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INTRODUCTION

The U.S. Army Corps of Engineers (Corps) and the U.S. Bureau of Reclamation (Reclamation)
seek to significantly reduce the risk of flooding along the main stem of the American River in the
Sacramento area while meeting dam safety and public safety objectives. The project is
authorized by the Corps’ American River Watershed Investigation, Folsom Dam Modification
project under section 101 (a) (6) of the Water Resources Development Act (WRDA) of 1999 and
the Bureau’s Dam Safety Program (static, earthquake, etc) (Reclamation 2006). Modifications to
the existing authorities were made in the Energy and Water Appropriations Act of 2006, which
directed the Secretary of the Army and the Secretary of the Interior to collaborate on authorized
activities to maximize flood damage reduction improvements and address dam safety needs at
Folsom Dam and Reservoir as one Joint Federal Project.

This application of Habitat Evaluation Procedures (HEP) is intended to provide a quantification
of the impacts on fish and wildlife resources associated with Folsom Dam Safety and Flood
Damage Reduction (Folsom DS/FDR). Any dam raise or spillway construction measure would
be a major modification and would allow Folsom Dam to pass the probable maximum flood
(PMF) volume without failure and meet Reclamation’s Dam Safety Program.

PROJECT AREA

The project area is in the American River watershed, and would affect lands around Folsom
Reservoir, and along the North and South Forks of the American River, which are impounded by
Folsom Dam (Figure 1 and Figure 2). The project could also directly affect the Mormon Island
Preserve located just downstream of Mormon Island Auxiliary Dam (MIAD) and the lower
American River--the river's reach downstream of Folsom Dam (Figure 3).

The American River is the second largest tributary to the Sacramento River. The three forks
(north, middle, and south) of the river originate in the Sierra Nevada Mountains at an elevation
of about 10,400 feet (mean sea level), and generally flow in a southwesterly direction. The
Middle Fork joins the North Fork near the City of Auburn, just upstream of Folsom Reservoir;
the North Fork then joins the South Fork just upstream of Folsom Dam. All three forks of the
American River above Folsom Reservoir are nationally popular areas for whitewater sports, and
the reach of the South Fork from Coloma to the reservoir is the State's most popular whitewater
rafting run.
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Folsom Dam, located near the city of Folsom, is a multi-purpose dam built by the Corps in 1955,
and operated by Reclamation. It is the largest of about 20 dams in the American River watershed
and, except for Nimbus Dam, is the furthest downstream. Five reservoirs in the upper American
River watershed (Loon Lake, Ice House, Union Valley, French Meadows, and Hell Hole)
represent 90% of the existing storage capacity upstream of Folsom Reservoir.

The main dam is a 345-foot high concrete gravity dam across the American River channel.
Associated with Folsom Dam is a series of auxiliary dams and dikes which span topographic
lows; these structures are needed to contain the reservoir. Mormon Island Dam is the largest of
these structures, and is located on the southeast end of the reservoir. Folsom Reservoir blocks
about 20 miles of the North Fork and 10 miles of the South Fork, and has a total storage capacity
0f 974,000 acre-feet, which fills the reservoir to an elevation of 466 feet above mean sea level
(msl).

Reclamation operates Folsom Dam as an integrated component of the Central Valley Project.
The dam's primary purposes have been to: provide flood control; provide instream flows;
manage Sacramento-San Joaquin Delta water quality; produce hydropower; provide recreation;
and more recently, protection and restoration of the region’s fish and wildlife resources.

PROJECT DESCRIPTION

The Folsom DS/FDR project includes measures to remedy dam safety issues associated with
seismic, static, and hydrologic concerns, and to provide increased flood damage protection.
These measures include several different options to remedy the various issues at the Folsom
facilities. The Folsom Facilities to be addressed by one or more of the engineering options
include the main concrete dam, the right and left wing dams, Mormon Island Auxiliary Dam
(MIAD), and eight dikes (1 through 8). The concrete dam and earthen wing dams serve to
impound water associated with the main stem of the American River. MIAD serves to dam
water within an historic river channel, while the earthen dikes serve to contain water at low spots
in the topography during periods when the reservoir is full or nearly full.

The improvements would be designed so that they could be constructed and operated without
affecting ongoing water conservation and hydropower operations. The plan would maintain the
current Folsom Dam design flood control release of 115,000 cubic feet per second (cfs) and an
emergency release of 160,000 cfs. Four scales of enlargement alternatives were developed using
maximum flood control pool elevations of 468, 486.5, 489.5 and 499.5 feet msl.

Several constraints were imposed on plan formulation for Folsom DS/FDR project, these are:
o dam raise measures are solely for flood control as stipulated in section 566 of WRDA
1999;
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o dam raise measures are to avoid disruptions to the normal operation of Folsom Dam for
water supply, hydropower, and flood control,

o no loss of flood protection from existing flood damage reduction projects is permitted;

o minimize disturbance of habitat for threatened and endangered species.

The no action alternative serves as the base against which the proposed flood protection and
Dam Safety alternatives will be evaluated to determine effectiveness and to identify effects that
would result from them. Several actions that are currently authorized are expected to be
completed prior to implementation of any Folsom DS/FDR project. Therefore, the effects and
benefits associated with these actions are part of the no-action condition. See the accompanying
Fish and Wildlife Coordination Act report for a complete description of the no action condition.
A complete project description can be seen in the March 2007 Folsom DS/FDR FEIR/EIR.

Alternative 1 — No Dam Raise/Minimal Embankment Raise, Fuseplug Spillway

Under Alternative 1, there would be no raise to the concrete structure with minimal
modifications to the existing spillway. A large auxiliary spillway would be constructed adjacent
to the left wing dam to address hydrologic and flood control concerns. Some of the earthen
structures would be raised to address hydrologic concerns, but not to increase the flood storage
capacity of the reservoir since this alternative is a Dam Safety only alternative.

Alternative 2 — 4-foot Dam and Embankment Raise

Alternative 2 incorporates a 4-foot dam raise with a fuseplug auxiliary spillway and gate-
controlled tunnel spillway for better hydrologic control of large flood events. Under this
alternative, there could be a 4-foot raise to the concrete structure with some modifications to the
existing spillway gates. An auxiliary spillway with a chute or a tunnel would be constructed to
address hydrologic and flood control concerns. All of the earthen structures could be raised to
address hydrologic concerns and to provide additional flood storage capacity.

Alternative 3; Preferred Alternative- Joint Auxiliary Spillway, 3.5-foot Parapet Wall Raise

Under the Preferred Alternative a smaller six-submerged tainter gate (six gate) auxiliary spillway
would be constructed to address both Dam Safety and Flood Damage Reduction objectives
including hydrologic and flood control concerns. Construction of the six gate auxiliary spillway
would increase project discharge capacity. The 3.5-foot raise, in conjunction with modification
and/or replacement of the three emergency spillway gates and the six-gate auxiliary spillway,
would only serve as additional freeboard for the Folsom facilities. Once construction is
completed the raise would not exceed the existing take line for a 200-year design event and there
would be an anticipated lower maximum water surface elevation. The 3.5-foot raise,
modification and/or replacement of the three emergency spillway gates and the six-gate auxiliary
spillway, have been identified by the Corps as their Selected Plan within the Corps’ Post
Authorization Change report. The remaining elements of Alternative 3 are Dam Safety
Modification as revised above.
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A tentative schedule showing the sequencing of construction for the preferred alternative is
shown in Table 1.

Table 1
Folsom DS/FDR Project Phase Sequencing
Activity Folsom Facility Construction Period
1D
1 Auxiliary Spillway Excavation Phase 1 September 2007 to March 2009
2 Right and Left Wing Dam Static Modifications February 2008 to March 2009
3 Mormon Island Jet Grouting July 2008 to December 2009
4 Auxiliary Spillway Excavation Phase 2 September 2010 to January
2014
5 Dike 5 Static Modifications September 2009 to May 2010
6 Mormon Island Seismic Overlay June 2015 to April 2017
Dike 4 and 6 Static Modifications September 2017 to April 2018
8a Pier Tendon Installation at Main Dam January 2014 to March 2015
8b Spillway Pier Wraps & Braces August 2016 to April 2018
8c Spillway Gate Repairs January 2018 to August 2020
9 Auxiliary Spillway Approach Channel Excavation September 2011 to December
and Gate Structure Construction 2014
10 Raise of all Folsom Facilities September 2018 to September
2019

Alternative 4 — 7-foot Dam and Embankment Raise

Alternative 4 contains many of the same elements as Alternative 3 with the exception of a 7-foot
raise that could result in increased reservoir flood storage during large flood events. Under this
alternative all Folsom Facilities and earthen structures would be raised 7 feet. A smaller four-
submerged tainter gate (four gate) auxiliary spillway would be constructed to address hydrologic

and flood control concerns.

Alternative 5 — 17-foot Dam and Embankment Raise

Alternative 5 was specifically developed as an alternative that would address both Dam Safety

and Flood Damage Reduction requirements without the construction of an auxiliary spillway.
Under this alternative all Folsom Facilities could be raised 17 feet which would increase
reservoir storage capacity to control large flood events.
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METHODOLOGY

HEP is a methodology developed by the Fish and Wildlife Service (Service) and other State and
Federal resource and water development agencies which can be used to document the quality and
quantity of available habitat for selected fish and wildlife species. HEP provides information for
two general types of habitat comparisons: (1) the relative value of different areas at the same
point in time; and (2) the relative value of the same areas at future points in time. By combining
the two types of comparisons, the impacts of proposed or anticipated land-use and water-use
changes on habitat can be quantified. In a similar manner, any mitigation needs (in terms of
acreage) for the project can also be quantified, provided a mitigation plan has been developed for
specific alternative mitigation sites.

A HEP application is based on the assumption that the value of a habitat for selected species or
the value of a community can be described in a model which produces a Habitat Suitability Index
(HSI). This HSI value (from 0.0 to 1.0) is multiplied by the area of available habitat to obtain
Habitat Units (HUs). The HUs and Average Annual Habitat Units (AAHUSs) over the life of the
project are then used in the comparisons described above.

The reliability of a HEP application and the significance of HUs are directly dependent on the
ability of the user to assign a well-defined and accurate HSI to the selected evaluation elements
or communities. Also, a user must be able to identify and measure the area of each distinct
habitat being utilized by fish and wildlife species within the project area. Both the HSIs and the
habitat acreage must also be reasonably estimable at various future points in time. The HEP
team, comprised of Corps, Reclamation and Service staff, determined that these HEP criteria
could be met, or at least reasonably approximated, for the Folsom DS/FRD project. Thus HEP
was considered an appropriate analytical tool to analyze impacts of the proposed project
alternatives'. Further the HEP team determined that HSI values for habitats impacted by the
Folsom DS/FRD project would be taken from the American River Watershed Investigation,
Folsom Bridge (Bridge) project, the American River Watershed Investigation Long-Term
Evaluation (Long-Term) and the American River Watershed Investigation Folsom Dam
Modification (MODS) project. HSI values for oak/grey pine woodland and seasonal wetland
habitats were used from the data collected in Reach 1 and riparian woodland habitat HSI values
were used from data collected in Reach 3 in 2005, from the Bridge project. Chaparral HSI
values were taken from Long-Term data, collected in 2000 for the inundation impacts and the
direct impacts for chaparral HSI values were taken from MODS data, collected in 2004, for the
staging, borrow and construction use areas.

GENERAL HEP ASSUMPTIONS
Some general assumptions are necessary to use HEP and Habitat Suitability Index (HSI) Models
in the impact assessment:

' For further information on HEP see ESM 100-104 which is available from the Service’s Sacramento Fish and Wildlife Office.
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Use of HEP:

1. HEP is the preferred method to evaluate the impacts of the proposed project on fish
and/or wildlife resources.

2. HEP is a suitable methodology for quantifying project-induced impacts to fish and
wildlife habitats.

3. Quality and quantity of fish and wildlife habitat can generally be numerically described
using the indices derived from the HSI models and associated habitat units.

4. The HEP assessment is applicable to the habitat types being evaluated.

Use of HSI Models

5. HSI models are hypotheses based on available data.

6. HSI models are conceptual models and may not measure all ecological factors that affect

the quality of a given cover-type for the evaluation species (e.g. vulnerability to
predation). In some cases, assumptions may need to be made by the HEP Team and
incorporated into the analysis to account for loss of those factors not reflected by the
model.

The additional HEP field work for the project was completed by staff from the Service’s
Sacramento Fish and Wildlife Office, the Corps (Sacramento District) and Reclamation and
occurred during May 2006 and included vegetation mapping around the Folsom Reservoir. Six
cover-types would be permanently impacted by the project including oak woodland, oak
savannah, blue oak/grey pine woodland, riparian woodland, seasonal wetland, annual grassland
and other’. These cover-types were mapped by the HEP Team on aerial photographs in the field
then digitized into ArcGIS. Using the project footprint supplied by Reclamation and the Corps
acreages were quantified using GIS. The cover-types and acreage affected by the proposed work
is summarized in Table 2 and Table 3.

2. “Other” encompasses those areas which do not fall within the other cover-types such as gravel and paved roads, parking areas, buildings, bare
ground, riprap, etc.
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Table 2. Summary of Cover-Types, Acres Impacted, and Compensation Recommended for the
Alternatives Compared to the Preferred Alternative for the Construction of the

Folsom DS/FRD Project, California.

Folsom DS/FRD Project

Alternative 3 (Preferred) 1 2 4 5
Cover-Type Impacted Acres: | Difference from Difference from Difference from | Difference from
Compensation the Preferred the Preferred the Preferred the Preferred
Needed Alternative Alternative Alternative Alternative
Impacted Acres Impacted Acres Impacted Acres Impacted Acres
Oak/grey
pine 52.4:64.5 0.39 0.39 0.70 -1.07
woodland
Riparian 42.7:48.0 -0.28 -0.62 -0.15 -1.66
woodland
Chaparral 0.7:0.8 0 0 0 -0.21
Seasonal 12:4.7 0 0 0 0
wetland
Total 97.0 : 117.9
Table 3. Preliminary Summary of Cover-Types, Impacted Acres and Compensation

Recommended for the Inundation and Construction at Dikes 1-3 of the Folsom
Reservoir for the Folsom Dam Raise Alternatives 3.5, 4.0, 7.0, or 17 feet as part of
the Folsom DS/FDR Project, California.

Folsom Dam Raise Alternatives

3.5-ft Raise 4-ft Raise 7-ft Raise 17-ft Raise
(Preferred)
Cover Type Impacted Acres: Impacted Acres: Impacted Acres: Impacted Acres:
Compensation Needed | Compensation Needed | Compensation Needed | Compensation Needed
Oak/Grey Pine | = 761 59394 | 8202:985.8 | 935.1:1,123.8 | 1,331.8:1,600.1
woodland
Riparian 45.47:0.02 48.68 : 0.02 56.5 : 0.02 48.68 : 0.02
woodland*
Chaparral 32.2:34.1 343 :36.3 40.8 : 43.2 34.3:36.3
Seasonal 0.58:0.0 0.58:0.0 0.58:0.0 0.58:0.0
wetland*
Total 859.8 : 973.5 903.8 : 995.12 1,033 : 1,167 1,415.4 : 1,636.4

*No permanent impacts to riparian woodland and seasonal wetland are expected from the short inundation that would occur
from a raise component of the Folsom DS/FDR project. Acres shown are from the construction at Dikes 1-3.

Eleven HSI models were used in this HEP application to quantify project impacts. A summary
of the models applied for each cover-type is also included in Table 4. The western gray squirrel
and plain titmouse models were selected to evaluate the oak woodland, and oak/grey pine
woodland cover-types. These species were chosen because they utilize this cover-type for
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Table 4. HEP Cover-types, proposed HSI models, and model variables for the Folsom DS/FDR
Project, California.

COVER-TYPE PROPOSED 1} HSI MODEL VARIABLES
(1) Oak Western gray V1 - Canopy closure of mast-producing species>5m tall
woodland squirrel V2 - Density of leaf litter layer
V3 - Tree canopy cover
V4 - Den site availability per acre
Plain titmouse V1 - Tree diameter
V2 - Trees per acre
V3 - % composition of tree species that are oaks
(2) Riparian Yellow warbler V1 - % deciduous shrub crown cover
woodland V2 — Average height of deciduous shrub canopy

V3 - % deciduous shrub canopy comprised of hydrophytic shrubs

Northern oriole

V1 - Average height of deciduous tree shrub
V2 — % deciduous tree crown cover
V3 — Stand width

Western fence
lizard

V1 - % ground cover

V2 — Average size of ground cover objects
V3 — Structural diversity/interspersion

V4 - % canopy cover

(3) Seasonal
wetlands

Great egret
(feeding)

V1 - Percentage of area with water 10-23 cm deep
V2 - Percentage of submerged or emergent vegetation cover in zone 10-23 cm deep

California vole

V1 - Height of herbaceous vegetation

V2 - Percent cover of herbaceous vegetation
V3 - Soil type

V4 - Presence of logs and other types of cover

Red-winged
blackbird

V1 - Predominance of narrow or broadleaf monocots
V2 - Water presence throughout the year

V3 - Presence or absence of carp

V4 - Presence or absence of damselflies or dragonflies
V5 - Mix of herbaceous vegetation

V6 - Suitability of foraging substrate

(4) Chaparral

Bobcat

V1 - % shrub cover
V2 - % herbaceous cover
V3 — degree of patchiness

V4 — rock outcroppings

Wrentit

V1 - % shrub cover
V2 - % shrub cover <5 feet

California thrasher

V1 — Presence of low shrub openings
V2 — Shrub/seedling cover

(5) Annual
grassland

No HEP proposed; disturbed areas will be reseeded after construction is complete.
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nesting and foraging. The western fence lizard, yellow warbler, and northern oriole models were
chosen to evaluate the project impacts to the riparian woodland cover-type. These species were
selected because the bird species utilize the riparian tree canopy provided by the cover-type for
nesting and foraging. For analysis purposes these two cover types were treated as one because
the same models were chosen by the HEP Team. The western fence lizard utilizes the ground
component of the cover-type including rocks boulders, and downed wood for shelter and
foraging.

The red-winged blackbird, great egret (feeding) and California vole models were selected for
evaluating impacts to the seasonal wetland cover-type because these species forage, nest, or
inhabit this cover-type.

The bobcat, wrentit and California thrasher models were selected for evaluating impacts to the
chaparral cover-type because these species forage, nest, or inhabit this cover-type.

The annual grassland and “other” cover-types were not included in the HEP analysis because
they do not currently provide significant habitat for wildlife species or the conditions (habitat
values) after the completion of work are expected to be similar to pre-project conditions.

The cover-type designations and HSI models were also selected in part to be consistent with
previous impact analyses completed for the American River Watershed Investigation Folsom
Dam Modification project which is occurring concurrently with the Folsom Bridge project.
More information on the HEP for those projects can be found in the Service’s Fish and Wildlife
Coordination Act Report for those projects.

RESULTS AND DISCUSSION

This HEP analyzed the potential impacts of the proposed Folsom DS/FDR project. Impact areas
were divided into five components to facilitate possible design changes and subsequent impact
analyses as the planning process proceeds toward selection of a construction alternative. The
components are: (1) the construction footprint of the spillway alternatives; (2) impacts
associated with Safety of Dams construction at dikes 4 thru 8, both wing dams, and MIAD; (3)
impacts from borrow and stockpile; (4) impacts associated with the Flood Damage Reduction
construction as dikes 1 thru 3; and (5) the potential impacts to vegetation in the new reservoir
inundation zone.

The HEP does not address potential impacts to aquatic resources at Folsom Reservoir during

construction, nor are potential lower American River fishery impacts addressed for the
construction period or subsequent reservoir operation.
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Construction Impacts

The impacts and mitigation recommended for the Preferred Alternative for the Folsom DS/FDR
project is summarized in Table 5. A specific compensation site was not analyzed in this HEP
application. Instead a typical site was developed, and assumptions were made that the site would
be an annual grassland area without existing woody vegetation for a baseline condition. For the
riparian and seasonal wetland cover-types, a critical assumption was made that any site selected
for compensation would require the appropriate hydrology to support these cover-types.

Folsom Reservoir Inundation

Between 811.74 and 1,323.35 acres could be affected by enlarging Folsom Dam, depending on
which dam raise alternative is selected. Some of these lands are already developed or otherwise
disturbed habitat which provides little or no value for wildlife species, and some support
vegetation that is tolerant of flooding. Table 5 summarizes the acreages of each habitat which
provides value for wildlife and is expected to receive inundation over the life of the project.
Inundation effects around Folsom Reservoir would occur in large part by the frequency, timing,
and duration of flooding. Studies to date indicate that predicting the effects of inundation on
vegetation is not straightforward. The raising of Folsom Dam would have potential for at least
two significant impacts on vegetation: (1) changes in vegetation composition caused by
inundation affecting survival and reproduction of vegetation within the zone between current and
proposed maximum reservoir levels; and (2) effects of inundation on soil erosion and slippage,
especially on steep slopes as are found along the upper reservoir and the forks of the American
River.

The vegetation types exposed to flooding are not, in general, highly tolerant of flooding. With
the exception of riparian and riverine habitats, natural flooding does not occur in the areas which
would be flooded by raising Folsom Dam. Studies of the effects of inundation on blue oaks
(1975 in USFWS 1980; MWA-JSA 1994) have found that blue oaks can survive some flooding,
but may be sensitive to periods of inundation of as little as 7 days. It is not clear from these
studies, however, at what time of year flooding occurred, and the ability of vegetation to tolerate
inundation depends on the time of year. For example, deciduous trees, such as oaks, tend to be
much more sensitive to flooding during their period of active growth (i.e., in the spring), while
winter-dormant plants appear to be more tolerant of flooding (USFWS 1980). Folsom Reservoir
can reasonably be expected to fill during a major spring flood event, when oaks are actively
growing. The absence of blue oaks within the current inundation zone of Folsom Reservoir and
other foothill impoundments indicate that blue oaks cannot tolerate the flooding regime existing
there. Further, evergreen species, including grey pines and live oaks, occur commonly around
the reservoir, and tend to be more sensitive to inundation than deciduous trees such as blue oaks
(MWA-JSA 1994).

The other factor which could affect vegetation is erosion of the saturated soil in the new
inundation area during a flood event from the water being drawn down or wind driven wave
wash during a major storm event. Slopes in the Folsom Reservoir area are generally between 5
and 25% (USACE 2001). Slopes in the Mooney Ridge area in the northwestern corner of the
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Table 5.

Alternative 3, Preferred- Summary of Cover-Types, Acres Impacted, Net Change
in Average Annual Habitat Units With- and Without-Project, and Compensation Recommended

for the Direct Impacts and Inundation Impacts of Construction and Raise of the Folsom DS/FDR
Project, California.

Auxiliary Spillway and Dike Construction

Folsom Dam

Cover-Type Acres AAHUSs AAHUs Net Change | Compensation
Impacted | W/O Project | W/ Project in AAHUs Needed
é 2 Oak - grey pine 35.29 0.07 16.23 -16.16 42.37
g é B woodland
§ g %S Riparian woodland 39.08 0.13 30.09 -19.96 43.88
= _%? & Seasonal wetland 0.89 0.00 0.18 -0.18 3.56
é e Chaparral 0.26 0.04 0.15 -0.10 0.27
<+ 5 a woodland
8 %S Riparian woodland 1.93 1.49 0.01 -1.48 2.19
5 5 3 Seasonal wetland 0.28 0.06 0.00 -0.06 1.12
= Chaparral 0.26 0.15 0.04 -0.10 0.28
g 3 woodland
= (i Rlparlan woodland 1.66 1.28 0.01 -1.27 1.88
o @ Seasonal wetland 0 0 0 0 0
Chaparral 0.21 0.12 0.03 -0.08 0.22
E 'g Oak - grey pine 773.08 355.62 1.57 -354.04 928.23
gy = woodland
T Riparian woodland 45.45 35.00 35.00 0.00 0
g a Seasonal wetland 0.58 0.12 0.12 0.00 0
B Chaparral 32.22 23.20 5.24 -17.96 34.08
a Oak - grey pine 8.46 3.89 0.02 -3.87 11.16
"; ) woodland
__;4"’ é Riparian woodland 0.02 0.02 0.54 -0.02 0.02
é Seasonal wetland 0 0 0 0 0
Chaparral 0 0 0 0 0

? Construction at Dike 1-3 is dependent on the implementation of the raise component of the Folsom DS/FDR
project. Impact acres for this component are preliminary in this document.
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reservoir and the shoreline just west of the South Fork of the American River exceed 30%
(USACE 2001). It is likely that during a major flood event some, or all, of the soil on steep
slopes would experience some erosion. The extent of erosion and its effect on vegetation would
be difficult to predict.

Assuming a worst case scenario that over the life of the project all of the existing vegetation
(except riparian and seasonal wetlands) in the inundation zone would be lost, a mitigation need
was developed for each cover-type using the HEP results. Statistically, there is a relatively small
chance of complete inundation coupled with total loss of vegetation. However, it is reasonable
to expect some impacts, especially at the lower zones due to the potential for more frequent
inundation, over the life of the project.

Given the uncertainties on effects of inundation on vegetation and soil erosion, the HEP Team
decided to recommend that a monitoring and adaptive management program be developed to
monitor vegetation around the reservoir over the life of the project. Baseline conditions would
be managed and updated at intervals (10 years). After major flood events (those which encroach
above the existing maximum flood pool elevation), vegetation would be surveyed and damages
attributable to inundation would be mitigated as deemed appropriate using the best management
practices at the time (replanting on site would be the first priority).
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DATA ANALYSIS AND ASSUMPTIONS

FOLSOM BRIDGE PROJECT

REACH 1 EAST NATOMA STREET TO PARKING LOT NEAR SOUTH END OF DAM

PA 1 - Future Without Project (Impact Area)

OAK WOODLAND

WESTERN GRAY SQUIRREL

TY 0 - Baseline (measured)
V1 - % canopy closure of trees and shrubs that produce hard mast (65%)
V2 - Density of leaf litter layer (M)
V3 - % tree cover (61%)
V4 - Den site availability (53)

HSI Food =(V1xV2)”* HSI Cover/Reproduction = (V3 x V4)”
HST=0.46 (lowest of values)
TY 1 V1 - no change from TY 0
V2 - no change from TY 0
V3 - no change from TY 0
V4 - no change from TY 0
HSI=0.46
TY 60 V1 - no change from TY 1
V2 - no change from TY 1
V3 -no change from TY 1
V4 - no change from TY 1
HSI=10.46
PLAIN TITMOUSE
TY 0 - Baseline (measured)
V1 - dbh
V2 - Number trees/acre

V3 - % trees that are oaks

HSI=VI1+V2+V3
3

HSI =0 .65
TY 1 V1 - no change from TY 0
V2 - no change from TY 0
V3 - no change from TY 0
HSI=0.65
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TY 60 V1 - no change from TY 0

V2 - no change from TY 0
V3 -no change from TY 0
HSI=0.65

PA 2 - Future With Project (Impact Area)

Assume: 1. All vegetation removed from temporary and permanent impact zones in year 1
2. temporary easement areas will not be replanted with woody vegetation

WESTERN GRAY SQUIRREL
TY 0 - Baseline (measured)

TY 1- V1 - no trees
V2 - low leaf litter
V3 - no trees

V4 - no den sites
HSI Food = (V1 x V2)*
=(0x0.2)"
=0
HSI=0

TY 60- V1 - no change from TY 1

V2 - no change from TY 1
V3 - no change from TY 1
V4 - no change from TY 1
HSI=0
TY 100 no change from TY60
PLAIN TITMOUSE

TY 0 - Baseline (measured) HSI=0.65

TY 1 - V1 -no trees
V2 - no trees
V3 - no trees
HSI=VI+V2+V3=0.2=0.06
3 3
TY 60 - V1 - no change from TY 1

V2 - no change from TY 1
V3 -no change from TY 1

HSI = .06
TY 100 — no change from TY60
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MP 1 - Management Area - Future Without Project (Compensation Site)

Assume: 1. Annual grassland area selected for conversion to oak woodland.

