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Determining the threat of wind energy development on migratory
bats highlights the common problem of how to assess threats to species
when critical data are lacking. Data from similar species or structured
elicitation of expert opinion can be used for conservation decision-mak-
ing when empirical data for a focal species are unavailable (Burgman et
al.,, 2011; Drescher et al., 2013; Martin et al.,, 2012). In recent decades,
expert elicitation has been used for a variety of conservation problems
(Donlan et al., 2010; Martin et al., 2005; Oberhauser et al., 2016;
Runge et al., 2011; Smith et al,, 2007), and evaluations of the elicitation
method provide structured approaches to help guard against subjective
biases when eliciting expert opinion (Martin et al., 2012). Deciding
whether conservation measures are necessary to prevent or mitigate
impacts from wind energy development on populations of migratory
bats requires use of expert judgments and/or use of data from similar
taxa to quantify reasonable scenarios of population growth and
trajectories.

We use population projection models to explore whether fatalities
from wind turbines threaten the population viability of hoary bats
(Lasiurus cinereus), a wide-spread migratory species comprising the
highest proportion of bat fatalities (38%) at wind energy facilities in
North America (Arnett and Baerwald, 2013). Given the lack of empirical
data on key population parameters for hoary bats, we used data from
similar species as well as expert elicitation (Martin et al,, 2012) to iden-
tify available data sources, provide estimates of unknown parameters,
and quantify uncertainty. Our objective was to assess the likelihood
that mortality from wind energy turbines poses a species-level threat
to hoary bats in North America to inform conservation decision-makers
about the potential impacts of energy infrastructure development on
migratory bats. We hypothesized that mortality from wind energy tur-
bines at installed capacity by 2014 was sufficiently high to substantially
reduce the probability of population stability and increase the probabil-
ity of extinction over the next 50 to 100 years.

2. Materials and methods
2.1. Expert elicitation

We used a structured elicitation method to obtain specific judg-
ments or values from experts. Co-author JAS and colleagues served as
eliciting facilitators and identified the conservation problem (“Does
mortality from wind turbines pose a threat to population viability of
hoary bats in North America?”), selected the experts, and designed the
elicitation process. Nine experts (see Supporting Information) were
identified based on literature review and discussions with the bat ecol-
ogy and conservation community and invited to participate by JAS. Ex-
perts were chosen based on their research programs and publication
records relevant to migratory bat ecology with an intent to represent
a range of expertise (e.g. expertise in population dynamics, genetics,
physiology, life history, and conservation). The elicitation was conduct-
ed over an introductory webinar (September 22, 2014), in-person
meeting (October 21-22, 2014), and a working webinar (December
22,2014).

Experts were instructed on the expert elicitation process and in-
formed of the common pitfalls and biases that often impair expert judg-
ments (Martin et al., 2012), such as anchoring and overconfidence
(Speirs-Bridge et al., 2010). Anchoring happens when an expert fixes
on a benchmark value and cannot adjust away from the benchmark,
while overconfidence occurs when an expert believes their judgement
is more accurate than is warranted (Martin et al., 2012). To help mini-
mize anchoring and over-confidence, a four-step elicitation method
was used whereby experts provided a lower bound, upper bound, and
most likely estimate, and ranked their confidence level that the true
value fell within the lower and upper bounds (Speirs-Bridge et al.,
2010). Experts were trained on the methodology by practicing seed
questions. Judgments were elicited using a modified Delphi method
(Burgman et al, 2011) whereby experts provided judgments

anonymously, responses were collated and discussed with the group,
and then experts were allowed to adjust their estimates anonymously
(Burgman et al., 2011; Martin et al., 2012). This structured approach
allowed for the benefits of discussion among experts while guarding
against group think (Burgman et al., 2011). Experts completed multiple
rounds of elicitation until all experts were content with their responses
and indicated they were at least 80% confident that the true value fell
between their lowest and highest bounds.

Experts estimated the continental-wide population size of hoary
bats and four vital rates: adult annual survival, first-year annual surviv-
al, adult fecundity, and first-year fecundity (Tables S1, S2). Annual sur-
vival was estimated in the absence of mortality related to wind
energy. Bats typically cannot be aged after their first autumn which
limits most demographic studies to two stages: young-of-the-year and
adult (Lentini et al., 2015; O'Shea et al,, 2004) (Fig. S1). Empirical studies
on demography of other vespertilionid bats were used to inform expert
opinions on vital rates because no estimates exist for hoary bats, con-ge-
neric, or ecologically equivalent species (Lentini et al.,, 2015; O'Shea et
al., 2004). We calculated population growth rate (\) as the dominant ei-
genvalue from a 2-stage Lefkovitch matrix (Caswell, 2001) using the
‘most likely’ vital rate estimates from each expert using function
eigen.analysis in the popbio package of R (Stubben and Milligan, 2007).

2.2. Empirical estimates of bat population growth (\)

We surveyed the literature for empirical estimates of bat population
growth rates based on calculation from vital rate matrices to compare
how values from expert elicitation compared to empirical studies of
other bat species. We searched the 27 papers used by Lentini et al.
(2015) that used vital rate estimation based on Cormack-Jolly-Seber
methods for published estimates of population growth and included
two additional recent studies that were published after Lentini et al.
(2015) to generate 14 published estimates of population growth rate
calculated from vital rate matrices for nine bat species (Table S3).
There is no indication of population structure for hoary bats in Canada
and the continental United States (Russell et al., 2015), so we assumed
a single open population and set immigration and emigration to zero.

2.3. Estimates of mortality from wind energy turbines in North America

Arnett and Baerwald (2013) estimated the number of bats killed by
wind turbines in Canada and the U.S. in 2012 (range: 196,190-395,886),
of which 38% were hoary bats. We calculated fatalities per megawatt
(MW) based on installed capacity in North America in 2012
(66,213 MW) and adjusted fatality estimates (Fyinq) to the installed ca-
pacity in 2014 (75,570 MW) (American Wind Energy Association, 2016;
Canadian Wind Energy Association, 2016). We kept installed capacity
constant at 2014 levels to reduce uncertainty in projecting future MW
capacity. We used the midpoint of the adjusted fatality estimate for
hoary bats (Fying = 128.469) to calculate the proportion of the popula-
tion killed by wind turbines (Fyina/N;), where N; is initial population
size, and applied that proportional mortality for each year in the simu-
lation. We assumed that an individual bat's probability of colliding
with a turbine would not depend on the density of bats, and therefore
used a constant mortality rate.

