 97232 Atlanta, Georgia 30303

REGION 2 REGION 5§

Regiona) Director Regional Director

U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service

P.0. Box 1306 One Gateway Center

Albuquerque, New Mexico 87103 Newton Corner, Massachusetts 02158

REGION 3 REGION 6

Regional Director Regional Director

U.S. Fish and Wildlife Service U.S. Fish and Wildlife Service

Federal Building, Fort Snelling P.O. Box 25486

Twin Cities, Minnesota 55111 Denver Federal Center

Denver, Colorado 80225



L8,
li'lﬁﬂ .Wll.!)l IFE

As the Nation’s principal conservation agency, the Department of the Interior has respon-
sibility for most of our nationally owned public lands and natural resources. This includes
fostering the wisest use of our land and water resources, protecting our fish and wildlife,
preserving the environmental and cultural values of our national parks and historical places,
and providing for the enjoyment of life through outdoor recreation. The Department as-
sesses our energy and mineral resources and works to assure that their development is in
the best interests of all our people. The Department also has a major responsibility for
American Indian reservation communities and for people who live in island territories under
U.S. administration.



HABITAT SUITABILITY INDEX MODEL

RIPARIAN SONGBIRD GUILD

HUMBOLDT BAY, CALIFORNIA

Prepared for:

California State Coastal Conservancy
County of Humboldt, Department of Public Works
Humboldt Bay Working Group

Prepared by:

 R. Chad Roberts, Ph.D.
Oscar Larson & Associates
317 Third Street, P. O. Box 3806
Eureka, CA 95501
707-445-2043

August 1986

SEP 191986

)
Oy, SACRAMENTO (0
Sio =
X OF £ooL0niChk

@ 1986, R.C. Roberts and Oscar Larson §& Associates, Permission is
granted to copy this document for Habitat Suitability Index analysis and
scientific study purposes. Copying for other uses without permission of the

author is prohibited.



Table of Contents

INTRODUCTION

LIFE HISTORY OVERVIEW

HABITAT REQUIREMENTS

HABITAT SUITABILITY INDEX (HS!) MODEL
Model Applicability
Description of the Model

Suitability Index (S1} Graphs for Mode! Variables
HST Determination

FIELD USE OF THE MODEL-SAMPLING

OTHER MODELS

ACKNOWLEDGEMENTS

REFERENCES

ATTACHMENTS

A List of Species Covered by this Model
B Electronic Mode! Version -- Printout

Page

W o Ut s

12

Th

14

14



Table 1

Figure 1

Figure 2

List of Tables

Suggested measurement techniques for
variables in the model

List of Figures

Suitability Index Graphs

Model Tree Diagram and Documentation

Page

13

Page

1
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INTRODUCTION

This is a habitat suitability index model for songbird species that use
forected or scrub-shrub wetlands {Cowardin 2% al. 19792 in the Humboldt Bay
watershed in northern California: thess wetlands are defined further below,
The model can be wused in determining existing habitat wvalues, and in
projecting habitat wvalues at sites restored as wetlands. In addition, the
model can be used to determine mitigation requirements for developments
proposed to be sited in wetlands.

The mode] may be wuseful in determining habitat suitability in other
wetland areas along the Pacific coast. Such applicatien will require that
users examine the model in order to determine whether local use necessitates
model modification,

The model is based upon a review and synthesis of existing information,
derived from the scientific literature, unpublished research reports available
from Humboldi State University, comments from local biologists, and the
author‘s personal observations. it is an hvpothesis of speciesshabitat
refaticnships, and is not a statement of nproven cause and effect, It
represents suspected relationships between habitat facters anc he fuprving
capacity of the habitat for species in the guild. The madel is ccaled to
produce & Habitat Suitability Index <(H3I} walue betwsen 0.0 <unsuitable
habitat) and 1.0 (cptimaliy suitable habitail. Further discugsion of HEI
models mav be obtained from pari 103 of the Ecological Services Manual {see
referencesy.

Thiz model has not been reviewed by species experts, The model has been
reviewsd by individuals familiar with H8I medeltling, and medified according to
their comments. The model has not been tested in the fieid,

The model is based on the vercection that songbirg species of riparian or
swamp wetiands in the Humboidi Bay watershed form & guild in the sencse wsed by
Root (17472, Holmes &t al. <(1979). and Yerner (1784)., Further discussion of



this use of the oguitld concept will be provided separately., This use of the
term does not correspond to  that advanced by Short (1983, 1984 Short and
Burnham 1982).

Riparian habitat is used by a number of bird <pecies, +From a variety of
avian familiee. This model is restricted to species that use the nlants
within this habitat directly for food. either through consumption of plant
materigls or through consumption of invertebratec that consume the olants, and
that also nest {or potentially nest) within the habitat tvpe. Most such
species are members of the avian order Passeriformes. This model alse
addresses habitat needs of species in the order Piciformes (woodneckers), at
least two of which may be encountered foraging with passerines during the
winter,

LIFE HISTORY OVERVIEW

Bird species potentially covered by this model include resident <(i.e.,
remaining in the watershed all year), breeding visitor <(here from spring
through early falll), and winter visitor {here from fall through early spring?
species., Examples of the three groups include: (i) regident - Chestnut-backed
Chickadee (scientific names of all species are included in Attachment A),
Downy Woodpecker. and Winter Wren: (ii) breeding visitor - Wilson’s Warbler,
Swainson’s Thrush, and Tree Swallow: and (iii) winter visitor - Ruby-crowned
Kinglet, Yellow-rumped Warbler, and Fox Sparrow. Additiona] species (such as
the aAmerican Robin) are present all vear, but probably are represented by
difterent individuals in the winter and breeding seasons.

A vast aguantity of ornithoiogical and ecoloaqical literature exists
covering the wuee of riparian wetlands By passerine and other birds: it is
inappropriate te cite or synopsize it all here, but interested readers may
wish to review Stevens gl al. (1977, Hehnke and Stone (1979), Gaines (19802,
Swift et al. (1984). and a number of papers in Warner and Hendrix (1984),
There zre currently two Master”s thesis projects underway at Humboldt State
Unjversity that inciude investigations of wuse of riparian andfor swamp
habitats by songhirds in the Humboldt Bay areai one has resulted in interim
regorts that are useful in this analysis (Kelly 1923).

The specific habitat requirements of the species in thic guild are rather
varigd., It ic not the purpoce of the model te address the conditions that
would maKe risarian habitat more of legs desirable for the individual
species, The ecological bacKgrounds of the species are also varied: some
species ars almost completely "insectivorous” {consumers of arthropodsy, while
some  are primarily seed-eaterse, and vet others consume both arthropods  and
seeds, as well as other plant material (see Martin et 2l 19313,

In order to address this variability, attention must ke restricted to
common elements in the ecoloay of the species. James (1971) demonstrated a
"miche gestalt” for each of & npumber of passerine species, This
interpretation is commenly adepted by crnithologists, and 5 number of “guild®



studies <{#.g.. Holmes eI al. 17792 utilize the concept of habitat
contormation as a major element in defining ouild membership. That appreach
is used in this modetl,

The bhird species covered here are gengrally associated with deciducus
tree and shrub species. It appears that the annual burst of production in the
spring oprovides food for arthropods that compose the primary diet of most
species, or food for the birds themselves, There s a general recogniti on
that the diversity of bird species in zan arex generally is correlated with the
vertical and horizontal foliage distribution {(MacArthur and MacArthur 1941,
Roth 1974, Holmes ef al. 1972, Niemi and Hanowski 1984, Swift gt al. 1984,
and many others), Greater diversity in foliage distribution thus ageneralily
leads to greater bird species diversity. This correiation essentially ignores
the actual relationship hetwesn productivity and reproductive success that
presumably underlies the evolution of the habitat preferences.

It has been noted {e.q., Sturman 1948) that one of the species in this
guild that 1is present in this waterched {(the Chestnut-backKed Chickadee) may
respond to the presence or abundance of coniferocus tree species. Observations
in this region, and in other parts of California in which this species occurs,
indicate that the chickadee dues in fact use deciduous vegetation reguiariy.
However, inclusion of conifers in riparian wetlands in the vicinity of
Humboldt Bay has been recoqnized as the natural condition in these wetlands
prior to settlement by European man {(see Ray gt al. 19843, For the purposes
of this model. no differentiation will be made between deciduous and
coniferous vegetation.

The distribution of foliasge provides nesting substrate for the birds
{each according to the appropriate niche gestalt), Some species in the guild
are primary or secondary cavity nesters <{secondary = using holes made by
primary excavatorsl), Cavity nesters generally use dead wood, rather than
nesting in tive trees. Thus. the presence of snags or other dead subsirate is
an important element for some  sbecies in the quild f{gee Echroeder 198Zb,
198Z2c).

HABTTAT REQUIREMENTS

This model addresses lite regquisites of food and foraging, reproduction
(nestingd, and cover. It ie assumed that water is not Timiting for any
species, and no explicit element for water is included in this model. Food
and foraging substrate are considered to bhe orovided by woody wvegetation.
Bhrubs are considered to be live woody stems up to 3 meters (10 feet) tall.
Live woody stems greater than 3 m tall are considered to be trees. This model
will not differentiate between single and multiple tree canopy lavers, with
possitly higher habittat values becayse of the oresence of additional laversz.
primarily for locgistical reasons.

otem diameter is not considered for foraging purposes, althounh it s
clear that scamsorial Ctrunk- and limb-foraging) birds will experience greater



habitat value as basal area increases {e.qg., see Schroeder 1982c2,

Similarly, cover i¢ considered to be provided by wegetation; separate
variables to differentiate between Fforaging ang cover subsirates are not
included in the model.

Reproduction substrate is provided for these <pecies by the plants that
also provide cover and foraging substrate, The wvolume of <space that
potentially offers nesting sites increases proportionally with the total
volume of plant leaf area. @A further consideration for nesting substrate is
the availability of snags of suitable size, to accommodate cavity nesters.