WESTERN GRAY SQUIRREL

TY 0 - Baseline (estimated)
V1 - % canopy closure of trees and shrubs that produce hard mast (no trees)
V2 - Density of leaf litter (low)
V3 - Den site availability (no trees)

HSI Food = (V1xV2)" HSI Cover/Reproduction = (V3 x V4)"
=(0x0.2)" =(0x0)*
-0 =0
HSI=0
TY 1- V1 - no change from TY 0

V2 - no change from TY 0
V3 - no change from TY 0
V4 - no change from TY 0

HSI=0

TY 15 - no change from TY 1 HSI=0
TY 60 - no change from TY 15
TY 100- no change from TY TY60

PLAIN TITMOUSE

TY 0 - Baseline (estimated)
V1 - dbh (0)
V2 - Number trees/acre (0)
V3 - % trees that are oaks (0)

HSI = V1 +V2+V3 = 02+0+0 = .06
3 3

TY 1- V1 - no change from TY 0
V2 - no change from TY 0
V3 - no change from TY 0

HSI=.06
TY 15 - no change from TY 1 HSI=.06
TY 60 - no change from TY 15 HSI=.06

TY 100- no change from TY 60
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MP 2 - Management Area - Future With Project (Compensation Site)

Assume:

1. Acquire lands (currently annual grasslands)

2. Annual grassland area prepared for planting in TY 1, provide access and maintenance roads
3. Plant 100% blue and live oak trees (4"x4"x14" tree pots) at a density of 400 trees/acre and
cover crop

4. Moderate management intensity (assume 1.5 inches dbh after 10 yrs; 90 percent survival).

5. Watering, weed, pest control for minimum of 3 years and remedial actions as necessary to ensure plant
establishment.

6. Assume maximum growth rate of 12"/year

7. Develop O&M manual

8. TY 51 values equal values measured for impact zone

WESTERN GRAY SQUIRREL

TY 0 - Baseline (estimated) HSI=0
TY I - V1 - tree species planted /no mast SI=0
V2 - low SI=0.2
V3 -0 (no trees) SI=0
V4 - 0 (no trees) SI=0
HSI=0
TY 15 - V1 - oak trees reach 16ft. high 8% SI=0.15
V2 - low SI[=0.2
V3 -8% SI=0.15
V4-0 SI=0
HSI Food = (V1 x V2)* HSI Cover/Reproduction = (V3 x V4)”
=(0.15x0.2)" =(0.15 x 0)"
=.17 =0
HSI=0
TY60 V1 -40% SI=0.8
V2 - medium SI=0.8
V3 -53% SI=1.0
V4 - 24/ac SI=1.0
HSI Food = (V1 x V2):/z HSI Cover/Reproduction = (V3 x V4)‘|/2
=(0.8x0.2)" =(1.0x 1.0)*
=0.40 =1.0
HSI=0.40
TY 100 V1 -60% SI=1.0
V2 - high SI=1.0
V3 -53% SI=1.0
V4 - 24/ac SI=1.0
HSI Food = (V1 x V2):/z HSI Cover/Reproduction = (V3 x V4)‘|/2
=(1.0x 1.0)* =(1.0x 1.0)*
=1.0 =1.0
HSI=1.0
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PLAIN TITMOUSE
TY 0 - Baseline (estimated)
HSI = .06
TY 1- V1 - tree species planted (oak) (0 dbh)
V2 -400 (100% < 16 ft tall; no trees)
V3 -100% (no trees)

HSI=V1+V2+V3 =02+0+0 =0.06
3 3

TY 15 - V1 - oak trees reach 16 ft. high (dbh = 1.75)
V2 ->100 tree/ac
V3 -100%

HSI=02+1.0+1.0 = 0.73
3

TY 60 - V1 - 13 dbh
V2 -> 100 tree/ac
V3 -100%

HSI=0.6+1.0+1.0 =0.86
3

TY 100- no change from TY60
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PA 1 - Future Without Project (Impact Area)

SEASONAL WETLAND

GREAT EGRET
TY 0 — Baseline (measured)

V1 - % area with water 4-9 inches deep
V2 - % of substrate in zone 4-9 inches deep with sub- and emergent vegetation

HSI=VI+V2=0.23
2

TY 1 —no change from baseline HSI=0.23
TY 60 — no change from baseline HSI=0.23
TY 100- no change from baseline
RED-WINGED BLACKBIRD
TY 0 — Baseline (measured)
V6 quality of foraging areas within 620 feet of suitable nest areas
Condition C wetland HSI= (0.1 x V6)*=0.2
TY 1 —no change from baseline ~ HSI=0.2
TY 60 — no change from baseline HSI=0.2
TY 100 — no change from baseline
CALIFORNIA VOLE
TY 0 — Baseline (measured)
V1 — Height herbaceous vegetation
V2 - % herbaceous cover
V3 — Soil type

HSI=V1+V2+V3=0.76
3

TY 1 —no change from baseline ~ HSI=0.76

TY 60 — no change from baseline HSI=0.76
TY 100- no change from baseline
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PA 2 - Future With Project (Impact Area)

Assume: 1. All vegetation removed from temporary and permanent impact zones in year 1
2. temporary easement areas will not be replanted with woody vegetation
3. existing drainages culverted under roads

GREAT EGRET
TY 0 — Baseline (measured)

V1 - % area with water 4-9 inches deep
V2 - % of substrate in zone 4-9 inches deep with sub- and emergent vegetation

HSI=VI+V2=0.23
2

TY1 -VI-0 SI=0
V2-0 SI=0.1

HSI= 0+0.1=0.05
2

TY 60 —no change from TY 1 HSI=0.05
TY 100 no change from TY60
RED-WINGED BLACKBIRD
TY 0 — Baseline (measured)
V6 quality of foraging areas within 620 feet of suitable nest areas
Condition C wetland HSI= (0.1 x V6)*=0.2
TY 1 —no change from baseline HSI=0
TY 60 — no change from baseline TY 1 HSI=0
TY 100 — no change from baseline
CALIFORNIA VOLE
TY 0 — Baseline (measured)
V1 — Height herbaceous vegetation
V2 - % herbaceous cover
V3 — Soil type

HSI=V1+V2+V3=0.76
3
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TY1- VI-0 SI=0
V2-0 SI=0
V3 — not silty or loamy ; not friable SI=0.2

HSI=0+0+0.2=0.06
3

TY 60 —no change from TY 1 HSI=0.06
TY 100 — no change from TY60

MP 1 - Future Without Project (Compensation Area)

Assumption: 1. Annual grassland area will be converted to wetlands
GREAT EGRET
TY 0 - Baseline (measured)

V1 - % of area with water 4-9 inches deep (0) SI=0
V2 - % of area 4-9 deep with emergent/submergent vegetation (0) SI=.1

HSI=V1+V2 =0+0.1 = .05
2 2

TY 1 nochange from TY 0
TY 4  nochange fromTY 1
TY 60 no change from TY 4
TY 100 no change from TY 60

CALIFORNIA VOLE

TY 0 - Baseline (estimated)

V1 - Height of herbaceous vegetation (> 6in.) SI=1.0
V2 - % cover of herbaceous vegetation (80%) SI=6.7
V3 - soil type (mod. friable) SI=0.5

TY 1- VI -no change from TY 0
V2 - no change from TY 0
V3 - no change from TY 0

HSI =VI1+V2+V3 = 1.0+07+0.5 =.73
3 3

TY 4- VI -no change from TY 1
TY 60 - V1 - no change from TY 4
TY 100- no change from TY 60
RED-WINGED BLACKBIRD

TY 0 - Baseline (estimated) - upland area unsuitable for species HSI =0
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TY 1 - no change from TY 0
TY 4 - no change from TY 1
TY 60 - no change from TY 4
TY 100 — no change from TY 60

MP 2 - Future With Project (Compensation Site)

Assumption: . Acquire annual grassland area

. Portion of wetland area will have permanent water

. Wetland will be designed to provide equal mix of open water and emergent vegetation

. Site baseline is a Condition C wetland.

. Site is minimum of 1-acre in size and access and maintenance roads are provided.

1
2
3
4. Carp will not be stocked
5
6
7

. 40% of area designed for summer conditions of water 4-9 in deep

8. Plant appropriate wetland plant species, provide pest control and maintenance as needed for

minimum of 3 years or until wetland is established.
9. Cover crop planted on all disturbed non-wetland areas.

GREAT EGRET

TY 0- Baseline (estimated)
V1 - % of area with water 4-9 inches deep (0) SI=0
V2 - % of area with water 4-9 deep with emergent/submergent vegetation SI=0.1

HSI=V1+V2 =0+0.1 = .05

2 2
TY 1- VI-40% SI=0.4
V2-5% SI=0.2
HSI=04+0.2 = 0.6 = .30
2 2
TY 4- VI-40% SI=0.4
V2 -40% - 60% SI=1.0

HSI=04+1.0 = .70
2

TY 60 - no change from TY 4 HSI=.70
TY 100 no change from TY 60
CALIFORNIA VOLE

TY 0 - Baseline (estimated)

V1 - Height of herbaceous vegetation (> 6 in. ) SI=1.0
V2 - % cover of herbaceous vegetation (80%) SI=0.7
V3 - soil type (mod friable) SI=0.5

Revised Draft- Subject to Change 68



HSI=V1+V2+V3 =10+07+05 = .73
3 3

TY1- VI->6in
V2-90%
V3 - no change fro baseline

HSI=1.0+0.85+0.5 = .78
3

TY 4- VI -no change from TY 1
V2 -100%
V3 -no change from TY 1

HSI=1.0+0.85+0.5 = .78
3

TY 60- no change from TY 4
TY 100 —no change from TY 60

RED-WINGED BLACKBIRD

TY 0 - Baseline (estimated) - upland area unsuitable for species
HSI=0

TY 1- VI - Emergent vegetation is old/new growth monocot (other)
V2 - Water present throughout year (yes)
V3 - Carp presence (absent)
V4 - larvae of dragonflies/damselflies presence (yes)
V5 - vegetation density (sparse first year)

HSI=(V1+V2+V3+V4+V5)"=(0.1x1.0x1.0x1.0x0.1)*=0.1
TY 4- VI - old/new growth monocots

V2 - no change

V3 - no change

V4 - no change

V5 -50%

HSI=(1.0x1.0x1.0x1.0x 1.0)*=1.0

TY 60 - no change from TY 4 HSI=1.0
TY 100- no change from TY 60
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AMERICAN RIVER WATERSHED INVESTIGATION
FOLSOM BRIDGE PROJECT

REACH 3 - FOLSOM PRISON ACCESS ROAD TO SOUTH END OF BRIDGE
RIPARIAN
YELLOW WARBLER
TY 0 — Baseline (measured)
V1 - % deciduous shrub crown cover
V2 - average height of deciduous shrub canopy
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs
HSI= (V1 x V2 x V3)*
TY 1 —no change from baseline HSI=0.22
TY 60 — no change from baseline HSI=0.22
TY 100 — no change from baseline
NORTHERN ORIOLE
TY 0 — Baseline (measured)
V1 - average height of deciduous tree canopy
V2 - % deciduous tree crown cover
V3 — stand width
HSI= (V1 x V2 x V3)*
TY 1 —no change from baseline =~ HSI=0.77
TY 58 — no change from baseline HSI=0.77
TY 100 — no change from baseline
WESTERN FENCE LIZARD
TY 0 — Baseline (measured)
V1 - % ground cover
V2 - average size of ground cover objects
V3 - structural diversity/interspersion

V4 - % canopy cover

CI=(2V1xV2xV3)"
TI= (V1 x V4)”

HSI = (CI x TI)* =0.63 (average of transects)

TY 1 —no change from baseline =~ HSI=0.63
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TY 60 — no change from baseline HSI = 0.63
TY 100 — no change from basline

PA 2 - Future With Project (Impact Area)

Assume: 1. All vegetation removed from temporary and permanent impact zones in year 1.
2. Temporary easement areas will not be replanted with woody vegetation.
YELLOW WARBLER
TY 0 — Baseline (measured)
V1 - % deciduous shrub crown cover
V2 - average height of deciduous shrub canopy

V3 - % deciduous shrub canopy comprised of hydrophytic shrubs

HSI= (V1 x V2 x V3)*

TY 1 - V1 —no shrubs SI=0
V2 —no shrubs SI=0
V3 - no shrubs SI=0

HSI=(VIxV2xV3)"=0

TY 60 — V1 — no shrubs SI=0
V2 — no shrubs SI=0
V3 - no shrubs SI=0

HSI=(VIxV2xV3)"=0
TY 100- no change from TY 60

NORTHERN ORIOLE

TY 0 — Baseline (measured)
V1 - average height of deciduous tree canopy
V2 - % deciduous tree crown cover

V3 —stand width

HSI= (V1 x V2 x V3)*

TY 1- V1 —no trees SI=0
V2 —no trees SI=0
V3 —no trees SI=0

HSI=(V1xV2xV3)"=0
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TY 60 — V1 —no trees SI=0
V2 —no trees SI=0
V3 —no trees SI=0

HSI=(V1x V2xV3)"=0
TY100 - no change from TY 60

WESTERN FENCE LIZARD

TY 0 — Baseline (measured)
V1 - % ground cover
V2 - average size of ground cover objects
V3 - structural diversity/interspersion
V4 - % canopy cover
CI=(2V1xV2xV3)"
TI= (V1 x V4)”

HSI = (CI x TI)* =0.63 (average of transects)

TY 1 - VI —no ground cover SI=0
V2 — no cover objects SI=0
V3i-A SI=0.1
V4 —no canopy cover SI=1.0

CI=(2V1xV2xV3)"=0
TI=(VIxV4)”=0
HSI=(CIx T)* =0

TY 60 — no change from TY 1

TY100 - no change from TY 60

MP 1 — Management Area — Future Without the Project (Compensation Site)

Assume: 1. Existing riparian river bank upstream of Rossmoor Bar can be enhanced by planting riparian species
(south side of river).

YELLOW WARBLER

TY 0 — Baseline (measured)
V1 - % deciduous shrub crown cover (0) SI=0
V2 - average height of deciduous shrub canopy (5 ft) SI=0.82
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs (0) SI=0

HSI=(VIxV2xV3)*"=0
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TY 1 —no change from baseline HSI=0

TY 15 — no change from baseline HSI=0
TY 30 —no change from baseline HSI=0
TY 60 — no change from baseline HSI=0

TY100 - no change from TY 60

NORTHERN ORIOLE

TY 0 — Baseline (measured)

V1 - average height of deciduous tree canopy (27 ft) S1=0.77
V2 - % deciduous tree crown cover (0) SI=0
V3 — stand width (1) SI=0.2

HSI=(VIxV2xV3)*"=0

TY 1 —no change from baseline HSI=0
TY 15 — no change from baseline HSI=0
TY 30 — no change from baseline HSI=0
TY 60 — no change from baseline HSI=0

TY100 - no change from TY 60

WESTERN FENCE LIZARD

TY 0 — Baseline (measured)

V1 - % ground cover (0) SI=0

V2 - average size of ground cover objects (< 1 ft) SI=0.2
V3 - structural diversity/interspersion (A) SI=0.1
V4 - % canopy cover (0) SI=1.0

CI=(2V1xV2xV3)"=0
TI=(V1xV4)*=0

HSI=(CIx T)* =0

TY 1 —no change from baseline HSI=0
TY 15 — no change from baseline HSI=0
TY 30 — no change from baseline HSI=0
TY 60 — no change from baseline HSI=0

TY100 - no change from TY 60
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MP 2 — Management Area — Future With Project (Compensation Site)

Assume:

1. Acquire lands.

2. Watering, weed and pest management for a minimum of 3 years and remedial actions as necessary to ensure
plant  establishment.

3. Willow species and cottonwoods (80% of woody plantings will be planted near the mean summer water surface
elevation and less water tolerant plants (oaks, etc) will be planted higher on the bank.

4. The site will extend no more than 25 feet up the bank from mean summer water surface elevation

5. Assume average growth rate of 24 inches/year for willows and cottonwood trees..

YELLOW WARBLER

TY 0 — Baseline (measured)

V1 - % deciduous shrub crown cover (0) SI=0
V2 - average height of deciduous shrub canopy (5 ft) SI=0.82
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs (0) SI=0

HSI=(VIxV2xV3)"=0

TY 1 —VI - % deciduous shrub crown cover (5%) SI=0.15
V2 - average height of deciduous shrub canopy (1 ft) SI=0.17
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs (80%) SI=10.80

HSI=(0.15x0.17 x 0.80)" = 0.14

TY 15— VI - % deciduous shrub crown cover (75%) SI=1.0
V2 - average height of deciduous shrub canopy (5ft) SI=0.82
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs (80%) SI=10.80

HSI = (1.0 x 0.82 x 0.80)" = 0.81

TY 30 — V1 - % deciduous shrub crown cover (75%) SI=1.0
V2 - average height of deciduous shrub canopy (5ft) SI=0.82
V3 - % deciduous shrub canopy comprised of hydrophytic shrubs (80%) SI=10.80

HSI = (1.0 x 0.82 x 0.80)"* = 0.81

TY 60 — no change from TY 30
TY100 - no change from TY 60

NORTHERN ORIOLE

TY 0 — Baseline (measured)

V1 - average height of deciduous tree canopy (27 ft) S1=0.77
V2 - % deciduous tree crown cover (0) SI=0
V3 —stand width (1) SI1=0.2
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TY 1-

TY 15—

TY 30 -

HSI=(VIxV2xV3)*=0

V1 - average height of deciduous tree canopy (27 ft)
V2 - % deciduous tree crown cover (0)

V3 — stand width (< 300 ft)

HSI=(VIxV2xV3)*=0

V1 - average height of deciduous tree canopy (16 ft)
V2 - % deciduous tree crown cover (25%)

V3 — stand width (< 300 ft)

HSI=(0.77x 1.0 x 0.5) “ =0.54

V1 - average height of deciduous tree canopy (40 ft)
V2 - % deciduous tree crown cover (50%)

V3 — stand width (< 300 ft)

HSI=(1.0x 1.0x 0.5)*=0.79

TY 60 - V1 - average height of deciduous tree canopy (>40 ft)

V2 - % deciduous tree crown cover (75%)
V3 — stand width (< 300 ft)

HSI=(1.0x0.9x0.5)"=0.77

TY 100- no change from TY 60

WESTERN FENCE LIZARD

TY 0 — Baseline (measured)

TY 1-

V1 - % ground cover (0)

V2 - average size of ground cover objects (< 1 ft)
V3 - structural diversity/interspersion (A)

V4 - % canopy cover (0)

CI=(2V1xV2xV3)"=0

TI=(VIxV4)*=0

HSI=(CIx T)* =0

V1 - % ground cover (0)

V2 - average size of ground cover objects (< 1 ft)
V3 - structural diversity/interspersion (A)

V4 - % canopy cover (0)
CI=(2V1xV2xV3)"=0

TI=(VIxV4)*=0
HSI = (CI x TI)* =0
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TY 15— VI - % ground cover (5%) SI=0

V2 - average size of ground cover objects (< 1 ft) SI=0.2
V3 - structural diversity/interspersion (A) SI=0.1
V4 - % canopy cover (40%) SI=1.0

CI=(2V1xV2xV3)"=0
TI=(VIxV4)*=0

HSI=(CIx T)* =0

TY 30— V1 - % ground cover (25%) SI=1.0
V2 - average size of ground cover objects (2 ft) SI=0.8
V3 - structural diversity/interspersion (C) SI=1.0
V4 - % canopy cover (75%) SI=0.33

CI=(2V1x V2xV3)"=1.16 (1.0)
TI= (V1 x V4)"=0.57

HSI = (CIx TI)* =0.75

TY 60 — V1 - % ground cover (50%) SI=1.0
V2 - average size of ground cover objects (2 ft) SI=0.8
V3 - structural diversity/interspersion (C) SI=1.0
V4 - % canopy cover (75%) SI=0.33

CI=(2V1x V2xV3)"=1.16 (1.0)
TI= (V1 x V4)*=0.57
HSI = (CIx TI)* =0.75

TY100 - no change from TY 60
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AMERICAN RIVER WATERSHED INVESTIGATION
FOLSOM DAM OUTLET MODIFICATION PROJECT

PA 1 - Future Without Project (Impact Area)

CHAPARRAL
BOBCAT
TY 0 — Baseline (measured)

V1 - % shrub cover

V2 - % herbaceous cover
V3 - degree of patchiness
V4 — rock outcroppings

HSI=V1+V2+V3+2V4 = 0.56
5
TY1 VI —nochange from TY 0
V2 - no change from TY 0
V3 - no change from TY 0
V4 —no change from TY 0

HIS=0.56

TY 60 VI —no change from TY 1
V2 - no change from TY 1
V3 - no change from TY 1
V4 —no change from TY 1

HSI=0.56
TY100 - no change from TY 60

WRENTIT
TY 0 — Baseline (measured)
V1 - % shrub cover
V2 - % shrub cover <5 feet(19%)
HSI= (V1 x V2)*=0.34
TY1 VI —nochange fromTY 0
V2 - no change from TY 0
HSI= (V1 x V2)*=0.34

TY 60 VI —no change from TY 1
V2 - no change from TY 1
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HSI= (V1 x V2)*=0.34
TY100 - no change from TY 60

CALIFORNIA THRASHER
TY 0 — Baseline (measured)

V1 — Presence of low shrub openings
V2 - Shrub/seedling cover

HSI= (V1 xV2%)"=1.0

TY 1- VI —no change from TY 0
V2 - no change from TY 0

TY 60- VI —no change from TY 1

V2 - no change from TY 1
TY100 - no change from TY 60

PA 2 - Future With Project (Impact Area)

SI=1.0
SI=1.0

Assume: 1. All vegetation removed from temporary and permanent impact zones in year 1
2. Temporary easement areas will not be replanted with woody vegetation

BOBCAT
TY 0 — Baseline (measured)

V1 - % shrub cover

V2 - % herbaceous cover
V3 - degree of patchiness
V4 — rock outcroppings

HSI=VI1+V2+V3 +2V4 = 0.56
5

TY 1 V1 -no shrub cover
V2 - no herbaceous cover
V3 — patchiness (1)
V4 — no rock outcroppings

HSI=02+02+02+0.2=0.16
5

TY 60 VI —no change from TY 1
V2 - no change from TY 1
V3 - no change from TY 1
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V4 —no change from TY 1

HSI=0.16
TY100 - no change from TY 60

WRENTIT

TY O - V1 - % shrub cover
V2 - % shrub cover < 5 feet

HSI= (V1 x V2)*=0.34

TY1 V1 -—no shrub cover
V2 -no shrubs

HSI=(0x 0)*=0
TY 60 VI —no change from TY 1
V2 - no change from TY 1

HSI=0
TY100 - no change from TY 60

CALIFORNIA THRASHER
TY 0 — Baseline (measured)

V1 — Presence of low shrub openings
V2 - Shrub/seedling cover

HSI= (V1 x V2%)” =0.34

TY 1- VI —no shrubs
V2 - no shrubs/seedlings

HSI=(0x 09" =0
TY 60- VI —no change from TY 1

V2 - no change from TY 1
TY100 - no change from TY 60

PA 3 - Future Without Project (Inundation Area)

CHAPARRAL
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BOBCAT

TY 0 — Baseline (measured)

V1 - % shrub cover SI=1.0
V2 - % herbaceous cover S1=0.98
V3 - degree of patchiness SI=0.6
V4 — rock outcroppings SI=1.0

HSI=V1+V2+V3 +2V4 = 0.72
5
TY1 VI —no change fromTY 0
V2 - no change from TY 0
V3 - no change from TY 0
V4 —no change from TY 0

HIS =0.72

TY 60 VI —no change from TY 1
V2 - no change from TY 1
V3 -no change from TY 1
V4 —no change from TY 1

HSI=0.72
TY100 - no change from TY 60

WRENTIT
TY 0 — Baseline (measured)

V1 - % shrub cover S1=0.40
V2 - % shrub cover < 5 feet(19%) SI=0.09

HSI= (V1 x V2)*=0.19

TY1 VI —nochange from TY 0
V2 - no change from TY 0

HSI= (V1 x V2)*=0.19
TY 60 VI —no change from TY 1

V2 - no change from TY 1

HSI= (V1 x V2)*=0.19

TY100 - no change from TY 60
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CALIFORNIA THRASHER
TY 0 — Baseline (measured)

V1 — Presence of low shrub openings SI=1.0
V2 - Shrub/seedling cover SI=1.0

HSI= (V1 x V2%)*=1.0

TY 1- VI —no change from TY 0
V2 - no change from TY 0

TY 60- V1 —no change from TY 1
V2 - no change from TY 1

TY100 - no change from TY 60

PA 4 - Future With Project (Inundation Area)

Assume: 1. All vegetation removed from temporary and permanent impact zones in year 1
2. Temporary easement areas will not be replanted with woody vegetation

BOBCAT

TY 0 — Baseline (measured)
V1 - % shrub cover SI=1.0
V2 - % herbaceous cover S1=0.98
V3 - degree of patchiness S1=0.6
V4 — rock outcroppings SI=1.0

HSI=VI1+V2+V3+2V4 = 0.72
5

TY 1 V1 -no shrub cover SI=0.2
V2 - no herbaceous cover SI=0.2
V3 — patchiness (1) SI=0.2
V4 — no rock outcroppings SI=0.1

HSI=0.2+0.2+0.2+0.2=0.16
5

TY 60 VI —no change from TY 1
V2 - no change from TY 1
V3 -no change from TY 1
V4 —no change from TY 1
HSI=0.16

TY100 - no change from TY 60
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WRENTIT

TY 0 - V1 - % shrub cover
V2 - % shrub cover <5 feet

HSI= (V1 x V2)*=0.34

TY1 V1 -—no shrub cover SI=0
V2 -no shrubs SI=0

HSI = (0x 0)*=0
TY 60 VI —no change from TY 1
V2 - no change from TY 1

HSI=0
TY 100 - no change from TY 60

CALIFORNIA THRASHER
TY 0 — Baseline (measured)

V1 — Presence of low shrub openings
V2 - Shrub/seedling cover

HSI= (V1 x V2%)*=1.0

TY 1 - VI —no shrubs SI=0
V2 - no shrubs/seedlings SI=0

HSI=(0x 0%)"=0

TY 60- V1 —no change from TY 1
V2 - no change from TY 1

TY 100 - no change from TY 60

MP 1 - Management Area - Future Without Project (Compensation Site)

Assume: 1. Annual grassland area selected for conversion to oak woodland.

BOBCAT

TY 0 — Baseline (estimated)
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V1 - % shrub cover (no shrubs) SI=0.2

V2 - % herbaceous cover (100%) SI=0.8
V3 - degree of patchiness (1) SI=0.2
V4 — rock outcroppings (no) SI=0.1

HSI=V1+V2+V3+2V4 = 0.8+0.8+0.2=0.2 =0.28
5 5

TY1 VI —nochange from TY 0
V2 - no change from TY 0
V3 - no change from TY 0
V4 —no change from TY 0
HSI=0.28

TY 15 VI —no change from TY 1
V2 - no change from TY 1
V3 - no change from TY 1
V4 —no change from TY 1
HSI=0.28

TY 30 VI —no change from TY 15
V2 - no change from TY 15
V3 - no change from TY 15
V4 —no change from TY 15
HSI=10.28

TY 100 VI —no change from TY 30
V2 - no change from TY 30
V3 - no change from TY 30
V4 —no change from TY 30

HSI=0.28

WRENTIT
TY 0 — Baseline (estimated)

V1 - no shrub cover
V2 —no shrubs

HSI= (V1 x V2)*=(0x0)*=0

TY1 VI —no change fromTY 0
V2 - no change from TY 0

HSI=0
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TY 15 VI —no change from TY 1
V2 - no change from TY 1

HSI=0

TY 30 VI —no change from TY 15
V2 - no change from TY 15

HSI=0
TY 100 VI —no change from TY 30
V2 - no change from TY 30

HSI=0

CALIFORNIA THRASHER

TY 0 — Baseline (estimated)

V1 —no shrubs SI=

V2 — no shrubs/seedlings SI=
HSI=(VIxV2%)"=(0x0%" =0

TY 1- VI —no change from TY 0
V2 - no change from TY 0

HSI=0

TY 15 - VI —no change from TY 1
V2 - no change from TY 1

HSI=0

TY 30 - VI —no change from TY 15
V2 - no change from TY 15

HSI=0

TY 100- VI —no change from TY 30
V2 - no change from TY 30

HSI=0

MP 2 - Management Area - Future With Project (Compensation Site)
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Assume:

1. Acquire lands (currently annual grasslands)

2. Annual grassland area prepared for planting in TY 1, provide access and maintenance roads

3. Plant chaparral species at a density of 400 trees/acre and cover crop

4. Watering, weed, pest control for minimum of 3 years and remedial actions as necessary to ensure plant
establishment.

5. Develop O&M manual

BOBCAT

TY 0 — Baseline (estimated)

V1 - % shrub cover (no shrubs) SI=0.2
V2 - % herbaceous cover (100%) SI=0.8
V3 - degree of patchiness (1) SI=0.2
V4 — rock outcroppings (no) SI=0.1
HSI=V1+V2+V3+2V4 = 0.8+0.8+0.2=0.2 =0.28
5 5
TY 1 VI —area cleared and planted (1%) SI=0.2
V2 -100% SI=0.8
V3 - no change from TY 0 SI=0.2
V4 —no change from TY 0 SI=0.1
HSI=0.28
TY 15 VI-30% SI=1.0
V2 -100% SI=0.8
V3-2 SI=0.6
V4 —no change from TY 1 SI=0.1
HSI=1.0+0.8+0.6+0.2=0.52
5
TY 30 VI-50% SI=1.0
V2 -100% SI=0.8
V3-2 SI=0.6
V4 —no change from TY 1 SI=0.1
HSI=1.0+0.8+0.6+0.2=0.52
5
TY 100 VI —50% SI=1.0
V2 -100% SI=0.8
V3-2 SI=0.6
V4 —no change from TY 1 SI=0.1

HSI=1.0+0.8+0.6+0.2=0.52
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WRENTIT

TY 0 — Baseline (estimated)

TY 1

TY 15

TY 30

TY 100

V1 - no shrub cover
V2 — no shrubs

HSI= (V1 x V2)*=(0x0)*=0

V1 — area cleared and planted (1%)
V2 — area cleared and planted (100%)

HSI=(V1x V2)*=(0x1.0)*=0

V1-30%
V2 -80%

HSI = (0.15 x 0.8)*=0.49

V1I-50%
V2-80%

HSI = (0.33 x 0.8)*=0.64
V1-50%
V2-80%

HSI =0.64

CALIFORNIA THRASHER

TY 0 — Baseline (estimated)

TY 1-

TY 15 -

V1 — no shrubs
V2 — no shrubs/seedlings

HSI=(VIxV2%)"=(0x0%" =0

V1 -no
V2- 1%

HSI=0

V1 —yes
V2 -30%

HSI = (1.0 x 0.35%)" =0.50
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SI=0.15
SI=0.8

SI=0.33
SI=0.8

SI=0.33
SI=0.8

SI=1.0
SI=0.35



TY 30- VI —yes SI=1.0
V2 -50% SI=1.0

HSI=HSI=(1.0x1.0.%)" =1.0

TY 100- V1 — no change from TY 30
V2 - no change from TY 30

HSI=1.0
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APPENDIX A-2

HSI MODELS
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NORTHERN ORIOLE
HABITAT SUITABILITY INDEX MODEL
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HABITAT SUITABILITY INDEX MODEL

NORTHERN ORIOLE (Icterus spurius)
BREEDING HABITAT, CENTRAL VALLEY

CALIFORNIA

U.S. Fish and Wildlife Service
Ecological Services
Sacramento, California

January 1988
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COVER TYPE LIFE REQUISITE HABITAT
VARIABLES

Average height of deciduous
tree canopy

(Vo)
Valley Woodland (W)
Reprod
uction/
Cover
Percent
deciduo
us tree
Riparian (R)
Crown cover (V,)
Stand width (V3)
FOOD

The diet of the northern oriole is comprised mainly of insects. Fruits, berries, and nectar are also utilized
(Bent 1958; Martin et al. 1961). For purposes of this model, it is assumed that if suitable habitat is
available for nesting and cover, food resources are not limiting.