2.4. Population projection model

We projected stochastic population growth with and without mor-
tality from wind turbines across a range of mean population growth
rate (\) values and initial population sizes (N;) to compare changes in
population stability after 50 years and probability of extinction after
100 years to identify the demographic scenarios for which current levels
of mortality from wind turbines results in substantial population de-
clines or increased risk of extinction of hoary bats. We performed 100
projections (10,000 simulations per projection) using 10 sequential
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and coastal areas they border, wetlands are also vital erosion control and shoreline stabilization mechanisms. In
addition, these ecosystems are important for recharging aquifers.

As noted by California Natural Resource Agency (2010), wetlands are a blend of terrestrial and aquatic
characteristics, which provide diverse habitats and serve as critical nursery areas for many birds, fish, and
invertebrates. As such, habitat provision is another key function of wetlands. The 110 billion-dollar fishing
industry in the state is heavily reliant on wetlands, which are the spawning and nursery habitats that sustain
many freshwater and marine fisheries (WEF, 2000).

The Humboldt Bay tidal lands, for example, produce 90 percent of all oysters harvested in California. Beyond
sustaining these and other economically valuable species, wetlands support 55 percent of endangered animal
and 25 percent of endangered plant species in California. Taken together, wetlands in California support more
species of plants and animals than any other habitat type in the state (California Natural Resource Agency,
2010). The Central Valley, home to a large share of the remaining wetlands in the state, is the most important
waterfowl wintering area in the Pacific Flyway, supporting 60 percent of the total wintering population (WEF,
2000; California Natural Resource Agency, 2010).

Due to these and other functions, wetlands are fundamental to the economic health of the state. Although
accurate economic valuations of these diverse ecosystems are difficult to produce, South Bay Restoration (n.d.)
has estimated the annual recreational value of wetlands in California at between 6.3 and 22.9 billon dollars.
However, recreational value is a significant underestimate of the total economic benefit, because it does not
include the value of the myriad of other functions wetlands provide, such as water filtration, flood control,
wildlife habitat, carbon sequestration, and others.

National Wetland Status

Despite the valuable functions and services provided by wetlands, the nation and the state of California have
sustained substantial wetland losses over time, primarily due to conversion of wetland areas to other uses.

U.S. EPA (2001b) estimates that over 220 million acres of wetlands originally existed in the conterminous United
States. Today, over half of those original wetlands have been lost. The USFWS (2011) estimates that there are
approximately 110.1 million acres of wetlands within the conterminous United States (as of 2009).

USFWS (2011) began systematically monitoring wetlands in the early 1970s, when wetland loss in the
United States averaged approximately 458,000 acres annually. Since then, wetland losses have slowed; in
the mid-1970s to the mid-1980s, losses were approximately 290,000 per year, and by 1998, they were
about 59,000 per year. The period between 1998 and 2004 saw the first net wetlands gain of approximately
32,000 acres per year.

However, the most recent data documented by USFWS (2011) indicate a reversal of this gain. Approximately
13,800 acres of wetlands were lost in the conterminous United States between 2004 and 2009. Gains in some
wetland types (via compensatory mitigation) were offset by losses in others. For example, over 489,000 acres of
forested wetlands were lost during the 4.5-year period, while gains in freshwater ponds were considerable.
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On May 11, 2016 the U.S. EPA released the National Wetland Condition Assessment, 2011 (NWCA).* The NWCA
is a collaborative survey the evaluation of the ecological condition of wetlands in the United States. The survey
assessed vegetation, soil, hydrology, chemistry, algae, and buffer metrics at tidal and non-tidal wetlands. Survey
results found that 48 percent of the country’s wetlands are in good condition, while 20 percent are fair, and 32
percent are in poor condition. Of the national totals, 146 randomly selected sites were assessed in the Western
United States which represents the condition or 3,647,060 acres of wetlands. Of this subset it was found that 21
percent of wetlands were in good condition, 18 percent fair, and 43 percent in poor condition. It was observed
that major indicators of stress in the west are ditching, damming, nonnative vegetation, surface hardening, and
vegetation removal (U.S. EPA, 2016).

California Wetland Status

Relative to the rest of the nation, especially profound historical wetland losses have occurred in California.
Over 90 percent of the wetlands that existed at the time of European settlement are now gone (California
Natural Resources Agency, 2010) — a higher rate of loss than any other state. Most wetland destruction has
been the result of conversion of wetland areas to agriculture or urban uses. Central Valley wetlands are an
example of this conversion (California Natural Resources Agency, 2010). The Central Valley originally contained
over 4 million acres of wetlands, or over 30 percent of the total 13 million acres in the region. However, since
the mid-1800s, over 95 percent of these wetlands have been destroyed. Today, just over 205,000 acres of
wetlands remain in the region, and two-thirds of them are under private ownership. Figure 2 shows this
historical loss (Dahl and Allord, 1997).

As with the rest of the nation, wetland loss in California has slowed in recent years. Primary causes of these
recent wetland losses are land cover change, hydrological modification, biological invasion (i.e., invasive
species), pollution, and climate change (California Natural Resources Agency, 2010). As noted in Table 5.3
above, approximately 104 acres of wetlands were lost by fill and excavation activities in FY 14-15.

Today, there are approximately 2.9 million acres of wetlands in California (California Natural Resources Agency,
2010). Of those, 38 percent are concentrated in the San Francisco Bay Delta and Central Valley regions, while
another 36 percent are in the Sierra and Modoc regions, and 26 percent are in the North, Central, and South
Coasts and the Colorado and Mojave Deserts. A majority of wetlands in the state (60 percent) are freshwater
vernal pools, marshes, wet meadows, fens, playas, seeps and springs, bogs, swamps, and shallow ponds. Lakes
are associated with 25 percent, and 15 percent are associated with river channels, intertidal beaches, rocky
shorelines, and estuaries (California Natural Resources Agency, 2010).