HABITAT SUITARILITY INDEX [HE
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1 MOLEL

Model dpplicability. This model was developed to addrese habitat needs
within the Humboldt Bay watershed. The model is also expected to apply to
coastal wetlands elsewhere on California’s northern coast, although the full
range o0f qeographical applicability ig not defined. The model may be
applicable f(with suitable modificationsy +to other coastal and noncoastal
wetland areas in California and Oregong many northwestern California wetlands
are more similar to those of Oregon than to wetlands farther south in
California. There is no intended seazonal applicabiiity, inasmuch as the

habitats covered by the made) are used by different members of the quild in
all four cseasong,

Wetltands included in the habitats that could be evaluated by this model
arer (i) riparian woodlands along streamcourses that enter the bavs (ii)
swames  dominated by willows (8alix spp.), alders ({Alnus ogeanonad, and
waxmyrtles {Myeica ralifopoical), most of which cccur in saturated or poorly
drained soilsy and (iii) similar wetlande with emergent woody wvegetation.
Cowardin et 2l. {19793 note that scrub-shrub and forested wetlands are
restricted to "palustrine” and "estuarine” wetlands; in Humboldt Bay, only
palustrine wetlands include these habitats. Readers should review Cowardin a2t
al. (19772 for additicaal information regarding classification of wetlands,
and examples of wetland habitats.

{Ine variable used in the model <(number six, below) requires information
that mav be obtained from maps or aerial photographs. A1l other variables
require field sampling., Model users are expected to exercize adequate rigor
in csampling and analvsis, so that statistical walidity is ensured. Although
there is no mandatory geason for sampling, it fs recommended that sampling be
conducted when tree and shrub canopies are in leaf,

The model is intended to be applied to habitat areas that may not be
entirely one cover tvpe (i.¢.., a zite mar contain emergent wetland as well ac
woody yegetationd. Thiz formulation accommodates changes in wetland area
through time, as weould he expected in wetiand restoration or enbancement
projectzy suttability is reiated to the Fraction of the arex osresenting
appropriate  habittat conditions. g fuynctionally similar (but not exactly



identical) model would result if the sixth variable were omitted and the model
apolied cnily to ripas - - :‘=1: zmnorom tar o wetlande, Be noted below, the
modet includes a "minimum area” assumption, a reauirement that the model aniv
he applied to habitat areas with at least 20 szouare meters of riparian
vegetatian, ‘

Descrintion of the Madel. This model  is based upon the two basic habitat
parameters noted above, the presence and volume of foliage and the presence of
syitable snags. The model wuses several wvariables to account for foliage
characteristics, This is considered zppropriate, in wview of the prezumed
importance of foliage in providing foraqing area, cover, and nesting substrate
for most of the gpecies in this guild., The model includes one wvariable
covering snag availabilityv. It also includes a wariable scaling the
suitabitity of an evaluation site zccording to the fraction of the site that
has appropriate vegetation,

The first and second variables relate spitability to the percent of
cancopy ¢closure in two vegetational lavers., Canopy closure is directly related
to canopy foliage volume {see, for example, Havs gt zl. 19812, Each variable
relates to foliage wolume in two horizontal dimensiens within a specific
"Taver" of the habitat {see next section), Site syitability increases with
foliage volume, wuntil fthere i¢ enough foliage to begin shading lower lavers,
thus reducing ecological productivity in these larvers, It is to be expected,
therefore, that intermediate wvaluee Ffor cancpy closure provide optimal
habitat. The third variable ccales foliage velume in the vertical dimencion.

The first and second variables are expreesed as canopy cover, which iz
the. percentage of the aqround surface covered by a vertically downward
projection of aerial foliage. While some ecological studies express cover in
terms of seecific lavers or of total numbers of foliage tavers, this medel
will use cover in the heotanical sense as just defined.

The assumption that intermediate cover values are opifimal Follows from
the use of ground-ievel vegetation by species that should be evaluated by this
modet. Complete canopy closure generally leads to a loss of live ground
cover, Geound cover vegetation is not measured by this model; however,
incompiets canapy cover in the shrub and iree lavers iz anticipated to iead to
appropriate live plants at ground level,

A1l of the above variables are scaled by the fourth variable to reflect
the coverail cancoy "tavering” within the vegetation. Habitzt value increazes
as the amount of ltavering increases {see next section for detziler,

The fifth variable in this model is a measure of the density of snzags of
minimally acceptable size for cavity nesters, Site suitabitity increases with
=nag density yntil optimal conditions are reached. Thie may not address site
gyitabiiity adequately for some habitai conditionsz. as both more snags  and
larger smage may imgrove 3 site Ffor come bhird species, Howeyer, it is
believed that the variable jacorporated into this model addresses the pseds of
the small passerine and woodpecker species primarily covered by thic model.

n



The sixth variahle scales the habitat value in direct proportion to the
fraction of the site that provides the other uarldee: I1¥ there is no woody
riparian vegetation. the site <: " 7 - T iz, It ois precsumed that a
vegetation patch must have a minimum area cf approximateiry 20 square meters
{about 215 square feet) to provide habitat utility.

Suitabhility Index [S511 Granhs for Model Mariables. Following in Figure !
are graphic representations of presumed relationships between habitat
variables and habitat suitability. The 81 walues are read directly from the
graph (1,0 = optimal suitabitity; 0.0 = no suitabilitr) for each variabie,
The rationale for developing each graph is presented below.

Variable 1: DSCCP ~ Percent shrub (I ~ 3 meter talll) canopy cover. The
model assumes that foliage must be present before the habitat is suitable at
alt. This variable is structured to reflect habitat utility when the foliage
in the shrub canopy covers at least 18 percent of the aqround surface (see
previcus section). Suitability increases to an optimum when 304 - 734 of the
site has shrub canopy cover. These cover levels provide relatively denze
foliage within the shrub layer, while allowing some light to pass through to
the ground level.

@s the canopy closes, lower light levels at the ground surface restrict
vegetation arowth. It appears that there will he a tradeoff between increased
suitability for sepecies that wuse the shrub canopy and decreased suitability
for species that use the forest flecor, The 51 value is assumed to decrease to
8.6 at 1004 canopy closure., This value greater than one~half should refiect
the contribution to habitat of the foliage volume in three dimensions above
the, qround, as contrasted with the iwo dimensions at ground level, It should
be noted that this variable is modified from Schroeder (178220,

Variable 2: CC3MP - Percent tree (qgreater than 23 meter tall) canopy
cover, This variable is simitar to variahle 1. At least 104 of the site’s
ground surface must tie wunder tree canopy for any sultabkiliity to exist.
Suitability increases to cptimum levele at 204 to 754 cover, then decreases to
intermediate wvalues as canopy cover appreaches 160% ffor identical
reasaningl.,

This wvariable does not differentiate the cancoy into lower and higher
teuels, as the expected use of the model iz within riparian or swamp habitats
near Humboldt Bay, where canopy heights rarely exceed & m and one canopy
ayver. Were the model to be applied to other riparian forests, where canopy
heights can reach 10 m, and where there may be more than one distinct tree
canopy ltaver, it would he appreopriate to resiructure this wariable {or the
entire model) to reflect the additicgnal lavering. Thiz variable is modified
from Schroeder (1982h).

Variable 3: NAHOT - Average height of overstory trees (in meters). This
variable reflects the vertical dimension of the Ffoliage: habitat otitity
should increage with the wvalue of the variable., As with other variables in
the model, a threcshold exists; vegetation must be at least I m tail before it
provides habitat vaiue. The 81 increases with «cangpy height until the height
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reaches 4 m 20 faet), iWillows and other treee in  Humboldt Bay riparian
hahitats seldom exceed this height, and it thus represents &n  &pproximate
maximum value. This variable iz medified from Schroeder {198Zh0.,

Varishis & IML2Y - Zancpy lavering cateqories (1, 2, 3, 4, or &), This
variazble requires &n input scalar waltue from the user, depending upcocn  the
general conformatien of the habitat. The scalar wvalues and the associated 5l
values are shown in Fioure 1! Category ! -~ po woody vegetationy Category 2 -
jow shrubs, less than & meter tall: Categery 3 - tall shrubs, I to 3 m tailg
Cateqgory 4 -~ trees, more than 3 m tall but without woody understory; and

Category 8 - multiple lavers of woody vegetation, with both trees and shrubs
present,

Thiz wvariabile P vesed in the model io scales wveptical habitat
heterogeneity. OGreater value follows from more diverse habitat. Alternate
measures of this variable are available {e.g., MacArthur and MacArthur 19612,
but this formulation is more direct and is easier to measure,

Variable 5: DSNAGIO -~ Number of snags greater than 10 om diameter at
breast height <{(dbh) per 8.4 hectare <{greater than 4 inches dbh per acre).
Since several members of this gquild reguire cavities, the suitability of a
gite increases with the density of snags of appropriate size. This variable
produces a linear increase in suitability if any snags at teast 10 cm in

diameter are present, reaching an optimum when three or more are present per
acre.

Were this model to be applied to more diverse riparian habitats than
Humboldt Bay, this wvariable should be modified to require larger snags fer
cptimum sultability. Small tres= and <=nags are adeguate for small bird
species, but do not serve for large birds, or for mammals and other potential
cavity ugers, This wvariable is modified from Schreeder {(1%82b, 1782c)i the
optimum level of 3 snags per acre & a compromise from the two previous
models,

Variable &: APWRV - Percent of the cite in woody riparian vegetation.
Thie wariable <scales the habitat suitability of a site according %o the
fraction that provides appropriate vegetation. From a threshold value at 54
of the cite, the value increases linearly to optimality when 1604 of the site
provides riparian vegetation., aAs noted above, a presumed threshold size of 20
square meters of woody vegetation e required for  this variable to be
applicable,

H51 Detsromication. The riparian songhird guild model fe chown in Figure
2y = printout of the glecironic version of the model iz included in Attachmsnt

The owerall suitability of a riparian or owamp weitland for the cpecies in
Sttachment 1 is evaluated by thie model in terms of the distribution of
foliage, bv the opresence and number of snags, and by the fraction of the
evaluation site containing such vegetation., WYariables 1 through 4 in the
model address vegetation, and the remaining parameters are addressed by
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LEV & LEV 4 LEV 3 LEV 2 LEV 1

DSCCP 7 8 4 8 HSI
CC3MP 7
NAHOT 7
~ CHLAY 8
DSHAGLB—7
APYRY 7

TREE DIAGRAM FOR THE RIPARIAN SONGBIRD GUILD MODEL

DOCUMENTATION

. Values of input variables are entered according to variable definitions and
Table 1.

. Function code "4'' is a geometric mean; e.g., Y = (X1 * Xz)% .

. ?unction code "7 is a graph; see Figure 1. Output from graph is a value
0.0&Y<1.0.

. Function code '"8" is a user-specified function. tnput values (left side of
function code in figure) are numbered 1, 2, etc., from top down.

Equations are: 8 : Y = ()l(1 * X, + 2.0*)(3)/‘*.0

Bb: ' see Figure 1b.

86: HST = ((x1 + xz)/z.o) * x3

FIGURE 2 - MODEL TREZ DIAGRAM AND DOCUMENTATION
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vartahles 9 and 6 respectively.