Minimum habitat area

Minimum habitat area is defined as the minimum amount of contiguous habitat that is required before an
area will be occupied by a species. Based on reported pair densities (Walcheck 1970; Gaines 1974;
Pleasant 1979), it is assumed that at least 0.25 acres of suitable habitat must be available for the northern
oriole to occupy an area. If less than this amount is present, the HSI is assumed to be zero.

VARIABLE HABITAT TYPE
SUGGESTED TECHNIQUE

V, Average height of R, W Range finder and
clinometer

deciduous tree canopy on belt transect

V, Percent deciduous R, W Line intercept

tree crown cover

V3 Stand width R, W Visual observation,
aerial interpretation

HSI Determination

LIFE REQUISITE COVER TYPE
EQUATION
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Reproduction

V3)1/3

The HSI value for the northern oriole is equal to the reproduction/cover value.

Model Applicability

The model applies to breeding habitat of the northern oriole in the Central Valley of California up to 500

feet in elevation.

1. Average height of
deciduous tree
canopy.

Assumption:
Orioles nest
almost exclusively
in large,
preferably
deciduous, trees
(derived from
nesting data of
Schaefer
(1976A)). Tree
height of 35 feet
or greater is
optimum the
dominant canopy
strata equals those
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Ave. height deciduous tree canopy

trees comprising 50% of total canopy closure.
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Percent deciduous tree crown cover.

2.

Orioles

prefer open stands of
deciduous trees for

Assumption

R R R R R R R R R R el
B N I I N N I
R N I I IS A

R R

O s,
I NN SIS NI NI
A O s <5
A A A A A AL AN I SRS SIRISE SRS

(USFWS 1981).

sy
AN I N IO NN
s
N N I N I NN
A A

ing

2]
]
2]

AR

o

A AL A AL A L
A A i
s
A A I i
N s
A I v
R S
A A R R A AR AL KA R AR

QLR
S
S
S

S
e
33

QK
5
5
5

-
2
P

Categor@
k woodland for nest

1parian or oa

AN
SRS
NSNS <

R
SR

0.8
0.6
0.4
0.2

Sl
les prefer large blocks of r

10

Ori

Miller 1944). Crown
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cover of 25-50% is

nesting (Grinnel and
assumed to be

Stand width
Assumption

3.
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Percent deciduous tree crown cover

A - Woodland a narrow band comprising the width of one tree.

B - Woodland a strip less than 300 feet wide at its widest point.
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C - Woodland greater than 300 feet wide at widest point.
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WESTERN FENCE LIZARD

HABITAT SUITABILITY INDEX MODEL

HABITAT SUITABILITY INDEX MODEL

WESTERN FENCE LIZARD (Sceloporus occidentalis)

by
Daniel H. Strait
U.S. Fish and Wildlife Service
Division of Ecological Services
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March 1989
INTRODUCTION

The western fence lizard (Sceloporus occidentalis) ranges from British Columbia southward through
Washington, Oregon and throughout California and the Great Basin to northwestern Baja California
(Smith, 1948; Stebbins, 1985). It occupies a wide variety of habitats, excluding extreme desert conditions,
from sea level to over 9500 feet in the Sierra Nevada. In California, four subspecies are present
(Jennings, 1987). Preferring wooded, rocky areas, it frequents talus and rocky outcrops of hillsides,
canyons and along streams. Western fence lizards are attracted to old buildings, woodpiles, fences,
telephone poles, woodrat nests and banks with rodent burrows. It requires cover and, except for
dispersing females (Jennings, personal communication) is seldom encountered in open fields or extremely
barren areas (Stebbins, 1954). It is frequently a colonizer of disturbed habitats (Lillywhite, et. al., 1977).

The western fence lizard can be semi-arboreal (Cunningham, 1955; Davis and Verbeek, 1972). Trees
apparently do not constitute a life requisite as was shown by Sceloporus occidentalis populations in
chaparral (Lillywhite, Friedman and Ford 1972) and at high elevations (Grinnell and Storer, 1924). Trees
may simply act as another type of available cover. This indicates the microhabitat plasticity of this
species (Rose, 1978).

MODEL APPLICABILITY
This model was designed for use in plant communities found in the Central Valley of California and
surrounding foothills up to an elevation of approximately 1500 feet and applies to the subspecies S. o.

occidentalis and S.o. biseriatus. The model is based on both empirical data provided by expert review
and information obtained from current literature.

Cover Type Life Requisite Habitat Variable

Percent ground cover (V)

Cover/Reproduction ~ Average size of ground
cover objects (V)

Riparian (R) Structural diversity/

Oak savannah (O) Interspersion (V3)

Oak woodland (W)

Scrub (S)

Annual Grassland (G) Percent ground cover (V)
Thermoregulation

Percent canopy cover (V)

Habitat Variable Cover Type Suggested Techniques
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V| - Percent ground R.O.WS,G Line intercept, measurement of  cover
random points using a 3 feet
diameter loop.

V, - Average size of R.O.WS,G Line intercept
ground cover objects
V3 - Structural diversity/ R.O.W.S.G Ocular estimate
interspersion
V, - Percent canopy R.O.WS,G Spherical densiometer, line
cover intercept, point intercept on

aerial photos.

Variable 1. Percent ground cover
Assumes:

Only those objects less than 8 feet above the ground surface are considered. This includes rocks, logs,
branches, tree trunks, fences, wood piles and live vegetation. Western fence lizards exhibit no well-
defined habitat preference, but favor areas with logs, trees or other objects upon which they can climb,
sun and display (Fitch, 1940). Brush piles and cavities under rocks and logs provide refuge (Marcellini
and Mackey, 1979). An amount of ground cover beyond a particular density results in less than optimal
conditions as it conceals predators and interferes with movement and the ability to defend a territory
(Davis and Ford, 1983). Davis and Verbeek (1972) found that western fence lizards avoided dense
grasslands. However, dispersing juveniles will cross dense grasslands and colonize any suitable isolated
habitat found (Jennings, personal communication).

In California, western fence lizards centered their territorial activities about logs, fence posts, stumps and
exposed boulders from which males display (Carpenter, 1980) and to observe mates or rival males (Fitch,
1940).

Eggs are placed in damp, friable, well-aerated soil from mid-May to mid-July in pits dug by the female
and covered with loose soil (Stebbins, 1954) or under rocks and logs (Jennings, personal communication).
In non-riparian conditions, nest sites are probably limited to areas within the shade of large cover objects.

Ground cover ranging from 25 to 70 percent is considered optimum for western fence lizards as it
provides sufficient cover for maximum use of an area while not being so abundant as to interfere with
movement. Western fence lizards undergo hibernation from November to February (Smith, 1946) and
require cover for winter survival (Jennings, personal communication).
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Variable 2. Average Ave size of ground cover objects (ft/object) 100

size of ground cover Fercent grouna cover
objects.

Assumes:

Ground cover objects include tree trunks but no other living material. The objects must be sufficiently
large to provide escape cover. Western fence lizards have the habit of running to the opposite side of
their perch (rock, log, etc.) when approached (Nussbaum et al., 1983). The objects must also be large
enough to provide cover for hibernation, nest building, shade for summer thermoregulation, and to offer
vantage points for territorial defense and mating display.

An average ground cover object size of 3.0 feet and larger is considered optimum as it is sufficiently large
to provide for escape cover, thermoregulation and reproductive needs.

The average size of ground cover objects greater than 4 inches is diameter are measured in the field using

the line intercept method and is determined by the formula:

Average size of ground Total feet of line intercepted
cover objects = Total number of ground cover objects intercepted
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Variable 3. Structural
diversity/interspersion

Assumes:

This variable is related to the habitat heterogeneity. The western fence lizard areas have a mixture and
sufficient quantity of cover types (rocks, logs, living vegetation, rodent burrows, cracks and crevices) in a
semi-open environment with lots of habitat edge allowing for sufficient exposure to the sun (Ruth,
personal communication), escape cover and a production base for food organisms (Jennings, personal
communication). These areas usually have a significant vertical component in the form of large boulders,
trees, fence rows, old buildings or log piles (Nussbaum et al, 1983). Davis and Ford (1983) found
optimal habitat was provided by large fallen oaks in various stages of decay or by large, standing oaks
from which limbs and branches had fallen to the ground creating massive tangles. Western fence lizards
commonly show low distributions in climax communities due to the homogeneity of the habitat(Ruth,
personal communication).
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A - Low habitat diversity. Ground cover limited to 1 or 2 types (i.e., grassland and bare soil). Site
mostly homogeneous with little edge. Cover component mostly one dimensional without a
significant vertical element (average less than 1 foot above ground). An exception may be rock
talus which can be good (Ruth, communication).

B - Moderate habitat diversity. Two or more major ground cover types occur (i.e., large rocks, logs and
woodpiles). A moderate amount of edge and interspersion is present between vegetation types
and/or ground cover types. A significant vertical element to the cover component (average 1 -4 feet
above ground) is present.

C - High habitat diversity. Three or more major ground cover types are present (i.e., large rocks, logs
and woodpiles). Heterogeneity is high with logs of edge between evenly dispersed vegetation and
cover types. Overall, habitat has a significant vertical component (average greater than 4 feet above
ground). May include rock talus.

Variable 4. Percent canopy cover
Assumes:

The canopy is defined as standing live vegetation greater than 6 feet above ground. This variable relates
directly to the ability of the habitat to provide sufficient exposure so that western fence lizards can
thermoregulate.

The ability of a western fence lizard to thermoregulate in an area is a major determinant of its habitat
occupancy. The ability of this species to absorb sunlight and warm quickly enables it to inhabit areas
from sea level to over 9000 feet in elevation (Tanner and Hopkin, 1972). Western fence lizards typically
move from areas of sunlight to shade to maintain their desired body temperature. Davis and Verbeek
(1972) found this species shifted from rocks to trees and vice versa according to ambient temperature.
Western fence lizards avoid dense, shaded woods (Stebbins, 1959).

A canopy cover ranging from 0 - 45 percent is considered optimum as it provides sufficient sunlight on
the ground or ground cover surface for thermoregulation by western fence lizards. An area with a canopy
cover greater than 90 percent is considered uninhabitable for western fence lizards due to a lack of
sunlight on the ground surface for thermoregulation.
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Percent canopy cover B

Cover//Reproduction ’ oo . '3)1/3
Thermoregulation R.O.W.S,G TI=(V, x Vy)*
HSI Determination HSI=(CIx TI) *

Assumes percent ground cover is the major determining factor due to its
importance in reproduction, predator avoidance and thermoregulation.

An HSI value of 1.0 is considered optimum. An HSI value greater than 1.0 achieved
through the use of this formula is to be considered 1.0.
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ASSUMPTIONS
Feeding

It is assumed that where all necessary habitat components are present, food availability is not a factor
limiting the use of an area by western fence lizards. Low availability of insects may be a limiting factor
on winter recruitment of juveniles into the adult population (Jennings, personal communication). In arid
areas, food can be limiting to adults in late summer (Ruth, personal communication).

The western fence lizard is an opportunistic insectivore which feeds on a variety of insects and other
arthropods including leaf hoppers, aphids, beetles, wasps, termites, ants and spiders (Fitch, 1940;
Johnson, 1965; Rose, 1976; Stebbins, 1954).

Rose (1976) found the three primary groups in the fence lizard diet to be ants (Formicidae), beetles
(Coleoptera) and termites (Isoptera). Johnson (1965) found flies (Diptera), beetles and ants to be
important prey while Clark (1973) found grasshoppers (Acrididae) the most common prey item. Otvos
(1977) found moths or butterflies (Lepidoptera) the most common prey item in stomachs analyzed.
Western fence lizards commonly bask or loaf in the shade and eat whatever arthropod comes close
enough to attract their attention (Tanner and Hopkin, 1972). It can therefore be assumed that food
availability is not a limiting factor under normal lizard population levels and habitat conditions.

Reproduction

It is assumed that, if ground cover of rocks, logs, trees, woodpiles, etc. of sufficient size and quantity are
available for non-reproductive activities, then areas with moist, friable soil necessary for lizard nesting
purposes would be present beneath the cover and should not be a limiting factor. Females may travel
several hundred feed to find appropriate nesting conditions (Ruth, personal communication).

Water requirements

Considering the wide distribution of this species in all but the most extreme desert regions, it is unlikely
that water availability would be a limiting factor to the western fence lizard though densities are often
highest where water (seeps, ponds, etc.)are nearby (Ruth, personal communication). This assumes that
sufficient ground cover exists for thermoregulation and nesting. This species receives the bulk of its
moisture through metabolic water from its prey (Ruth, personal communication). These lizards may
lower metabolic rates to compensate for higher body temperatures and water stress during warm seasons
(Tsuji, 1985).
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series (FWS/OBS-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. 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
application 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).
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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 limbs 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 reproduction habitat needs 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 utilized 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 Iowa, 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 wetlands 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).
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Special Considerations

The yellow warbler has been on the Audubon Society's Blue List of declining 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 Deciduous Scrub/Shrub Wetland (DSW) (terminology
follows that of U.S. Fish and Wildlife Service 1981). Yellow warblers only occasionally utilize forested
habitats and reported populated densities in forests are low. The habitat requirements in forested habitats
are not well documented in the literature. For these reasons, this model does not consider forested cover

types.

Minimum habitat area. Minimum habitat area is defined as the minimum amount of contiguous 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
warbler 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.

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 and variable and equations that are
used in the HSI model. Specifically, these sections cover the following: (1) identification of variables
that will be used in the model; (2) definition and justification 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 marginal suitability.
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It is assumed that optimal habitats contain 100% hydrophytic deciduous 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.

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

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

Shrub Wetland
Percent of shrub canopy
comprised of hydrophytic
shrubs

Totally closed shrub canopies are assumed to be of only moderate suitability, 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 in 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
illustrate the habitat relationships described in the previous section.

1 — Cover-type Variable
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Percent deciduous shrub
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Equations. In order to obtain life 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 Equation
Reproduction DS,.DSW (VixVyx V3)1/2

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

Application of the Model

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

Figure 2. Definitions of variables and suggested measurement techniques.

Variable (definition) Cover types Suggested techniques

V. Percent deciduous shrub DS,.DSW Line intercept
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 5 m
(16.5 ft) in height).

V, Average height of DW.,DSW Graduated rod
deciduous shrub canopy
(the average height from
the ground surface to the
top of those shrubs which
comprise the uppermost
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shrub canopy).
V3 Percent of deciduous DW.DSW Line Intercept
shrub canopy comprised
of hydrophytic shrubs
(the relative percent
of the amount of hydrophytic

shrubs compared to all shrubs,
based on canopy cover).

SOURCES OF OTHER MODELS

No other habitat models for the yellow warbler were located.
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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 data that can be used to derive quantification 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 and includes 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 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
species, as well as in providing an estimate of the relative quality of habitat for that species.
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RED-WINGED BLACKBIRD (Agelaius phoeniceus L.)
HABITAT USE INFORMATION

General

The red-winged blackbird (Agelaius phoeniceus L) nests in fresh-water and brackish herbaceous
wetlands, bushes and small trees along watercourses, and certain upland cover types from (American
Ornithologists’ Union 1983:723):

... east-central, south-coastal and southern Alaska..., southern Yukon west-central and southern
Mackenzie, northwestern and central Saskatchewan, central Manitoba, central Ontario, southern
Quebec..., New Brunswick, Prince Edward Island, Nova Scotia and southwestern Newfoundland
south to northern Baja California, through Mexico... and along both coasts of Central America to
Nicaragua and northern Costa Rica .... and to southern Texas, the Gulf coast and southern Florida.
[This blackbird winters] from southern British Columbia, Idaho, Colorado, Kansas, lowa, the
southern Great Lakes region, southern Ontario and New England... south throughout the remainder
of the breeding range, with the southwestern and most of Middle American populations being
sedentary.

The red-winged blackbird traditionally was considered to be a wetland nesting bird. It has adapted,
within the last century, to habitat changes brought about by man; it now commonly nests in hayfields,
along roadsides and ditches, and in other upland sites (Dolbeer 1980).

Food

Red-winged blackbirds vary their diet throughout the year, presumably in response to the nutritive
demands of reproduction. The percent of waste grain and seeds in the diet of male blackbirds in one
study in Ontario, Canada, was at least 80 to 87% in March and April, 46% in May, only 10% in July, and
85% in late July to October (McNicol et al. 1982). Insects amounted to 51 to 84% of the diet during May
and July. The diet of female red-winged blackbirds varied between 67 and 79% insect parts in May and
July but was only 15% insectivorous in late July-October, after fledging had occurred.

Water

References describing the dependency of the red-winged blackbird on surface water for drinking and
bathing were not found in the literature. Nesting occurs in herbaceous wetlands and upland habitat near
surface water and in suitable vegetation distant from free water. Red-winged blackbirds seem to prefer
habitats near wetlands for foraging. Communal roosting, which occurs after fledging is completed, is
either in herbaceous wetlands or dense communities of young trees with thick canopies growing on moist
sites (Micacchion and Townsend 1983).

Cover

The red-winged blackbird nests in a variety of habitats. Blackbirds in southern Michigan prefer old and
new hay fields, pastures, old fields, and wetlands with robust vegetation capable of supporting nests and
dense cover that provides protection for nests (Albers 1978). They avoid cut or fallow fields, woodlots,
agricultural croplands, open water, and tilled soil.

Areas with tall, dense, herbaceous vegetation seem to provide preferred nest sites. Blackbirds that nest
early in the breeding season select tall, dense, old-growth herbaceous vegetation while blackbirds that
nest late in the breeding season select tall, dense, new-growth herbaceous vegetation (Albers 1978).
Upland nest sites of red-winged blackbirds in Ontario were in plant communities commonly dominated
by goldenrod (Solidago spp.), alfalfa (Medicago sativa), fleabane (Erigeron spp.), clover (Trifolium spp.),
various thistles (Cirsium spp.), and similar herbaceous weeds (Joyner 1978). Blackbirds in fresh water
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sites selected old- and new-growth of broad-leaved monocots, like cattails (7ypha spp.) and broad-leaved
sedges (Carex spp.), and commonly rejected old- and new-growth of narrow-leaved monocots and forbs
(Albers 1978). Woody species, such as hightide bush (/va frutescens) and groundselbush (Baccharis
halimifolia), and robust herbaceous plants, like cattails, supported the most nests in tidal herbaceous
wetlands (Meanley and Webb 1963).

The density of preferred plant cover is not adequately described either in the literature or in this model.
The height of preferred plant cover is inferred, below, from descriptions of nest sites.

Red-winged blackbirds frequently use scattered trees and fence posts near their breeding territories as
observation posts. Blackbirds use both herbaceous wetlands and trees for communal roosts after fledging
is completed. Roost trees characteristically are young, occur at high densities, provide thick canopies,
and are adapted to moist sites (Micacchion and Townsend 1983).

Reproduction
Red-winged blackbirds are migratory in the northern portion of their range. Males migrate to or

congregate at future nesting habitats in late winter, and females arrive at the territories in early spring
(Case and Hewitt 1963). In areas with resident populations, individuals of both sexes may remain near
breeding territories throughout the year, even though the areas are not actively defended or used in winter
except, perhaps, as roosting sites (Orians pers. comm.). Males are polygynous, and up to six females
commonly nest within a male's territory (Holm 1973). Harem size was larger in herbaceous wetlands
with open stands of cattails than in herbaceous wetlands dominated by bulrushes (Scirpus spp.) or by
closed stands of cattails (Holm 1973). Harem size has sometimes been observed to exceed 10 to 12
females and, in one instance, numbered 32 females (Orians pers. comm.).

Males do not participate in nest building, incubation, or feeding of the incubating female (Orians pers.
comm.). Males may help feed nestlings and are likely to help feed fledglings. The timing of breeding
varies throughout the range of the red-winged blackbird. Nesting frequently begins in March or April and
is completed by mid-July in the more temperate habitats. Most young in North America are fledged by
late July.

Herbaceous wetlands dominated by cattails generally seem to be the most productive habitats for red-
wing blackbirds in terms of nests/ha or number of young fledged/ha (Robertson 1972). Favorable
herbaceous wetland sites produce more suitable food per unit area and have higher nest densities, highly
synchronous nesting, higher nest survival rates. and lower nest predation rates than do upland nest sites.

Nests of red-winged blackbirds are placed on the edges of cattail clumps that border areas of open water
(Wiens 1965). Herbaceous wetlands that are dominated by cattails and have open, permanent water have
the optimum number of available nest sites. Early nests are placed in the old growth vegetation remaining
from past growing seasons, while late nests may be built on new growth. Nest success in one herbaceous
wetland habitat seemed related to: (1) increased depth of permanent water (up to 50 cm or more), which
apparently reduced mammalian predation on nests; (2) nest placement close to water (greater nest success
was observed for nests 20 cm above water than nests 100 cm above water), (3) nest placement in
herbaceous wetland vegetation interspersed with open water, rather than in herbaceous wetland vegetation
where no open water was present; and (4) nest placement in marsh grass and loosestrife (Decadon
verticillatus), rather than in sweet gale (Myrica gale) and sedges (Weatherhead and Robertson 1977).
Other studies have indicated that nests placed at 1.2 m heights were more successful than nests placed at
0.6 m heights in tidal herbaceous wetlands on Chesapeake Bay (Meanley and Webb 1963) and that nest
success was higher when permanent water levels were greater than 25 cm (Robertson 1972).
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Nests of red-winged blackbirds in upland sites typically are wound between and attached to stalks of
herbaceous vegetation (Bent 1958). Early nests are entwined with old growth stems and late nests with
the sturdiest stems of the new growth. Activities, such as intensive livestock grazing, mowing, and
burning of old growth stubble, make herbaceous uplands unavailable for early nest placement. Mowing
hayfields during the nesting season disrupts nesting success on upland sites (Albers 1978). Red-winged
blackbirds seem to prefer areas with the densest, tallest herbaceous vegetation for nest placement.
Vegetation that restricted visibility was more important than the number of plant stems and leaves per unit
area. Trees greater than 5.0 m in height were in most territories (Albers 1978). The mean height of nest
placement was 15 cm in monotypic stands of reed canarygrass (Phalaris arundinacea) 58 cm high
(Joyner 1978). Nest sites often are close to open water (Joyner 1978), although no specific descriptions
of acceptable distances of upland nest sites from open water were found in the literature.

Interspersion
The red-winged blackbird seems to be closely associated with the presence of standing water (Bent 1958)

and certain types of dense herbaceous vegetation for nest placement. Herbaceous wetlands or sloughs I
with extensive cattails, bulrushes, sedges, reeds (Phragmites spp.), or tules (Scirpus spp.), historically
have provided important nesting habitat for the blackbird (Bent 1958). However, blackbirds also nest in
dense herbaceous cover in hayfields, along roadsides and ditches, and in other upland sites (Dolbeer
1980). Red-winged blackbirds forage for insects in understory, midstory, and overstory canopies
(Snelling 1968) during the nesting season.

The blackbird is primarily a seed eater, except during fledging. The species sometimes forms large
communal flocks in wetland herbaceous habitats or in trees and brushlands and these birds may forage on
agricultural crops or understory seed sources (Mott et al. 1972; Johnson and Caslick 1982). After the
autumn migration from the northern portion of their range, red-winged blackbirds frequently roost in
herbaceous wetland habitats, trees, or shrubs and feed on seeds within understory vegetation.

Special Consideration

Red-winged blackbirds shift from a dispersed insectivorous feeding behavior during the nesting season to
a communal granivorous feeding habit after fledging has occurred. They frequently move into
agricultural areas at this time. Costs related to their consumption of grain can become high and may
exceed the benefits of insect control related to their foraging habits during fledging (Bendell et al. 1981).
Damage to ripening corn (Zea mays) occurs during August and September (Somers et al. 1981; Stehn and
de Becker 1982), when blackbirds often congregate at night in herbaceous wetlands or in roosts in young
deciduous trees in great concentrations (perhaps up to 1 million birds) (Stehn and de Becker 1982). The
distance from these autumn roosts to corn fields and the proximity of corn fields to traditional flightlines
strongly influences the amount of damage inflicted on individual corn fields. Bird damage to crops in
Ohio diminished consistently as distances from communal roosts increased from 3.2 to 8 km, and the
level of damage remained constant and low at distances of 8 to 19.2 km (Dolbeer 1980).

HABITAT SUITABILITY INDEX (HSIT) MODEL
Model Applicability

Geographic area. This model will produce an HSI for nesting habitats of the red-winged blackbird. The
breeding range and the year-round range of the blackbird occur throughout the contiguous 48 States.

Season. The model will produce an HSI for nesting habitat throughout the nesting seasons, which
generally occurs from March to late July.
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Cover types. This model was developed to evaluate habitat in herbaceous wetlands (HW) and upland
herbaceous cover types, such as pasture and hayland (P/H), forbland (F), and grassland (G) (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
areas required for red-winged blackbirds was not found in the literature. It is assumed, however, that a
wetland area must contain at least 0.10 ha in emergent herbaceous vegetation, like cattails, to be
considered nesting habitat for the blackbird. Several studies have described the minimum territory for
male red-winged blackbirds as 0.02 ha (Weatherhead and Robertson 1977; Orians 1980). A 0.10 ha area
of emergent herbaceous vegetation might, therefore, potentially provide territories for up to five male
blackbirds. Territories in upland habitats are much larger than those in wetland habitats. It is assumed
that a block of upland and habitat must be at least 1.0 ha in area to provide adequate breeding habitat for
red-winged blackbirds.

Verification level. This model was developed from descriptive information about nesting cover and
species-habitat relationships identified in the literature. The HSI derived from the use of this model
describes the potential of an area for providing nesting habitat for the red-winged blackbird. The model is
designed to rank the suitability of nesting habitat as would a biologist with expert knowledge about the
reproductive requirements of the blackbird. The model should not be expected to rank habitats in the
same way as population data because many nonhabitat-related criteria can significantly impact
populations of wildlife species.

Model Description

Overview. The red-winged blackbird uses a variety of habitat layers throughout the year. Tall, dense,
herbaceous vegetation seems to satisfy nesting, foraging, and cover requirements. The red-winged
blackbird readily uses midstory and overstory layers of habitat at times but does not seem to be dependent
on the presence of these layers.

The red-winged blackbird typically nests in tall (over 0.5 m), dense (undefined) herbaceous vegetation,
although it occasionally nests in shrubs and trees. This nest site requirement is best met in herbaceous
wetland habitats where nest sites are available in sturdy cattails over open, permanent water. Nesting
requirements also can be met by suitable herbaceous vegetation in upland sites. Tall, sturdy, herbaceous
stems or midstory or overstory components are used as display perches or observation posts. Red-winged
blackbirds nesting in herbaceous wetland habitats may feed on insects associated with shrub, tree canopy,
or herbaceous vegetation within the wetland or on insects associated with midstory and overstory
canopies or in the grass understory outside the wetland boundary (Snelling 1968). Birds nesting in upland
sites typically forage for insects in understory vegetation near the nest site.

This model attempts to evaluate the ability of a habitat to meet the food and reproductive needs of the red-
winged blackbird during the nesting season. The logic used in this species-habitat model is described in
Figure 1. The following sections document this logic and the assumptions used to translate habitat
information for the red-winged blackbird into the variables selected for the HSI model. These sections
also describe the assumptions inherent in the model, identify the variables used in the model, define and
justify the suitability level of each variable, and describe the assumed relationships between variables.
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FIGURE 1

Food and reproductive components (herbaceous wetland cover types). There are three conditions (A, B,
and C) included in Figure 1. Condition A wetlands, with a minimum of 0.10 ha in emergent herbaceous
vegetation, can be very productive nesting habitats for red-winged blackbirds if water is present
throughout the year, water chemistry is favorable for photosynthesis, and abundant, persistent, emergent
vegetation suitable for nest placement is present. The quality of such a wetland as nesting habitat for
red-winged blackbirds can be estimated with the following five habitat variables.

Variable 1 (V1) refers to the type of emergent herbaceous vegetation available in the wetland.

V1= 1.0 if emergent herbaceous vegetation is predominantly old or new growth of broad-leaved
monocots, like cattails.

V1= 0.1 if emergent herbaceous vegetation is predominantly narrow-leaved monocots or other
herbaceous materials.

Variable 2 (V2) considers the water regime of the wetlands. The suitability index of V2 is 1.0 if the
wetland is permanently flooded or intermittently exposed with water usually present throughout the year.
This is a desirable condition because permanent water is necessary to support persistent populations of
invertebrates that overwinter in various larval instars, maximizing the production of aquatic insects that
emerge throughout the next spring and early summer. These insects seem to be the favored food source
for blackbirds nesting in herbaceous wetlands (Orians 1980). The presence of permanent water within the
wetland may reduce mammalian predation on nests of red-winged blackbirds (Robertson 1972).

V2 = 1.0 if water usually is present in the wetland throughout the year.

V2 = 0.1 if the wetland usually is dry during some portion of the year.
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Variable 3 (V3) pertains to the abundance of carp (Cyprinus carpio) within the wetlands. Carp disturb
submergent vegetation within the wetlands, which may destroy habitat for emergent aquatic insects (like
Odonates) and reduce wetland food sources for blackbirds.

V3 = 1.0 if carp are absent from the wetland.
V3 = 0.1 if carp are present within the wetland.