+ https://www.epa.gov/national-aquatic-resource-surveys/national-wetland-condition-assessment-2011-results
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Impact of Compensatory Mitigation

The regulatory requirement of compensatory mitigation® has significantly contributed to the reported
decreasing rates of net wetland loss over recent decades. However, these estimates of decreasing net wetland
losses may be overly optimistic when considering that mitigation wetlands in some cases are not ecologically
equivalent to the natural wetlands they are intended to replace. For example, the USFWS (2011) points out
that, although there have been net wetland gains in recent years, there is a “non-parity between wetland types
that have been lost and subsequent wetland mitigation...the net effect has been the loss of wetland diversity,
hydrologic function, biological communities, and a ‘homogenization of wetland landscapes.””

Wetlands such as freshwater emergent and open water ponds have been preferentially established as
mitigation wetlands, with an area of deeper open water surrounded by shallow water and a band of emergent
vegetation being the most common hydrologic pattern. Meanwhile, replacement of ecosystems such as
forested wetlands has substantially lagged behind, despite sustaining significantly higher losses (Kihslinger,
2008; USFWS, 2011). As such, many compensatory mitigation wetlands may not sufficiently replace the
functions of lost natural wetlands, and estimates of net acreage gains and losses are not fully reflective of the
true losses and gains in the nation’s wetlands.

This trend is also apparent in California. Ambrose et al. (2007) conducted a study of compensatory mitigation
wetlands throughout the state, and found that, although they are largely meeting their permit requirements in
terms of area and/or establishment of wetland vegetation, most sites do not achieve stated ecological
performance goals. The authors visited 129 sites with compensatory mitigation permits, and assessed them
according to the California Rapid Assessment Method (CRAM), which is a rapid assessment method for
monitoring the conditions of wetlands in California. The method includes evaluations of 1) buffer and landscape
context, 2) hydrology, 3) physical structure, and 4) biotic structure.

IM

According to these criteria, the average mitigation site scored a 59 percent or “suboptimal” score (where a score

IM

of 70 to 100 percent represents an “optimal” wetland). Only 19 percent of the mitigation wetlands were
ecologically successful, and 27 percent did not meet the federal definition of wetlands. Given these results, the
authors conclude that “it seems likely that many mitigation projects did not replace the functions lost when
wetlands were impacted, and hence the goal of ‘no net loss’ of wetland functions was not met,” and that “this is
partly due to regulatory agencies approving mitigation projects with conditions or criteria that are too heavily
focused on the vegetation component of wetland function, with inadequate emphasis on hydrological and
biogeochemical conditions and their associated functions and services.” Table 5-5 below summarizes the extent

of compensatory mitigation in California from 2004 to 2008.

46 Whereby project developers use wetland establishment, restoration, enhancement, or preservation to offset losses to wetlands, as required by §401
certifications and/or WDRs.
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Table 5-5. Comparison of Permanent Fill and Compensatory Mitigation Acreage in California for Years
2004 — 2008 based on State Water Board permit data

Year Permanent Fill Compensatory Mitigation
(acres) (acres)

2004 500 960

2005 600 1,426

2006 588 1,729

2007 479 1,873

2008 602 1,059

Sum 2,769 7,047

Source: CWA §401 Water Quality Certification Program, Division of Water Quality, Annual
Reports, (http://www.waterboards.ca.gov/water_issues/programs/cwa401/#reports), for years 2004 - 2008.
Information obtained from California Integrated Water Quality System (CIWQS) for year 2009.

Stressors to Existing Wetlands

In addition to historic and continued losses of natural wetlands, and compounded by the effects of suboptimal
compensatory mitigation, many of the remaining wetlands in California are subject to a wide variety of potential
stressors. These stressors can include habitat fragmentation, altered hydrology and flood control structures,
reduced water supply, altered sediment transport and organic matter loading, physical barriers to movement of
water, sediment, dredging, filling, diking, and ditching, shoreline hardening, engineered channels, beds, and
banks, human land uses in wetland buffers, toxic contaminations, nutrient over-enrichment, pathogenic
bacteria, invasive plants and animals, excessive human visitation, predation from feral animals and domestic
pets, compaction and trampling by livestock, and removal of vegetation. According to the California Natural
Resources Agency (2010), “a fundamental challenge facing entities entrusted with protecting wetlands in

the state is the lack of an integrated, comprehensive wetland monitoring and assessment program and the
associated data management infrastructure to support it.”

5.3 Regional Board Basin Plan Provisions Regarding Wetlands

As shown in Table 5-6, a number of the Regional Water Boards, including the North Coast and San Francisco Bay
Regions, reference the U.S. EPA and Corps wetland definition and/or the Corps 1987 Manual in their basin plans.
Outside of the CWA section 401 program, however, basin plans generally acknowledge that more flexible
wetland identification criteria may be needed to protect wetlands that qualify as waters of the state. For
example, the San Francisco Bay Basin Water Quality Control Plan (Basin Plan) notes that:

Identifying wetlands may be complicated by such factors as the seasonality of rainfall in the Region.
Therefore, in identifying wetlands considered waters of the United States, the [Regional] Water Board will
consider such indicators as hydrology, hydrophytic plants, and/or hydric soils for the purpose of mapping
and inventorying wetlands. (Basin Plan section 2.2.3; emphasis added.)
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Despite a somewhat broader recognition of wetlands shown in Table 5-6, and discussed in more detail below,

the Regional Water Boards do not have specific wetland definitions or regional delineation standards for

wetland identification.

Table 5-6: Wetland Definitions/Procedures and Wetland Beneficial Uses Contained in Regional Water
Quality Control Board Basin Plans as of September 2012

Regional
Water Board

North Coast

(Chapter
2.15-2.18)

San Francisco
Bay (Chapters
223 &
4.23.2)

Central Coast

Los Angeles
(Chapter
2.4 and 3.17)

Wetland Definition

Relies on the federal
wetland definition to
generally define wetlands.

Identifies other wetlands
based on judgment of
the Regional Board.

Relies on the federal
wetland definition to
generally define wetlands.
Identifies other wetlands
based on the presence of
wetland hydrology, hydric
soils, and/or hydrophytic
vegetation. Provides a list
of wetland types
including mudflats.

None specified.