Variables 1, 2, and 3 are combined in the mode! to reflect the volume of
foliage present. The first two wariables reflect horizontal foliage
distributions, and the third the vertical distributien. Foliage in the shrub
and tree canopy lavers of the relatively Tow thickets in the watershed is
assuymed to ke continuous, and the values for the two wvariables are deemed to
be compensatory; a single value reflecting horizontal +foliage dimensions Is
achieved by averaging the twe variabies,

The vertical dimension is incorporated into this model as part of the
averaging calculation, to reflect the compensation between “"layers.” This
variable is weighted at twice the value of the former variables, however, so
that suitability calculations emphasize the vertical foliage disiribution.
Half of the output +rom the usger-specified function thus relates to
horizental, and half to vertical, foliage distribution (see Fugure 2J.

The intermediate suitability index value provided by the calculation
atove is modified in the model by the suitability index derived from the
canopy javering present. The model combines the foliage wvariables via a
qeometric mean function, This is used to reflect the partial compensation
between foliage volume and ltavering criteria, and the increased departure from
optimum conditions when either of the <factors is much less than optimum. The
output from this computation thus emphasizes any departure from optimum
foliage distribution conditions.,

The habitat suitability index (HSI) is computed in the model with a user
specified function. The Function calculates the arithmetic mean of the
foliage and snag variable values. This is appropriate when the variables are
fully compenczatory, so that high wvalues of one offset low values of the
other. This appears reasonable in thiec casey qood foraging area miaght not
provide many snags for nesting for wice versal, but the faverability of the
site for foraging still maintains a refatively high utility for the habitat.
The function also reduces the index walue azaccording te the fraction of the
cite that is pot in appropriate vegetation.

In general terms, the HSI wvalue is determined approximately half by
foliage value and half by enag value. About a quarter of the value relates to

canopy layering, and a quartsr to the combination of cover valuss and total
canopy height.

FIELD USE GF THE MODELS - SaMPLING

Suggested zampling techniques for the variables in the riparian songbird
quiid HSI model are indicated in Table 1, Readers should consult Havs 2i al.
(1281 for =pecific digcussion of sampling techniques vuseful in determining
habitat suitability. Other <sampling technigues may he substituted If
equivalent resulis are produced,.

- 12 -



Table 1. Suggested measurement techuniques for variables in the riparian songbird guild model.

Variable

Suggested Measurement Techuique

DSCCP: percent shrub (1-3 m tall)
canopy cover.

CC3MP: percent tree (>3 m tall)
canopy cover.

NAHOT: average height (m) of
overstory trees.

CNLAY: canopy layering category
(1, 2, 3, 4, or 5h

DSNAG10: rnumber of snags »10 cm
diemeter at breast height (dbh) per
0.4 ha (>4 inches dbh per acre).

APWRV: percent of the site in
woody riparian vegetation.

Establish a baseline transect through the habitat area.
At regular intervals, establish sample transects
perpendicular to the baseline. Using a random sampling
procedure {such as random numbers to determine distances
along transects), establish sample plots at least 1
square meter in area, Estimate percentage shrub canopy
cover (the area on the ground surface covered by aerlal
foliage of woody-stemmed plants 1 to 3 meters tall) to
the nearest 5% interval. Recommended: sample at least
20 points., Compute average coverage for all samples.

Fstablish a baseline transect as above, with sampling
transects perpendicular to baseline. Sample as for
DSCCP, except that percentage cover should be estimated
for trees (woody plants >3 m tall). Recommended: sample
at least 20 points. Compute average coverage for all
samples.

Use sample points identified for CC3MP. Obtain a single
measurement of tree canopy height for each point.

Measure canopy height as the tallest (highest) vegetation
in the quadrat sampled. Compute average of all sampled
values.

[Note: if there are no trees (plants >3 m tall), measure
the canopy height of shrubs,]

For each sample point for DSCCP and CC3MP, record the
presence or absence of trees, shrubs (as defined above},
and woody stems <1 m tall. When sampling is complete,
inspect these records. MAssign an ordinal value (1, 2, 3,
4, or 5} according to these records, considering all data
Logether.

[Note: this variable ig intended to involve the user's
judgement about the entire site. The value assigned
should be blologically justifiable.]}

For each sample point for DSCCP and CC3MP, record the
number of snags in the quadrat meeting this screening
criterion (>10 com dbh). Compute the total number of
snags observed and the total area sampled. Convert to
0.4 ha {acre) density value.

Using aerial photo or map of entire evaluation area,
compute total area. Also compute area covered by woody
“riparian® vegetation. Divide latter area by total and
multiply by 100,

Alternatively, lay out a grid of points over entire
evaluation area; ensure that grid covers the entire study
area, but exclude all areas outside study boundary.

Tally the number of grid points falling in appropriate
vegetation, divide by the total pumber of grid points,
and multiply by 100.



OTHER MODELS

The U,S. Fish & Wildlife Service has published HSI models for the Yellow
Warbler {Schroeder 1982a), the Black-caoped Chickadee {(Schroeder 1982bk). and
the Downy Woodpecker (Schroeder 1982c). The third species is resident in the
Humboldt Bay watershed. and the first uses habitats here during migration.
The Chestnut-backed Chickadee wuses habitats somewhat like those used by the
Black-capped Chickadee (see above and Sturman 1%68). The three publiched
models were reviewed in preparing this model, and portions were incorporated.
The author i3 not aware of cother published or unpublished HSI models for

species in this guild, or of models in any stage of development for the quild
as a whole.
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ATTACHMENT A

The following species are expected to derive habitat utility from the
riparian or “"swamp" habitat type covered by this model. This is considered a
minimum list; other species not recorded here also should benefit. Listing

order is taxonomic, and does not imply importance, abundance, or degree of

benefit. The list is based upon references cited in the model.

Taxonomic Name

Common Name

Picoides pubescens

Picoides villosus

Empidonax difficilis

Tachycineta bicolor

Parus rufescens

Troglodytes troglodytes

Turdus migratorius

ixoreus naevius

Catharus guttatus

Catharus ustulatus

Regulus calendula

Vermivora celata

Dendroica petechia

Dendroica coronata

Wilsonia pusilia

Carduelis tristis

Passerella iliaca

Melospiza melodia

Downy Woodpecker
Hairy Woodpecker
Western Flycatcher
Tree Swallow
Chestnut-backed Chickadee
Winter Wren

American Robin

Varied Thrush

Hermit Thrush
Swainson's Thrush
Ruby-crowned Kinglet
Orange-crowned Warbler
Yellow Warbler
Yellow-rumped Warbler
Wilson's Warbler
American Goldfinch

Fox Sparrow

Song Sparrow




ATTACHMENT B

LIBRMAEY s BiHUMBeyY LI E

(7-Z&-1985

1CO0EL # S

OCEL MNAME: RIPARIAN SONMGEIRD GUILD AUTHOR DE&FT 0d4-15-1%98&
ichroeder, R.L, 1282, Habitat suitability index models: Yellow bWarbler.
1.8, Dept., Int., Fish. Wildl., Ssrv. FUS/OBZ-32710.27. 7 pp.

ichraeder., B.L. 1982, Habitat suitability index models: Black-capoed
thickadee., U.8. Dept. Int. Figh. Wildl. Serv. FUWZ/,OQBS-9Z2710.37. 12 op.

ichroeder, R.L. 1782, Habitat suitakility index models: Downy
ImodoeckKer., U.8. Deot. Int. Fish. Wiltdl. Serv. FWUE/OBES-E82-°10.38. 10 p.

see written version for further refersnces.

EYOS LEV 4 LEV 2 LEV 2 LEW |
DECCP————- s e G e B—— HEI
COEMpP - e e : i |
NAHOT-———— T e ~ ! !
CMLAY - G e — e e ~ !
DEMNAGLI O -V ——— 1
AP R = - e e e e e ~
FSCCP Percent shrub (1-3m tz11) cancopy» cover.
JEEMP FPercent ftree (23m high) canooy cover.
JeHOT FAYERSGE HETGHT OF GUERSTORY TREEER M)
ZMLAY Canopy lavering categories (1,2,3. 4, or 5 - see model documentation.
JEMNAGEL0 Mumber of snage *10cm dbh per 0.4 ha (4 in dbh per acrer.
PR Fercent aof sifte in woody riparian vegetation,

FR&PH FUMCTIONM AT LEVEL 4 o POSITION i
Title: DeccE

e g.,ona == 0,000
10.000 0,000
S0.o00 1,400
FLL,oon 1,004
100,000 O .an0
114,000 0.&00

ARAFH FUNCTIONM &T LEVEL 4 , POGSITION 2
Titlte: QCIMP

= g.0ag0 Y= g.ooo
10,000 0,000
S0.000 1,000
AL.onn 1.00a0
100,008 a,a00

11a.000 €. a0



o
u
a}
(81}
381

odel: RIPARIAN SONGERIRD GUILD {continued:

FafFH FUNCTION AT LEVEL 4 , POSITION 3
Title: HOT

® 0.a00 Y= 0.000
1.000 g.qan
a&,000 1.0400
70040 1.000

SER-SFECIFIED FUNCTION AT LEVEL 3 . FOSITION 1
BUR = (X{12+X(Z2+2, %X (3221274,

SER-SFECIFIED FUMCTION &T LEVEL & . POSITION 2

F XC104>1 AND X(10432 aND X{13(33 AaNMD X{(1)24>4 aND X(1)<>5 THEN PRINT:PRINT" =%
ERROR IN INPUTx=x":PRINT"VALUE FOR CNL&Y MUST BE 1. 2. 3, 4, OR S ":PRINT"PRESE
aMY KEY TO RETURN TO DATS MODIFICATION MENL -~ #35:2% = INPUTS(1):GOTO SG10

F X1 = 1§ THEN USUR = 0
F X{1) = 2 THEN USUR = ,[Z3
F ¥X(1> = @ THEN UsSUR = .3
F X413y = 4 THEN USUB = .73
F (1) = S THEN USUB = 1.