Variable 4 (V4) in the model measures the abundance of larvae of emergent aquatic insects. The adult
form of these species provides a potentially important food source for red-winged blackbirds nesting in
wetland habitats. The biomass of these benthic invertebrates is variable within a herbaceous wetland at
any one time, as well as between sampling periods (Hynes 1972). This biomass should not be regarded as
a direct measure of productivity because production, in terms of both numbers and weight, is many times
larger than that present at any one sample periods, and the assessment of numbers or biomass per unit of
area presents formidable, perhaps insurmountable, difficulties (Hynes 1972). The presence or absence of
suitable benthic invertebrates can be determined by sampling with a sieve net (Needham and Needham
1970) along the edge of clumps of emergent vegetation. Sampling is more likely to be accurate than
inferences about the presence of benthic invertebrates based on measures of water chemistry that may
inadequately consider pollutants that impact aquatic food chains. Inferences about the presence of
benthic invertebrates based on the appearance of aquatic vegetation also are less accurate than sampling
(Orians pers. comm.). Therefore, sampling to determine the presence or absence of important benthic
invertebrates is the preferred assessment technique.

V4 = 1.0 if larvae of damselflies and dragonflies (Order Odonata) are present in the wetland.
V4 = 0.1 if larvae of damselflies and dragonflies are not present in the wetland.

Dense stands of emergent vegetation in wetlands prevent sunlight from penetrating to the water surface,
which reduces aquatic productivity. A mat of vegetation can form a wetland "floor", which reduces the
availability of arthropods to red-winged blackbirds and may result in increased nest predation. Open
water, interspersed throughout the emergent herbaceous vegetation, supports submergent vegetation
within the wetland boundary that can be used by aquatic insects as food and cover. The openings also
provide an interface between emergent vegetation and open water, which increases the vegetation surface
area available to emerging insects and foraging red-winged blackbirds and may increase the presence of
potential nest sites. Blackbirds frequently nest on the edge of cattail clumps that border open water
(Wiens 1965). They are highly territorial, and the number of territories in a wetland is assumed to be
dependent on the quantity of edge between emergent vegetation and open water that is available for nest
sites. An exact measure of the amount of edge within a wetland can be difficult and unreliable because of
the highly dynamic nature of the herbaceous vegetation, resulting from water level fluctuations, life
cycles of the vegetation, and activities of animals like muskrats (Ondatra zibethica). Measures of the
patchiness of emergent herbaceous vegetation and open water within a wetland is represented by variable
5 (V5) in the model.

Blackbirds prefer patchy stands of cattails interspersed with areas of open water over dense homogeneous
stands of cattails (Robertson 1972). Variable 5 is assumed to have a suitability index of 1.0 when the
quantity of open water and emergent vegetation is about even (about 40% to 60%). Robertson (1972)
found a nesting density of about 96 nests/ha in herbaceous wetland habitat when patchy vegetation was
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about 41% of the total wetland area. Wetlands with large areas of emergent vegetation and small areas of
open water receive relatively low SIs because of the small quantity of suitable nest sites. Case and Hewitt
(1963) described the Inlet Valley Marsh in New York as a small, closed herbaceous wetland with upland
trees and shrubs immediately adjacent for nesting and foraging sites. The red-winged blackbird nesting
density in this herbaceous wetland was about 33/ha. Variable 5 is assigned an SI of 0.3 when a wetland is
completely covered with emergent herbaceous vegetation, as described above.

Conditions where there are small areas of emergent vegetation and large areas of open water also receive
a low SI because of the reduced availability of niche spaces. Moulton (1980) found red-winged
blackbirds nesting in emergent vegetation along ditch banks that surrounded large areas of open water in
rice (Oryza sativa) paddies in northern Minnesota. Nest densities averaged about 2.5 nests/ha of total
wetland habitat, presumably because both nests and emergent vegetation were restricted to long, narrow
strips of edge. The territorial behavior of red-winged blackbirds may have restricted the nest density
along the ditch banks. An SI of 0.1 is assigned to V5 for wetland habitats with a limited amount of
emergent herbaceous cover. The SI's for wetlands with different amounts of emergent herbaceous
vegetation are listed below. User's can interpolate between listed values as needed.

V5= 1.0 if the wetland area contains about an equal mix of emergent herbaceous vegetation and open
water.

V5= 0.3 if the wetland area is covered by a dense stand of emergent herbaceous vegetation.

V5= 0.1 if the wetland area contains a few patches of emergent herbaceous vegetation and extensive
areas of open water.

Condition B wetlands are wetlands that are likely to be dry sometime during the year or that do not have
an aquatic insect resource. These wetlands may still provide some habitat for nesting red-winged
blackbirds. Blackbirds will tend to use the available emergent vegetation as nest sites and rely on
vegetation surrounding the wetland as a foraging substrate. The distance that red-winged blackbirds will
fly from wetlands to forage on insects in upland habitats is not known. In this model, only foraging sites
within 200 m of wetlands that contain nest sites are assumed to be useful to blackbirds. The quality of a
wetland without permanent water or an aquatic insect resource is assumed to be no better than the quality
of available foraging sites outside the wetland (V6). Wetlands that only have upland habitats with
understory vegetation (such as old fields, pastures, or hay fields) available as foraging substrates are given
an SI of 0.1. Wetlands near uplands that have a deciduous midstory or tree canopy as a foraging substrate
are assumed to have an SI of 0. 4. Red-winged blackbirds nesting in one herbaceous wetland will forage
on insects in other, close-by, herbaceous wetlands (Holm 1973). Condition B wetlands situated within
200 m of a condition A herbaceous wetland that has an emergent aquatic insect fauna (Odonates) and
undefended foraging areas are given an SI of 0.9.

V6 = 0.1 if the only suitable foraging substrate is an understory layer.

V6 = 0.4 if the suitable foraging substrates include a midstory and/or an overstory layer.

V6= 0.9 if the suitable foraging area is a condition A wetland.

Food and reproductive components (upland cover types). Upland habitats (Fig. 1; condition C) frequently
are less productive than are wetland habitats. The number of young red-winged blackbirds fledged per

territory may be as large in upland sites as in some wetland habitats (Dolbeer 1976). The number of
young fledged/ha in upland sites, however, frequently is less than 10% of the number fledged/ha in good
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quality wetland habitat. For example, Robertson (1972) reported 133 young fledged/ha in one wetland
study area, while only 5 young fledged/ha in nearby upland sites. The nesting density in the wetland
habitat, with patches of emergent, herbaceous vegetation interspersed with patches of open water, was
about 10 times higher than in upland habitats. Robertson found about 100 red-winged blackbird nests/ha
in suitable wetland habitat, 2 to 13 nests/ha in hay fields, and 0.1 nests/ha in a Christmas tree plantation.

Robertson's (1972) data on the numbers of nests/ha and young fledged/ha suggest that, if the best wetland
habitats have an HSI of 1.0, the best upland sites may have an HSI of about 0.1. Graber and Graber
(1963) determined that summer populations of red-winged blackbirds (number/40 ha) in Illinois from
1958 to 1959 were 301 birds in herbaceous wetlands (whether condition A or B is unknown), 342 birds in
edge shrubs, 204 birds in sweet clover, 158 birds along drainage ditches, 134 birds in mixed hay, 89 birds
in red clover (Trifolium pratense), 65 birds in oat (Avena sativa) fields, 64 birds in ungrazed grasslands,
58 birds in alfalfa, 30 birds in wheat (7riticum aestivum), 27 birds in fallow fields, 24 birds in
pastureland, 23 birds in shrub-grown areas, 5 birds in corn fields, and 3 birds in soybeans (Glycine max).
The observed nest densities would not exceed the values measured by Robertson (1972) for upland
habitats even if all of the birds in each of these different habitat types were nesting females.

The type of upland cover available as nest sites for the red-winged blackbird is represented by V7 in the
model. Red-winged blackbirds nest in a wide variety of upland sites. For example, blackbirds nested in
hay fields and old fields, but not in tilled and fallow fields, in southern Michigan (Albers 1978).
Important characteristics of upland nest sites include the presence of dense, tall, herbaceous vegetation,
the availability of fence posts and other structures that serve as display perches for males and as
observation posts for both males and females, and a proximity to open water (Joyner 1978). Specific
information on the preferred proximity of nest sites in upland habitats to open water were not found in the
literature.

Variable 7 (V7) describes the availability of dense, sturdy herbaceous vegetation in forbland, grassland,
and pasture/hayland upland sites. Variable 7 has a habitat suitability index of 0.1 if the herbaceous
vegetation is dense and tall, like sweet clover (Melilotus spp.), mixed hay, alfalfa, and coarse weeds,
which provide suitable nest sites and protective cover. Variable 7 has a suitability index of 0.0 if the
habitat site has some other surface cover, such as cut or fallow fields, agricultural fields, woodlots, or
tilled soils.

V7= 0.1 if upland habitat provides dense, tall, herbaceous vegetation.
V7= 0.0 if upland habitat has some other surface cover.

Early nests of red-winged blackbirds in upland sites are more productive than are late nests (Dolbeer
1976). Early nests are placed in robust, dense, old herbaceous growth. Activities that are destructive to
this vegetation, such as mowing, heavy grazing pressure, or burning, reduce habitat suitability for red-
winged blackbirds. The occurrence of disturbances that might impact nesting success in upland cover
types is included as V8 in the model.

V8= 0.1 if disturbances, such as mowing, heavy grazing, or burning, do not occur to the potential
habitat site in most years.

V8= 0.0 disturbances occur to the potential habitat site in most years.

HSI determination. Three types of habitat conditions (A, B, and C) are described in Figure 1. Condition
A represents a wetland that contains the preferred vegetative structure for nest placement, permanent
water that supports a population of emergent aquatic insects that are available as food, the absence of
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carp, and the interspersion of open water within emergent herbaceous vegetation. The equation
combining the SIs for VIto VS to estimate an HSI for condition A wetlands is:

HSI=(V1xV2xV3xV4xV5)

Condition B habitats (Fig. 1) are wetlands where the emergent herbaceous vegetation does not have the
preferred structure, there is no permanent water, carp are present, or benthic invertebrates are absent.
Condition B habitats have a basic SI of 0.1, determined by the 0.1 SI for the unsuitable conditions of V1,
V2, V3, or V4. The basic SI of 0.1 can be increased if suitable foraging substrate is available outside the
boundary of the wetland. Food sources are considered more limiting if only an understory layer is
available than if deciduous midstory and/or overstory layers also are available as foraging surfaces. A
condition B habitat may be of highest value to red-winged blackbirds if the birds can readily feed on
emergent aquatic insects in a nearby condition A herbaceous wetland habitat. The equation for estimating
the HSI for condition B habitats is:

HSI=(0.1xV6) '

Condition C habitats are upland sites, like grass, forb, and pasture/hayland cover types. Their HSI'S,
which will be either 0.1 or 0, are described by the following equation:

HSI=(V7x V8) "
The measure of habitat quality represented by the HSI actually reflects an estimate of the quantity of
niche space available to the blackbird. Habitats with higher HSIs are assumed to contain more niche

space than habitats with lower HSI'S. More niche space in a habitat frequently means that more
individuals will occur in that habitat.

Application of the Model

Summary of model variables. This model can be applied by interpreting a recent, good quality, aerial
photograph of the assessment area and making selected field measurements. The habitat to be evaluated
is outlined on the aerial photograph. Each wetland within the assessment area is identified and a 200 m
zone drawn around its perimeter. The wetlands within the assessment area are evaluated, on a per ha
basis, with field observations and measurements that determine: (1) the type of emergent vegetation
present; (2) the probable permanency of the water; (3) the presence or absence of carp; (4) the presence or
absence of larval stages of emergent aquatic insects; (5) the mix of open water and emergent herbaceous
vegetation; and (6) the nature of vegetative cover within 200 m surrounding the wetland (Fig. 2). The
proportion of open water and emergent herbaceous vegetation within the wetland is estimated from a map
made after boating or wading through the wetland. The presence of benthic invertebrates is determined
from field sampling. Upland habitats within the assessment area are evaluated by ground truthing to
determine cover types and land-use practices. Habitat conditions, like the presence of dense, tall
herbaceous cover and the probability that disturbances such as grazing, burning, mowing, and tilling will
occur during the March to July nesting season, are noted.

Definitions of variables and suggested field measurement techniques are provided in Figure 3.

Model assumptions. I have assumed that it is possible to synthesize results from many studies conducted
in different seasons of the year different locations in North America into a model years, and a wide
variety of nest sites throughout North America into a model describing the relative quality of breeding
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habitat for the red-winged blackbird. My basic assumptions about habitat criteria important to red-
winged blackbirds are based on descriptive and correlative relationships expressed in the literature. My
descriptors of habitat quality will obviously be in error if authors made incorrect judgements or
measurements or if I have emphasized the wrong data sets or misinterpreted the meaning of published
data.

I have assumed that the quality of some wetland habitats exceeds the quality of best upland habitats. This
assumption was based largely on quality of the blackbirds fledged per hectare of wetland and upland
habitats. I compiled and analyzed characteristics of wetland habitats that seemed to distinguish habitats
where varying numbers of red-winged blackbirds were fledged. I assumed that I could meaningfully
bound the size of study areas to be evaluated as nesting habitat as > 0.1 ha for wetland sites and 3 1.0 ha
for suitable upland sites. I arbitrarily selected distances (200 m) that blackbirds might fly from their nests
in wetlands to forage on insects and seeds in surrounding vegetative cover. I assumed that the presence of
dense, tall, herbaceous cover reasonably close to water, coupled with a strong probability that the dense
cover would remain relatively undisturbed during the breeding season, would adequately indicate the
value of upland habitats as nest sites for the red-winged blackbird.

The values for Variables 1 through 8 are estimates. The ecological information available does not seem
sufficient to suggest: (1) other pertinent variables; (2) more appropriate values for the present variables;
or (3) more definitive interrelationships between the variables. Finally, I have assumed that the
multiplicative relationship described in the model is appropriate summary statement to provide a Habitat
Suitability Index that reflects the relative importance of different habitats as nest sites for the red-winged
blackbird.

Figure 3. Definitions of variables and suggested measurement techniques.

Variable (definition) Cover type Suggested technique

VI Type of emergent HW Identify the dominant species of
emergent herbaceous vegetation in the
wetland. Determine if the dominant
species is a broad-leaved monocot.

V2 Water regime HW Determine whether or not water will be
retained in the wetland throughout the
year in most years; use, if possible,
indicators like muskrat houses and fish.
Evaluate records describing permanence
and level of water in wetland.
Determine the classification type of
wetland if the wetland has been

classified.
V3 Abundance of carp within HW Determine presence of carp by seining,
the wetland. using local data about presence of carp

within wetland or observations to see if
water is clear or generally murky, as it is
when carp are feeding.
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V4 Abundance of larval

V5 Percent emergent

Vo6 Types of foraging sites

V7 Presence of dense, sturdy
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HW
HW
HW
F,G,P/H
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Collect insect larvae by dragging astages
of emergent aquatic sieve net along
water bottom near edge insects(Order
Odonata) of clumps of emergent
herbaceous within the wetland.
vegetation. Sampling is done for some
fixed time period. A second sampling
procedure involves kicking up the
substratum at the edge of clumps of
emergent herbaceous vegetation in front
of the mouth of a net in some
standardized manner (Hynes 1972:240).
The collected invertebrates are sorted
and identified by comparison with
illustrations in an appropriate manual
(like Needham and Needham 1970) to
determine the presence of damselfly and
dragonfly larvae (Order Odonata).

Determine the mix of open
water and herbaceous canopy emergent
herbaceous vegetation within the
wetland study area. Estimate the mix
from a map prepared after wading,
walking, or boating through the wetland
or from a map made from a recent, high
quality, aerial photograph

Use map measurer (Hays et al. 1981) available
outside the wetland. to determine if another
wetland with an emergent aquatic insect
population occurs within 200 m of nest sites
within the wetland being evaluated. Map
vegetation within 200 m of the wetland and
determine, using a dot grid (Hays et al. 1981) or
a planimeter, if deciduous midstory and
overstory layers comprise at least 10% cover
when projected to the ground surface. If
midstory and/or overstory do not provide at least
10% cover, and a condition. A wetland does not
occur within 200 m of the wetland being
evaluated assume only the understory layer is
available as a foraging substrate.

Interpret the aerial photograph or a herbaceous
vegetation Vegetation on-site map prepared
from the aerial photograph to determine areas of
upland herbaceous vegetation. Ground truth to
determine types of herbaceous vegetation
occurring in the upland within the assessment



area and determine if tall, dense, herbaceous
cover covers at least 10% of the surface area.

V8 Occurrence of disturbances F,G,P/H Ground truth to predict past and future like
grazing, mowing, burning, land-use practices
(types of and tilling on potential
uplanddisturbances that may impact nesting nest
sites. success).

SOURCES OF OTHER MODELS

Weatherhead and Robertson (1977) identified and quantified some parameters that affected the nesting
success of red-winged blackbirds in wetland habitats in Ontario, Canada. They determined that nesting
success, as judged by numbers of young fledged per female, was positively correlated with territory
quality scores based on nest placement. Nesting success seemed to be related to four parameters: (1)
water depth within the wetland; (2) height of nest above the herbaceous wetland floor; (3) relative
openness of nesting cover within the wetland; and (4) the identity of the support vegetation holding the
nest. Two of these variables are represented in the present model of habitat suitability for the red-winged
blackbird: (1) presence or absence of permanent water; and (2) the relative openness of vegetation within
flooded herbaceous wetlands. No other models for use in predicting the quality of nesting habitat for red-
winged blackbirds were found in the literature.
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PREFACE

The habitat suitability index (HSI) model for the great egret presented in this report is intended for use in the habitat
evaluation procedures (HEP) developed by the U.S. Fish and Wildlife Service (1980) for impact assessment and
habitat management. The model was developed from a review and synthesis of existing information and is scaled to
produce an index of habitat suitability between O (unsuitable habitat) and 1.0 (optimally suitable habitat).
Assumptions used to develop the HSI model and guidelines for model applications, including methods for
measuring model variables, are described.

This model is a hypothesis of species-habitat relations, not a statement of proven cause and effect. The model has
not been field tested, but it has been applied to three hypothetical data sets that are presented and discussed. The
U.S. Fish and Wildlife Service encourages model users to convey comments and suggestions that may help increase
the utility and effectiveness of this habitat-based approach to fish and wildlife management. Please send any
comments or suggestions you may have on the great egret HSI model to the following address.

National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
1010 Gause Boulevard

Slidell, LA 70458

ACKNOWLEDGMENTS

Earlier versions of the habitat suitability index model and narrative for the great egret were reviewed by Dr. R.
Douglas Slack and Jochen H. Wiese. The model's structure and functional relationships were thoroughly evaluated
by personnel of the U.S. Fish and Wildlife Service's (FWS) National Coastal Ecosystems Team. Model and
narrative reviews were also provided by FWS Regional personnel.

Revised Draft- Subject to Change 132



GREAT EGRET (Casmerodius albus)

INTRODUCTION

The great egret, also called common egret or American egret, is a large white heron in the order Ciconiiformes,
family Ardeidae. Great egrets stand 37-41 inches tall and have a wing spread to 55 inches (Terres 1980). The
species is associated with streams, ponds, lakes, mud flats, swamps, and freshwater and salt marshes. The birds feed
in shallow water on fishes, amphibians, reptiles, crustaceans and insects (Terres 1980).

Distribution

The great egret is a common breeding species in all coastal areas south from southern Oregon on the Pacific coast
and from Maine on the Atlantic coast; in riverine, palustrine and estuarine habitats along the coast of the Gulf of
Mexico; and in the Eastern-Central United States (Palmer 1962; Erwin and Korschgen 1979; American
Ornithologists' Union 1983). The great egret undergoes an extensive postbreeding dispersal that extends the range
of the species to most of the United States exclusive of the arid Southwest (Byrd1978). Young birds hatched in Gulf
coast colonies tend to move northward for a short period (Byrd 1978; Ogden 1978). However, with the onset of
colder weather most great egrets and other herons migrate south and many winter along the gulf coast in Texas,
Louisiana, and Florida (Lowery 1974; Oberholser and Kincaid 1974; Byrd 1978). Analysis of banding data
indicates that many birds winter in Cuba, the Bahamas, the Greater and Lesser Antilles, Mexico, and Central
America (Coffey 1948). Lowery (1974) suggested that during severe winters, a higher proportion of the population
winters farther south.

Life History Overview

Great egrets nest in mixed-species colonies that number from a few pairs to thousands of individuals. A colony may
include other species of herons, spoonbills, ibises, cormorants, anhingas, and pelicans. Colony and nest-site
selections begin as early as December along the gulf coast, but most great egrets do not initiate nesting activities
until mid-February or early March (Bent 1926; Oberholser and Kincaid 1974; Chaney et al. 1978; Morrison and
Shanley 1978). Eggs have been recorded from March through early August, and young have been observed in nests
from mid-May through late August (Oberholser and Kincaid 1974; Chaney et al. 1978). Clutch size varies from one
to six eggs per nest, but three to four eggs is most common (Bent 1926). Incubation period in a Texas colony ranged
from 23 to 27 days (Morrison and Shanley 1978). The first flights of young have been noted about 42 days after
hatching (Terres 1980).

SPECIFIC HABITAT REQUIREMENTS

Food and Foraging Habitat
Fish constitute up to 83% of the great egret's diet (Hoffman 1978). Most fish taken by great egrets are minnow-

sized 3.9 inches, but fish up to 14 inches can be captured and swallowed (Willard 1977; Schlorff 1978). Other
major food items include insects, crustaceans, frogs, and snakes, while small mammals, small birds, salamanders,
turtles, snails, and plant seeds are occasionally taken (Baynard 1912; Bent 1926; Hunsaker 1959; Palmer 1962;
Genelly 1964; Kushlan 1978b).

Little specific information exists on the food habits of various age classes of great egrets. An adult great egret
weighing 32.3 ounces (0z) (Palmer 1962) may require approximately 3.9 oz of food per day (estimated by using the
wading bird weight-daily food requirement model proposed by Kushlan 1978b). Daily food requirements are
undoubtedly higher during the nesting season when adults are feeding young (Kushlan 1978b).

Great egrets usually forage in open, calm, shallow water areas near the margins of wetlands. They show no
preference for fresh-, brackish, or saltwater habitat. Custer and Osborn (1978a,b) found that feeding habitat
selection in coastal areas of North Carolina varied daily with the tidal cycle. During low tide, great egrets fed in
estuarine seagrass beds. During high tide, freshwater ponds and the margins of Spartina marshes were used. Inland,
great egrets feed near the banks of rivers or lakes, in drainage ditches, marshlands, rain pools (Bent 1926; Dusi et al.
1971; Kushlan 1976b), and occasionally in grassy areas (Weise and Crawford 1974). Feeding sites are generally not
turbid and are fairly open with no vegetative canopy and few emergent shoots (Thompson 1979b).

Revised Draft- Subject to Change 133



Great egrets forage singly, in single-species groups, and in mixed-species associations (Kushlan 1978b). Great
egrets generally fly alone to feeding sites (Custer and Osborn 1978a,b) and may use the same feeding site
repeatedly. The density and abundance of fish at a given location in estuarine habitats may vary with season, time
of day, tidal stage, turbidity, and other factors. If feeding success is low, great egrets may move to other areas
(Cypert 1958; Schlorff 1978) and join other conspecifics in good feeding habitats (Custer and Osborn 1978a,b).
Most instances of group feeding have been observed during specific environmental conditions, such as lowered
water levels, that tend to concentrate prey (Kushlan 1976a,b; Schlorff 1978).

Meyerriecks (1960, 1962) and Kushian (1976a, 1978a, b) provided detailed information on hunting techniques
employed by great egrets. The "stand-and-wait" and "slow-wade" methods are used most frequently. Because of
their long legs, great egrets can forage in somewhat deeper water than most other herons. In New Jersey, foraging
depths ranged from 0 (standing on the bank while fishing) to 11 inches, but depths ranging from 4 to 9 inches were
most commonly used (Willard 1977). In North Carolina, great egrets fed in water with a mean depth of 25.1 cm (9.8
inches) in Spartina habitat and of 6.8 inches in non-Spartina habitat (Custer and Osborn 1978b). Mean water depth
was 7.9 inches for foraging great egrets in California (Hom 1983). In addition to wading, great egrets can feed by
alighting on the surface of deep waters to catch prey, a method rarely employed (Reese 1973; Rodgers 1974, 1975).

Although recent declines of great egret populations in the central coastal region of Texas occurred simultaneously
with declines in coastal marine and estuarine fish populations (Chapman 1980), no causal relationship has been
proven. At present there are no known management practices that provide suitable food alternatives for piscivorous
species, such as the great egret, during periods of fish population decline. Known fish nursery and feeding areas
need protection from destruction or habitat alteration to ensure adequate prey populations for fish-eating birds.

Water

The physiologic water requirement of great egrets is probably met during feeding activities in aquatic habitats (Dusi
etal . 1971). Water depth affects the quantity, variety, and distribution of food and cover; great egret food and cover
needs are generally met between the shoreline and water 1.6 feet deep (Willard 1977).

Interspersion
Suitable habitat for the great egret must include (1) extensive shallow, open water habitat from 4 to 9 inches deep

(Willard 1977); (2) food species present in sufficient quantity (Custer and Osborn 1977); and (3) adequate nesting or
roosting habitat close to feeding habitat. Most great egrets at a colony in North Carolina flew less than 2.5 miles
from nesting colonies (and presumably, from roosting sites) to feeding areas (Custer and Osborn 1978a), but flight
distances of up to 22.4 miles have been recorded in the floodplain of the Upper Mississippi River (Thompson
1979b).

Several heronries may be close together. Great egrets from one colony may fly over or near an adjacent colony, but
rarely feed in the same areas as conspecifics from the adjacent colony (Thompson 1979b).

HABITAT SUITABILITY INDEX (HSI) MODELS

Model Applicability

Geographic area. The habitat suitability index (HSI) models in this report were developed for application in coastal
wetland habitats in Texas and Louisiana. Because there are few differences in habitat requirements along the
Atlantic coast, the remainder of the gulf coast, and inland sites in the Southeastern United States, the HSI models
may also be used to evaluate potential habitat in those areas.

Season. This model will produce an HSI values based upon habitat requirements of great egrets during the breeding
season (February to August). Because there is no apparent seasonal difference in feeding habitat preference and
because winter nocturnal roosts are similar to nesting sites, the HSI models may also be used to evaluate winter
habitat for the great egret.
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Cover types. Great egrets nest on upland islands and in the following cover types of Cowardin et al. (1979):
Estuarine Intertidal Scrub-Shrub wetland (E2SS), Estuarine Intertidal Forested wetland (E2FO), Palustrine Scrub-
Shrub wetland (PSS) (including deciduous and evergreen subclasses), and Palustrine Forested wetland (PFO)
(including deciduous and evergreen subclasses). Great egrets may also feed in these wooded wetlands, but preferred
feeding areas may be any one of a wide variety of wetland cover types.

Minimum habitat area. Minimum habitat area is defined as the minimum amount of contiguous suitable habitat
required before an area can be occupied by a particular species. Specific information on minimum areas required by
great egrets was not found in the literature. If local information is available to define the minimum habitat area, and
less than this amount of area is available, the HSI for the species will be zero.

Verification level. The output of these HSI models is an index between 0 and 1.0 that is believed to reflect habitat
potential for great egrets. Two biologists reviewed and evaluated the great egret HSI model throughout its
development: Dr. R. Douglas -Slack, Texas A&M University, College Station, and Jochen H. Wiese, Environmental
Science and Engineering Company, Gainesville, Florida. Their recommendations were incorporated into the model-
building effort. The authors, however, are responsible for the final version of the models. The models have not
been field-tested.

Model Descriptions

Feeding HSI model. Great egret feeding habitat suitability is related to prey availability. Habitat suitability is
optimal when two conditions are met: (1) the populations of minnow-sized fish are high; and (2) shallow open
water (necessary for successful prey capture), aquatic vegetation (necessary for prey survival and reproduction), and
deeper water are present in a ratio that maximizes prey density and minimizes hunting interference. Use of this
model assumes that deep or permanent water environments are not limiting in coastal habitats and that fish
populations are distributed uniformly. Because great egrets hunt a variety of species in many different habitat types,
a general approach to modeling feeding habitat suitability is presented. Suitability of all wetland cover types for
feeding is determined by integrating two factors: (1) the abundance of prey and (2) the accessibility of prey.

The abundance of prey is determined by the ability of the habitat to support the major prey species, especially
minnow-sized fish. It is assumed that the abundance of major prey species is related to the primary and secondary
productivity of the aquatic habitat; however, few field studies have documented this relationship. The model
assumes that prey abundance is not limiting in coastal habitats. Therefore, the accessibility of prey is used as the
indicator of feeding habitat suitability.

The accessibility of prey is determined by water depth and percentage cover of aquatic vegetation. A wetland with
100% of its area covered by water 4-9 inches deep is assumed to be optimal for feeding by great egrets (V).
Although an absence of submerged or emergent vegetation would render fish species most vulnerable to capture, it
is unlikely that many prey species would use such an area because it totally lacks cover. The model assumes,
therefore, that optimal conditions for both the occurrence and susceptibility to capture of prey species exist when
40%-60% of the wetland substrate is covered by submerged or emergent vegetation (V,). When such vegetation is
lacking, the habitat has a low value for feeding great egrets because small fish may use unvegetated water that is too
shallow for their larger aquatic predators.

Habitat variable Component
V;  Percentage of area with water
10-23 cm deep.

Revised Draft- Subject to Change 135



Food HSI
(Feeding)
V,  Percentage of submerged or emergent
vegetation cover in zone 10-23 cm deep.

Suitability Index (SI) Graphs for Model Variables

This section provides graphic representation of the relationship between habitat variables and habitat suitability for
the great egret in wetland (see Table 2 for abbreviations) and upland (U) cover types. The SI values are read
directly from the graph (1.0 = optimal suitability, 0.0 = no suitability) for each variable.

The SI graphs are based on the assumption that the suitability of a particular variable can be represented by a two-
dimensional linear response surface. Although there may be interdependencies and correlations between many
habitat variables, the model assumes that each variable operates independently over the range of other variables
under consideration.