Relies on Saint, et al.
(1993) as an inventory and
description of major
regional wetlands.
Freshwater, estuarine, and
saltwater marshes,
swamps, mudflats, and
riparian areas are
specifically identified as
wetlands. Identifies other
wetlands based on the
presence of wetland
hydrology, hydric soils,

Delineation Procedures

Relies on Corps delineation
manuals to identify

wetland boundaries. If U.S.

EPA disagrees with Corps’
determination, will rely on
U.S. EPA determination.

Relies on U.S. EPA and
Corps delineation
procedures for CWA
section 401. Relies on U.S.
EPA or CDFW delineations
when U.S. EPA disagrees
with Corps’ determination.

None specified.

None specified.

Beneficial Uses (BUs) and/or
Water Quality Objectives for
Wetlands

Establishes the following wetland
BUs: Wetland Habitat; Flood
Peak Attenuation/Flood Water
Storage; Water Quality
Enhancement; assigns other
surface water BUs to wetlands.

Assigns a number of BUs to
wetlands including Wildlife
Habitat.

None specified.

Establishes the following wetland
BUs: Wetland Habitat; assigns
other surface water BUs to
wetlands.

Establishes two water quality
objectives for the protection of
wetlands: Wetland Hydrology
and Wetland Habitat.
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Central Valley
(Chapter 2)

Lahontan
(Chapter 2.1,
2.5 and 4.9-8)

Colorado
River

Santa Ana
(Chapter 3.4-
3.5)

and/or hydrophytic
vegetation.

None specified.

Relies on the federal
wetland definition to
generally define wetlands.
Uses primary and
secondary indicators of
hydrology, vegetation, and
soils to identify “Stream
Environment Zones”
(includes wetlands and
riparian areas; Lake Tahoe
Basin only).

None specified

Identifies wetland types:
swamps, marshes, bogs,
sloughs, mangroves, wet
meadows, savannas, wet
tundra, playa lakes and
vernal pools.

None specified.

Provides a wetlands
protection and
management
implementation plan.
Determines site-specific
boundaries of wetland
areas on an as-needed
basis using methods in the
current federal Wetlands
Delineation Manual (Corps,
1987).

None specified.

Uses the Corps’ wetland
definition as general
reference only.

Specific boundaries of each
wetland area are
determined on an as-
needed basis using the
federal Wetland

Identifies the following wetland
BUs: Wildlife Habitat; assigns
other surface water BUs to
wetlands; BUs in the Delta
assigned on a case by case basis.

Establishes the following wetland
BUs: Flood Peak
Attenuation/Flood Water
Storage and Water Quality
Enhancement (applies to all
surface waters, but only assigned
to wetlands currently); assigns
other surface water BUs to
wetland waterbodies via the
tributary rule.

Establishes a narrative wetland
water quality objective for non-
degradation of Aquatic
Communities and Populations;
assigns other surface water
quality objectives to wetlands
but notes that a case by case
determination may be needed
where the water quality
objective is naturally out of
range.

None specified.

Assigns BUs to a partial listing of
wetlands in the Basin Plan; not
all wetlands in the Region have
been identified by the Regional
Board to date.
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Delineation Manual (Corps
1987) or other accepted
techniques.

San Diego None specified. None specified. None specified.

North Coast Regional Water Quality Control Board

The North Coast Regional Water Quality Control Board Basin Plan (2011) (Basin Plan) refers to the definition of
wetlands found in federal regulations, which is “those areas that are inundated or saturated by surface or
groundwater at a frequency and duration sufficient to support, and that under normal circumstances do
support, a prevalence of vegetation typically adapted for life in saturated soil conditions. Wetlands generally
include swamps, marshes, bogs, and similar areas (40 CFR 116.3).”

The Basin Plan also acknowledges that state wetland requirements under the Water Code can differ from the
CWA and federal regulations. The Basin Plan states that the “definition of Waters of the state is broader than
the definition of Waters of the United States” and that under state law “wetlands are waters of the state and
wetland water quality control is within the jurisdiction of the state and Regional Boards independent of federal
law, and need not meet federal jurisdictional requirements under the CWA to trigger regulatory controls (Basin
Plan 2011, p 2-16).” The North Coast Region recognizes wetlands as a broad category of waters of the state, in
addition to other categories such as bays, estuaries, ocean waters, and groundwater. The North Coast Region
protects three beneficial use categories for wetlands in its Basin Plan:

e  Water Quality Enhancement: Uses of waters, including wetlands and other waterbodies, that support
natural enhancement or improvement of water quality in or downstream of a waterbody including,
but not limited to, erosion control, filtration and purification of naturally occurring water pollutants,
streambank stabilization, maintenance of channel integrity, and siltation control;

e Flood Peak Attenuation/Flood Water Storage: Uses of riparian wetlands in flood plain areas and other
wetlands that receive natural surface; and

e Wetland Habitat: Uses of water that support natural and man-made wetland ecosystems, including,
but not limited to, preservation or enhancement of unique wetland functions, vegetation, fish,
shellfish, invertebrates, insects, and wildlife habitat.

The Basin Plan further states:

The regional board recognizes that wetlands are frequently referred to under the following names

(or classifications): saltwater marshes, freshwater marshes, open or closed brackish water marshes,
swamps, mudflats, sandflats, un-vegetated seasonal ponded areas, vegetated shallows, sloughs, wet
meadows, fens, playa lakes, natural ponds, vernal pools, diked baylands, seasonal wetlands, and riparian
woodlands; and
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In general, the Regional Water Board relies on the federal Wetlands Delineation Manual (Corps 1987) for
determining wetland areas subject to the CWA. In the rare cases where the U.S. EPA and Corps
Guidelines disagree, the Regional Water Board relies on the wetlands delineation made by U.S. EPA.

Ill

The North Coast Region states in its Basin Plan that staff will “prepare and implement a plan to identify and
delineate wetlands with the Region when funding becomes available.” The Region admits that it may not be
practical to delineate and specify beneficial uses for every wetland area because there are a large number of
small and contiguous wetlands and those wetlands and their beneficial uses may continue to be determined on

a site-specific basis, as necessary.

The North Coast Region describes Constructed Treatment Wetlands as wetlands built and managed to provide
wastewater or stormwater treatment to achieve protection or improvement in receiving water quality, that can
have additional benefits such as supporting waterfowl, and providing opportunities for education and
recreation. The Region does not consider Constructed Treatment Wetlands mitigation for projects that impact
naturally-occurring wetlands.