R&aPH FUNCTION AT LEVEL 2 . POSITION 2
Title: SNAGLD

Nz g.o0o Y= ¢.000
2.000 1.000
4.000 1.000

FAPH FUNCTION &T LEVEL 2 . POSITIOM 2
Title: = A=

= 0,000 Y 0,000
5,000 0.000
100,000 1.00a0
118.000 1.000
IMER-SPECIFIED FUMITION AT LEVEL 1 ., POSITION 1
IBUE = ((X(Ix+4(20072, 0% 030






FILE COP'

COMMUNITY-BASED
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FOR THE RIPARIAN FOREST COVER-TYPE
ALONG LLAGAS CREEK

Adapted from a model used by the HEP team evaluating impacts of proposed riprap
bank protection along the lower Sacramento River
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BACKGROUND: The cover-type model described here is for Riparian Forest Cover. This
cover-type is defined as a stand of woody vegetation composed of primarily trees greater than 20-

feet-tall. The Riparian Forest cover-type model identifies and quantifies characteristics of this
cover type which are important to a wide array of wildlife. The model does not attempt to
portray exactly the needs of any one species, but rather it broadly portrays the needs of many

species or species groups of riparian zones along Llagas Creek.

For example, many birds, including nesting raptors such as red-tailed hawks and re-shouldered
hawks require tall trees, and thus tree height, with taller trees being more favorable, has been
included as a key model variable. Also, many songbirds, such as the northern oriole and least
Bell’s vireo, require relatively dense canopies, thus canopy closure, with greater closure
providing greater value, is included as a model variable. Similarly, riparian water birds such as
herons an egrets have specific needs relating to canopy closure, width of stand, and density of
vegetative understory, so these needs have been met as much as possible with the appropriate
model variables.

The single Habitat Suitability Index (HSI) value which is derived using the Riparian Forest
cover-type model is therefore, not an exact measure of the habitat value of any single wildlife
species. Instead, the HSI indicates the overall, broad quality of the cover-type to a broad array of
the most important species which inhabit the creek’s riparian zone. As such, the use of this
single HSI value in the HEP process is assumed to provide the same results (i.e., estimates of
relative impacts and compensation needs) as if the HEP were completed using a number of
individual wildlife species models. Past comparisons using actual HSI data collected from

Riparian Forest Cover along the Sacramento River suggest the validity of this assumption.

AREA OF APPLICABILITY: Riparian Forest Cover along Llagas Creek, a tributary of the
Pajaro River.

VARIABLE

V, — Average tree height,

V, ~ Average canopy width of the stand.
V; — Tree canopy closure.

V, - Number of tree or shrub species.
Vs — Understory vegetative density.



V, — Average tree height. Suitability Index (SI) determination. Assumptions: For most
wildlife species of concern, the taller the trees, the better the habitat value. Nesting
raptors in particular require relatively tall trees. A tree height, on average, of about 60
feet or greater is optimum.
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V., — Average Tree Height (Ft.)



Average canopy width of the stand. Suitability Index (SI) determination.
Assumptions: Generally, the wider the stand, the better the values for most key
fish and wildlife. Stands less than 30-feet-wide have relatively low values; stands
over 70 feet in width are best.
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V, — Average Canopy Width of the Stand (Ft.)
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V, — Tree canopy closure. Suitability Index (SI) determination. Assumptions: In general,
the greater the forest density, as determined by percent of canopy closure, the greater
the values of the forest. However, if the stand becomes too dense, habitat values
frequently decline. The optimal condition is with percent canopy closure of 50 to 80

percent.
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0.6 -
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V; — Tree canopy closure (%)



V, ~ Number of tree or shrub species. Suitability Index (SI) determination. Assumptions:
Habitat diversity improves carrying capacity. Generally, the more tree or shrub species
present, the more diverse th forest, and the greater the values to fish and wildlife. The

optimal condition is when the forest is composed of at least four species of trees.
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Vs, - Understory vegetative density. Suitability Index (SI) determination. Assumptions: The
best Riparian Forest habitat occurs when both overstory and understory canopies are
relatively dense. the understory should generally have a moderate density of vegetation
at various elevations. By estimating the understory of the forest for the horizontal
planes at 2, 6, and 14 feet above ground, and then averaging these three figures (i.e., the
three estimates of percent vegetative cover), a good index of overall understory density
can be derived.
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V; — Average Understory Vegetative Density (%)
(At 2. 6. and 14 Feet Above Ground)



HABITAT SUITABILITY INDEX (HSI): Average canopy width and understory density are
believed to be slightly more important variables than the other three variables. The five variables

are thus combined as follows:

HSI = (V, x V, x V)" + (V, x V)*
2

Variables are generally measured or estimated during periods of maximum vegetative leaf-out.

The calculated HSI is reduced by 40% when the majority of the tree canopy closure is from non-
native species such as eucalyptus. In addition, this adjusted (or if not adjusted) HSI is further
reduced by 33% if the edge of the riparian forest occurrence begins 20 feet or more away from
the edge of the streambed, since riparian forest in close association with the stream has highest

values.
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This model is designed to be used by the Division of Ecological Services
in conjunction with the Habitat Evaluation Procedures.
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
(FWS/0BS-82/10), which provides habitat information useful for impact assess-
ment and habitat management. Several types of habitat information are
provided. The Habitat Use Information Section is largely constrained to those
data that can be used to derive quantitative relatjonships between key environ-
mental variables and habitat suitability. The habitat use information provides
the foundation for HSI models that follow. In addition,.tnis same information
may be useful in the development of other models more appropriate to specific
assessment or evaluation needs.

The HSI Model Section documents a habitat model and infocrmation pertinent
to its application. The model synthesizes the habitat use information into a
framework appropriate for field application and is scaled to produce an index
value between 0.0 (unsuitable habitat) and 1.0 (optimum habitat). The applica-
tion information includes descriptions of the geographic ranges and seasonal
application of the model, its current verification status, and a listing of
model variables with recommended measurement techniques for each variable.

In essence, the model presented herein is a hypothesis of species-habitat
relationships and not a statement of proven cause and effect relationships.
Results of model performance tests, when available, are referenced. However,
models that have demonstrated reliability in specific situations may prove
unreliable in others. For this reason, feedback is encouraged from users of
this model concerning improvements and other suggestions that may increase the
utility and effectiveness of this habitat-based approach to fish and wildlife .
planning. Please send suggestions to:

Habitat Evaluation Procedures Group
Western Energy and Land Use Team
U.S. Fish and Wildlife Service

2627 Redwing Road

Ft. Collins, CO 80526
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DOWNY WOODPECKER (Picoides pubescens)

HABITAT USE INFORMATION
General
Downy woodpeckers (Picoides pubescens) inhabit nearly all of North America

where trees are found (Bent 1939). They are rare or absent in arid desert
habitats and most common in open woodlands.

Food

The downy woodpecker is primarily an insectivore; 76% of the diet is
animal foods, and the remainder is vegetable food (Beal 1911). Beetles, ants,
and caterpillars are the major animal foods, and vegetable foods include
fruits, seeds, and mast. Downy woodpeckers feed by digging into the bark with
the bill, by gleaning along the bark surface, and, infrequently, by flycatching
(Jackson 1970).

Downy woodpeckers in Illinois foraged more in the lower height zones of
trees than. in the tree canopies and foraged more often on live 1imbs than on
dead limbs (Williams 1975). Similarly, downy woodpeckers in Virginia foraged
primarily on live wood in pole age and mature forests (Conner 1980). Downy
woodpeckers in New York spent 60% of their foraging time in elms (Ulmus Spp.)
(Kisiel 1972). They foraged most frequently on twigs 2.5 cm (1 inch) or less
in diameter, and drilling was the foraging technique used most often. Downy
woodpeckers are not strong excavators and do not excavate deeply to reach
concentrated food sources, such as carpenter ants (Camponotus spp.) (Conner
1981).

Downy woodpeckers in Virginia foraged in the breeding season in habitats
with a mean basal area of 11.3 m?/ha (49.2 ft?/acre). Habitats used for
foraging during the postbreeding and winter seasons had significantly higher
mean basal areas of 21.4 m2?/ha (93.2 ft2/acre) and 17.2 m2?/ha (74.9 ft?/acre),
respectively. Downy woodpeckers in New Hampshire fed heavily in stands of
paper birch (Betula papyrifera) that were infected with a coccid (Xylococchus
betulae) (Kilham 1970). The most attractive birches for foraging were those
that were crooked or leaning, contained broken branches in their crown, and
had defects, such as cankers, old wounds, broken branch stubs, and sapsucker
drill holes. Downy woodpeckers invaded an area in Colorado in high numbers
during the winter months in response to a severe outbreak of the pine bark
beetle (Dendroctonus ponderosae) (Crockett and Hansley 1978). This outbreak
of beetles had not resulted in increased breeding densities of the woodpeckers
at the time of the study.
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Downy woodpeckers foraged more on tree surfaces during summer than in
winter (Conner 1979). They increased the amount of time spent in subcambial
excavation in winter months, probably in response to the seasonal availability
and location of insect prey. Downy woodpeckers appear to broaden all aspects
of their foraging behavior in the winter in order to find adequate amounts of

food (Conner 1981).

Downy woodpeckers in Ontarioc extracted gall fly (Eurosta solidaginis)
larvae from goldenrod (Solidago canadensis) galls growing near forest edges
(Schlichter 1978). Corn stubble fields supported small winter populations of
downy woodpeckers in I1linois (Graber et al. 1977).

Water

Information on the water requirements of the downy woodpecker was not
located in the literature.

Cover

The cover requirements of the downy woodpecker are similar to their
reproductive requirements, which are discussed in the following section.

Reproduction

The downy woodpecker is a primary cavity nester that prefers soft snags
for nest sites (Evans and Conner 1979). These woodpeckers nest in both
coniferous and deciduous forest stands in the Northwest. Nests in Virginia
were common in both edge situations and in dense forests far from openings
(Conner and Adkisson 1977). Downy woodpeckers in Oregon occur primarily in
deciduous stands of aspen (Populus tremuloides) or riparian cottonwood
(Populus spp.) (Thomas et al. 1979). The highest nesting and winter densities
in I1Tinois were in virgin or old lowland forests (Graber et al. 1977).

Downy woodpeckers in Virginia preferred to nest in areas with high stem
density, but with lower basal area and lower canopy heights than areas used by
the other woodpeckers studied (Conner and Adkisson 1977). They preferred
sparsely stocked forests commonly found along ridges (Conner et al. 1975).
Preferred nest stands had an average basal area of 10.1 m%?/ha (44 ft2?/acre),
361.8 stems greater than 4 cm (1.6 inches) diameter/ha (894/acre), and
canopy heights of 16.3 m (53.5 ft) (Conner and Adkisson 1976). Downy wood-
peckers in Tennessee were frequently seen feeding in the understory and
apparently selected habitats with an abundance of understory vegetation
(Anderson and Shugart 1974).