Vi Percentage of study area with water 4-9 inches deep. In tidal areas, use depth at mean low tide. In nontidal
areas, use average summer conditions.

1
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Percent
V, Percentage of substrate in zone 4-9 inches deep covered by submerged or emergent vegetation.
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Feeding HSI.

HSI= V, +V,

Data representing three hypothetical study areas for great egret were used to calculate sample HSI values The HSI
values obtained are believed to reflect the potential of the areas to support feeding or nesting great egrets.

Field Use of Models

The level of detail needed for application of these models will depend on time, money, and accuracy constraints.
Detailed field sampling of all variables will provide the most reliable and replicable HSI values. Any or all
variables can be estimated to reduce the amount of time or money required to apply the models. Increased use of the
subjective estimates decreases reliability and replicability, and these estimates should be accompanied by
appropriate documentation to insure that decision makers understand both the method of HSI determination and
quality of data used in the model. Techniques for measuring habitat variables included in the great egret HSI
models are suggested in Table 5.

A project area may contain both potential feeding and nesting habitat. To decrease the cost and time necessary to
evaluate the area, assume that food is not limiting and apply only the nesting HSI model. This recommendation is
based upon the following assumptions: (1) in most coastal areas of Texas and Louisiana, aquatic habitats suitable
for feeding are abundant and are, therefore, less of a limiting factor to great egrets than are suitable nesting sites; and
(2) nesting value is easier and more accurately estimated by using subjective methods than is food value. The
variables used to measure food use of past colony sites, and (2) the enhancement of a site by the presence of other
herons. These two factors are usually, but not always, interrelated. Great egrets tend to use the same colony site in
successive years until the site is degraded, and the site may include great blue herons. When applying the HSI
model , the user should be aware that an area known to be used by great egrets (or great blue herons) is more likely
to be used in future years than an area with an equal HSI value not known to have a history as a colony site.

Table 5. Suggested measurement techniques for habitat variables used in the great egret HSI
models.
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Variable Suggested technique

A\ The percentage_of the area with water 4-9 inches deep can be determined by line
transect sampling of water depth.

V, The percentage of substrate in the 4-9 inches water depth zone covered by
submerged or emergent vegetation can be determined from available cover
maps, aerial photographs, or by line transect sampling.
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HABITAT SUITABILITY INDEX MODEL

CALIFORNIA VOLE (Microtus californicus)

U.S. Fish and Wildlife Service
Division of Ecological Services
Sacramento, California
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Cover-Type

Annual Grassland
Seasonal Wetland

Riparian Woodland
Oak Woodland

Variable

V1 - Height of herbaceous

V2 - Percent cover of
herbaceous vegetation

V3 - Soil Type

V4 - Presence of logs and
other types of cover

Life Requisite

Food/Cover
Reproduction

Reproduction
Food/Cover

Cover-Type

Annual Grassland
Oak Woodland
Riparian Woodland
Seasonal Wetland

Annual Grassland
Seasonal Wetland
Oak Woodland
Riparian Woodland

Annual Grassland
Seasonal Wetland
Oak Woodland
Riparian Woodland

Annual Grassland
Seasonal Wetland
Oak Woodland
Riparian Woodland

Revised Draft- Subject to Change

Habitat Variable

Height of herbaceous vegetation (V1)
Percent cover of herbaceous vegetation (V2)
Soil Type (V3)

Height of herbaceous vegetation (V1)
Percent cover herbaceous vegetation (V2)

Soil Type (V3)

Presence of logs and other types of cover (V4)

Sampling Technique

Average vegetation height in 1 m” quadrat

1 m* quadrat

Site inspection
County Soil Survey

Visual inspections
Sample point
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Variable 1: Height of herbaceous vegetation.

Assumes: California voles require relatively tall herbaceous vegetation for both food (Gill 1977. Batzil 1986) and
cover (Ingles 1965). Herbaceous vegetation > 6 in tall is considered optimum.

/
./
4
./

Height (inches)

Variable 2: Percent cover of herbaceous vegetation.

Assumes: Relatively dense herbaceous vegetation is needed for cover percent cover > 100 percent is considered
optimum (CDFG undated).
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Variable 3: Soil type

Assumes: Friable soils such as silts and loams are optimum because voles can dig their burrows (Ingles 1965).
Soils such as sands and clays are not optimum.

Suitability Index (SI)
SI=1.0 if soil type is silty or loamy and friable.
SI=0.5 if soil type is not silty or loamy and is moderately friable

SI=0.2 if soil type is not silty or loamy and is not friable.

Variable 4: Presence of logs and other cover types within the sample area.

Assumes: California voles will use logs, brush piles, and rocks for cover in addition to their burrows (California
Department of Fish and Game). These sources of cover are more important in woodland habitats than grassland and
wetland habitats.

SI=1.0 logs, brush piles, and rocks are abundant and well distributed throughout the sample site (e.g., > 4 per
sample site).

SI= 0.7 if logs, brush piles, and rocks are moderate abundant and distributed throughout the sample site (e.g., 2-4
per sample site).

SI = 0.4 logs, brush piles, and rocks are absent or sparsely distributed throughout the sample site (< 1 per sample
site).

SI=0.1 if logs, brush piles, matted vegetation, and/or rocks are absent From sample area.

HSI Determination
For annual grasslands and seasonal wetlands.

HSI=V,+V,+V;

3
For oak woodlands and riparian woodlands:

HSI = yl + V_2 + V;J"_Vé
4

All variables are assumed to contribute equally to the availability of a given habitat type for the California vole.
Water is assumed not be a limiting factor and is represented by the herbaceous vegetation variables.

Model Applicability
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This model is a hypothesis of the relationships between various attributes of grassland, wetland, and oak riparian
woodland habitats and the suitability of these habitats to California voles. The model is designed for use in the
Central Valley of California up to 2,500 feet in elevation. California voles are permanent year-round residents, and
this model can be applied to these habitats at all times of the year.
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HABITAT SUITABILITY INDEX MODEL
Plain Titmouse (Parus inornatus)

by
Michael Long and Daniel Strait
U.S. Fish and Wildlife Service
Division of Ecological Services
Sacramento, California

June 1989
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Habitat Use Information

General

The plain titmouse inhabits oak and pifion-juniper woodlands from Oregon south and west to Texas. It is a year-
round resident, and maintains a territory throughout the year. The species is generally a secondary cavity nester,
although it may occasionally excavate its own hole.

Food

As a group, titmice take a wide variety of foods, but they are considered insectivorous during the summer, and
consumers of fruit, seeds, and some insects in the winter (Ferrins 1979). Root (1967 - cited by Verner 1979), found
that a large proportion of their food consisted of plant material and arthropods living on the bark of trees. Wagner
(1981) found the plain titmouse took a great variety of arthropod taxa.

The titmouse is primarily a bark forager, although it also forages on tree foliage and occasionally on the ground
(Hertz et. al. 1976). Most foraging by this species is done between 0-30 feet (0-9 m) of the ground (Wagner 1981;
Hertz et. al. 1976). Hertz et al. found that plain titmice showed a preference for foraging in blue oaks (Quercus
douglasii) over coast live oaks (Q. agrifolia). Hertz et. al. (1976) attributed the avoidance of live oaks to their
smooth bark which is poor habitat for arthropods. Block and Morrison (1986) also found the titmouse to use blue
oaks more than valley oaks (Q. lobata), black oak (Q. kelloggii), and canyon live oak (Q. chrysolepis) for foraging
at Tejon Ranch, California. The plain titmouse will forage extensively in live oaks however, especially when other
oak species are not present (Dixon 1964).

Reproduction
The plain titmouse is a secondary cavity nester, nesting in natural cavities, old woodpecker holes, or nest boxes. It

prefers natural cavities over excavated cavities (Wilson, pers. comm.). Bent (1946) reported nests from 3-32 feet (1-
10 m) above the ground. Bent, citing Dawson (1923), reported the titmouse to occasionally excavate its own nest
cavity in blue oaks. The plain titmouse prefers wooded areas with intermediate to high percentage canopy coverage
dominated by blue, live and valley oaks (Verner and Boss 1980).

Cover
Cover is provided by the oak woodlands and riparian areas in which the plain titmouse lives. Roost sites are
provided by natural cavities, old woodpecker holes, or by dense foliage which simulates a cavity (Dixon 1949).

Interspersion
Plain titmice maintain year-round territories. Three territories observed by Hertz et. al. (1976) averaged 2.0 acres

(0.8 ha) in California oak woodland. Dixon (1949) found 12 territories ranged located primarily in live oak
woodland. These territories ranged in size from 3.3-12.5 acres (1.3-5.1 ha) with an average size of 6.3 acres (2.6
ha). According to Dixon (1956) 2.5 acres (1.0 ha) would probably be close to an absolute minimum size for a
territory.

Water Requirements
In a study by Williams and Koenig (1980), the plain titmouse was classified as an occasional drinker.

Model Applicability

This model was developed for use in evaluating habitat suitability of oak savannah, oak woodland, and riparian
woodland in Merced, Fresno, Stanislaus, and San Benito Counties in California from 500 - 2,500 ft in elevation.

The basic assumptions for using the model are that meeting the reproductive needs of the plain titmouse will take
care of its cover and food needs throughout the year. This assumption seems warranted. Verner (1979) believes that
proper management for oaks for breeding birds should also provide the habitat needs for species that use oaks at
other times of the year. In addition, it is assumed that water is not a limiting factor. It is assumed that the model is
valid for use in riparian areas as well as the oak woodlands despite the fact that the model was initially developed for
oak woodlands.
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Model Description

Little quantitative data were found on the habitat needs of the plain titmouse. The most useful information was the
information on habitat factors related to breeding for the species presented by Ohmann and Mayer (1986). Using
data from the California Wildlife Habitat Relationships data base and the Forest Inventory and Analysis Research
Unit inventory, Ohmann and Mayer developed a habitat suitability index model for the plain titmouse from which
Variable 1 was derived.

Variable 1. Tree diameter. (A tree is defined as a woody plant species 16 feet high or greater)

Ohmann and Mayer found tree size and percent canopy closure to be the major variables determining suitability of a
habitat for the plain titmouse. Our model will assume that the diameter of a tree and the size of the canopy are
correlated to the extent that they can be considered a single variable to be represented in this model by diameter at
breast height (DBH). Presumably this variable best represents older trees with more cavities for nesting and greater
bark surface which supports a greater prey base.
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Variable 2. Trees per acre.
Plain titmouse abundance was found to increase as the number of trees increased (Wilson, pers. comm.). This may

be particularly important in areas of low to moderate canopy cover. Studies at the Hopland, California field station
found titmouse abundances to peak in areas with 60 trees/acre.
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Both Variables 1 and 2 relate directly to the extent of a stand's canopy closure such that the importance placed on
canopy closure by Ohmann and Mayer is incorporated into this model through the use of Variables 1 and 2.

Variable 3. Percent composition of tree species that are oaks (Quercus).

Verner and Boss (1980) stated that the plain titmouse prefers stands dominated by blue, live and valley oaks. We
have been unable to find and studies documenting the presence of the plain titmouse in an area without a major
proportion of oaks. For the sake of this model then, we will consider the presence of oaks to be a life requisite such
that the optimum titmouse habitat is one dominated by oaks.
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HSI Determination Percent tree composition of oaks (Quercus
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In each sample area, tree diameter is measured along with the number of trees per acre and the percentage of those
trees that are oaks. The Habitat Suitability Index for the sample site is then determined using the following formula:

HSI=V1+V2+V3
3

Suggestions for Applying the Model

1. The tree diameter classes for calculating Variable 1 (DBH) were not specified by Ohmann and Mayer.
Therefore, all trees within the sample plot should be included in the DBH determination.

2. Ifno trees, 4-inch DBH or greater, are found in the sample plot, the HSI for the sample plot is 0.0. A 4-inch
DBH tree is probably about the smallest tree that could have a cavity of sufficient size for the titmouse.

3. Ideally, all tree species in the study area should be fully leafed out when applying the model. Therefore, the
best time for sampling is spring and summer.
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HABITAT SUITABILITY INDEX MODEL

BOBCAT (Felis rufus)

Pacific Gas and Electric Company

1986
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Geographic Area: This HSI Model was developed for use on the west slope of the Sierra
Nevada in Fresno County, California.

Season: This model was developed to evaluate year-round habitat suitability for the bobcat
(Felis rufus).

Cover Types: This model was designed to evaluate habitat suitability for the bobcat in the
Chaparral cover type (terminology follows that of Verner and Boss 1980).

Guild: Feeding Breeding
Surface Subsurface

Equation: HSI= (V;+V,+V;3+Vy)
5

V1 - Percent Shrub Cover

./
o

0.4

0.2

O I I I I I I I I I I I I I I I I I I I 1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Percent Cover

Revised Draft- Subject to Change 151



V2 - Herbaceous Cover
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V4 - Rock Outcroppings
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Appendix B

Federal Endangered and Threatened Species that Occur in
or may be Affected by Projects in Placer, Sacramento, and El Dorado Counties

Document Number: 060915114416; Database Last Updated: September 15, 2006

Red-Legged Frog Critical Habitat - The Service has designated final critical habitat for
the California red-legged frog. The designation became final on May 15, 2006.

County Lists

Listed Species
Invertebrates

Branchinecta conservatio
Conservancy fairy shrimp (E)

Branchinecta lynchi
Critical habitat, vernal pool fairy shrimp (X)
vernal pool fairy shrimp (T)

Desmocerus californicus dimorphus
Critical habitat, valley elderberry longhorn beetle (X)
valley elderberry longhorn beetle (T)

Elaphrus viridis
delta green ground beetle (T)

Lepidurus packardi
Critical habitat, vernal pool tadpole shrimp (X)
vernal pool tadpole shrimp (E)

Fish

Hypomesus transpacificus
Critical habitat, delta smelt (X)
delta smelt (T)

Oncorhynchus (=Salmo) clarki henshawi
Lahontan cutthroat trout (T)

Oncorhynchus mykiss
Central Valley steelhead (T) (NMFS)
Critical habitat, Central Valley steelhead (X) (NMFS)

Oncorhynchus tshawytscha

Central Valley spring-run Chinook salmon (T) (NMFS)

Critical Habitat, Central Valley spring-run Chinook (X) (NMFS)
Critical habitat, winter-run Chinook salmon (X) (NMFS)
winter-run Chinook salmon, Sacramento River (E) (NMFS)

Amphibians

Ambystoma californiense

California tiger salamander, central population (T)

Critical habitat, CA tiger salamander, central population (X)



Rana aurora draytonii
California red-legged frog (T)
Critical habitat, California red-legged frog (X)

Reptiles
Thamnophis gigas
giant garter snake (T)

Birds
Haliaeetus leucocephalus
bald eagle (T)

Plants
Calystegia stebbinsii
Stebbins's morning-glory (E)

Castilleja campestris ssp. succulenta
Critical habitat, succulent (=fleshy) owl's-clover (X)

Ceanothus roderickii
Pine Hill ceanothus (E)

Fremontodendron californicum ssp. decumbens
Pine Hill flannelbush (E)

Galium californicum ssp. sierrae
El Dorado bedstraw (E)

Oenothera deltoides ssp. howellii
Antioch Dunes evening-primrose (E)

Orcuttia tenuis
Critical habitat, slender Orcutt grass (X)
slender Orcutt grass (T)

Orcuttia viscida
Critical habitat, Sacramento Orcutt grass (X)
Sacramento Orcutt grass (E)

Senecio layneae
Layne's butterweed (=ragwort) (T)

Candidate Species

Fish

Oncorhynchus tshawytscha

Central Valley fall/late fall-run Chinook salmon (C) (NMFS)

Critical habitat, Central Valley fall/late fall-run Chinook (C) (NMFS)

Amphibians
Bufo canorus
Yosemite toad (C)

Rana muscosa
mountain yellow-legged frog (C)



Birds
Coccyzus americanus occidentalis
Western yellow-billed cuckoo (C)

Mammals
Martes pennanti

fisher (C)

Plants
Rorippa subumbellata
Tahoe yellow-cress (C)

Key:

(E) Endangered - Listed as being in danger of extinction.

(T) Threatened - Listed as likely to become endangered within the foreseeable future.

(P) Proposed - Officially proposed in the Federal Register for listing as endangered or threatened.

(NMFS) Species under the Jurisdiction of the National Oceanic & Atmospheric Administration

Fisheries Service. Consult with them directly about these species.

Critical Habitat - Area essential to the conservation of a species.

e (PX) Proposed Critical Habitat - The species is already listed. Critical habitat is being proposed
for it.

e (C) Candidate - Candidate to become a proposed species.

e (V) Vacated by a court order. Not currently in effect. Being reviewed by the Service.

e (X)) Critical Habitat designated for this species

Species of Concern - The Sacramento Fish & Wildlife Office no longer maintains a list of
species of concern. However, various other agencies and organizations maintain lists of
at-risk species. These lists provide essential information for land management planning
and conservation efforts. See www.fws.gov/sacramento/es/spp_concern.htm for more
information and links to these sensitive species lists.
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Impacted Acres by Cover-Type for the Various Components of the Folsom DS/FDR

Project

Auxiliary Spillway

6-gate Spillway

Chaparral 0.21
Oak/Grey Pine Woodland 1.07
Riparian Woodland 1.66

4-gate Spillway Tunnel Fuseplug
0.21 0.21 0.21
1.77 1.46 1.46
1.51 1.04 1.38

Flood Damage Reduction

Dikes 1-3 Raise Inundation 3.5-foot

Inundation 4-foot Inundation 7-foot

Inundation 17-foot

(COE) Raise Raise Raise Raise
Chaparral 32.20 34.30 40.80 34.30
Oak/Grey Pine Woodland 8.46 781.50 820.20 935.10 1331.80
Riparian Woodland 0.02 4547 48.68 56.50 48.68
Seasonal Wetland 0.00 0.58 0.58 0.58 0.58
Dam Safety

Contractor and
Construction Borrow and Dike Construction

Sites Haul Roads Stockpile Zones (BOR)
Chaparral 0.47 0.26
Oak/Grey Pine Woodland 11.06 11.06 6.47 16.04
Riparian Woodland 244 244 27.00 1.93
Seasonal Wetland 0.89 0.28
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Fish and Wildlife Coordination Act Report for the American River Watershed
Investigation Folsom Dam Outlet Modification Project
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United States Department of the Inlerior

FLEI AND WILDLIFT 53ERYICT
Sacramenta Fish and Witdlife QMve
IE0G Coltage YAy, Room W-2605
Sacramenio, Crbifernia #5825 1848

aRl YRR I

HE-C0IL

hunc 12,2001
Ditsteicl Enginegr
Corps of Engincers, Sacramenid 13s1rice
ATTH: Chici, Plaoning Division
1325 1 Sareet
Sacramconto, Califormia 959%14.2922

Subject;  Transimattal of fnal Fish and Wildlife Coordimation Act Repott - Amaenican
River Watershed Investipation, Folsom Dam Chalet Modilication Projoct

Duzar Colane] Walsh:

Please ind enclosed our Fish and Wildkife Coordination A {FWOCA) repont for the proposed
Folsom Dam awtlee mobification project, We previously issued a revised draft FAWWCA report 1o
evaluate additienal ¢lements o allow soreharge up to 474 feet above mean sea level, and an
operation o restciet uae of the enlarged oullets w 30,000 cubic feel per second (cis) when inflows
are less than 100000 ¢ts. Consisient with our recomonendation in the revized deafl repord, the
Coms of Engincers has now adopted a modificd male restriction limiting outflows 1o 60% of
inflows when inflows are greater than 25,000 efs, with maximum releases made when inflows
exceed 150,000 cfs. The enclosed report refleces this ehange, and wther information in the
recently-published draft Envirenmental Asscssment,

We have informally coordinated with the Califormia Depaniment of Fish @nd Came and Mational
Marine Fishertes Service ONMEFS), and received concumrence from NMFS on the inihial draft
FWCA repart. Mo other comments were ceceived.

1€ worw have any questions, please cotlact Dr. Steven Schoenberg of my stadl ar (2163 414-6564,

Sncerely,

RIENAE

Dale A Pleree
Acting Ficld Supervisor
Enclosure

ec: AES, Ponland, OR
CHYE, Sacramento Dhistrict, CA (Al Patricia Reberson)
SMES, Santa Roasa, UA (AU James Bvbee)
WMES, Sacramento, CA (Al Broce Chppenhein)
CDFG. Director, Sacramenta, CaA
COFG, Region [ Raneha Cordova, CA
SAFCMA Sacramenta, CA
LSEER, Sacrmnero, CA
UEBR, Folsom, Ta (A Rod Hally
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SLMMARY

Since constraction of Folsen Lam, the lower Amencan Biver has been subjoct to progressive
gradle and pravel boss, alfucting the quality of riparian and riverne habitat. Enlargement of the
cxesting outlets has been proposed by the Corps of Engioeees (Corps) e increase the [evel of
flond protection by cnabling operatars 1o balance cutflows with inflows carly inthe stonm
hydrograph, and attarm & maxinum discharge of 115,000 cubic feet per second (cfx) through the
enlarged owtlers for the 10-year or larger evemt This may have seme adverse effect on chinook
salrmion and s1eeThead shroegh loss of spawning eravels, destraction of redds and associated
martaliy of egus or fry, and loss of sircam edie npanan habitat. T'o mininmze these impacis, the
Cotps bas proposed to restrict the operation of the enlarged outlets for actual or forecast inflows
bBolow | 50 HH) &fs; 0 the 25 050 | 50,00 ofs inflow range, cetflows would be imited to 60% of
actual or forecast iollow Relative 1o existing conditions, this “68% nule™ mereases the chance of
outflows =50,000 cfs (rom every 5 years (o every 3 6 vears), but docs o alter the lregquency of
115,000 cfs flows. Ao aleernanve role restriction was also stodied which weold Timin owflows o
a lixed maxinum of 30,000 cfs when inflows are less than 10,000 cfs. This ~ 30000 ¢fs rule™
would mnerease the frequeency oF 115 000 off descharges {lrom cvery 10 years 10 every & years) In
either case, lhe porential for begher ouweflows resalis fram the mbiegquent combiananion of low
creditable storapge space in upstream reservoirs and modcrate flood events. thher porential
changes would involve a slight ncrease in ramping rates, and a slight reduction in cold water
FESETVES (UTing S0me ARCInD nperilions.

The 303,000 efs rule wou!d likely reduce damage wo aravels and redds, but would do so at the
cxpense of possible benefits of variable intermediate rangre Nowes (340, 000-100 KK cfs) - secd
distribution and support of riparian recruitment on high terraces, gravel replacement from bank
deposits, replacement and transporl of woody debris and detnws from the Qoodway to the river,
and other urctions. 1T one presumes that inkermediate range benefits are related to the reguency
distribution of peak outflows, the nale resticton setling ouilowe e 60% af intlow woulil overlap
the historical operation, and presumably retam any such benefits. The 60% rule also does not
alicr the lrequency of capacity {115,000 cfs} relcases. For these reasons, the Fish and Wildlile
Service congurs with adoplion of the G0°% nule

Chher proposed madiications associated with the project would allow suecharge to 474 leel
above mean sea level (msl) T combination with the ealarged outlets, this woulld ingrease the
puriod of inundation in the surcharge zone (470-474 fect msl)y during rare large Noods (181-200
year eventd, bul eliminate this ipundation duning, mare (veguent cvents {1003-175 year event). Such
exporsure, witl of without the progecd, may result in some Inss of vegelation dus to wave achion or
collapse of waterlopped soil. Wilh surcharge, inundation would be less frequent, but of 4 longer
duration The cumulative inendation perod e the surcharge zope would be alwit 23 hours per
confury with the project, compared 10 9 hours per century without the projeet

Based on Ui Timited information avaiable, any impacts associated with the proposed project are
capected twohe of @ mederane and mltepeent natuee thet could be adapiively managed  We
recommend a sediment engineering model swudy e perfarmed and analysis of recent grade amd
bank erosion surveys be compicted 1o specifically evaluate 1he impacts that the enlarged outlets

-
-



could have an fisture river bank and gravel bed sability. We also recommend 2 long-term
monitoring peogiam for stream edge erosten, vegetation in ke Qoadway and surcharee area, and
spawning gravels be implemented and contingeacy mitigation actions he agreed to dhat would
cngre ne net loss w the quality or guantity of habieat ever the Jife of the project Such actions
iy inghide proactive measud¢s such as biotechnical bank stabilization in areas a1 speoial risk and
spawning pravel enhancemen, as well a5 reactive measures such as madifymy the operations of
the outlets daring impace-prone scenarias without compromising the flood control purpose of the
project. Finally we recommend 1hat, under certam spring conditions, use of the spillway in licu of
the enlarged outlets be evaluated as a measure 10 lmit Joss of coldwater reserves.
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INTRODCTHIN

This is the Fish and Wildlife Service's (Service) Fish and Wildhfu Coordination Act {FWCA)
report for the Corps of Engineers” (Carps) propesed Folsom Darm Maodification Projoect as part of
the Armerican River Watcrshed Investigation, Califormia. "reviously, wessued a cevised drafl
FWCA report in January 2001 1o evaluate two basic changes: {a) enlargement of the lower dam
citlets 5o as 1o merease their reaxdmaem discharge fiom 32 000w 115,000 cubic feet per second
fefs), and (h) vanous strociwres o allow surcharee up 1o d474 feer above mean sea level {msl).
Odperational chanpes assumed were: a) a rule eesteagtion that waeld restrict owlflows to a
rraximum of 30 000 ofs when acieal or Berecast inflow is Iess Than 100,000 cfs, and b)Y the
emerpeny spilhway celease diagram would b revised o sustaio a 160,000 ¢fs relcase up to 474
teel, cather than the currens 470 feet, We alse considerced additional information on the ftequensy
af mundation of uplaed habiat due to suecharae, and a previous nale cestrgion immwelving a fixed
30,00 cfs release. The Mational Marine Fisherics Service (NMEPS) concucred with the Andings of
our drafl report (Appendix 1), no other comnents were reccived.

Theough additional study and coordination with 1he Service, the Corps has replaced the 30,000
efs rube restigtion witho @ ongalilied ruale pestpiciion thian would limit oullews o the 25 000-
150,000 afs rarge i $0% of the actual o forecast indlow Yery recently developed nformation
includes a draft two-dimensional model an spaswomg bed moverent, aml ar anzlysis of the elecrs
of outlet operation on ealdwater reserves {Avres 2001, Conps 2000} Thes Dinal report
incorporates the modified rale restriction as the Corps” preterred plan and this additionaf recent
infermation, and supcrsedes our previous reped.

BACKGROLUND

The lower American Miver Bows abouwd 23 mdes from Nunbos Do 1o the Sacramento River,
primarily through propertics developed for residential, light industrial, and urban use. Since
cerenpieticen af Felsom Damoin 1%5%5, several rocent storms have led the Corps to revise the
probalility of flonding due Lo leves failoe along e Armeican River from the ariginal 250-year
recurrence to a chance of abowt 1-in-70 years  |n response, the Sacramento Srea Flood Control
Agency (SAFCA) and U5, Burcaw of Reclamation (USBR) negotiated an inkerim agreement in
1994 1o renperaie Foisom Damin a way which would limi the likchhood of levee falure and
flouding to about 1-in=100 vears. This agresment involves increasing the amoont of flood conteol
spacy froom she origing] fxed 400 000 acre-feen (ac-AY O Tced 400 TAFT) to g vanable amount
between 400 000 and 670,000 ac-f based on the availability of oo control space m upralream
regeryairg [Meaniable 400670 TAF™Y As part of this agreement, SAFCA meast reimburse 158K
for the forgone hydropower 2nd water deliveries as a result ofieduced storage.

With the revised flood thres conditions, the capacity of the dam gutlets has hmited the: gbility Lo
balange flood cantrol and wader storage purpeses Originally, the Tixed 400 TAF flood contral
apuce maant that inflows exceeding the outle: capacity {32,000 ofs) could be discharped throegh
the spillway up to the sate channcl capacity of |15000 ofs However, with ihe eolarged Nood
conlrel space, these discharges can only be made from the outlets. I inflows excecd 32 (00 cfs,



the reservoir must be allewed to fill up to the spilfway belore a hipher raie of discharge can oceur.
This redoees thye time during which the maximum channel capacity can be used, leading o greater
peak discharpes and a reduced level of foad pratection  Linder certan situations. such as in

| 997, the upstream reserviirs van fill and require that Folsom Lake be evacuared, but 1he
remmtinder of the year may be drier so that storage thae is canricd ower into the iorigation scason is
reduced

A number of alternaitives have been proposed and evaluated m the past, involving an array of
struclural and eperational changes  [n 1996, we evaluated options (o construct a dry detention
dam on the Morh Fork Amencan River aear Auburn, 2 Falsem stepped release plan which
incheded variows dam, levee, and floodway clements, and a Falsom medification plan, wiich
involved structaral changes of the dam and levces (USEWS 19963 Tn 199, we evaluated ather
gpuions, involving increased storage at cither Folsom Reservoir or a new facility on Deer Cregk
(LEFWS 19943, b). Ineach case, 1he stnuctural medificatians were linked to oporational changes
at the existuing facility &t Folsom Dram.

1o this repor, we cvaluale impacts of a revised Folsom Modification Plan under the existing
400G T0 TAF imerim operatien apgreemnent associated with: (a) structueal modification of the
existiog ounluls to allow higher dizcharpes, (b) modification of the emergency spillway, dikes, and
Mormon Tsland dam to allow surcharge op (o 474 foer msl; and fe) two possilile restriction rules.
Ciber related actions, reforred eo as “comrunen features™, are being considered in a separate
FWCA repart.