Finally, wetlands are addressed in several of the Region’s implementation plans. In the “Action Plan for the
Garcia River Watershed Sediment TMDL,” wetlands are specifically mentioned in the land management
measures that apply to floodplain gravel mining in the Garcia River watershed. It is noted that the maximum
depth of floodplain gravel extraction should remain above the channel thalweg, and that shallow excavations
(above the water table) would provide depressions that would fill with water part of the year and develop
seasonal wetland habitat. In addition, it is noted that side slopes of floodplain excavations should range from
3:1to 10:1, which would allow for a range of vegetation from wetland to upland. Also, it is noted that floodplain
pits should be restored to wetland habitat or reclaimed to agriculture.

San Francisco Bay Regional Water Quality Control Board

The San Francisco Bay Regional Water Quality Control Board includes wetlands as one of the types of surface
waters in the region and clearly recognizes its authority to regulate wetlands (Basin Plan, 2013). The Basin Plan
states that wetland water quality control is “clearly within the jurisdiction of the State Water Board and
Regional Water boards” because the Porter-Cologne Act defines waters of the state as “any water, surface or
underground, including saline waters, within the boundaries of the State (Cal. Wat. Code813050(e)).” The
Regional Board recognizes mudflats, which would fail the three-of-three wetland parameter test since they are
unvegetated, as one of the most important wetland types in the San Francisco Bay Region. The Basin Plan also
asserts the Regional Water Board’s independent authority to regulate discharges of waste to wetlands in
situations where there is a conflict with the Corps over a jurisdictional determination or in instances where the
Corps may not have jurisdiction.

The San Francisco Regional Basin Plan lists many beneficial uses of wetlands: wildlife habitat; preservation of
rare and endangered species; shellfish harvesting; water contact recreation; noncontact water recreation;
ocean, commercial, and sport fishing; marine habitat; fish migration; fish spawning; estuarine habitat; and
groundwater recharge. In addition to these beneficial uses, the Basin Plan recognizes that wetlands that provide
groundwater recharge also provide flood control, pollution control, erosion control, and stream baseflow. The
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Basin Plan identifies 34 significant wetland areas within the Region, although the Basin Plan states that the list is
not comprehensive. Most of the identified wetlands in the Basin Plan are saltwater marshes.

The Basin Plan indicates that the San Francisco Bay Regional Water Quality Control Board has participated in
several efforts to provide guidance on wetland restoration. The Region participated in the Baylands Ecosystem
Habitat Goals Report (1999) and the Baylands Ecosystem Species and Community Profiles (2000). The Region
has also assisted efforts to identify wetland sites, such as the SFEI’s EcoAtlas Baylands Maps and Bay Area
Wetlands Project Tracker.

The San Francisco Bay Basin Plan identifies “wetland protection and management” as one of the general
categories of the watershed management framework for regulating water quality. In terms of identifying and
delineating wetlands, the San Francisco Bay Regional Water Quality Control Board states in its Basin Plan that:

The [Regional] Water Board will, in general, rely on the federal manual for wetland delineation in
the Region when issuing Clean Water Act §401 water quality certifications (US Army Corps of
Engineers (Corps) Wetlands Delineation Manual 1987). (Basin Plan for the San Francisco Bay Region
section 2.2.3.)

The San Francisco Bay Basin Plan also notes that:

Identifying wetlands may be complicated by such factors as the seasonality of rainfall in the Region.
Therefore, in identifying wetlands considered waters of the United States, the [Regional] Water Board
will consider such indicators as hydrology, hydrophytic plants, and/or hydric soils for the purpose of
mapping and inventorying wetlands. (Basin Plan for the San Francisco Bay Region section 2.2.3.)

The San Francisco Regional Water Quality Control Board Basin Plan requires that the following be considered
when permitting or otherwise acting on wetland issues:

e Governor’s Executive Order W-59-93 (signed August 23, 1993; also known as the California Wetlands
Conservation Policy, or the "No Net Loss" policy);

e California State Senate Concurrent Resolution No. 28 that states, "It is the intent of the legislature to
preserve, protect, restore, and enhance California's wetlands and the multiple resources which depend
on them for the benefit of the people of the State";

e Water Code §13142.5 (applies to coastal marine wetlands) that states: "Highest priority shall be given
to improving or eliminating discharges that adversely affect ... wetlands, estuaries, and other
biologically sensitive sites";

e Estuary Project’s Comprehensive Conservation and Management Plan (June 1994) for
recommendations on how to effectively participate in a Region-wide, multiple-agency wetlands
management program;

e Two planning documents for wetland restoration for the Estuary baylands: Baylands Ecosystem
Habitat Goals (1999) and Baylands Ecosystem Species and Community Profiles (2000), together known
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as the Habitat Goals reports. The Habitat Goals reports identify and specify the beneficial uses and/or
functions of existing wetlands and suggest wetland habitat goals for the baylands;

e CWA section 401 water quality certification requirements for dredge or fill impacts to waters of the
state;

e The federal Guidelines, which are incorporated by reference into the basin plan;
e 1987 Corps wetland delineation manual, and/or U.S. EPA or CDFW wetland delineation method;
e Mapping and inventorying uses protocols and naming conventions in the NWI prepared by the USFWS;

e Order 2004-0004-DWQ, General WDRs for dredge or fill discharges to waters deemed by the Corps to
be outside of federal jurisdiction; and

e The use of established wetland compliance and ecological assessment methods, such as the Wetland
Ecological Assessment and CRAM, for mitigation projects.

Central Coast Regional Water Board

This Regional Water Board states in the Water Quality Control Plan for the Central Coast Basin (Basin Plan), that
it will be “developing management practices for marinas and recreational boating; hydromodification facilities;
and wetlands, riparian areas, and vegetated treatment systems at a later date.” In the Basin Plan, “constructed
wetlands” are mentioned as a best management practice for removing pollutants from a discharge before it
reaches surface or ground waters. As of 1988, the Region has about 59 wetlands and estuaries comprising
about 8,387 acres (Basin Plan 2011). This Region does not identify beneficial uses that are specific to wetlands.