Downy woodpeckers excavate their own cavity in a branch or stub 2.4 to
15.3 m (8 to 50 ft) above ground, generally in dead or dying wood (Bent 1939).
There was a positive correlation between downy woodpecker densities and the
number of dead trees in Il1linois (Graber et al. 1977). Downy woodpeckers
rarely excavate in oaks (Quercus spp.) or hickories (Carya spp.) with living
cambium present at the nest site (Conner 1978). They apparently require both
sap rot, to soften the outer part of trees, and heart rot, to soften the
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interior, when hardwoods, and possibly pines, are used for nesting. Downy
woodpeckers in Virginia nested mainly in dead snags with advanced stages of
fungal heart rot (Conner and Adkisson 1976).

Downy woodpeckers "“search image" of an optimal nest site is a live tree
with a broken off dead top (Kilham 1974). Suitable nest trees are in short
supply in most areas and appear to be a limiting factor in New Hampshire.
Downies in Montana appeared to prefer small trees, possibly to avoid the
difficulty of excavating through the thick sapwood of large trees (McClelland
et al. 1979). The average dbh of nest trees (n = 3) in Montana was 25 cm
(10 inches). A1l 11 nests in an Ontario study were in dead aspen, and the
average dbh of four of these nest trees was 26.2 cm (10.3 inches) (Lawrence
1966). Fourteen of 19 nest trees in Virginia were dead, the average dbh of
nest trees was 31.8 cm (12.4 inches), and nest trees averaged 8.3 m (27.2 ft)
in height (Conner et al. 1975).

Thomas et al. (1979) estimated that downy woodpeckers in Oregon require
7.4 snags, 15.2 cm (6 inches) or more dbh, per ha (3 snags/acre). This
estimate is based on a territory size of 4 ha (10 acres), a need for two
cavities per year per pair, and the presence of 1 useable snag with a cavity
for each 16 snags without a cavity. Evans and Conner (1979) estimated that
downies in the Northeast require 9.9 snags, 15 to 25 cm (6 to 10 inches) dbh,
per ha (4 snags/acre). Their estimate is based on a territory sjze of 4 ha
(10 acres), a need for four cavity trees per year per pair, and a need for 10
snags for each cavity tree used in order to account for unuseable snags, a
reserve of snags, feeding habitat, and a supply of snags for secondary users.
Conner (pers. comm.) recommended 12.4 snags/ha (5 snags/acre) for optimal
downy woodpecker habitat.

Interspersion

Downy woodpeckers occupy different size territories at different times of
the year (Kilham 1974). Fall and winter territories consist of small, defined
areas with favorable food supplies and the area near roost holes. Breeding
season territories consist of an area as large as 10 to 15 ha (24.7 to
37.1 acres) used to search out nest stubs, and a smaller area around the nest
stub itself. Breeding territories of downies in Illinois ranged from 0.5 to
1.2 ha (1.3 to 3.1 acres) (Calef 1953 cited by Graber et al. 1977). Male and
female downy woodpeckers retain about the same breeding season territory from
year to year, while their larger overall range has more flexible borders
(Lawrence 1966).

Downy woodpeckers occupy all portions of their North American breeding
range during the winter (Plaza 1978). There is, however, a slight, local
southward migration in many areas.

Special Considerations

Conner and Crawford (1974) reported that logging debris in regenerating
stands (l-year old) following clear cutting were heavily used by downy wood-
peckers as foraging substrate. Timber harvest operations that leave snags and
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trees with heart rot standing during regeneration cuts and subsequent thinnings
will help maintain maximum densities of downy woodpeckers (Conner et al.
1975). Foraging habitat for the downy woodpecker in Virginia would probably
be provided by timber rotations of 60 to 80 years (Conner 1980).

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This model was developed for the entire range of the
dowry woodpecker.

Seascn. This model was develcped to evaluate the year-round habitat
needs of the downy woodpecker.

Cover types. This model was developed to evaluate .habitat in Deciduous
Forest (DF), Evergreen Forest (EF), Deciduous Forested Wetland (DFW), and
Evergreen Forested Wetland (EFW) areas (terminology follows that of U.S. Fish
and Wildlife Service 1981).

Minimum habitat area. Minimum habitat area is defined as the minimum
amount of contiguous habitat that is required before a species will live and
reproduce in an area. Specific information on minimum habitat areas for downy
woodpeckers was not found in the literature. However, based on reported
territory and range sizes, it is assumed that a minimum of 4 ha (10 acres) of
potentially useable habitat must exist or the HSI will equal zero.

Verification level. Previous drafts of this model were reviewed by
Richard Conner and Lawrence Kilham and their comments were incorporated into
the current draft (Conner, pers. comm.; Kilham, pers. comm.).

Model Description

Overview. This model considers the ability of the habitat to meet the
food and reproductive needs of the downy woodpecker as an indication of overall
habitat suitability. Cover needs are assumed to be met by food and reproduc-
tive requirements and water is assumed not to be limiting. The food component
of this model assesses food quality through measurements of vegetative condi-
tions. The reproductive component of this model assesses the abundance of
suitable snags. The relationship between habitat variables, life requisites,
cover types, and the HSI for the downy woodpecker is illustrated in Figure 1.
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Life

Habitat variable requisite Cover types
Basal area Food Deciduous forest
\\\\\\\\\\ Evergreen forest
Deciduous forested HSI
Number of snags > 15 cm ////// wetland
dbh/0.4 ha (> 6 inches Reproduction Evergreen Torested
dbh/1.0 dcre) wetland

Figure 1. Relationships of habitat variables, life requisites,
and cover types in the downy woodpecker model.

The following sections provide a written documentation of the logic and
assumptions used to interpret the habitat information for the downy woodpecker
in order to explain the variables and equations that are used in the HSI
model. Specifically, these sections cover the following: (1) identification
of variables used in the model; (2) definition and justification of the suit-
ability levels of each variable; and (3) description of the assumed relation-
ship between variables.

Food component. Food for the downy woodpecker consists of insects found
on trees in forested habitats. Downy woodpeckers occupy a wide variety of
forested habitats from virgin bottomlands to sparsely stocked stands along
ridges. The highest downy woodpecker densities were most often reported in
the more open stands with lower basal areas, but it is assumed that all
forested habitats have some food value for downies. Optimal conditions are
assumed to occur in stands with basal areas between 10 and 20 m?/ha (43.6 and
87.2 Tt*/acre), and suitabilities will decrease to zero as basal area
approaches zero. Stands with basal areas greater than 30 m?/ha (130.8 ft2/
acre) are assumed to have moderate value for downy woodpeckers. :

Reproduction component. Downy woodpeckers nest in cavities in either
totally or partially dead small trees. They require snags greater than 15 cm
(6 inches) dbh for nest sites. Optimal habitats are assumed to contain 5 or
more snags greater than 15 cm dbh/0.4 ha (6 inches dbh/1.0 acre), and habitats
without such snags have no suitability.

Model Relationships

Suitability Index (SI) graphs for habitat variables. This section con-
tains suitability index graphs that illustrate the habitat relationships
described in the previous section.
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are presented below.

' B-51




Life requisite Cover type Life requisite value

Food EF,DF,EFW,DFW Vi,
Reproduction EF,DF,EFW,DFW V,

HSI determination. The HSI for the downy woodpecker is equal to the
lowest 1ife requisite value.

Application of the Model

Definitions of variables and suggested field measurement techniques (Hays
et al. 1981) are provided in Figure 2.

Variable (definition) Cover types - Suggested technique
v, Basal area [the area EF,DF,EFW,DFW Bitterlich method

of exposed stems of
woody vegetation if
cut horizontally at
1.4 m (4.5 ft) height,
in m*/ha (ft?/acre)].

v, Number of snags > 15 cm EF,DF,EFW,DFW Quadrat
(6 inches) dbh/0.4 ha
(1.0 acre) [the number
of standing dead trees or
partly dead trees, greater
than 15 cm (6 inches)
diameter at breast height
(1.4 m/4.5 ft), that are
at least 1.8 m (6 ft)
tall. Trees in which at
least 50% of the branches
have fallen, or are pre-
sent but no longer bear
foliage, are to be con-
sidered snags].

Figure 2. Definitions of varjables and suggested measurement
techniques.
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SOURCES OF OTHER MODELS

Conner and Adkisson (1976) have developed a discriminant function mode]
for the downy woodpecker that can be used to separate habitats that possibly
provide nesting habitat from those that do not provide nesting habitat. The
model assesses basal area, number of stems, and canopy height of trees.
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MODEL EVALUATION FORM

Habitat models are designed for a wide variety of planning applica-
tions where habitat information is an important consideration in the
decision process. However, it is impossible to develop a model that
performs equally well in all situations. Assistance from users and
researchers is an important part of the model improvement process. Each
model is published individually to facilitate updating and reprinting as
new information becomes available. User feedback on model performance
will assist in improving habitat models for future applications. Please
complete this form following application or review of the model. Feel
free to include additional information that may be of use to either a
model developer or model user. We also would appreciate information on
model testing, modification, and application, as well as copies of modified
models or test results. Please return this form to:

Habitat Evaluation Procedures Group
U.S. Fish and Wildlife Service

2627 Redwing Road, Creekside One
Fort Collins, CO 80526-2899

Thank you for your assistance.

Geographic
Species Location
Habitat or Cover Type(s)
Type of Application: Impact Analysis Management Action Analysis

Baseline Other

Variables Measured or Evaluated

Was the species information useful and accurate? Yes No
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PREFACE

This document is part of the Habitat Suitability Index (HSI) model series
.[Biological Report 82(10)], which provides habitat information useful for
impact assessment and habitat management. Several types of habitat information
are provided. The Habitat Use Information section is largely constrained to
those data that can be used to derive quantitative relationships between key
environmental variables and habitat suitability. This information provides
the foundation for the HSI model and may be useful in the development of other
models more appropriate to specific assessment or evaluation needs.

The HSI Model section documents the habitat model and includes information
pertinent to its application. The model synthesizes the habitat use informa-
tion into a framework appropriate for field application and is scaled to
produce an index value between 0.0 (unsuitable habitat) and 1.0 (optimum
habitat). The HSI Model section includes information about the geographic
range and seasonal application of the model, its current verification status,
and a list of the model variables with recommended measurement techniques for
each variable.