PROPOSED PROJECT

The exigting & outles (two tiers at 205 5 and 275 5 feel msl) would be enlarged from the current
5 fect wide by 7T feet hiph 1o about 8-10 feet wade and 12-15 food high. This construction s
anticipated to last 5-6 wears, and would be staged so that the existing release capacity would not
be reduced during the construction period. The natere of the construction would involve
precisely-conirolled explosives and a scal on the upsitemn face of the dam so a5 te allow
construction almost entirely inthe ey Staging would cccur oo bairen or previously disturbed
upland arvas near the swte. Aller completion, the total discharge capacity of the enlanged outlvs
egether with the powerhouse ootlets would be arcund 105 000 cfs al an elevation of 418 feet
msl. Although operatacmnal caiterdi gt lower inflows may vary, oulbow must be §15, 000 ofs when
inflow is 150,000 cfs {10-year event) or more in order 1o achieve the desired level of flood
prolection

o1 1be purpuse of this repon, we considered two possible restriction rutes for ftows less than the
10-year ¢vem Tn one casc, outflow would aol exeeed 30,000 ofs until the projected or actual
inflow poaals LOO,000 ofs, at which time outBew would be increased 1o 115,000 ofs (*30,000 cfs
rule”}y I the other case, outflow in exeess of 25 0G0 ofs would be caloulated as 60% of mfows
until projected or actual inflows equals 150,000 i, at which time outflow would be increased Lo
L15 008 ofis (603G nale').

i}



The surcharge space would be Increased by 48 000 acre-feet by, (a) replacing three emergenay
spallway pates with Tainter gates, (B) raiging the impervions core in Morman Tsland dam, and
Iikes 5 and 7, with slurry-wall constrzcuen, (o) raising penstock gate hoists and their bydraube
putnps, and (d) floodprooling Meweastle powerhouse  This would allow the cmergency spilbway
releasc diagram (o be moddied, so that masinum relezscs of 100,000 cfs {1 ¢, the protalile non-
fzilure poinl of existing levees) could be maintained before the peserveir reaches 474 faet msl. IF
reservoir feve] 15 above 474 feet msl, dam ewllow would be matched (o indlow,

FISHERY RESOURCES
LOWER AMERICAN RIVER

There are foer imporant recreational species in the affected study area. Tall-rin chinook salmon,
rainbow fronet (inclucliog sleelhead), American shad, and siriped bass  Chionok salmon ave an
amadromuong species which enter the niver in carly summer, with peak abundance typically in mid-
Qctober Although the escapement Auctvates bevween 10,000 and $0,000 adult fish, recent years
hiave been particularly sirong and consistent, wirth at least 30,000 adults rewarning to the river
since 1995, A hatchery mear the base of Kimbus Dam, winch re-regulales flows from Folsom
Dam, supplements the escapement by about 10,000 sdules amsually. The American River i5 one
of the mostimpeontant producers of Fall-run clonoek salimon in Califermia, similar in magnitude to
runs on the Feather River and to ik haichery on Battle Creck. On the lower American River,
chinook salmoen spawn alimost exclusively in ke epper 10 miles below MNimbus Lam, and mestly
in the upper 5 miles, but recreational fishing effort spans the L1 river to the mouth a0 the peak of
the run - Spasviing activity poaks around mil-Sewearler in the American River. Afler hatehing,
the fry typically remain in the gravel foe 6-8 weeks, emerging in mid-February through early
hdarch, and then rear in the river for suveral more months before migrating ou 1o the geean inJate
spring. Habitat concerns melede sub-optemal flows and water temperature {in some years), a
limited area of suitable spawning graved, and various comporents of reiring habiat (m- and over-
water object cover, run-rillle-poal composition),

Steethead are the anadromoos foron of rainbow trout: adults generally enter and spawn in the
American River in late winter {January through April), with the fry emerging from 1he gravel in
&-R weeks, and the young remaining in the river for a least a year before moving out Lo the
peean, SlecThead spawning takes placc on smaller gravels and is mare widely distribuned than is
sten for chingok salmon, and may be ehserved anywhere from Cal Cxpo to Sadoc Bar As s the
vase theoughout the Contral Vailey, steclhead bave declined on the American River The leng
cearing period renders this specics particularly sensitive to high water wemperatuges 1n the summe
and early fall, but they may also be affected by other habitat features such axs imited availabibigy of
cover and spawning gravel. [hespite the recem Federal listing of steelhead, some cateh-and-
release and limited sponfishing harvest {of batchery-oripin fish) is allowed on the Amercan Rover.
As with chinook salmon, the Nunlus Hatchery zlso prodoces sieefiead trout for release into the
Sacramento River o the summer and (2l of some low camyover siorage years, coldwater
reserves begome depleted and cemperatores in the American River exeeed the 1olerance of



steelbead juveniles. As a result, the hatchery contnibution in this rever 5 lacger for steclhead than
lur chinpek sabmen

Anomegduced specics, steiped bass are distributed somewhat lower in the Amesican River than
arg the salmanids, aenerally from abowt the Sunese Boulevard crossing deoswnstrean (o the mouth.
Litle is known abgue as life history inothe Amenican River; it may be that there is a sprng run that
originates downstream from the Sacramento River and Sacramuema-San Joaquin Delta, or these
fizh may seasonally enicr the mouth of the river 1o terage 2fter having spawned wpsiream in the
mainstem Sacramento and Feather Kivers {Kich 1etlaven, U'S Fish and Wildlife Service,
persanal compumcation}. In any case, water temperatures in the American River are often too
cool for 1ypicel striped bass spawning ae che tane of these runs, and 1he American River is not
known as a major spawning area for this speoes Recreational eflor] for siriped bass is greatest
during the spring, whers some veny large specimens are caughi by Buh bait and My lishermen, and
where fishing effent can continuc through cardy fall in scome years. Striped bass are not generally
seen in the winler months mthe American River

Armerican shad is another introduccd species that suppens 2 poputar catch-and -release
recreational fishery. These fish migrate from the Pacific Ocean intg the Améengan Biver in lale
spring Lo carly summar, apparently timed by rsing walcr temperatuce. Al the peak of the muns,
hunddpeds of (ishermen can be scen from Nmbus Dam downsirezm to Paradice Beach, bank and
trifiboat Rshing for 1he shad wsing small, colorful, weighted flics or dans.

A number of other non-game specics alse ocour in the bower Amencan River, such az ihe
Sacramento pike minnow, Sacramento sucker, Wile perch, and hardhead. The federally hsted
threatened Sacramento splittail, which spawns beginning mid-winter, has also been found in very
low numbers in the most downstream areas of the American River, gencrally below the H Street
bridee (&5 woles from the mouth)  Duaring ies spawning reigration, the Federally listed threarencd
delta smelt bas been found on the Sacramente Kiver as far upstream as Yoruna (near ils
confluence with the Feather River). Typically, delta smelt spaswn farther downstream in more
tidally-mtloenced arcas, with an upsiream himn around Clarksburg

The American FRiver may be divided into geomorphically-distinet reaches that differ in gradicnt,
tidal influcnce, depth, substrate and bar formation; differences which are mapor deternminants in the
tvpe and quality of habital w fish (Saider et al 1992). The initial 4 9 mites from che mouth to Just
below Paradise Beach Recreation Area is odally-influenced, deep (due to previcus dredging), and
puossesses a sand Doitom with fow grave! bars. The deep holes are used as bolding water For adol
salmon, and the flooded adjacent lands may be used by sphttail, howewver, this area 1s not likely 16
be indluenced by the flow differences caused by the proposed project because of the maore
imortae effect of tides and stage of the Sacramerto River. The 6.7 mile parion from Paadise
Beagh (o b Grstonl] Receeation Arca has a lew more bars, 15 similar in gradient and substrate 1o
the First reach, but is cot tdally inffaenced  As a consequence, flow fluclsations in the range of

4 500 teo 22,000 ¢fs cause commensurale increases in the arca of potential splittail habaat
{SAFCA 1999) From Gristmill te Mimbus Dam, the river is high gradient with a gravel besd
clhiancel 1t is here, espectally from Rosseaovs Bar upstream, thay the greal majority of salmaon



spawning occurs in several importent glide and bar coamplexes  Although 1 3s known that Deow
increases in the low range (500-2,000 cfs) inctease spawning habitat and success (via reduced
superimposition, »ee Snider ot al. 1996}, the effect of flows in the range of those caused by (he
dam maodifications has not been siudied.

FOLSOM RESERVOIR

When full fie, around | mithon ae-1), Folsom Lake encompasses about 10,000 surface acres of
walcr and 75 miles of shoreline, extending abonat 15 miles up the north fork and 10,5 anles up {ha
south fork of the American River, It supports a “two-stape” fishery: with warmwater specics
such as bass {Jargemotth, smallmouwth, and spoticd) and panfish (crap)sie, bluegill, sunfsh} in the
upper waters, and trout and landlocked salmon (kokanee and chinook} i the deeper waters.
Various commen catfish can also be caught near the bottom of shallower waters. Fish habitat is
present within the inyndation zone in the farms of young willow ripacian which grows dunng
extended periods of drought, as well as brush piles placed there by the Cahfoyroea Depariment of
Fish and Game (CDFG) and sportsmes wroups Both warmwater and coldwater fisheries tend to
benefnt from increased peak spring water storage as this results in better coldwater reserves for
the salinonid fishes as well as increased spawnng and reaning acea for warmwater fsh. A number
of fishung derlics are hedd on Folsom Lake, however, overall hpating is greatly alfected by lake
level 13oals docked at the maninzs must be remioved for 1he flood season when the lake level falls
below about 412 feet msl {4635 000 ac-ft storape) and ramps begin 1o ga out of service when the
lake level falls below 426 fect sl (579,000 ac-A siorage), althouph there is ane ramp a0 370 {oel
msl (213,000 ac-ft storage) that would presumably be available under all conditions

VEGETATION
LOWER AMERICAN RIVEN

The vepetation along the river coosisls of oak specics and clderherry at higher elevations ol (he
floodway, and cottonweods and willaws at lower efevations of both the Nocdway, a5 well as on
gravel bars and eslandys within the river channel. Regeneration and persistence of the cotianwand-
dominated community is hmited, relying or inandstienr-dependent germination of seeds (--3,000-
13,000 cfs is necessary o inundate most [ow terraces and ap to 50000 cfs is needed to cover high
terraces). Porions of the Aoodway have been developed B recreation of various kinds (hike
paths, ptenic [awng and kiosks), and there are some argas 1hat arc bare -- gravel bars, gravel piles
remainng froen former hydrawiic mimng of gold, and actively croding bank.  Althoooh the
immediate edue uf the river is mostly vegetated with riparian trecs or scrub, the characier is more
variable along the flocdway bench. Much of the beneh vegetation is non-native annual grassland
and spotty riperian or scral In peneral, the vegetatian al the viver marpin can be classified as
relatively mature, but unlikely 1o be seli-sustaining because the overbed has been doswncut so
much that hydric species Tke cottonwonds now rest on high bank s well alove Wheir normal
puesiign near the low-waten edge  Patches of wetland vepnation ocour in backwate: s and off
nver poads througheut the river, thewgh predominantly downstream of Wall Avenuae.



FOLSOM RESERVOIR,

The area around Fulsorm Bueservoir itsel] possesses common plaa communities like chaparral,
non-native anmual grasslaod, oak woodlznd and savana, with mare lireiied riparian forest and
willow scrub ground varous feeder ereeks anl farther up the forks of the American River. There
is very il vegetation at all within the Bueteation zone of the lake, except for some willows
which temporanly established in the early 19905 by the end of a G-vear, region-wide, drough
periad.

The plaat community of the 157-acre propased surcharge area (i.e., lands within 470-474 foct
msl} was surveyed by baat by a Corps consultant on Avgust M3, 2000 {Jones and Stokes
Associates, Sacramento). The area wis donenated by oak woodland (105 acres), with lesser
arcas of grassland (20 acres), chapairal (|4 agres), riparian scrub {13 acres} and oak savannah
{5 acTes).

WILDLIFE
LOWERE, AMERICAN RIVER

Sorme of the more commen lareer mammals are striped skunk, racenen, and mule decr, however
oihers meloding the mountain fon, coyote, and pray fox could be preseot in low numbers, or at
lcast omight ratgrate mang the drea i soine Scasons or years. various small mammals such as
California voles, pocket gophers, and bats are abundant. Raptor species and others such as the
preat blue heron, wood duck, owls, and woodpeckers cither build nests or use cavities m the
larger coltonwond teees  Various water binds also wse Lthe backwaters and marshy areas in certan
locations along the lower eiver, while swallows forage on emerging aquatic insects ahove the
river. Reptiles, partiewlacly rantlesnake, gopher snake, western pond lurtle, and western fenge
fizard can be commonly seen in the paskway  Some of the more common amphitians are western
toad, Pacific tree frog, and bullfreg  The federally listed 1hreaiened valley elderberry longhorn
boetle has boen documented inthe project area, which mcludes critical habitat for (kiz specics near
Cal Expe. Also, one shrub in the surcharge zane has evidence of beetle occepation {exit holes)

FOLSOM RESERVOIR

The walellife around Folsom Reservolr are similar to that just described for the lower American
River, howewer, the importance of wildiifc zssociations with chaparral, grassland, and cak
wondland habitats increases and those of riparian habitats declines. The co-ocourrence of oaks
and clderberrics provides a torage bage endior nesting habital for & variety of specics: quall,
twrkey, woodpeckers, scrub jay, 2< well as mammals such as gray squirrel and mule deer. An ¢ven
wider array of insectivorous bieds forage in the oak cancpy  Oiher species are dependent on
chaparral, such as wrentit and Califoroia thrasher  Crasslaruls are used By variows small mammat
and lizard species, many of whieh prosade a poey base for red-tailed hawk, gray fox, and bobeat
Yl moTe species ocour near the water o association with the bmited willow habitat, includag
vellow warbler, belted kingfishe:, Pacific rreefrog, raceooe, and striped skunk,



BASIS FOR DMPACT ANALY SIS

A comirnnion of flow predictions from enuineering models and best prodessional opinion was
used to gvaluate the generalized effect of the proposed project on habita  Usiog Cerps guidance,
the baselie comdition is considered to be the currenl, 40WE70 TAY variable oo space
opcration.

The Corps provided a simplified plin of peai inflow and peak cutllyw for the baseling (with
existing outlets) and future (with enlarped vutleth conditigns which bad been epdated to include
the bydrology through [998 {Fig. 1) In addition, a consehant o SAFCA (MBK enpgiagers)
provided a more detailed plat of both inflow and amilow against recurrence frequency 4o evaluate
the cffects of the proposcd rule resticiions (Fig. 2} The MBE plot is considered more
representative because it takes into account the difference hetween imflow and outflow due w
ramping and other aperaboonal considerations. 1o general, since the 2-year pvent peak inflow is
abrout the same order of magniude as the existing outlet capacity, 5t 15 agsurned that cperations
during evenis cqual ta o Jess than this size event would be the same wilh and without the project
Between events of 2- and about the 7-year event, the poak inflow iocreases beyond the capacity of
Lthe existing outlets, and at the T-year event and larger, peak inflow i cowghly vqual 1@ the
capacity of the new oullcts

The range of event size of greatess imercs! is at an intermediate range of cecurrence; above and
below this ranec, there would ned be sipmfieant difYerences between basehne and project
conditions  The LG-yvear cvent §-150,000 cfs peak indluw) was sefected to illustrate the maximurm
cffect of the project, buth because of the difference between o ared the baschine condition, as well
as because of the highest sate of recurrenee involving capacity use of the enlarged outlets. The 5-
vear ewent was alse modeled 1o precdicl whether the propesed nale resteiction cowld reduce
porential damage of moderately high ilows during relatively frequent events

The bascline condition was evaboated for two cases becavse of differences i space avalable for
food control in upsiceam reserviirs (French bMeadows, Heldl Hole, and Union Valley -- termed
“creditalle Lransfer space™) 2t the anset of 2 storm évei When space is available upsiream,
Folsom Eake is maintained at a higher level, so that gutflows Juring 4 §-10- vear event are higher.
When the upstrean reservoics are more foll, Folsam 1ake is maintained at a lower level, which
causes those outflows under 13 be lower. To confirm this, we reviewed a 75-yvear simulated
record of upstredm reservoir space which assumed cuirent operations, and compared the prak
I-day raioflood mflow (plate 21 40 Corps 19873 10 the sialaierd space in the month in which the
storm occurred (iRobert Leal, Surface Water Resources, [he | peesanal communicalion)
Considering just the 5-wear and larger events, there was an even split in the number of cvents
which ocourred when the upstresn reservoir space was available (8 evems, 175 D00-20ck 00
ac-it) wersus when space was fomited {6 cvents, 36.000.133 000 ac-ft)  Thercfare, the 1w
seenanios which were selected Lo bracket the rapge of baschne condibons were 200 000 ag-it of
upkstresm storage spaca, and 100 005 gc-1 of upstream starage space  Three wab-projec)
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conditions were 2lsn examnmner  ne estrrciion. restricted (o 30,000 ofs when inflows are less than
100000 ofs, and restricted 40 €0% of indlow when inflows are Jess than 130,000 cfs (Figs. 3, 4)

The 50- and L00-vear ¢vem sconanios werg reviewed boecanse they represent a somewhal different
relationshup berween bascline and project conditions Under existing conditions, peak inllows up
to about 360,000 cfs can he comrulled by the spillvay { Tom Pawcn, Corps, Sacramento, personal
communication)  Wah the enlerged outlets, the maximum peak inflow which can be contralled by
both the enlarged outlers and spilhway increases to 410,000 ofs  Thus, for these larger, less
frequent events within the food protection level of the existmg outlets {i.c | up 10 65 years), peak
river floses would be the same (115000 cfs) with or withow the project {Fips. 5, 80 Bud for
cvents above the cuerent flaed protection level, the outlet madification would limit flows to
115,006 cle, wheeeas under exisling conditions. very kigh fows would ocour (= [60,000 cfs). The
1(H)-year event, under present condaions, would resull in Jevee damage or Baibare {Fig. 6

In addition o the food comings, the Corps provided a geomorphic analysis of the American River
previcusly eanducted for the purpose of cvaluating 2 dry dam ar Apborn, SAFCA provided the
Enviranmental Iimpact Report (EIR) for 2 related project 1o develop a funding mechanism for
flond control ionprovemens, seotions of the EIR for the Water Forurn Proposal, and unrestricted
access to other documems avatable through 15 consuliants {Surface Water Resouwrces, Inc
{SWHI), and Ayres Associates, both Sacramentd) Data or analyscs which could net be
considered due to the schedule for suhmission of this report are the Aytes two-dimensional model
of the lower ponion of the river a1 25,000 cfs, recent riverbed eapography determined by thc
Coarps and Department of Watcr Resources befare and afber the 1997 pwem, and yet-to-be-
analyzed dara on fish habitat and juvenile migratton condocted by the Service and CDFG in 1997,
We did review and consider reports up to 1947 on salmenid spawemg adtivity and habitat
provided by CTIFG, Ayres” very recent draft report for two-dimensinnat moedeling of the upper 12
miles of the river (Ayres 20610, and ather infermation in the drafl BA {Corps 20017

To evaluate effects of sircharge storage around Folsom reservoir, MEK provided plots of
reservont storage for the 10-, 80-, and 100-year floed rovtings The Corps provided information
on vepetation in the surcharge zone, as well as a dable of elevations within that zone which would
be inundated a1 4 given probability of cecurrence. This allowed ao assessment of the extent (o
which vepetation in the surcharge zone would be aftected

Flood frequency: Under existing conditions, outflow matches inflow only ap o T2 000 cf3,
which is equivalent w a 2-yoar event. Additional inflows up 1o abowt the 7-yoar event are also
released ar 32,000 ¢fs. Above ke T-year cvent, the lake level reaches the spillway, winh outflow
increasmp up 4o a maxinum of 115 000 ofs at roughly the 20k year event, ¢r abaut 5 times a
cenwary. When this lgvel 35 veached, the dam cen control flows at 015,000 ofs up 1o the 6l-ycar
event, the current estimaterd Jevel of fleod protection under existing coadilions  Any {lows above
the H0-year cveot are uncontrotied under existing condnions

La
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Folsam Dam -- 20 Year Fload Quiflow
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Falsom Dam — 180 Year Flood Ouflow

200,000

1ED.LOD +

160,000

o J[: -~ :_ T -

o T e T |
SR L ) L M

N A A A B
, .
|

140000 |- ——— o — _— - ———— — - . L
| o o

T 120,000

2 |

& 100,000 4- — Y~ - o

s

: !

S go.ano e ’___ —
54,000 — = — -]
A0 00 — -_’__ R
20, CHHD 5

4] 1 v 1
1] 24 48 73 e 120 144 L1t 152 ralil
Tirne Hours)
T EUFH E'_up:EEE.TE‘W Oullets - - b?ﬂT{ Ex_i-s..ti_ng_au-llﬁl-ﬁ_ — -_E?Tﬂrﬂw EHJEL:!

— = _— e,— —— a ——

Fig & Outflow predicied irem 100-veas Aood routing under existing condilians, with the
enlarged cullets, and with enlareed oullets plus 0040 VA ceoperation

i1



A comparison of historical aperations with peak ooflow sopeests imore modest differences in
outflow due ta the propased outlets than had been supgested previcesly, aithough Uns must be
wterpreted with a caution Wich the new outlets and no male restriction, cutflows would have
been 10,000 te 30,000 ¢fs highcr than histoncal operations, and 30,000 1o 70,000 ofs higher than
projected without-progect condiions, assuming 4 000 TAT variable flood space (Fie. 2. 11
mcrvement of gravels eging to pecur at 50,000 cfs {discussed below, see “spawning pravels™),
this adeitionzl release could result in a substanteal ncrease in loss of spawning gravels during
moderalely froquent events

The two rule restictions woull bBave somewhat different cffects in mitigming the potennial ¢ffect
on spawning gravels  Undes the 30,000 cfs rule, the enlarped outlets are used only when acwat o
predicted inflows are ar [east W00,000 ofs, himiting outflows wn 30,000 ¢fs up to 2bowt the &-year
cvenl AL most, the residual frequeney of events in which the outlets could release more outflow
than existtng conditions (400670 TAF) would evughly cqual the difference between the B-year
event [~ 8% cxceedence) and the 12-year event (~8% cxcecdence}, ar aboul 10% of (he 1ime
socenver, durng at least ball of that 10%, apstream reservoir storage space wouold be ar o near
maxmren, csusing the baselme Nows to be much higher and, therefore, resulting in nominal
differences botween the baseline and project eonditions So we conclodle that, about 534 of the
tme - ar once every 20 yeans -- 1he project could Iave preater owillows than baseline conditions,
gengrally owtllows of 115 00 cfs Such differences inthese highest outflows may cause a
sigmificant, adverse impact on spawning gravel or Shaded Riverine Aquatic (SRA) cover.

binder the 60% rule, the cnlarged ourles are used to the extent needed (o release 60% of the
actual or forecast inflow Butween 25,000 and 150,000 ofs. This restriclicn rule overiays the
Instarical, fised 400 TAF operation, which wauld therefore produce Ingher flows than the existing
AOVETD TATF imerim operaon throughout this range, but lower flows ithan uncenstrained
operaticn witheut 2 restriction rule {Fig. 2). The frequency of events in which projeci-related
outfiows mipht mcrease s wregter for the 0% cule than for the 30,000 cfs mule, roughly equal to
the difference between the 2.5 year event (0% excerdonce) and the 12-year ovent (3%
mxcecdence). Since upstrearn reservolr space s available st least half the toe, we conclude that
about 16%: of the lime, the 60% cesinction nole could dave greater outllows than bascline
conditicns. Although this is meore frequent thin just deseribed for the 30,004 ofs nule, oot all such
lpws are damaging, and {lows are actually lower for the 60% rule than the 30,000 efs rule Boe Lhe
ufrper pottion of the exceedence range {8-15% cxcocedence)  Dheing these larger evens, the G0%
rule would yield an outflow up to 35,000 ofs below that of the 30000 cfs rule  Moreaver, If we
exclude outflows less than 50,060 efs [24% cxceedence), the assumed threshold foe rverbed
movement, the ingrease in freguency of 30,000 off flows due t the 602 mile is reduced from
E&%0 10 Y% {i.c., half of the %-24% range)  Althouueh ahis is still more frequent than for the
305,000 ofs rule, we prefec the G0% rale because w would avoid those highest outflows with the
most potental for damage to hatntat, while preserving ecesvstom functions {explaioed later)
agsociatcd wiils the varizbie flows inthe less damaging ranpe of outflows. The &0% rule does nom
change the frequency of 1F5,C00 ofs lows



[fanc compares the 45-year 1eeoid of dam apesation (square symbols in Fig. 2} to what these
flows would Bave Been with the new gutlers and the 3000 ofs rule, two events woutd have hagl
greater fows with the project compared to the histartcal operation. Boh events had actual
outflows i the range ¢l 90,000-100 000 ¢65 - alreuly above the threshold Now that might cause
eravel loss {see bolow, "spawomg gravels™ Alhough the 0% rule overlaps histerical operation,
it ks mmporant to tealize that a kisterical apcraiion under a Niced 400 TAF Hond space can
sometimes produce higher Aows than would 2 basehne condition of $00/670 TAF vanable flood
space [bé, when upsiceam peservonr space i limited). Comparing only 1o the historical condition
would obscure the potential mnpact. In Gact, three events in the 1922-1996 record had peak
wiflows m this 100000 ¢l range when the simulated opsiream storage would have been very low
§1928, 1970, 19823, I one assumes g 400570 TAT vatiable llood space, the differences between
baseline cunditions and 1he new outlels would have been much preater -« 50,004 afs without 1he
praject wersus | 5 000 cfs with the 36,0040 cfs rule, and 70,000 115,000 ofs with the &0% ule.

In congidering the sigmificance of the 3% increment anticipated with the proposcd 60% rale, i
st e vealiged that the Tkelihood af an eenlow 5400000 ¢fs or muore is already around 20%
without the project  The new cutlets, winh the 0% resiriclion e, would increase the long-term
trequency af such outfows from about onee every 5 years to about onee every 3 8 years  Apain
assuming 50,000 cf 15 the threshold for bed-moving ar bank -erodme flow, shis means such ovenls
would occur 2% times a century with the project -- % more than would have oceurred under the
baseline condition assumning, confinuation of the intenim 400/670 TAF varable (lood space
pperalion We consider this a warst-case condition for several reasons. Fiest, these additional
events would have a refatively short dusacon campared 1o the vther events -- onthe order of one
day at the peak flow. Secand, the aclual frequency of sech events may be lower than what we
inferred from the calcolated manthly transfer space spreadshect 11 these monthly values included
the flood, it may be that the actual transfer space prior to the wod event was higher. This would
réduge, but not eliminate, the likelihood that low transfer space would comcide with a G- to 10-
year event A least onc such ovent (982 certamly wonld bave had low transicr space injhe
menth preceding the Moo, angd gthers ae prohable. Thied, the progect may impant some
offsetiing benefit during events between the 50- and DR-year events by Tminng gutflows to

15 000 cfs that would otherwize be as high as 160,000 ofs,

Tor athdress uncertainty in the threshold for bed-moving Aows, the Corps contracted Avres o
develap 2 fine mesh, two-dimensional model 1o predien enitical shoar siress ino1be major gpawning
areas of the project arca {Ayres 2000 I at some sites, it is shown that the Dow needed 1o cause
bed movement is much higher than 50,000 cfs, the difference between the baselioe and project
conduions in terms of duration and arca affeced by bed-moving flows would be reduced  There
enay b Jocalized argas that are moee [or kess) affecled by lows caused by the outlers. Smee dam
construction, exposure (0 several large events may have redisiriboted the most susceptiblc
spawming gravel to lower-energy areas where higher fows are necded to move them further

The ingcrememal increase in high lows over the long 1erm could alse vlevate bank erogion and

associated losses ol ripanian over baseling condilians 5 38 more dilficule o agsign a threshold
Blowe value thae ceuses dimaiee, Decause such loss is affecled by soil type, position of the
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vepetation on the bank. depth af the water, and deration of flew Based on discussions with
Ayres {Tom Snuth, persomal cominenicaiion}, we believe the threshald for damiaging lows to be
stmewhere between the extsting and proposed autles capacitics. As we discuss forther below,
most of this potential effect i hkely 10 by gvaitled through the use of the restoction nole

Eheiflow Paetern: Fhe dhfferences in low ducation were evaluated by compartog representative
flood routings for the existiog and project conditions (Figs 3, 4)  The Oood weutings are based on
an inflow function representmg an ioitial storm wave followed by a large anc. Wilh enlargeal
outlets, the cxpeciation s that mamtaining owiflow equal to inflow carly in the hydrograph will
raximize the ability to control the major storm inflow peak later on We compare the two
hagelings (100 and 200 TAF wpstceam space) with three progect conditions. a) unrestricted,

b3 restricied 1o 30,000 cfs, and o} restricted 1o S0% af indluw

For the 5-vear event, the baselie condinan with 200 TAF upstream space had 2 fland peak of
around 70,000 efs and a duraticon of about 3 deys, The eoreslricied project condition and &0%:
inflow resifction have a duration and peak flow very similar 1o this bascline condition. The
30,000 cfs restriction abviously results i a lower peak Agw, whick is one day longer than
baschne Wil 1(Hr TAF wpstream storape, the baselne and all pegyjoct conditions are the same.

For the [0-year event, the bascline with 200 TAF stofape 2ehieves a peak fow ol around 90,000
cfs with a fairly low ramping rate owing (o use of the spallway. Both the unrestricted, and 30,000
cfs restricoon had a peak caflow of 115,000 ofs for about 2 day, somewtiat more than ihe
baseline. The 60% reseiction Tesalled in 2 sighily lower {and longer) peak ourflow thao the
tascling (80,000 efs). With 100 TAF upstremn storage, the project conditions rematn the same
but the bascline flows drop to 2 maxanurm of 50800 ofs Jue to preatcr avalable space in Folsom

For the 50-wear event {Fig. 31, fows would be 32,000 cfs wah the existing outlers for the Nirst

5 daye. compared with up to 70,000 for a fesw hours wiih the enlacged outlets, spillway flows and
duration would be roughly the same. The 100-vear cvent [Fig 6} shows nearly the same pattern
a3 does the S0-year event, except for existing conditions, doring which very high peak flows of
160,000 efs would cause overtopping of the levees.