Los Angeles Regional Water Quality Control Board

The Water Quality Control Plan: Los Angeles Region Basin Plan for the Coastal Watersheds of Los Angeles and
Ventura Counties (1994) (Basin Plan) for this Region describes wetlands as “freshwater, estuarine, and saltwater
marshes, swamps, mudflats, and riparian areas.” The Regional Water Board identifies wetlands using indicators
such as hydrology, presence of hydrophytic plants, and/or hydric soils (Basin Plan 1994). In 1993, the Regional
Water Board contracted with Dr. Saint, et al., to inventory and describe major regional wetlands.

In terms of regulating wetlands, the Regional Water Board recognizes its right to regulate natural wetlands
under the Water Code. The Basin Plan also acknowledges Executive Order W-59-03, or the “No Net Loss” Policy
approved in 1993. The Regional Water Board identifies three regulatory tools for wetland protection:

1. Wetland beneficial use designation: The Basin Plan defines wetland beneficial use designations as “uses
of water that support wetland ecosystems, including, but not limited to, preservation or enhancement
of wetland habitats, vegetation, fish, shellfish, or wildlife, and other unique wetland functions which
enhance water quality, such as providing flood and erosion control, stream bank stabilization, and
filtration and purification of naturally occurring contaminants.” However, the Basin Plan also lists other
beneficial uses relevant to wetlands, including wildlife habitat; preservation of rare and endangered
species; shellfish harvesting; water contact recreation; noncontact water recreation; ocean, commercial,
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and sport fishing; marine habitat; fish migration; fish spawning; estuarine habitat; groundwater recharge;
preservation of biological habitats; warm freshwater habitat; and cold freshwater habitat.

2. Water Quality Objective: The Basin Plan has a narrative objective which addresses the protection of
hydrologic conditions and physical habitats to sustain the functional values of wetlands.

3. Water Quality Certification (section 401) Program: According to the Watershed Management Initiative
Chapter, the Water Quality Certification (section 401) Program is one of the most effective tools available
for regulating hydrologic modification projects, especially those which directly impact the region’s
diminishing acres of wetlands and riparian areas.

Central Valley Regional Water Quality Control Board

The Central Valley Region has two Basin Plans, the Water Quality Control Plan for Tulare Lake Basin and the
Water Quality Control Plan for the Sacramento and San Joaquin River Basins. The Basin Plans do not describe
any specific wetland beneficial uses, but they do ascribe the beneficial use of wildlife habitat to wetlands,
including uses of water that support terrestrial or wetland ecosystems including, but not limited to, preservation
and enhancement of terrestrial habitats or wetlands, vegetation, wildlife (e.g., mammals, birds, reptiles,
amphibians, invertebrates), or wildlife water and food sources. Both Basin Plans also state that the region
provides critically important wetland habitat for wintering waterfowl of the Pacific Flyway.

The Basin Plans generally require that wetlands meet water quality objectives and also specifically require that
activities related to wetland restoration or establishment not contribute additional levels of methylmercury and
other pollutants to certain mercury impaired watersheds.

Lahontan Regional Water Quality Control Board

The Water Quality Control Plan for the Lahontan Region (Basin Plan) identifies two wetland beneficial uses —
water quality enhancing and flood attenuation. The Basin Plan states that “All wetlands shall be free from
substances attributable to wastewater or other discharges that produce adverse physiological responses in
humans, animals, or plants; or which lead to the presence of undesirable or nuisance aquatic life” and that “All
wetlands shall be free from activities that would substantially impair the biological community as it naturally
occurs due to physical, chemical and hydrologic processes.”

The Basin Plan uses some of the narrative objectives and numerical criteria developed for surface waters to
measure water quality objectives for wetlands, but acknowledge that natural water quality characteristics of
some wetlands may not be within the range for which the objectives and criteria were developed. The Regional
Water Board notes that it will consider developing site-specific objectives for wetlands on a case-by-case basis.

The Basin Plan also includes considerations for protecting wetlands that are used to slow stormwater runoff
into surface waters and act as a final treatment of pre-treated discharges are discussed. Additionally, the Plan
has a section titled “Constructed Wetlands” that discusses the Regional Water Board’s approach to constructed
wetlands. Finally, the Plan includes a section titled “Wetland Protection and Management” which includes
many specific measures for wetland protection.
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Except for the Lake Tahoe Basin where broader wetland identification procedures apply (see discussion below),
the Lahontan Regional Water Board relies on the U.S. EPA and Corps wetland definition and the 1987 Manual
for wetland delineations. Delineations must be performed by certified wetland delineators (certification
program established in accordance with section 307[e] of the Water Resources Development Act of 1990) or by
other qualified professionals.

For the Lake Tahoe Basin only, the Lahontan Regional Water Board has adopted a specific wetland and

riparian identification standard. For this designated area, wetland and riparian area identification is essentially
a one-of-three parameter test, similar to the USFWS and CCC standards. The Lahontan Regional Water Board'’s
standard here is used to identify “stream environment zones” (SEZs), which “are generally synonymous with

nm

‘wetlands’ and ‘riparian areas.’” (Basin Plan for the Lake Tahoe Region section 5.7.) These areas may be

identified using either “key indicators” or “secondary indicators.” Key indicators of SEZs include indicators of
hydrology, soils, and vegetation and are:

e Evidence of surface water flow, including perennial, ephemeral, and intermittent streams, but not
including rills or man-made channels; or

e Primary riparian vegetation; or
e Near surface groundwater; or
e Lakes or ponds; or

e Beach soils; or

e One of the following alluvial soils: (i) EImira loamy coarse sand, wet variant; (ii) Marsh. (Basin Plan for
the Lake Tahoe Region, section 5.7.)

In the Lake Tahoe Basin, the presence of any one key indicator in an area is sufficient to classify the area as an
SEZ. Where key indicators of SEZs are absent, the Lahontan Regional Water Board also considers a number of
secondary indicators, including:

e Designated floodplain;
e Groundwater between 20-40 inches;
e Secondary riparian vegetation; and

e One of the following alluvial soils: (i) Loamy alluvial land; or (ii) Celio gravelly loamy coarse sand; or
(iii) Gravelly alluvial land. (Basin Plan for the Lake Tahoe Region, section 5.7.)