The model is a formalized synthesis of biological and habitat information
published in the scientific literature and may include unpublished information
reflecting the opinions of identified experts. Habitat information about
wildlife species frequently is represented by scattered data sets collected
during different seasons and years and from different sites throughout the
range of a species. The model presents this broad data base in a formal,
logical, and simplified manner. The assumptions necessary for organizing and
synthesizing the species-habitat information into the model are discussed.
The model should be regarded as a hypothesis of species-habitat relationships
and not as a statement of proven cause and effect relationships. The model
may have merit in planning wildlife habitat research studies about a species,
as well as in providing an estimate of the relative suitability of habitat for
that species. User feedback concerning model improvements and other sugges-
tions that may increase the utility and effectiveness of this habitat-based
approach to fish and wildlife planning are encouraged. Please send suggestions
to:

Resource Evaluation and Modeling Section
U.S. Fish and Wildlife Service

National Ecology Center

2627 Redwing Road

Ft. Collins, CO 80526-2899
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HAIRY WOODPECKER (Picoides villosus)

HABITAT USE INFORMATION
General

The hairy woodpecker (Picoides villosus) breeds and winters throughout
most of North America (American Ornithologists' Union 1983). The species is a
primary cavity nester in "deciduous or coniferous forest, well-wooded towns
and parks, and open situations with scattered trees ..." (American
Ornithologists' Union 1983:391).

Food

Animal matter, such as beetle larvae (Coleoptera), ants (Hymenoptera),
caterpillars (Lepidoptera), and adult beetles, accounted for 78% of the hairy
woodpecker's annual diet, based on 382 stomachs collected throughout North
America (Beal 1911). The diet is supplemented by fruit and mast (Beal 1911;
Hardin and Evans 1977). Hairy woodpeckers forage extensively for seeds in
winter (Jackman 1975); in Colorado, they foraged extensively during the non-
reproductive season on the seeds of ponderosa pine (Pinus ponderosa) (Stallcup
1966). Hairy woodpeckers may concentrate in areas of insect outbreaks in
response to the increased food source (Koplin 1967; Massey and Wygant 1973).
The hairy woodpecker was considered to be a primary predator of the Southern
pine beetle (Dendroctonus frontalis) in east Texas (Kroll and Fleet 1979).

Hairy woodpeckers are considered opportunistic foragers (Raphael and
White 1984); they forage on a variety of substrates, including tree trunks,
stumps, exposed roots (Lawrence 1966), snags, downed logs, the ground (Mannan
et al. 1980), and logging debris in recent clearcuts (Conner and Crawford
1974). 1In California, hairy woodpeckers foraged on snags 51% of the time and
on live trees 47% of the time (Raphael and White 1984). During winter, hairy
woodpeckers in Virginia foraged most often on dead trees or dead parts of Tlive
trees (Conner 1980). Hairy woodpeckers in New York exhibited a sexual
difference in the selection of winter foraging sites; males foraged on dead
trees significantly more often than females, and females foraged significantly
more often on live trees (Kisiel 1972). Both sexes used a variety of tree
species for foraging sites. A variety of tree species was also used for
foraging by hairy woodpeckers in Sierra Nevada forests (Raphael and White
1984). Snags used for foraging in Douglas-fir (Pseudotsuga menziesii) forests
in Oregon averaged 61 cm dbh and ranged from 13 to 173 cm dbh (Mannan 1977).
The average foraging height of hairy woodpeckers in Iowa was 8.8+1.55 m, and
the average diameter of limbs used for foraging was 6.52+1.04 cm (Gamboa and
Brown 1976). Hairy woodpeckers in New York typically foraged on limbs 5 to
10 cm in diameter (Kisiel 1972).




Hairy woodpeckers in southwestern Virginia foraged in "... habitats with
relatively dense vegetation near the ground" (Conner 1980:121) in comparison
to foraging habitat selected by other species of woodpeckers, especially the
downy woodpecker (P. pubescens).

Water

No specific information on water requirements of the hairy woodpecker was
found in the literature.

Cover

Hairy woodpeckers inhabit a wide variety of forest cover types. For
example, they inhabit Douglas-fir forests (Mannan et al. 1980), ponderosa pine
forests (Diem and Zeveloff 1980), pinyon-juniper (Pinus edulis - Juniperus
spp.) woodlands (Balda and Masters 1980), eastern deciduous forests (Conner
et al. 1975), and riparian communities (Stauffer and Best 1980). Winter
population densities of hairy woodpeckers in ITlinois were positively cor-
related with the number of trees >56 cm dbh and with a diversity of genera and
species of large trees (Graber et al. 1977). Hairy woodpeckers in Oregon use
the shrub/sapling (8 to 15 yr) and second-growth (16 to 40 yr) stages of
Douglas-fir forests, but they do not nest in these younger stages (Meslow and
Wight 1975). Jackman (1975) stated that hairy woodpeckers inhabit second-
growth, partially thinned, and other altered forest types; however, hairy
woodpeckers were reported more frequently (95% of 40 breeding bird censuses)
in mature undisturbed habitats in the northern hardwoods region than in
disturbed and successional habitats (43% of 30 censuses) (Noon et al. 1979).

Hairy woodpeckers use tree cavities for roosting and winter cover, as
well as for nesting and rearing young (Thomas et al. 1979), and they will
excavate new cavities in the fall to be used for roosting (Jackman 1975).

Reproduction

The hairy woodpecker is a primary cavity nester that is able to adapt to
a wide variety of habitats (Kilham 1968). In the Pacific Northwest, hairy
woodpeckers require standing dead trees and live trees with rotted heartwood
(Jackman 1975). Similarly, hairy woodpeckers in Virginia exhibited a definite
preference for trees with heartrot (Conner et al. 1975; Conner et al. 1976).
Thomas et al. (1979), however, listed the hairy woodpecker as a species that
usually excavates in sound wood. Runde and Capen (1987) found that the amount
of sound wood varied widely (based on a visual estimate) in live trees used
for nesting by hairy woodpeckers; 11 of 21 nests were in live trees. A
possible exception to the apparently general use of live or dead trees for
nest sites is that hairy woodpeckers do not nest in Engelmann spruce (Picea
engelmannii) forests in the Pacific Northwest (Jackman 1975). Haapanen (1965
cited by Smith 1980:264) found that "of all the woodpeckers found in spruce-fir
forests, apparently only the Northern 3-toed Woodpecker [Picoides tridactylus]
is capable of making holes in the dense wood of 1iving spruce trees."
R.N. Conner (U.S. Forest Service, Nacogdoches, TX; letter dated February 19,
1986) suggests, however, that Engelmann spruce and other North American spruces




are relatively soft-wooded trees (compared to oaks) that can be easily
excavated by some species of woodpeckers. He suggests that the lack of use
may be due to the absence of heartwood decay or to resin produced by spruce
rather than to the density of the spruce wood. Whatever the reason for the
observed Tlack of wuse, Conner believes that insufficient data exist to
categorically classify live spruces as unsuitable for excavation by hairy
woodpeckers.

Preferred nesting areas of hairy woodpeckers in east Tennessee were
characterized by a large number of trees >23 cm dbh and associated high canopy
biomass (Anderson and Shugart 1974). Hairy woodpeckers in Virginia apparently
preferred areas with high stem density, but nested in areas with a wide range
of basal areas, canopy heights, stem densities, and distances from cleared
areas (Conner and Adkisson 1977). In northwestern Washington, hairy woodpecker
nests were found in a variety of successional stages, though most were in, or
at the edge of, old-growth forests (Zarnowitz and Manuwal 1985). Hairy wood-
peckers in Washington are found in open rather than dense stands of timber
(Larrison and Sonnenberg 1968), and in California's Sierra Nevada they prefer
forests of low to moderate canopy closure (<70%) (Verner 1980). Both under-
stocked and fully stocked stands in Virginia were suitable nesting areas as
long as decayed trees were present (Conner et al. 1975). Hairy woodpeckers
have even been reported nesting in the grass-forb stage of mixed coniferous
forest regeneration by using stumps <1.5 m tall (Verner 1980).

Hairy woodpeckers require trees with a minimum dbh of 25 cm and a minimum
height of 4.6 m for nesting (Thomas et al. 1979). Raphael and White (1984:24)
found that "...diameter was the tree characteristic most closely correlated
with nesting use" for 17 cavity-nesting birds. Conner and Adkisson (1976)
found that canopy height had a greater influence on distinguishing between
"possible nesting habitat"” and '"not nesting habitat" than did either basal
area or stem density. In Vermont, no significant difference in mean tree
height was detected between nest trees and adjacent non-nest trees (Runde and
Capen 1987). Diameter at breast height (dbh) and diameter at nest height
(dnh) were significantly greater for nest trees than non-nest trees
(x dbh:27.1£1.3 cm vs. 23.9+0.7 cm, P<0.05; X dnh:22.4%1.1 cm vs. 13.2+9.6 cm,
P<0.01). The probable optimum diameter range for hairy woodpecker nest trees
is 25 to 35 cm dbh, and the probable optimum height range for nest trees is 6
to 12 m (Evans and Conner 1979). In Douglas-fir forests, however, hairy
woodpeckers nest in older second-growth (41 to 120 yr) and mature (120+ yr)
forests (Meslow and Wight 1975); these age classes are presumably taller than
the optimum range suggested by Evans and Conner (1979). The average height of
eight trees used for nesting in a Colorado aspen forest was 18 m, and ranged
from about 11 to 21.3 m (Scott et al. 1980). Ten trees used for nesting in
Virginia averaged 13.0 m tall and ranged from 4 to 26.5 m (Conner et al.
1975). The diameter of the tree at the cavity level in these 10 trees averaged
25.2 cm and ranged from 20 to 46 cm. In California, 19 nest trees averaged
13.7m with an average diameter at the cavity level of 36.3t+2.09 cm
(Raphael and White 1984). Table 1 summarizes tree condition, nest heights,
and nest tree diameter from several studies.

tall with an avevrage di
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Table 1.

Characteristics of nest sites selected by hairy woodpeckers in several study areas.

Number of nests

Tree condition

Average nest height

Average nest tree dbh

Source (n) Dead Live ( range) { range)
Lawrence (1966) (NH) 11 1 10 10.5 m (4.5-14 m) 28 cm (25.4-34.8 cm)
(n=7 for dbh) 34,9 ft (15-45 ft) 11.1 inches (10-13.7 inches)

Conner et al. (1975) 10 5 Sa 8.8 m (2.4-19.8 m) 40.6 cm (20-64 cm)

{VA) 28.9 ft (7.9-65 ft) 16 inches (7.9-25.2 inches)
Jackman (1975) (OR) 33 ? ? 7.6 m (5-10 m) ?

24.9 ft (16.4-32.8 ft)

Graber et al. (1977) 17 6 11b 4.6-10.7 m ?