Fleawe velocrty, Detatled information available on veloeiy hiag now been dleveloped by Ayres
Aszociales (Sacramento) for the cntere Jowses American Biver, both as averape channe| velocaly
154 1993), and as lwo-dimensional plots of velecily developed for the Corps ar 115,000 cfs ondy
[Ayres 2001} A1 115000 ¢is, there arc significant areas of the channel i excess of 6 fect per
secongl (Fps), vefocitics which coold result in hank ergsion The Corps bas also provided some
average velocity data for five staiions along the rver over 2 cange of Bows, The velocity ranges
earresponding 1o the flow range between the exisling and proposed enlansed omfors (32,000-
115,000 cBs} for these sttions are Goethe Park (8-11 1ps), Sumise Boulevard (6- 10 fpg}, Watl
£4-7 fps), Howee Avence (35405 fps), and Highway 160 (2-4 fpst
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FLTURE WITHOUT THE PROJECT

Wa have emphasized the relatve impacts during a [ O-year overt with low upstremn storage,
because the feod routings sugeest that project and baselioe conditions for otber cases, except the
100-year fload, are similar. Linder baseline condicions for the 1$-year eyvent, river flows would be
largely limitgd wo 32,000 ofs, with a brief peak of 50,000 cfs. Thes flow i3 probebly less than what
has ereorred ander the frxed 00 TAF NMood space that was in operation from F255-19594. The
eltects of such Novs on riparian vegetation and bank stability are oncertain, but the pending
model study by Ayres of velocives al 25 000 cfs may shed light on this guestion. The river bed
would still be subpect 10 ar least 103,000 cfs of peak owtflow about 10 times a century when there
is either larger storm events andar greater upstream storage available. These flows may result in
sorme propressive luss of BRA cower or spavwning gravels over the long term. Ayres (1997)
calculated thag 32 000 ¢z would not be suffacient 19 mobilize bed materials, and found that bhed
prefiles 2t selected locations did st ehanpe sipnificantly in 1993 during an event of 16,200 efs.
Cin this basis, wa expect that there wantld Le nominal dicect effects of continued existing outlet
operalions on spawning gravels during the 10-vear eveat or less I some arcas, barren gravels
may become slightly meore colenized by vepetation under the baselne than with the enlarged
wdlets, due to reduced Nows in the 50,000-115,000 cfs ranpe. No chanpge from existing
conditions is expected {or resources in Folaom Reseovair.

Infaequently, outflows up W 160,00 cfs would occur during the 100-year event, which could
cause adduional damagee (o levees, spiwning arcas, and riparian habitat.

FUTCRE WITH THE PROJECT

The effects of construclion Bsellwould e neglipible. We have inspected the dam and potential
stagiog dieas and determined the babitat values there to be nominal. Impaces would invalve
dhisturbance of wildlife due to neise from explosives and increased truck traffic, and teraporary
disruption of bare ground and spacsely vegetated upland areas. The remainder of this discussion
concerns the impacts on reservedr and riverane tesources that couwld result from operation of the
enlarged quilets

LOWER AMERICAN RIVER

FISITEREES - IMPACTS

Spenwrring Chravels: The effect of the project on spawnmg gravels can anly be staled In a peneral
way  With construction of the dam, sediment supply was cut off, the river bed has incised on the
nrder af B-10 fier o more, and cobbles suitable for salmonid spawning have becn moved
downstream  In additian, poctaons of ke lower Aanerican River show the general armoring effect
of dams, where sediment-fres wates winnows away the fner macerial a1 e surface, [caving larger
pebble sizes at ar just below the surface. Tiese processes a1e hekeved to be continamg, and may
be exacerbated a1 higher flows  The effect of 1he proposed dam modilications un spawning gravel
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may bc adverse because it would add more of these higher Aow cvents. Howower, the magnitide
of such an impact would depend on kow the inercased fows and flow depths change the shear
stress in the specilic vicinily of the spawning beds, what area waould be afTectud, and how often,
relative to the bascline conrditon.

Lwvidence from hoth models and empirical ebservations suggest gravel movement docs occur at
thes maderate to high flows that would be increased in frequency with the proposed outle
enlargement. Druring January |9497, for example, a 2-day peak flaw of 105 GO0-109 000 £,
simiar to the maxinum which could accur with unresiricted eperation of the enlarged outlets,
resuleed in premature moverment of salmonid fry as documented by recoveries from the CDF( fish
trap al Wall Avenue (Roben Fios, CIFCG, personal communication)  Also, the Service
condugted a sudy af spawning babaat ar the five mos anportand chinoak salmon spawnmp areas
hefare and after the January 1997 event (Mark Gard, Service, personal communication).
Adihough these data have not heen fully analyzed, sipnificant gravel movement andfor grade
changes were abserved  These processes could heve been accompanied by redd destruction,
reduction i gravel quality of redoction in the overall area of suitahle spawning pravels. Also, the
Corps provided measured relationships of velocity 1o discharge a five Tocanons, van of which
were in the potential salmomid spaaping reach AL Goethe Pack, veloings would increase ftom 8
1 |1 fps botween 32000 and 175000 o5 For the same Qow range, velocities in the Sunrise
Boulevard arca, nuar anathes impostant spasamg area, would increase from 6 to 10 fps. Such
substantial increases could canse bed movement. Shear stress will 2lso rise because of 1he
adduional .10 fecet of waler deptn.

In sludies comdueted for the Corps for a previous proposal for a dry detention dam at Auburn,
Ayres (1997 indicated that the critical shear siress, the farce needed to berin to move the nver
Treel mareiial, 15 exceeced in sigmitcam porians of the lower American River beginniog
somnewhiere around 50,000 ofs, mcluding larger materials in the vicinily of the mejor spawning
beds in the upper portion of the stiedy area. As lows increase abowe 50,000 ¢fs, the area in which
enitical shear stress is exceeded expands. Since this modeling was doane Jor the 100-year Nocd
only, the scenarios in Avres” (197} sediment budpets are aol diresty applicable to the proposed
autlet enlargement. In addioon, 1he model appeared to include only about 4 cross.sections per
mile, and did not consider hydrology after 1992, Thus, any imcrpretation for the purposes of this
project can only be gualitative. >evertheless, the 100-vear cvend scepario tor the dry dam
proposal is relevant becavse, like the enlarged autlets, i assumes flows are bmiled 1o 115 000 cfs.
That madeling predicted a loss of about 3 800 tons of bed matcrial between the: Nimbws fish weir
and San Juan Kapid during the 100-year evem. Changes in hed clevation were predicred
throughout most of the river, inchuding in the vicinity of importane ehineok salmon spawning,
areas near Sumise Boulevard (Mver dMiles (RM] E9.2-20.6) and between B2 14 0-18. 8. Because
steelhead are more spread out, using a number of small-graveled fffles as far dowostrean as Cal
Expo (-BM 53, impacts on this species” habuat may be widespread. W suspect that the maodel
woutd predict less material to move during the relatvely frequent but shorl duration Aows of this
magnitude with the enlarged suldets, but it is not possible to estimale the extent of impact on
spaswning pravels i this reach from available information
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Althouph theee 3 insufficienl infermaean currently developed 1o determine the ¢xtent 1o which
redds might be dislodged or sprsanng gravels scoored out, available infoomanon suggpests this
does gccur at some level, and would be soomewhat greater with the increased occucrence af high
flows associated with the enlarged outlets, than undes haseline conditions  On the ether hand,
uniler rare inslapces (530- to 100-year event), the project may smpat soame henefit by limiting
flovws to 113 0G0 ¢fs thag waould atherwise be as high as 160,000 ofs (Fig. 6} Notably, Ayres
(1997, sec their Fig 4.31) sugaest that the region of bed movement cxpands opreatly bidween
100,000 efs and 80,000 ofs. The maximum adverse effect of the cutlet modification project is
estumatcd (o be an merease of not more than 30% abave the fulore, lompe-term rate of bank and
hed loss under baseline conditions. The mere detailed, twa-dimensional mouleling of the key
spavwning reaches Uial i3 now underway should better specify the magniude and extem of impacts
associaled with the cnlarged outlet operations. Preliminary resules of this mast recent modeling
indicate that the threshold for spawning wravel movement is near the vicinity of the 50000 ¢fy
predicied an che 1997 Ayres study {Ayres 2001,

Hiparicm Vegetation: [t is more diffioult 1o quantiatively assess the impact of high flows on
riparian vegctation than i 15 for spawning gravel because the eilect is believed to be influenced
preatly by the duration, as well as the peak, of flood flews  Faciors cavsing bank failure and loss
ol vegetation include the size and flexibility of vegetation, 1be slope o the bank, walcr velocity,
depth of Bow, and 1ype of 301 Any losses of trees would constitute a reducunn in the qualily of
both terrestrial babiral, as well ag of over-water and in-water cover compenents of aquate habiat
Tf these losses do oocur, we andicapate there may be Spot sepaic projects wsing riprap, that could
lierther degrade habiat quality.

Under swme situations, moderziely high flows of long duration may cause more damage than
higher peak flows of short duration, because movemont of the rool stroctures n vegetation can
lessien the supponing soil wibh time and lead 1o massive bank [ailure. Sinee the Aood routings
sug.gest that duration o peak Ilows for the moce sigoificant, Ye-year and |arger events, is similar
with or without the project (Figs. 3, 49, damage of this type 15 not expecied.

Unfortunately, we are backing a specific analysis of bank erosion tor the proposed project.
Provicusly, Avres {1997} did such analyses for vartons opticos tw a dry dam proposal. [nothat
study, Ayres considered the duration and magritode of 3 rapge of events at 30 entical locations
et Uhe [owver American Biver, celonlating long-term weighted average bank work as an index of
erosion  Ayees conchided that aftermatives which would cause an increase in duration of high-1o-
moderate in-baok Pows would also increase the potentsal for Lateral mstabolily in the upper reaches
af the lower American River. [1is unclear whether the proposed outlet modiatians anl 60%
rule would have such an effcct. A similer analysis should be undertaken iF not tor thes project,
then e the anticipated permanent reoporation pursuant to revision of the Water Control Plan

Fivh stremeleng: When rivers tise and fall, there is a chance thas lish, especizlly juventles, can
ecnre siramled in isolated water bodics or on land. Normably, stranding weuld increase with the
mageztude and frepuency of water level Huciuations, with the descending limb of the hydrog anh
being che most inpoeant facter  Will the new outlets, sueh waler level fluctuation i evident in
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the project versus baseling ¢omparisan foe a 10-year Nood with low upsiream storage. Ta thin
case, enlarped outlets waould bave a flow peak around 70,000 cis compared 16 32,000 ofs wilh the
gxtating outlets  Since Mows in either case would span the full witth of the levee, even For lower
reaches of the river which are important fin Saccamento splittan spawaning, and rearing, siranding
ileres 1 appear o consiitue o sigadicant inmact of the project.

Sprong operationy: 1E g 10-year flood event were to oceur a1 @ time when the reservoir ts
becatmmng stratilied, operaticn of the enfareed occelets conld result in a reduction in cold water
reserves  Thes s bocause bath ners of eutlets are moch bower (2025 and 275 3 feer msl) than the
spillway sear (4172 (eet msl}. Pischarsing cooler water through the outlets rather than warmer
waler from the spiilway could have somy adverse effect on salmonid rearing in the 1emainder of
the spring and swmmer  Hlad the progect been in plece in 1928, when the b-day peak rionflood was
163,000 cfs co March 23 {followed by moderate unimpaired inflows in April and May), seone loss
of ealdwarter rescrves and impact 1o salmonids could have agccurred

The impacit related to springtime loss of ealibwaler reserves represents 4 more difficult case o
mitigate; our wiutial revicw of unimpared inflows suggest such an event 15 indeed rare, but
possible [1-2 temes per century). Factors such ay the timing and teanperature of inflow after a
Scan cyent, Mmaxinim sorage, and extent ot stratificalion could wnfluence the magnitude of such
anumpact. Inthe drafi EA, ehe Corps included an analvsas by a consultant (SWRI1, Szcramenta)
of potential effecys of the outlets on eoldwater reserves. SWRI opined that caldwater reserve
reduction 1 nod likely (o occur because stratificatian wauld weaken during high inflows, Whee
their analysis of an event on March 13, 1905 sogpested that 1he reduction in rescrves would be
small, this was due Ty o the Bmited vse of the spillway than lack of #teatidication, as the
spillway release would have been 3°C waerrier than the enlarped wppser tier outlets. SWRI alsa
nofes that the difference in combined refease lemperature dus 1o the projeet 3 further minimized
by the 603 rule, because the restriction reduces the use of the enlarged cutlets only, ool releascs
througl the power plant.

Atthowgh the impact appears minimal, slightly larper and later March events {such 2s occurred in
| 928] might invulve greater tosses of cakl watee, Given the rarity of sech an event, designing and
installing: a device 1o selectively discharue warmer water through the enlanged ogtlets dees not
seom practical A mone logical solitiom would be to develop a contingency plan to make soee
e of the spillway in licw of the enlarged outiets in the event of late season Nood releases Such
spillway wse wouolil be possible toowvards the end of March, and veeded unly Fer those vears when
creditahle transfer space upstrean is filly available, At that time | Lhe reserveir could be lled
snuw hat above the spillaway crest, ta arouml 430-435 foct ms), allowing renaghly 0,000 &0 000
cfs 10 be released from all & putes combmed {Chart A-4 & Corps 1987) Although this would
only parually aeoid the impact, ofher operations may be possibly o limit ose af the enlarged
outlets andior inerease use ol 1he spilbsgey wehen the lake s onclergoine stratification For
exaitple, lote season encroachme inte the lood space could e cmployed e increase use of the
spiilwity Soas doavoidl Joss of coldwater reserves during eutlel opecationg



Fleaw spectrunr: Although the 30,00 ofs rule resinction may reduce paotential effccts on
spawning uravel area, i inveives the elimination of intermediate flood Aaws of 30,000-1 15 GO0
cfs  Some meas where the Tanklul stage is greater than 30000 ofs might experience undercutling
due to the long duration of consant Aow  Less frequent inundation of high terraces could affect
the recrudtment of seed source and germmatien of cedain nparian specics such as cottonwood
[nputs of gravel from near-channel deposils, as well a3 detrtus and woud from the Nocdway
riparian area, would be reduced  Laniting fows o 30,000 ¢fs might cause bar gravels 1o become
more stabilized by cncroachms vegetation 1hat would grherwise be seourvd out. While excesstve
scouring is undesirable, some movement of bar miaterial equhl be beneficial in replenishing
spawning pravels.

Conversely, the &0% rule would enhance imermediate flows in the 30,0001 15,000 ef range
Presumably, these same ecosysiem functians would be enhanced

Lmennlatiee impacts: The propesed enlarged outlets are a necessary preneguisile 10 any
modification of the current 4005070 TAY variable storage space. Adier the ouilels ace
constructed, it may be possible 1o promulgate a new fleod control diagram with as hittle as
400560 TAEF varmlle starage space, and sull mainten ailegquaice Bood protection. Albough this
renperatien s 0ol parl of the proposed progeey, 1% a potennal conseyuence of it By reducing
the variable siorage space, up o 70,000 ac-fi of additkanal carryover would accur al the expense
of nmd-winter Mows. This water would be detained generally during the first or second large
storm of a particulas water year, and could be anywhete froam lae December (auch ag cceurred in
19460} to nid-Febroary (as in 1998}, This carrpover could have benefits: impraving the enldwater
reseres, and redoetng crosive Mows ot the spavming beds and along vezetaled banks of the
river  Several routings for the now cutlots i combination with reduction of the variable flood
sprace wery plsg provided by ST {Fips 56 The duranon of peak Bow with 4000800 TAF
operatwn was slightly slhurter for e S0-year evenl, Tiue the same Tor the 10-yemn even {not
shown} and LH=year everd (Fig 6 tws, no sigeificant adverse impacts are expected due to low

Adverse cumulative ampacts might inclade Jess sphitiail spawning habitat in the lower portion of
the river, and lesy combined Hows in dowasiream areas {Eoth the Sacramento Biver and Crelta)
These impacts would ozowr renerally ai imermedizie flows where upsiream reservoirs are Jifled
Albough SAFCA (2000 dil evaluate the elfect of long-term regperation af the Corps’ existing
Nood comtral feguirgmgnls with Uns condition (1 e, Bxed 400 TAF 5. vanable 4005500 TAIL),
they did not preveide sformation on Falsom stotape, or iselzte the eftects of the enlarged outets
wneler the carrent operational agresment {xed AR0ST0 TAF) Becanse the river {lows For the
A0 TAF and d0ETH TAF scenaroy (both veth enlarged outlers) are similar unduer muost
conditiors, wo expect thal Impacts on splittall would also be simalar.

A mare mmportan cumulative efiect to consitler 1s that of the inlenm cperation n combmatic
with the vnlamged oetlers, for which the baseline would presimmalily Be a fixcd 00 TAF operation
A discussed carlier, a taed 400 TAF Bood space waull bave resudeed ir aliont the same
frequency of fhuws abowve 5,000 ofs a5 was predicted for che 4007670 TAF Aood space with the
enbirped outlets and the restriction rale What this means is that with rule-resiricted operanons of
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the cnlarged outlets and some formeaf the varable food control space (githur A00GT0 or 40H 00
TAF), there is Rkely t b no sivnificam change in high ootflows that coutd caese habitat damage,
comnprared 1o the past 43 yems of histonical aperation

WILDLIFE - IMPACTS

Lapland refugia; During flood control eperations, higher peak flows could result in the temporary
mundatien of upland arcas in the floodway where many mammals, birds, and other waldlife reside.
The arca of such impact wauald b sighy. amd confned 1w a marcow b very long band of lever o
flocdway face than would e submerged berween the stage for dichacge of the axistmg outlers
(32,000 ofs), and the vew cutlens (1000 ef3)  We esimane there (o be abous 12 acres that
would be inundated in this area, assoming an average stage height Jilkerence of 10 feet, and
distance of 10 milcs. Most active apimals woald have time 1o evade the rising water, and mowe
into adiacent suburban or other upland areas  Some might become siranded and drowned on
islands  Any bibernating animeais waulil alse Be killed woomandangd areas

Ripariau habitat: As already discussed above (Fisheries-impacts), riparian habitat may be
adversely impacted by the mcreased frequency of high lows, This would result in impacts o
Lirds and other species thit use wooly vegetation, hun these irmpacis would be confieed mamly to
habatat onthe bank edge, net the benches of the Nowdway, [land Bakita may also be slightly
reduced if the incremental ircrease in higher Bows were to cause crosion of these islands.

FNDANCGERTDY SPECIHES - IMPACTS

The Scrvice has consultaiien responsibility tor all federally listed species (except for apmlromeaus
sghmonids, which are the responsbifiny of WMTSY ilat may be alicted Ty the project (n bay 7,
2001, our Endangered Species Duvision natilzed the Corps that the proposed action is not likely to
adversely affect the hsled deha smell, Sacramento splucail, or valley elderberry longhorn beetle
{Appendix 2)  On March 13, 2001, NMES dewermined that the project is not hkely 1o advirsely
aflcet winter-run ar fallflate-fall o chincok salman or thewr crticalfessential habitat. Below are
bricf discussins of the four federaliy listed threatened or endangered species under the Service’s
ambority which are likely 12 occur m the project anes

Feelfery lcderborry Loogehern Beove (esimocorus coliformons dieorpims) (Threatencd) Al life
stapes of the valley elderberny longhorn bectle [VELD) are found exclusively on eldebeny bushes
taembrcny spp b larvae foed on the pith of the stems and reots, and adults congsunng e Taliape.
The larva chews an exit hole in the plant prios to pupation, 2nd ceturns o the pith te pupate The
aduls exit throweh this same hole, and then teed on folizge (perhaps lowers)  Prescacy of the
specics is inferred from the occurrence of these exit holes Adubis are prosent and mate m the
sprine. with fomales Livimg simele or o fow eges on live elderberry plants  Tonstars berrow inta the
sty et batching pred are not seen cntil pupazion as adults e fulloswing spring Elderbernes
MGSE Commonly Geclr in assacianon witk ather species i riparian o savannish plan conomunitics
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While a only partion of the fower American River has been desipnated as critical habital for
VELE, elderbeirics are tound throughout the river, and atgetd Folsom Lake and Lake Naloma.
Hecause these plams occur on the higher terrace of the opaoan wome, they should not be subject
to potentad impacts of the propest via mobilization of pravels or bank edge erosion Some
addutiomal wundation of elderberry plants coutd oceus with the project for the 52 elderberry
shrubs identified wallie the surcharge storage space, of which ane shrub shows evidence of YLELBE
occupalion {exit heles). 1o gur May 7, 2007 lerter, we concluded that such inundadion is not
fikely 10 adversely affect the YRT.I

Lelrer sl {Hvpomesis tearspercifions) (Threalenedy, The debia smelt 15 2 small, transhecent
cstuarine fish which i endomic to San Francisco Bay, but which spawns in the Sacramento-San
Joaquin Delta (Delva) Adulis enter dead-end slouphs and chameel edgewsters of the Delta to
spawn beiween February and June, with the adhesive egas aiteching 10 hard substrates including
rocks, iee roots, pravel, and submerged vegetation. Soom adter hatching, its planktonic larvae
monve downstream (o rear in the region of maximum turbdity (or eotrapment zone), which can
vary dependmng an outflow anywhery from the western pontion of Suisun Bay 10 the confluence of
the Szeramento and San Joayoin Bovers, Facturs which are believed (o he respoosible for this
specics’ dechne are mcreased expurt {pumping), drainwater toxicily, and introduciion of exolic
species which compere with 1he smelt for Tood

White the delta smelt historically oceurred up 1o the confluence of the Sacramento and American
Rivers, it is generally found downsiream of Cluksburg  Evenif it were to be found in the mouth
of the American River, (he proposed project operation would have a minimal effect on tts habitat
beeause of abe preduminant influence of fides znd the Sacramenta Biver on water levels in the lirst
tewe miles of 1he American River Although the effect of the cetlets on delra ootilow has not Teen
specifically studied, SWRL(2000) did examios the combined effects of new outlets and 40076000
TAF variable space reaperaton relatrve (o i base condition of fxed 400 TAF space usiog the
Department of Wate Resowreg™s PROSIM model. Those resuits indicate very slight changes in
autflow for the combimation ot those actions, 201l seumns reasenable to assume that the outlets
alume would have no mere than a nemimal ot

Sucramenito sppfitand (Cagenechiny macrodegedotus) {Throatened) The Saciamentn sphitail 13
anenbwer endemic Calfornia fish which is distributed from fresb 1o brackish weaters, aod sehose
aburlgnge appedrs 1o be carrclated with the ares of Rooded lnds, much of which s fornul
hing years of Hood bypass operation. Spawning oceurs in late Apal and May on inondated
landds, and the larvac mowve to deeper arcas it the suirtmer as waters recedly This species” declooe
has comeided wich increased pumping and reduced gutthow m dhe Delta loss of habnat, and
comsecutive vears of drought. The potentaal impacts v this species m terms of seranding, and Eoess
of potenial spasening aml rearing habitat, which would also apply 1o ciker species m the lower
American faver, bave aleady heen discusseel ahove (Tisheries - Impactsy  As stated an our May
TR letter, we do not consider shese wvtacls o adversely impact 1his speies.

Cvnnrer! Ferltew Seeofliead Trowee frenrlviens sk {Thgatened)  The IHe Ristory of the
steclhead his already been revicwe above, as BEave several mechanisms (pravel mosement at kigh
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Nows, [oss of bank vegelation and cover, diminution of ¢oldwater reserves during spring
wperation} tha could impact salmonid habitat due 1o the proposcd project  Empacts an stealhead
could e differem because 1he species spiwng Later in the season, uses smaller gravels, and has a
wider spawning distribution aleng the Amencan River than does ¢hinook salmon

FOLSONM RESERVOIR

Fisheries: Qperategn of the enlacged canlers would oecws ounsiade the spswning season of
warnmwater fishes MBK enpincers provided representative plots of reservoir storage for M-, 50-,
and 100-year flocd routings The effect of the operation, under all event scenarios, would be to
teduce the maximum sterage level and amplitude of flectuation in the reservair. For example,
undler exsting conditions, a Po-year event would resull in a peak storage of about 5490 000 ac-fi,
and would 1ake ahour 14 days oo senim 1oa stable level The area weondd [ucheae briween 5 300
Ly B 300 acres Wb B colarged oanbots, 2 Lwear event wonld peak o2 lower storage, arowd
405 000 ac-1t (7,000 acres mundated), and waodld et o stabiliey in alom 8-7 days. This
reduced fluctuation zone and duration of inundation might allow seme additional recruitment and
survival of willows within the inundation zone. Such vegetation 1s unporiant cover for Bshes, and
would constiute a mild benefit. In terms of recreattan, lake level change 15 widely thought to
“turn off the bue”, cven at modest changes of 1.2 feet per day  Because lake level would reach
stabify sponer vtk the cnlareed cuifels, recreational shing conditions should slightly improse:.

Fugetation: Effects on wildlife could occur fFom any losses of habitat i the surcharge 2one over
the: long term. Impacts of surcharge on habitat would be proximancly caused by loss of soils
Whrough wave action during the inundation period, or through collapse of the shoreline sols,
there were slope failure of the heawvier, waterlowgedl sails s water kewls dropped. Alboaesh
skort poriods of mmdation can be tolerated durinwe mest of the winter scason, mottality can result
if inunilation coours during 1he growing season, hegmming around March

With both the new outlets amd tie strucieres (o allow surcharge, the probabiliey of mundation
decreases and the leneth of time inereases {Teble 1) For example, the probability of imangdatings
up W elevation 473 8 msl unde existine condintons 15 about 1 e 130 vezs, fBor a duration of 14
howrs. With the proposed poject, U charce of inurdatng that level s redieeed ta about Lin
181, and the mundation peried iz extended 1o sbout 41 hours At lower computed probabibines
{11 125, lower portiems of the surcharge =one fup 1o 472 3 msl) would be incadated for |8
Tours wngler existing cormbitans only A simple was of qompinmy the existing to the project
eandiiang 15 1o scale 1he mundaion by s poobalnley of oceorrence 1 the praject life s 1080
years, and (ke probabihey ol mundalion fo: 14 hoors undet exesting cendniions 20 4738 feet sl as
Vir 150, thon the exposore per P00 years i (0150 X 14, or abouat @ hours Simickn |y, 1he
expostre per 100 vears with the project would be 1007181 X A1, ur abowm 23 bourz Thus, the
cimnlative inundation over the leng lermn with the project is about twice than of existing
comglitigms

Ar b e, o ds o possable o conelude wAath sy dewcee of cortnnty whether such an merease m
exposure would resall in loss of the L37 acres ol hakioar within the surcharge zone A high winil
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event andfor a large darch runedt event cauld result in direct menality o phesical Joss of this
Balura T our opinion, however, the chance of such a loss gppears low given the shon duradion
invalved {14 additional hours) and very bow frequency {less than onee per cemuy) The largest
recorded Mareh indlow of 163,000 ¢fs, in 1928, was much smaller tham the 1§1-200 vear event
that would wrilize the surchape spacy, Given the unceriainty of the ampact, but Onite low
nrobability of adverse impacts, a specilic mitigation plan is not warranted  Nevertheless, a long-
leray reanitoringTemedial action program of vegeladion in (he surcharpe zone should he designed
and amplemented. At regular intervals {every |3 yvears), the surcharge area should e typd by
habita, includiog any croded areas doe (o wavewash. I a 181-2040 vear event is recorded (e,
puak inflows in excess of 400,000 ofs, see Fig 1), habitat typing should be dane the summer
following the event 1o detenmine any kiss of balitat 2nd need for mitigaian.