The presence of any three of these secondary indicators are sufficient to identify an area as a wetland or
riparian area. While this standard sounds similar to the more restrictive three-of-three approach used by
federal regulatory standards, it is important to note that the secondary indicators of hydrology, soils, and
vegetation are substantially broader than those provided in the Corps’ manual. Also of note is the secondary
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indicator of “designated floodplain.” As noted above, many floodplains and other riparian areas do not satisfy
the three-of-three indicator tests used by U.S. EPA and the Corps.

Colorado River Regional Water Board
The Water Quality Control Plan, Colorado River Basin Plan for this Region does not describe any specific wetland
protection measures.

Santa Ana Regional Water Board

In the 1995 Water Quality Control Plan for the Santa Ana River Basin (Basin Plan), the Regional Water Board
recognizes wetlands as serving a number of important functions, such as absorption of floodwaters, shoreline
erosion control, water quality improvement by the removal of pollutants, habitat for wetland species,
aesthetics, recreation, research, and educational values. The Basin Plan also recognizes that the definitions of
wetlands vary widely among federal agencies, but states that “wetlands are general agreed to have three
characteristics: hydrophytic vegetation, hydric soils; and wetland hydrology.”

The Basin Plan lists certain waters known to be wetlands and designates their beneficial uses. Although

these specific wetlands are identified in the Region’s Basin Plan, all wetlands in the Region are protected. It

is noted that additional narrative objectives for wetlands will be developed in the future. The Basin Plan cites
the U.S. EPA and Corps wetland definition “as general reference and not as guidance.” The Basin Plan provides
for constructed wetlands for wastewater treatment purposes. Finally, the Basin Plan cites the objectives of the
1993 California Wetlands Conservation Policy.

San Diego Regional Water Board

The Water Quality Control Plan for the San Diego Basin (Basin Plan) (1994) contains a section describing how the
Regional Water Board meets the objectives of the No Net Loss Policy. The section describes statewide policy
initiatives and regional strategies. Statewide policy initiatives include inventorying wetlands, supporting
wetland planning and protection, improving and enhancing wetland regulatory programs, integrating wetland
regulations with other programs. Regional Water Board strategies include the participation in a “Southern
California Joint Venture” that would set goals and priorities for protecting wetlands. Also noted in the Basin
Plan is the detrimental effect of marinas on wetlands, and how the restoration and enhancement of wetlands is
likely to be more successful than creation of new wetland where none had existed previously. The Basin Plan
does not list any beneficial uses that are specific to wetlands.

5.4 Statewide Initiatives for Wetland Protection

This section provides an overview of recent wetland initiatives and events, as summarized in Table 5-7.

Table 5-7: Timeline of Recent California Wetland Initiatives
Date Initiative
1993 Executive Order W-59-93, commonly referred to as the State “No Net Loss Policy”

for wetlands

1994 Recommendations from Hydromod TAC
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2001

2003

2004

2006

2007

2008

2009

2010

2011

First US Supreme Court case to limit scope of federal jurisdiction of waters under the
Clean Water Act (CWA; SWANCC)

State Water Board report to California Legislature detailing steps needed to protect and
conserve wetlands not subject to the CWA

State Water Board workplan for addressing limited scope of federal jurisdiction over
waters of the state
General Order 2004-0004-DWQ adopted to cover dredge or fill discharges to waters

deemed outside of federal jurisdiction by the Corps

Second Supreme Court case to limit scope of federal jurisdiction of waters under the
CWA (Rapanos)

MOU between Secretaries of California EPA and California Natural Resources Agency to
form California Water Quality Monitoring Council

Scoping meetings for State Water Board Policy

California Water Quality Monitoring Council’s initial recommendations for water quality
and ecosystem monitoring and assessment

Resolution 2008-0026 by State Water Resources Control Board to direct the development
of the Policy

Public workshops held for phase 1 of Policy

State Water Board Technical Advisory Team Memoranda 1, 2, and 3 released regarding
research on the State Water Board wetland definition and a landscape framework

California Water Quality Monitoring Council’s recommendations for comprehensive
monitoring in California

California Water Quality Monitoring Council approval of CWMW WRAMP framework

State Water Board Technical Advisory Team Memorandum 4 released regarding research
on identifying and delineating wetlands

1993: Executive Order W-59-93

California Governor Pete Wilson adopted the California Wetlands Conservation Policy in 1993 as Executive Order
W-59-93.4 Commonly referred to as the “No Net Loss Policy” for wetlands, Executive Order W-59-93

47 The executive order can be accessed at
http://www.waterboards.ca.gov/water issues/programs/cwa401/docs/wrapp2008/executive order w59 93.pdf
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establishes the intent of the state to develop and adopt a policy framework and strategy to protect the state’s
wetland ecosystems. The goals of this policy are to:

e Ensure no overall net loss and achieve a long-term net gain in the quantity, quality, and permanence
of wetlands acreage and values in California in a manner that fosters creativity, stewardship and
respect for private property;

e Reduce procedural complexity in the administration of state and federal wetlands conservation
programs; and

e Encourage partnerships to make landowner incentive programs and cooperative planning efforts the
primary focus of wetlands conservation and restoration.

To achieve these goals, the No Net Loss Policy establishes a number of tasks and criteria for state agencies in
developing a state wetland program, including recognizing diverse wetlands, developing and adopting a
consistent wetland definition for state regulatory purposes, improving permitting efficiency, and coordinating
federal, state, and local wetland protection efforts. In its task to develop and adopt a consistent wetlands
definition for state regulatory purposes, the No Net Loss Policy specifically establishes that:

“Because of the lack of consistency in the existing definitions of wetlands definitions used by State
agencies, the State will work toward the adoption of a single definition for regulatory purposes. The
definition will, to the greatest extent possible, be consistent with the definition and wetlands
delineation manual used by the Federal government.”