(I1L) 15-35 ft
Mannan (1977) (OR) 7 ? ? 18.2 m (7.9-41.8 m) 92 cm (48-172 cm)

59.4 ft (25.9-137.1 ft) 36.2 inches (18.9-67.8 inches)

Scott et al. (1980) 8 2 6 10 m (6.7-15.2 m) 38 cm (25.4-58.4 cm)

(CO) 33 ft (22-50 ft) 15 inches (10-23 inches)
Raphae! and White 19 16 3€ 4.9+0.69 m 43.8 cm

{1984) (CA) 16.142.26 ft 17.2 inches
Zarnowitz and Manuwal 16 16d - 13¥12 m L1+13 cm

(1985) (WA) 42.6+39.4 ft 16.1+5.1 inches

e

Runde -and Capen (1987) 21 10 11 17.5+1.2 m 27.1£1.3 cm

(VT) 57.4+3.9 ft 10.7%0.5 inches
aFour of the five nests in live trees were located in dead portions of the trees; the fifth was located in a totally live
oak tree with a decayed heartwood (Conner, unpubl.),.
bAbout one-half of these nests were located in dead portions of the trees.

Clocated in dead portions of tive trees.

dAII nests located in broken-top trees.

eAII 11 cavities were drillied through !ive wood.



Hairy woodpeckers will excavate in both hard and soft snags (Evans and
Conner 1979); however, hairy woodpecker breeding densities were significantly
positively correlated (P<0.01) with soft snags in Iowa riparian forests
(Stauffer and Best 1980). The hairy woodpecker was categorized as a soft snag
excavator 1in Sierra Nevada forests (Raphael and White 1984). Evans and Conner
(1979) estimated that 200 snags were necessary in order to support the maximum
population of hairy woodpeckers on 40 ha of forest. Their estimate was based
on a minimum annual need of four cavities per pair, and an assumption that
only 10% of the available snags would be suitable for use. Snag density
requirements decreased in direct proportion to the percentage of maximum
population desired; e.g., 160 snags are required to support 80% of the maximum
population, and 100 snags would support 50% of the maximum population. A
similar estimate for the Blue Mountains of Oregon and Washington was that
180 snags/40 ha are necessary to support maximum populations of hairy wood-
peckers (Thomas et al. 1979). Raphael and White (1984) distinguished between
hard and soft snags in estimating the density of snags required to support the
maximum density of hairy woodpeckers. They assumed a maximum density of
16 pairs/40 ha, an annual rate of excavation of 4 cavities/pair, and a reserve
of 3 suitable cavities per pair to arrive at an estimate of 192 suitable
snags/40 ha to support the maximum density. They further estimated that
4 hard snags are required to produce 1 soft snag, resulting in an estimate of
768 "hard snag equivalents" (Raphael and White 1984:56) per 40 ha. Although
low numbers of snags can, in theory, support low-density woodpecker popula-
tions, enough snags to support 40% of the maximum population was assumed to be
the minimum that will support a self-sustaining population of hairy woodpeckers
in the Pacific Northwest (Bull 1978).

Interspersion and Composition

Territory size in a mature bottomland forest in Illinois averaged 1.1 ha
and ranged from 0.6 to 1.5 ha (Calef 1953 cited by Graber et al. 1977).
Reported territory size of hairy woodpeckers in the Blue Mountains of
Washington and Oregon averaged 2.4 to 3.6 ha (Thomas et al. 1979). Evans and
Conner (1979), however, reported an average territory size of 8 ha based on
available literature, whereas territories reported for two hairy woodpeckers
in Kansas were 9 and 15 ha (Fitch 1958). Home range and territory size are
strongly influenced by habitat quality and, therefore, can be guite variable
(Conner, unpubl.).

In a study of bird use of various sized forested habitats in New Jersey,
hairy woodpeckers did not occur in areas of <2 ha (Galli et al. 1976). A
minimum width of riparian forest necessary to support breeding populations of
hairy woodpeckers in Iowa was 40 m (Stauffer and Best 1980). Robbins (1979)
compared frequency of occurrence of hairy woodpeckers at Breeding Bird Survey
stops in Maryland to the amount of contiguous forested area. The greatest
decrease in frequency of occurrence was recorded at 4 ha of contiguous forested
habitat, and Robbins (1979) proposed this value as a preliminary estimate of
the minimum area necessary to support a viable breeding population of hairy
woodpeckers. Conner (unpubl.), however, believes that 4 ha may represent the
minimal area that hairy woodpeckers will use, but that such a small area could
not support a viable breeding population, which he considers to be a minimum



of 250 pairs. He suggested a minimum habitat area of 12 ha to support several
breeding pairs of hairy woodpeckers (R.N} Conner, U.S. Forest Service,
Nacogdoches, TX; letter dated December 1, 1981).

Although the hairy woodpecker is considered a resident species throughout
its range, altitudinal migrations between mountainous areas and lower
elevations do occur (Bailey and Niedrach 1965).

Special Considerations

The hairy woodpecker has been classed as a "tolerant species" to habitat
alteration in Iowa (Stauffer and Best 1980), but also has been suggested as a

sensitive environmental indicator of the ponderosa pine community (Diem and
Zeveloff 1980).

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This model was developed for application within forested
habitat throughout the entire range of the hairy woodpecker. Use of the model
differs, however, between forests in the eastern United States and the western
United States. The differences in application are described in the model.

Season. This model was developed to evaluate the year-round habitat of
the hairy woodpecker.

Cover types. This model was developed to evaluate habitat in the follow-
ing forested cover types: Deciduous Forest (DF), Evergreen Forest (EF),
Deciduous Forested Wetland (DFW), and Evergreen Forested Wetland (EFW)
(terminology follows U.S. Fish and Wildlife Service 1981).

Minimum habitat area. A minimum of 4 ha of forested habitat has been
estimated to be necessary to support a viabie breeding population of hairy
woodpeckers (Robbins 1979), although Conner (unpubl.) believes that such a
small area may represent the minimum needed to support one pair rather than a
viable breeding population. Conner (unpubl.) suggested 12 ha as a reasonable
estimate of the area needed to support several pairs of hairy woodpeckers.
Additionally, forested riparian zones should be at least 40 m wide to be
considered as potential breeding habitat for hairy woodpeckers (Stauffer and
Best 1980).

Verification level. An earlier draft of the HSI model for the hairy
woodpecker was used in a field evaluation of model outputs compared to expert
opinion (O'Neil et al. 1988). The following species experts participated in
the field evaluation:




Dr. F.J. Alsop, III, East Tennessee State University, Johnson City
Dr. C.E. Bock, University of Colorado, Boulder

Dr. R.N. Conner, U.S. Forest Service, Nacogdoches, TX

Dr. J.A. Jackson, Box Z, Mississippi State, MS

Dr. F.C. James, Florida State University, Tallahassee

Br. B.J. Schardien Jackson, Mississippi State, MS

Initial results indicated that outputs from the earlier model were poorly
correlated (r=0.07, P>0.50) with habitat ratings by experts for 40 sites in
eastern Tennessee (O'Neil et al. 1988). Important habitat criteria identified
by the experts were used to modify the model in an attempt to more closely
mimic the procedures used by experts to rate habitats. The major changes to
the model as a result of the field evaluation were (1) optimum suitability for
the average diameter of overstory trees was changed from 25 to 38 cm; (2) snags
were assigned greater importance than live trees for nesting; (3) the variable
"percent canopy cover of pines" was added to reflect a strong negative correla-
tion (r=-0.91, P<0.001) between this variable and habitat ratings by species
authorities; (4) the mathematical function used to calculate the cover
suitability index was changed from a geometric mean to a multiplicative
function; and (5) the suitability relationship for tree canopy closure was
changed from a preference for moderate canopy closure to a preference for
dense forest canopy. Correlation of outputs from the modified model to habitat
ratings by species authorities improved considerably (r=0.82, P<0.001) (0'Neil
et al. 1988).

A1l of the changes to the model as a result of the field evaluation were
based on input from species experts and reflect hairy woodpecker ecology in
forests in the eastern United States. The variable "percent canopy cover of
pines" is not recommended as an appropriate variable in western forests; use
of the model in western vs. eastern forests is described below. The current
mode]l is the direct result of the field evaluation; it has not been field
tested.

Model Description

Overview. The hairy woodpecker can satisfy all of its habitat require-
ments within any one of the forested cover types listed above. Reproductive
and cover needs are evaluated in this model. Although sufficient food is an
obvious life requisite of the hairy woodpecker, I assume in this model that
food will never be more limiting than cover and reproductive requirements and
that water is not a 1imiting factor.

The following sections identify dimportant habitat variables, describe
suitability levels of the variables, and describe the relationships between
variables.



Reproduction component. The hairy woodpecker is able to adapt to a
variety of habitats, but suitable reproductive habitats must (1) be dominated
by trees of sufficient size and decay for nesting, (2) have adequate snag
densities, or (3) have some combination of the two.

The number of snags 225.4 cm dbh necessary to support maximum densities
of hairy woodpeckers has been estimated to range from 180/40 ha (Thomas et al.
1979) to 200/40 ha (Evans and Conner 1979), or 4.5 to 5 snags/ha; a snag
density of 5/ha is assumed to represent optimal conditions for reproduction
(Figure la). This estimate refers specifically to nesting and roosting
requirements and may not adequately satisfy foraging needs (Conner, unpubl.).
Potential population density 1is assumed to decrease proportionally with a
decrease in snag density. Although I assume in this model that low snag
densities will support low woodpecker densities, Bull (1978) assumed that snag
densities <40% of those needed for maximum population density would not support
a self-sustaining population.

Suitability Index (SIV1)
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Figure 1. Relationships between variables used to evaluate reproductive
habitat for the hairy woodpecker and suitability levels for the variables.



Hairy woodpeckers can excavate cavities in live trees provided that
heartrot is present, and thus may inhabit a forested area even in the absence
of snags. Runde and Capen (1987) believed that trees >30 cm dbh would be most
useful to hairy woodpeckers, downy woodpeckers, and yellow-bellied sapsuckers
(Syphrapicus varius). For this model, I assume that if the average dbh of
overstory trees is 238 cm, then trees will be of optimum size for nesting. 1
assume that an adequate number of available (i.e., with heartrot) live trees
will be present if the average dbh of overstory trees is 238 cm. There is
little evidence correlating tree diameter and presence of heartrot, but the
alternative is to physically examine trees for heartrot; this level of detail
is presumed to be too great for the typical application of this model. Use of
the average dbh of overstory trees does not consider the absolute number of
available live trees. I assume that if an area meets the minimum requirements
to be classified as a forest and is >4 ha, then the total number of trees
available for potential nesting will be optimal. Assuming that adequate
numbers of trees are present, the size and condition of the trees will
determine whether the nesting potential will be low or high. The minimum
reported dbh of a tree used for nesting by hairy woodpeckers is 20.1 cm (Conner
et al. 1975). Thus, I assume that optimal conditions for this variable exist
when the average dbh of overstory trees is 238 cm, and that conditions are
unsuitable when the average dbh of overstory trees is <20 cm (Figure 1b). The
values defining optimum and suitable levels of this variable are based on
results of the field test mentioned earlier.