ﬁ'ubic I. Prohability and duzaton af maslagon s Falsan Beservgar cndes esasliog condstians and walh canstoig lion of
carlue geel wnelets andd straclures 10 #low sorcharge 10017 ool tsl {provded by Cnmps o Eypineess, Sactaisono Thaoes

gt Frohatuly L'Hrmaled Lxwing Condinioe Firw Chrlels « Surcharge 1o 474
FiubabnliLy
[ iewalion Hra Ahave £70 Ehevalicn Hea Abeve 40
W 12 d71. 1T 4300
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( wmneferrve pmpacts: [ the vagable flood gpace were reduced 1o A00KG00 TAL, the miniowm
mga of the lake would increase from aboue 5,300 acies to abow 6 600 acres. This would likely
resull in 4 moderate benefit to reservon Biles

RISCUSSION

Relarive o baseline conditions of the existing vurlers and interim operations, the Nows associated
will the proposed outlel enlargement may have a modest wbpact on Impartant chinook salmon
and steeheal 1esources or their habitat on the lower American River W Base 1his conclusion oo
the expected merease m (requency of discharges =50.000 efs, dischm ges that recem study (Ayres
2001) has derermined would resell in ferees that could erode the rives bed andfor banks, cawsing
lusses of spaveming peavels aml bank edge vepeiation. Similar occurrence of such flows occurred
during the 19551097 gperation of Folsom Reservair unde a fixed 400 TAT Hood space, but ae
aa inappooprinte bascline for anahvsis  Preseecly, such flows arg somewhat Tess likely due to
inlesame reaperalinn al o variable A00T0 TATR flood space Completagn of the Ayres (20010
stady o] herzer specidy the locmtions ol spoeniss areas at risk, and the mazniode of impact m
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the range of enlarged outles operation. Mevertheless, a considerable amount of spawning oravel
and riparian habical has remamed 10 the lower American River afier repeated historical expogure
to previous events =50, 00 cfs, cnough to support among the most imporart runs of fatl-nin
chinook salmon ard stecthead mou in the Cemral Yalley  Doe 10 the onginal dam construction,
there has Been an absence of gravel recruitment, and gradual grade chanees 1that may be adversely
affecting fish and wildlife rescurces  Theretore, care should be taken so that any additigaal
siruciures of gperalions will minimize the rate of finore foss of kabitat

In responze Lo our previous report recommending that impacts be mitigated first by operalions,
the Cocps has proposed a restriciian rule o limd wse of the outlets to 60% of the outflow for
wilcrws in the 25,000 1o 130003 cfs range. Soch a role would lino impacts due 1o high Nows 1o
a confined ranpe and frequency of events -- a0 maost abowt halfl of those evenls ocourring between
the 24% and E% probability of exceedence (i e , when upstream resereolr space is limited). The
G0% nile aveids the concern about the 3000 cfs rule regarding the loss of fluw spectrum
between 30,00 and 100,000 ofs  Important rivering processes could be occurring in this Now
ranpe: replemshment of large woody debns, providing inpuis of detritus from the Noocdway,
cormnatian of troes on hiph (erraces, and preventing geavel bars from becoming fully encreoached
by scounmg vegctabon, The B0% cule shoull b implemented (o approsimate the nstoncal
andfor baseline ¢onditnan, which should revam bese pocesses at (be basehne level of funclion.

tn adduion to the restriction rule, other factars in day-te-day operation may produce less fregquen
high outflaws, or lower volumes of cutflow tkan predicted by the flood routings. These include
the degree of willingness of the Corps ta allow encreachment imo the flood space based un
seasom, meteorolowy, or other basin condiions to meet conservation necds, the ttming of high
flows comparcd to the life history of the fishes, the actual ducation of the infltow peaks, and (he
precision af the model we reviewal w evaluate upsirgam slocauye conditions Typically, operaters
haver icigal 1o releage less dunmne modeeate stoam events 40 rmaxirude waler conservation. In two
past years swilh modestly high peak inflows, these fows were captured instead of being released
{15960 - G000 ofs, 1WEL - 84,000 cfs) Althouph we cannot determine if such operations would
be applicable with the enlarged owblets and revised hydrology, wo would vxpect thid 1he mproved
capabilily 10 make prewer releases with the enlarged oulers 1 resalt na stmilr effint to capture
mederate milow events, Otheraise, ramping cequirsments, watcr conservation necds, and storage
conditions in the tescrvoir would all tend o alse reduce the outflow peaks and in sume cises,
capiure Lhem.

Allhouph we Bavee not fully analvzed pospective ehanges Lo the Nood dizeran, such as tooa
OO0 TAF vanable Pood contral space, e information currently availible susgeses tha such a
revision would rarely aflect operations duing the Nood comeol scason Thee chanpes would accur
Fraoam thwe propoased ewier maditicanon in the poesengy oo absence of any modification ta the ool
cantral hagram o a consuliaier bater al SMay 7, 2007 our Fralaneeed Speces Division
expressesd comoern b G wevision of the Water Comcol Manal {Corps 1987) as a result of
e ezzaden el catlits, and poateinual glivets of revised Bows an spintad halitae Howeever, v nastesd
thar aciian would need to e consudered it a Giwre secoon 7 coasehation, scparate from the
construction of the enlareged outlets and surcharee feaures.
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CONCLUSTON AND RECOMMENDATIONS

Because information is incomplete on how high outflows affect sediment movement and bank
stability, i 15 not possible to formulate detailed mingeation recommendations. We recomméend that
the Corps complete or undenake studics W0 estimate, under varnicus event scenarms, the effect of
individual and repeated exposures of the over bed to these flows on potential salmon spawning
areas &nd river banks. As a necessary preiude, the Corps should update hydrolegic and
\opographic information, and ¢valuate varicus modeling appraoaches that wouhd hesi predict these
effects. Concurrently, data analyscs should be completed by the Service and CDEFG te evaloate
the impact that 1997 flows had on chincok salman and steelhead or halitar The Corps andfor
local sponsor should collate informaticen on any bank damape or river bed changes in relation t
vutflews, particularly those which may have ocourred recently  Adthough we are aware that ihe
{orps hag eontracted Tor a study of the eflects ol he project on spawaing gravels, no similar
analvsis has yet been undertaken as to the effects of project operation on river bank erosion. A
sepacate analysis of bank erosion potential should be completed as soon as feasible, at least in
arlvance ol any proposed permanent repperation arvalving pevision of the Waler Control "lan.

If as a result af these analyses, it is determined that ihe spawning aceas o riparan babitad way be
adversely allfected by the enlarged outlets, the Corps should Brst consider aliernative operaugnal
scenancs that would reduce or elicnnate the risk of such impacts. Such actiens may mclude
additional vperational mles, modification of the Nood diagram w reduce the frequency or duration
of high discharges, or pussibly augmenting existing sinactures to permit these operations without
detracting oo Dol protection (e e slivh raising of Tolsom Dam) B ewler operaton coald Te
Nieiber gestricted when upstroen 1eservon spase s Tow 16 ol ehmninate the cocasional high
outflows we cile as potetially cansing LOPacls on resourges

IT such allernatives cunnol completely <innnite impacts, o decision must be made as o whether
(e resicdual impaet s of 3 sulbiciently Tow mapgnitode than o cam be felly miogated. We beligve
iy iy the case for the pooposed project, Teeiose the potetiand imppacts are modest, anad wauld
manitest over the fong term Maiganon acnons may consist of ceslacking spawnng giavels or
perfoeming gther chanae moeddicanons im wloch spawning areas would wlerace large Nows, and
stalnlizing erodinge banks with Totechmical eepairs that emphasies nanal materials {vepctation,
wond] with an absohute minimum ose of rock.  Even i the oyvent these impacts are considerd
magnificant {ar there are predicied net benefids), we would sull cecommend a long-1erm
maniuring program e implemented. and contimgency aclions be developed that weuld be done m
case mnticipatel impacts oy observed  Baological inomioring elements m the knser nver may
mclode additagoal redd survers afler large discharge eveatls, evaluation of juvenile rearing, azd
repular surveys of spawiing gravel, bed topacrapiy, bank erosion, and riparian cover  The
surcharge tone should alsa be sureeyed for kabitat distsibution at regular imtervals oves the long
rerm (e o, every 10vears), and aller each usc of the surcharge zone {i.e., once every 150200
vears). Finally, a contingency plan to masinéze use of the spillveay should be deweloped for cse in
those instances in wmch Tood releases mipht be needed when the rescreodr is stratifer!
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Congidering the array of possible operational rules that could be employed, and our initial
evaluatscn of the worst case of identifizble impacts, we believe that the proposed outlas and
surcharge sirciures are not hkely o résol o sulsantal chanees in habaat qualidy or quasily
the immediate future. At worst, the projeet could result m some meremenal reduction in habnat
quaity over the long term, but i does not appear to be of the sart thal woalld be immediaie,
prroaneni, severe, or unmitigable, We also belicve the Hexibiliny i aperation provided by the
privect structures could be used in ways which minimize impacts of the pigpert and, possibly,
provide benefins in some vears At the least, showld it be shown that the existing condilion of
aacantralled Oows of up 1o 160,000 ¢y durng a | 0%-vear event could cause habitat Iess, the
project woull elimmane thi particular risk, Lastly, if any unanticipated levels of ipact are
revealed at the conclusion of eozeing Corps sludics, our recommendation to mininuze temn
would inepdve agdhustiment of operations (ncluding otber cestriction rules), rather than modifyp
the destan of the omlets or discontinuing construction. The appropriate nme 4o consider thyse
adpstmems, and completed siudies on spawning wravel and bank erosion impacts, would be as
pant ol i permanem reeperation, 2t the time that revision to the Water Cantrol Plan assoeiated
wiath reaperation is submittedt 10 the Service for additional FWCA coordination and L3 A
consultanion activisies  Accordmuly, the Service does nol ubject to construciion of the proposed
praoject 3 thas time, even in the absence of complele imlormation on the effects at high Dows.
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F 'ij | UNITED STATES DERPARTMENT OF COMMERCE
.i ﬁ- g Mational Oceonic ahd Atmospheric Administration
—- - " Y ‘*-u.g...-"r,».-‘ MNATICHA: weaknE FICHER TS SERWCE
Southwest Regaon
501 West Ocean Bealevard, Suite 4200
T Leng Beach, Galilornia 90AGE-A213

: Suplember 19, 2000
ar. Arad Im Reply Refes

SWR-00-5A-0037,BFO

Lot
-

[rale Pierce, Acting Field Supervisor
Fish and Whldlife Service
sacramento Office

2500 Cottage Way, Room W-2605
LSacearnanto, CA 95825-1846

Dear Mr, Pierce;

Thiz letter transmits comments by Mational Manne Fisheries Service (INMF3S) on the 1.5, Fish
and Wildlife Service (FWS) draft Fish and Wildlifc Coordination Act {(FWCA) report titled,
“American River Watershed [nvestipution Fofram Dam Outfer Medification Praject, California®
The report cvaluatcs the impacts (o fch and wildlife of zolarging the owtbet pipes oo Felsem Dam
from 3x9 foet to a maxirmuem of 10x15 {eet, which would increase tolat discharge eapacity from
32,000 efs 1o 115,000 cfs. The project is proposed by the Army Corps of Engineers (Corps) o
increase the level of flood protection Iy enabliag operatars 1o balance outflows with inflows
early in the storm hydrograph.

WAMEE 15 respansible for the managomene, cobservation and restoration of anadromous fish
species listed ag theeatened or codingerad onder the Eudanpezed Species Act (ESA) of 1973, as
amended (L6 L5007 1331 et seg.) In addition, recent amendments to the Muagnuson-Siovens
Fisheries Comzervation Act roguome federal action agencics w consuli with M0AFS reparding
potenlial advarse effects of their achions o Essential Fist Habitat {EFF, which has been
desiepated for tmportant anadromous and mannee fish species.

The Facific Fishery Management Counct) (PFMC) has recommended that EFH be adopred for
the Pazific salmon fishery. The geopranhical extem of his BFE Wentification incledes
freshwater habitat currently or historically accessitle w pacific sabmon. Therefare, in addition 1o
consulation under Section 7 of the ESA, an EFH consultation with WHFS will ke coquired for

this praject.

WS has reviewed the FWOA report. The propused Corps project may adversely affue
fecerally theeatened Central Yalley steclhead {Oncorfynchus mukiss), and unpzet critical habicat,
as well s adversely affece EFI for [all mom chinoak salmon (O, mhowyrsclia), As edted in the
report Lac cridical shear stpess, the forcs needed 0 begin moving e bed material, is 30,000 ¢fs,
in the vicinisy of the major spawiing beds. The increase ia fregquency af discharges = S0,000
would be about feer imes o frequent zs under cament existing conditions. Model runs
condegled by Corps Tor 10e Avbum Dam praposal showed 21065 o0 5,800 10ns of besl matenal
betweer Ximbas 11sh west amd San Juan Kapid.



Dhrect impacts to steelkead spawmng and bakitat may oceur, 17 under the worst-case seenario,
walcT would by released during the first or secobd large storm of the scason, Decermber through
mid-February,

W concur with the FWE recommendations that Corps conduct additional sediment engincering
studizs helow Nimbus Dam 1o estimate the effect of ibese inereased fows on salmon and
steclbead spawning and their habitat, Operational slternatives shouid be evaluated first befbre
enlarging the outlets, The Corps sheuld alse consider mitigation aclions proposed Try WS such
as reslocking spawniny gravels for both species in several areas bolow MNimhus as well s adding
large waody debris to croding banks in place of rip rap,

Dwic to the ¢osl and length (53-6 years) of this major construction project NMFS recommends that
the Coms initiate formal consuliation with this ageney and FWS pursuant to Section 7 of the
ESA. “The FEFH consulation Tor this propascd actien will be consalidated with the above
referenced Section 7 censullation. The Corps may incorparate the EFH asscssment into
decutents prepared for the formal consultation tnitiation package such as in the biclogical
A55esstnEent.

Simce the Burcau of Reclamation {Bureau) bas already embarked on a Yalue Assessment {WA) of
modifications to Felsam Dam for temperature contrel, perhaps the Bureaw and the Corps can
work tagether 1o ind a solution that will ingrease flecd protection and provide cooler
lemjperatures duning summer and f21|

Il vou have any questions , please contact Bnwe Oppenheim mooor Saccamenta Avea OfTice, G310
Capito] Mall, Suite 6370, Saeramento, A 95414, Bruce can be seached by telophone af (916)
J98-3959 or Iy FAX al (4140} 4956497

Sincerely,

fir Rebgdoa Lent, Phl.
Redional Adminisiraior

L BMWFS-PREY, |one Beach, CA
125, Army Corps of Enuireers, Sacramento Disicer, CA {Ann: Patnicia Roberson}
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blay 7, 20010

Mr. Ken Hitch
Chiel, Planning Division
Department of the Army
LI.5. Ay Enpineer Distrigt, Sacramento
Comps of Engineers
1325 ] Streel
Sacramentn, California 95&14-2922

Subject: Review of the Proposed American River Watershed - Folsom Dam

Modification Project, Sacramento, Flacer, and El Dorado Countics,

Califorma
Brear Mr. Hitch:

This letier is in response 10 your June 19, 2000, request for formal consultation on the Proposed
American Fiver Watershed - Folsom Dam Modification Project, Sacramento, Placer, and

El Darade Counties, California (propozed action). Yoaur letier was received by the Service on
Juee 22, 2000, and was followed by letters containing additional information required for
saopsullation dated January 26, 2001 (received February 5, 2001) and March 20, 2001 (received
March 22, 20013, This response |5 s accordance with Section 7 of the Endangered Species Act

of 1973, as amended (16 U.5.C. 1531 21 seq. ){ Act).

The LS. Fish and Wildlide Serace {Service) has reviewed the information conlaimed n your
Jute 19, 2000, January 26, 2001; and March 20, 2001 lettcrs. Observations of the project site,
including Folsom and Mormon [gland Dams were made during an April T1, 2000, site visit
involving representatives of the Senvice, the U8, Asmy Corps of Engneers {Corps), National
Marine Fisheries Service (WMFS), Burcau of Reclamation {Bureau), the Reclamauon Board, and
MEK Engineering. Additenal observations of the staging areas associsted with the proposed
action were made duning an January 15, 2001 site visit involving the Scrvice, Corps, and
Pozclaration Board.

Based cn the bological information contained n the June 2000 Swpplemenial Biological Data
Repori, American River Project, Folsom Danr Modifications, the Febroary 2001 Draft
Environmental Assessmentnitial Stuey, American Biver Prajecy, Califernia, Folsom [am
Mueifiearions, the March 2001 feaft Frvironmenial Asvessment:initiol Smdy, Amevican River
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Warershed, California, Folsom Dam Modifieation Prafect, and observations made during the
Apnl 11, 2000, and JTanuary 18, 2001, site wisits, (he Service concurs with the Corps'
determination that the proposed zction 15 not likely to adversely affect the threatened vatley
elderberry longhom beetle (Desrocerus californicus dimorphus), 1he threatened Sacramento
splittail {Pogorichthys macrofepidotus), or the threatened delta smele (Hypomesus
transpacificus), A complete admintstrative record iz on file at the Sacramento Fish and Wildlife
Office (SFWO). The following narrative descnbes the proposed action and the specific measures
that ensure the proposed action is not likely to adversely affect listed species,

Descriptinn of the Proposed Action

The Corps has proposed 1o use controlled intenor blasting 1o enlarge the eight existing river
outlets on Folsom Dam to allow them to conduct 115,000 cublc feet per second (cfe) 21 a
reservolr elevation of 418 feet. Construction is scheduled to last 6 years, with ao loss in the
discharpe capacity of the dam.

Surcharge storage, the reservorr storage located above the gross pool elevation [between 470 foet
above mean sca level (amsl} and 474 feet amsl], will be used to increase the flood control capacity
of the reservoir. Changes to Lhe surcharge space will be accommodated via the replacement of
the three emergency spillway gates with Tainter gates {as already exist on the five main spillways),
relocation of the hydraulic power unils for the penstock gate haists, raising 1he dmpervious core
(5hurry wall) within Mormen Island Dam and Dikes 5 and 7, and by flood-proofing the Newcastle
Power House.

Efaul routes to and from the dam site are on existing, well-maintained access roads. Staging areas
are situated within existing parking lots or equipment yards. Disposal will only cctar at exisiing,
permitted facilitics.

Drelta Smclt and Sacramento Splittail

Delta smelt gecur in the portion of the lower American Biver that forms a backwater during
elevated river stages in the lower Sacramento River, Delta smelt critical habitat includes areas of
tidal influence, including the extreme lgwer reaches of the lower Amencan River. Sacramenlo
splittail spawn in the lower Amencan Biver in greater numbets and throughout inore of the reach
than do the delia smelt. Given that the Sacramento splittail spawns more widely s the lower
American river, and that spawning requires arezs of shallow watcr with emergent and submergent
vegetation which could be affected by the proposed action, (his specics is given the greater
consideration in this effects analysis.

Diredring will pccur on the upstream portion of Folsom Darn, within Folsom Lake, and will be
titmed so that impacts on downstream turbidity are within background levels. Ln the event that
turbidity is increased downstream, it will most likely be entirely ¢ontained within Nimbus
Reserveir. Diredge spoil will be dricd in & conlainment area at the lake and disposed of off-site.
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The proposed acticn will involve ne direct effects on Sacramento splittail or delta smelt and will
not desirey or adversely modify defta smelt critical habital. Constraction is 10 oceur within and
surrcunding Folsom Dam. Delta smell and Sacramento splittail do net acewr in Folsom Lake or
in Nimbus Reserveir, and will not be affected by the proposed action. Ground disturbing
activitics, such as within the staging areas and near Mormon Tslend Dam, will 8lso ocour cutside
of the range ol these species,

The project has the potential to result in changes to (he downstream habitat conditions for
Satramento splittail. Concerns over seour of gravels vred by salmonids for spawning has resulted
in the preparation of an operational Rude Restriction (hat applies to flows between the 2.5 1o 10
year retum interval. The Rule Restnction will limil Folsom outlet releases to tess than historic
levels for thiz critical ranpe of flows, At above 130,004 cfs (Jarger than the 10 year flood), the
restriction would be remaved.

The restneted operation of Folsom Dam with the enlarged cuilet works are likely to result in
relatively lower peak flows with longer durations during the 5 and 10-year return interval inflow
events. (Given that the lower American River exisis as a laterally confined fluvial system, the
Service does not consider depth of Booding (as a function of Dood magmitude) (o be as limiting 2
factor to splittail reproduction as is dueation of Aeoding. The change io flood duration is at the
scale of hours, and perhaps may not exceed ane day al events up to the 10 year return interval. In
this regard, the proposed aclion is not hkely to result in increases or decreases in splittail habitat
&t less than 10 year floods. The change is nol appreciable because splittail generally require 4 1o 5
witeks to move from a fertilized ¢xg bo 2 juventle fish capable of evading predation.

The Rule Restriction would be removed at flows excceding the L0 year event. In this situation,
where discharges excecd 150,000 cfs, and with the enlarged oullet works, the lower Amenican
Biver will be able to reach the objective release more rapidly, which equates with a stecper
ascending bmb on the flood hydrograph. The descending [imb of the lood hydrograph would not
change appreciably, as the ramping down of flood releases is structured to avoid sloughing of
downstrears levess, Given that flood volume {inflow) remaing the same as with the without-
project comdition, this seenario could potentially reduce the madmuem magnitude of the
downsiream discharge but increase the duration of overbank flooding. However, a3 descnibed
ahgve, the changed fiood regime i3 not iikely to be significantly different than with the without-
project condition (baseline) and is therefore not likely to be measurably beneficial or detrimental
ta the splittail It should be noted that increases in splittadl habitat could occur if and when the
Burean and Sacramento Area Flood Contral Agency, via the Lower American River Task Force,
implement large-scale floodplain restoration measures in the lower American River,

The Service is concerned that reoperation of the reservoir through the enlarged outlet works will
adversely affect the Sacramento splittail via changed hydrology. Reoperation, however, will be
addressed via the Corps’ future modification of the Water Contral Manua, for Folsom Dam.
Muopdification of 1he Water Control Manwal is expected to appreciably change the magnitude and
frequency of flooed releases to the lower Amencan Fiver which, in tum, will influence the amount
af spawning and rearing babitat available te the splittail. This interrelated action will be subnutie:d
for section 7 consuliation wedsr the Act once a comtined Biological Assessment (BA), Mational
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Enviconmental Policy Act (MEPA) and California Esvironmental Quality A<t (CEQA) document
has been prepared. The concurrence with (ke determination that this propused action is not likely
te adversely affect the delta smelt and Sacramento splittall, and that 1t is not Lkely to destroy or
adversely modify delta smelt critical habitat does not apply to future reoperation scenarics,

Valley Elderberry Lenghorn Beetle

The propesed action involves the potential for adverse effects to elderbemy shrubs {Sombucus
spp.), and therefore, the valley elderberry Jonghom beetle, in four general locations; the staging
arcas north of the dam; Mormon Tsland Dam, and Dikes 5 and 7; the Newcastle Powerhouse; and
within the surcharge space of the reservoir, The Service’s concurrence that the proposed zction is
not lkely to adversely affect the valley elderberry longhom beetle is conditioned vpon the
iemporary nature of the impacts and the implementation of avoidance measurcs proposed by the

Corps.

The elderberry shrubs located near the staging areas occur at varying distances from vehicle use
and caching activitics and in several cases, shrubs are [ocated less than 100 feet from such
activiies. The Scrvice expressed concems regarding several of the shrubs found near the upper,
graveled staging area during the Janoary 18, 2001, site vizit. At this time, the Corps agreed to
construct gepnamens fencing (6 feet or higher, chain link, similar to that already present at the
upper staging area) as far as is practicable beyond the dripline of the shrubs and to implement dust
abatement measures (Jaily watering of the site, “road oil” is not spitable), The Service also
requires that standard signs detailing the need (o protect elderberry shrubs as habitat for the valley
eldecherry longharn beetle be placed at the project zite. The vse of the staging areas is not
expected to appreciably change the hydrology or vegetative community of the site, and off-site
activities and off-road travel will not be permitted.

The Corps' surveys located no elderberry shoubs that would be alfectad by construction activities
at Mormon Island Darm, Dike 5, Dike 7, and the Newcastle Powerhouse, It should also be noted
that the shurry wall work at Marmon 1sland Dam will not affect the hydrology of the Bureau's
wotland area located south of Folsom Rescrvolr, as it wilf only exclude seepage from water within
the surcharpe elevation,

There are 52 cldcrbermy shrubs located within the surcharge storage space, The Corps’
erviegnmental documents state that the changes to the ouilet works will resull in a reduced
freguency and duration of inundation for these shrubs. The Service’s Fish and Wildhfe
Coordination Act Report {CAR) concludes that the frequency and duration of inundation may
actually ingrease, albeit within the scale of hours over a large, modeled period {up to 150 years}),
Though periodic wetting can be beneficial to clderberry shrubs, prolonged immersion i nat.
Repardless, use of the surcharge space iz a sare event a5 it acturs only during lacge runcff cvents
when Folsom aud upstream reserveirs are nearly full. As such, the proposed action is not kely to
adversely affect these shrubs,
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Conclusion

The propascd action involves avoidance and miningzation measures adequate 1o avoid adverse
cfiects on the delia smele, the Sacramento sphitiail, ard the valley elderbery longhomn beetle. The
Service therefore concurs that wmplementation of the proposed action, as it has been desenbed at
this time, is net ikely to adversely affect these species. The Service has also determaned that the
aclion, as peeposed, is not likely to destroy or adversely modify delta smelt critical habitat.

This concludes the Service's revigw of the actions outlined in the request, As provided in

50 CER. §402,16, initiation or reimtiation of formal consuliation is required where dizscretionary
Federal agency invelvement or control over the action has been maintained {or is authorized by
law] and i (1) the amount or extent of incidental take 15 exceeded, or in this case, any incidental
take oecurs, (2) new informalion reveals effects of the agency action thar may affect listed species
or crtical habitat in & manner or 1w an extent not considered in this review; {3) the agency aclion
is subsequently modified in a manner that causes an effect 10 the listed spacies or critical habitat
that was not consdered in this opinion; or (4) 2 new species is listed or critical habitat designated
that may be affecied by the action. In instances where the amount or extent of incidental ake is
excecded, or in this case, any incidental lake océurs, any and all operzlions cavsing soch take
st cease pending reinitiation and Service review.

If you have any questions regarding this response, please cantact Fason Douglas ar Christopher
Magane of my stafl at {916) 4146645,

Sincerely,
%f

Jd.n C. nghl
= Chief, Endangered Species Divisicn

G

L5, Fish and Wildlife Service (Attn: Dowg Weinnch), Sacramento, Califormia
Caorps of Engineers (Alin: Patricia Roberson), Sacramento, Californiz

The Reclamation Board (Attn: Bonme Ross), Sacramenlo, Califormia

Buréau of Beclamation { Atio: Fod Hall}, Folsom, California

Mazional Manne Fisheries Service (Atin: hdike Aceituno), Sacramento, Califormia
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darch 15, X00]
in Eespemse Refer Ta:

SWR-00-534-5T16;BF0

Mr. Mark 5. Capik

Acling Chief, Planning Division
Depaniment of the Army

U3, Army Enginesr District
1323 J Street

Sacramento, CA 99814.2022

Dear Mr. Capik:

This is 10 response to vour letrer of Februacy 2, 2001, requesting concwrrence that the proposed
¥olsom Dam outlel endargement project is not likely w adversely affect threatened Cental Valley
steeliead (Onearinpnefius mykiss), Sacraments River winter-ren chinook salmeon (O
rshawyeschay, Central ¥alley fallfate-fall run chinock salmon (. tshanwischa), or their
criticaliessential habitat. The proposed 115, Army Coips of Enginecrs (Comps) project consists
of enlarging the eight existing over owtlets and modifying Ihe use of surcharge storage at Felsom
Dam to inerease food plain protection to the lower Amencan River and Ciry of Sacramento.
Etood protection from this project would incteass Fom 2 probabifity of L chance in 1000 1
thaoce in 130 vears. The additioo of the surcharge component would increase flood protection
from 1im 130 to | in 140 chanee in any one year.

The National banne Fisheries Service (NMES) has reviewed the project desenption provided in
the Drafl Envirgnmental AssessmentInitial Study - Folsom Dam Modifications dated February
2001; Surface Watar Resources, [ne. (SWERD Mema #8387 dated Januvary 25, 2001; Fish and
Witdlifi: Conrdination Act Report {FWCA) prepared by the Fish and Wildlife Service (FWS),
revised Tamuary 2001; and the Supplemental Biolagical Data suboitted to WWES dated Jupe 19,
20040,

Ry lctter dated Septernber |9, 20040 10 FWS, the NMES commented an the draft FWCA report
cxXpressing concerns thal increased frequency of flows in the lower American River (LAR) may
increasc bedload moverment (seouring) below Nimbus and have direct impacts to steclhead and
sy'maon redds during the Decemier through February spawning period. On December 12, 200
the Corps hosted a meeting with FWS, NMFS, Sacramento Areq Flood Control Agensy
{SAFCA), MUK Engincers and CHMHIIl ¢onsultants to discuss potential impacts of the Felsom
Dam modifications. The Comps vvaluated this potential effect and proposed adapling a “Rule
Restriztion™ that would reduce Folsom Lake outflows to 60 percent of inflows unless forecasted
inflows excesd 150,000 ofs.
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The SWRI evalualed the potantial temperaiure impacts of 2 "Rule Restriction™ with and witheut
lhe enlarged outlets and found ne significant effect on cold water poo] management capabilitics
{3WERI Memo #3387}, Tie eperation of the eolarged outlets under the "Rule Resmriction” would
bikely result in substantial cold-water peol conservalion dunng most years. In addinen, the
Buarcaw of Reclamation’s {Reclamation} standard operating procedure to use the spillways, would
avold the loss of cold water reserves from oulles opecations dunng rare perods in the spring
when Folsom Lake becomes stratifisd by the cod of March.

Bascd on the best available information, NMES concurs with your determination that (he
proposed project is nod likely to adversely affect Central Valley steelhead, Sacramento River
winter-run chinsok salmon, and Central Valley fallflate fall-run chinook salmen, or 1helr critical
hatatat, Qur eonowmrencs 15 contingent vpon Reclamation eperating Folsom Dam to the “Rule
Resiniction’ as desenibed above and in the draft Envircnmental Assessment doted February 204,

Thiz area has been 1dentified as “esential {ish habitat'* (EFH) in Amenpdment 14 of the Pacific
Salmen Fishery Management Plan, pursuant to the Magnuson-Stevens Fishery Conservation and
Management ACT (MSA). Federal aclion agencies are mandated by MSA (section 305(5)2Y) Lo
consull with NMFS on all actions that may adverscly affect EFH and NMFS must provide EFIS
{omgervation Recommendations (section 305(b){4) A} Because the proposed action 13 nat
likely to adversely affect Central Valley fall/late-fall run chunook salmon in the area, and the
habitat requirements of falllate-fall run chineok salmon in the area are similar to the listed
species, EFH Conservation Recommerdations are not required at ihis tme. However, (f there is
a substactial revision to the action, the Corpe will need to initiate EFH consultation.

Should additional informalion reveal thart the action may affect listed species in a way nol
previously considered or should the action be medified in a way that may cause additional cfiects
ta listed species, this concurence detennination may be ragonsidered,

If wou have any guestions regarding 1hess comments please contact Bruce Oppenhetm in our

Sacramento Area QOffice, 650 Capitol Mall, Saite 2-300, Sacramendo, T4 93814, Bruce may be
reached by wlephone at {916) B30-3603 or by FAX at (216) 930-342%.

Sinceraly,

7, Vi 0o

Recbercca Leat, PhD.
Reaional Administeator

ec: NMES.PRD, Long Feach, CA