Overall nesting suitability is a function of the availability of snags or
Tive trees. In the field test, experts consistently rated habitats without
snags lower than habitats with snags (0'Neil et al. 1988), presumably because
hairy woodpeckers cannot excavate in undecayed trees and prefer to forage on
dead snags (Conner, unpubl.). Habitat suitability ratings in habitats without
snags that were otherwise suitable were generally between 0.7 and 0.8 (on a
0-1 scale). I assume, therefore, that habitats without snags (i.e., all
potential nest sites are in live trees) will have a maximum suitability rating
of 0.75. An overall suitability index for nesting (SIN), based on the
relationships described above, can be determined with Equation 1.

SIN = SIV1 + (0.75 x SIV2) (1)

[Note: If the value resulting from Equation 1 exceeds 1.0, it should be
set to 1.0.]

Cover component. Besides having sufficient potential nest sites, at
least three other habitat factors affect the overall suitability of a habitat
for hairy woodpeckers. These three factors are the seral stage of a forest
stand, the degree of canopy cover of the forest, and the proportion of pines
in the canopy. These variables are assumed to influence food availability,
foraging, nesting suitability, and cover, but are aggregated into a cover
component in this model. Because these factors affect overall habitat
suitability, they will be used in this model as modifiers of the reproductive
value.




A measure of the seral stage of a forest is the average diameter of the
overstory trees. Hairy woodpeckers may inhabit young forests, but at Tower
densities than in older forests. Because they do inhabit forests in a variety
of seral stages, however, this habitat variable should not be strictly
1imiting. I assume in this model that the optimal seral stage exists when the
average dbh of overstory trees is >25 cm (Figure 2a). When the average dbh of
overstory trees is <15 cm, suitability is assumed to be one-half of optimum,
j.e., a suitability index of 0.5.

The literature suggests that hairy woodpeckers apparently prefer forests
of moderate canopy cover. Habitat ratings by species experts in the field
test, however, tended to be higher in forest stands with a dense canopy,
except that closed canopy stands were generally rated Tower than stands with
<100% canopy cover (O'Neil et al. 1988). I assume that optimal conditions for
this variable occur at 85% to 90% (Figure 2b) with complete canopy cover
representing less than optimal habitat. I further assume that canopy cover
<15% will provide unsuitable habitat conditions. Since the definition of a
forest is a cover type with at least 25% tree canopy cover, any forest will
have canopy conditions of some positive suitability level for hairy
woodpeckers.

Hairy woodpeckers inhabit a variety of deciduous, coniferous, and mixed
deciduous-coniferous habitats. Habitat ratings by experts were negatively
correlated (r=-0.91, P<0.001) with the percent canopy closure of pines; sites
completely dominated by pines received relatively low habitat ratings (O0'Neil
et al. 1988). I assume in this model that an increase in the canopy cover of
pines in a stand will generally reflect a decrease in habitat suitability for
the hairy woodpecker, although a small amount of pines (<10% canopy cover) is
assumed to contribute to the diversity of cover and prey (Figure 2c). Sites
completely dominated by pines are assumed to have a suitability index for this
variable of 0.2. The apparent influence of pines on hairy woodpecker habitat
suitability described above probably does not apply in western coniferous
forests (C.E. Bock, Environmental, Population and Organismic Biology,
University of Colorado, Boulder; letter dated February 24, 1986). I recommend
that the variable "percent canopy cover of pines" be deleted from the model
for application in western coniferous forests. It is unclear whether a similar
negative relationship exists between other species of conifers in eastern
forests and perceived habitat suitability for the hairy woodpecker.

Results from the field test of the earlier model indicated that the
product of the suitability indices (Equation 2) for the cover component
variables most closely reflected habitat ratings by species experts (0'Neil
et al. 1988).

SIC = SIV3 x SIV4 x SIVS (2)

As long as an area is classified as a forested type, all of the variables
in Equation 2 will be greater than zero, and the index value for the cover
component will likewise be greater than zero.
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Figure 2. Relationships between variables used to evaluate cover for the
hairy woodpecker and suitability levels for the variables.
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HSI determination. The suitability index for the cover component is
assumed to directly modify the suitability index for the reproduction component
(Equation 3) to yield an overall HSI value for the hairy woodpecker in the
habitat being evaluated. At optimal cover component conditions (i.e.,
SIC=1.0), the reproduction component will determine the habitat suitability
index. If cover conditions are anything Tess than optimum, then the

reproduction value will be reduced based on the quality of the cover
conditions.

HSI = SIN x SIC, or
HSI = [SIV1 + (0.75 x SIV2)] x (SIV3 x SIV4 x SIV5) (3)

[Note: In instances where SIN >1.0, it should be set equal to 1.0 prior
to using Equation 3.]

Application of the Model

Summary of model variables. Several habitat variables are used in this
model to evaluate habitat suitability for the hairy woodpecker. The relation-
ships between habitat variables, 1ife requisites, cover types, and an HSI are
summarized in Figure 3. The definitions and suggested measurement techniques
(Hays et al. 1981) for the variables used in this model are listed in Figure 4.

Habitat variable Life requisite Cover types

Number of snags
225 cm dbh/ha

Reproduction—

Mean dbh of (—Deciduous Forest
overstory trees — Evergreen Forest
Deciduous Forest-
ed Wetland ——— HSI

Mean dbh of — Evergreen Forest-
overstory trees | ed Wetland B
Percent canopy cover —

of trees Cover

Percent overstory pine-
canopy closure

Figure 3. Relationships of habitat variables, life requisites, and cover types
to the HSI for the hairy woodpecker.
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Variable (definition)

Number of snags 225 cm dbh

per ha [actual or estimated

number of standing dead

trees 225 cm dbh and 21.8 m

tall. Trees in which >50%

of the branches have fallen,
or are present but no longer

bear foliage, are to be
considered snags].

Mean dbh of overstory
trees [the mean diam-
eter at breast height
(1.4 m) above the ground
of those trees that are
>80% of the height of
the tallest tree in the
stand].

Percent canopy cover of
trees [the percent of the
ground surface that is
shaded by a vertical pro-
jection of all woody
vegetation >6.0 m tall].

Percent overstory pine
canopy closure [the
percent of the ground
surface that is shaded by
a vertical projection of
all pines (Pinus spp.)
>6.0 m tall and 280% of
the height of the tallest
tree in the stand; re-
commended for use in
eastern U.S. forests only

(see text for explanation)].

Cover types Suggested technique
DF EF,DFW, Quadrat, remote sensing
EFW

DF,EF,DFW, Diameter tape

EFW

DF,EF,DFW, Line intercept, remote
EFW sensing

DF,EF,DFW, Line intercept, remote
EFW sensing

Figure 4. Definitions of variables and suggested measuring techniques.
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Model assumptions. A number of assumptions were made in the development

of this HSI model.

1.

The criteria identified for evaluation of hairy woodpecker habitat
are generally assumed to be appropriate throughout the range of the
species. Many of the variables and variable relationships identified
in the model resulted from a field test of an earlier HSI model in
eastern Tennessee. As a result, the model is probably best suited
for application in the southeastern United States. No information
is available to indicate the model's applicability to other parts of
the United States, except there is adequate information that the
presumed negative influence of pines does not apply to western U.S.
forests (see number 7 below).

Nest sites can be provided by a combination of snags and live trees,
but 1ive trees in the absence of snags cannot provide optimal nesting
habitat.

A measure of the average "diameter at breast height of overstory
trees is assumed to be an adequate estimator of the suitability of
live trees for nesting. An adequate number of trees in suitable
condition (i.e., with decayed heartwood) is assumed to be present as
long as the cover type is classified as a forest (i.e., has 225%
canopy cover) and tree diameter is suitable.

A1l tree species are assumed to be available for excavation by hairy
woodpeckers. It is possible that some. species may not typically
have decayed heartwood and, therefore, will be unsuitable for
excavation. It is also possible that some tree species will be
unsuitable for excavation because of resins or the density of the
wood. Little definitive evidence is available, however, to determine
whether some tree species are absolutely unsuitable for excavation
by hairy woodpeckers.

Hairy woodpeckers can inhabit a variety of forested habitats, but
potential nesting in live trees will only be provided by older
forest stands with large trees.

Hairy woodpeckers prefer forest stands with a dense canopy. This
assumption may be valid in the southeastern United States but may be
invalid in the western United States, where the forest canopy is
generally less dense than in the east. The relationships described
for percent canopy cover of trees and habitat suitability (Figure 2b)
may need to be redefined for use in western forest habitat if the
standard of comparison in such applications is intended to be the
best regional habitat. Use of the model without modification will
yield outputs based on a standard of comparison developed in the
southeastern United States.
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7. The presence of pines above a minimal level (10%) is considered to
be a negative factor in habitat suitability for the hairy woodpecker
in this model (Figure 2c). Pine and other coniferous forests in the
western United States, however, are regularly used by hairy wood-
peckers. I recommend that this variable be eliminated for
application in western coniferous forests.

8. The hairy woodpecker breeds and winters throughout most of North
America. I assume in this model that the year-round suitability of
a habitat is a function of the habitat suitability during both the
reproductive and nonreproductive seasons. Model users who wish to
evaluate either of the seasons rather than both can simply use the
appropriate portion of this model. Users should be aware that model
outputs in such instances will refer only to a portion of the year-
round needs of the hairy woodpecker.

SOURCES OF OTHER MODELS

Conner and Adkisson (1976) developed a model to distinguish between
"possible nesing habitat" and "not nesting habitat" for the hairy woodpecker
in oak-hickory forests of southwestern Virginia. Three variables were included
in the model: basal area (m?/ha), canopy height to crown cover (m), and stem
density (number/ha). The model includes coefficients for the three variables,
an aggregation function, and a linear decision scale. The model was applied
to two groups, the first consisting of stands containing hairy woodpecker
nests, and the second consisting of six random plots in each of five habitat
types; results of the analysis were significant (P=0.02).
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APPENDIX D. Plates
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Plate 1: TS 30 L impact area; 3-41 are plot boundary waypoints (see Appendix C, datasheets).
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Plate 2. Adjacent Corridor mitigation option for TS
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