1994: Hydromodification, Wetlands and Riparian Technical Advisory Committee

In 1994, the Hydromodification Technical Advisory Committee (Hydromod TAC, 1994) presented a report with
recommendations for “identifying program changes to decrease the impacts of hydromodification and
wetlands and riparian destruction on the beneficial uses of water.” The Hydromod TAC was a multi-agency
panel convened by the State Water Board and consisted of representatives from a variety of different agencies
and organizations, including the U.S. EPA; US Department of Agriculture Soil Conservation Service; CDFW; and
the Los Angeles, San Francisco, and Lahontan Regional Water Boards. In its 1994 recommendations, the
Hydromod TAC noted the need for a state wetland definition and coordination with state and federal agencies
to improve project planning and permitting. It also recommended that the State Water Board:

“Focus its mitigation strategy to protect areas that are not addressed by other agencies, integrate
mitigation with watershed planning, adhere to the federal Guidelines, work towards functional
assessment for determining mitigation obligation, encourage mitigation banking with adequate
environmental safeguards, and improve monitoring.”
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2003: State Water Board Report to Legislature

In 2003, in response to Solid Waste Agency of Northern Cook County v. U.S. Army Corps of Engineers, 2011
(SWANCC),* the State Water Board submitted a report to the California Legislature titled “Regulatory Steps
Needed to Protect and Conserve Wetlands Not Subject to the Clean Water Act (State Water Board 2003).” This
report reviews the critical role that wetlands and riparian areas have in protecting the beneficial uses of waters
of the state. It further recognizes that a watershed-level approach is most effective in protecting wetlands and
riparian areas and their associated water quality functions. The regulatory steps identified in the report include:

Steps Needed to Protect Waters Not Subject to the CWA:

e Explicitly mandate wetland protection;

e Focus on protecting wetland function rather than on discharges of pollutants;
e Recognize and protect landscape-level wetland functions; and

e Protect wetland functions from all types of activities.

Steps Needed to Establish a State Water Board Wetland Permitting Program:

e Adopt a State Water Board wetlands policy;

e Enhance interagency communication and coordination;
e Adopt beneficial use designations for wetland functions;
e Advise project proponents of their state responsibilities;
e Encourage local land use/water quality linkage;

e Mandate protection of wetland functions; and

e Use best available science.

Steps Needed to Protect “Isolated” Wetlands:

e Advise dischargers of need to report discharges;
e Develop and implement endangered species coordination;

e Adopt a state wetland definition;

48 See section 6.2 for further discussion of the case and its implications for wetland protections.
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e Adopt a state analog of the federal Guidelines; and
o Implement permitting for “isolated” waters.

2004: Workplan for Wetland Protection

In 2004, the State Water Board developed a document titled “Workplan: Filling the Gaps in Wetland Protection”
(State Water Board, 2004a), in response to a California Environmental Protection Agency request that the State
Water Board address waters of the state no longer protected under the CWA, as well as some of the policy
needs outlined in the 2003 Report to the Legislature. Tasks 3 and 4 of the 2004 Workplan are “Develop
Beneficial Use Definitions for Wetland-Related Functions” and “Adopt State Wetland Definition... [To] provide a
standard metric to help determine compensatory mitigation requirements and compliance with [the] ‘no net
loss’ policy” (State Water Board, 2004a). In addition, the 2004 Workplan included a task to develop a statewide
policy/plan for wetland protection “at least as protective as the federal requirements.”

2004: General Order for Discharge of Dredged or Fill Materials to Waters Outside of

Federal Jurisdiction

In response to reduced federal authorities, the State Water Board adopted Water Quality Order
2004-0004-DWQ, “Statewide General Waste Discharge Requirements (WDRs) for Dredged or Fill Discharges
to Waters Deemed by the Corps to Be Outside of Federal Jurisdiction.”*® These general WDRs reflect that
streams and wetlands are waters of the state under the Porter-Cologne Act regardless of whether or not they
are also waters of the United States under the CWA. The general WDRs provide a tool to regulate some impacts
to non-federal state waters; however, the general WDRs applies only to minor discharges of dredged or fill
material to these waters. Impacts larger than two-tenths (0.2) of an acre or 400 linear feet for fill and
excavation discharges, or of more than 50 cubic yards for dredging discharges are not covered by the general
WDRs, nor are any impacts that do not involve discharges of dredged or fill material (e.g., discharge of
stormwater or wastewater; State Water Board, 2004b).

2007: Memorandum of Understanding for Water Quality Monitoring

In November 2007, the Secretaries of the California EPA and the California Natural Resources Agency signed
a Memorandum of Understanding (MOU), mandated by California Senate Bill 1070 (Wat. Code section 13167
and section 13181), to establish the California Water Quality Monitoring Council (Monitoring Council).>® The
MOU requires the boards, departments, and offices within the California EPA and the California Natural
Resources Agency to integrate and coordinate their water quality and related ecosystem monitoring,
assessment, and reporting.

California Senate Bill 1070 and the MOU require that the Monitoring Council develop specific recommendations
to improve the coordination and cost-effectiveness of water quality and ecosystem monitoring and assessment,

9 http://www.waterboards.ca.gov/board _decisions/adopted orders/water _quality/2004/wgo/wqo2004-0004.pdf
50 http://www.mywaterquality.ca.gov/monitoring_council/index.shtml
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enhance the integration of monitoring data across departments and agencies, and increase public accessibility
to monitoring data and assessment information. While the Monitoring Council may recommend new
monitoring or management initiatives, it builds on existing effort to the greatest extent possible. The
Monitoring Council published its initial recommendations in December 2008, and its recommendations for a
comprehensive monitoring in California in December 2010. The main products of the Monitoring Council are
the “My Water Quality” internet portals, which are sources of information about various aspects of water
quality, such as wetland health, safety of water for swimming, and bioaccumulation of contaminants in fish and
shellfish. To date, the Monitoring Council has produced three internet portals.

The Monitoring Council has several workgroups, including the California Wetland Monitoring Workgroup
(CWMW). The CWMW evolved from a statewide steering committee formed to coordinate agencies’ wetland
regulatory activities and to provide advice on development, implementation, and routine use of standardized
wetland and riparian monitoring tools. The objectives of the CWMW include developing and guiding a
comprehensive wetland monitoring program for the state of California, enhancing the California Wetlands
Portal, compiling information on existing wetland monitoring programs and activities, and developing
agreements among partner agencies on data sharing.”!

2008: State Water Board’s Wetlands Resolution

In 2008, the State Water Board adopted Resolution 2008-0026, which provides the course of development for
the Procedures. The 2008 resolution directs State Water Board staff to address policy directives and
recommendations of the State’s No Net Loss Policy, Hydromod TAC, the State Water Board 2003 Report to the
Legislature, and 2004 Workplan.

Resolution 2008-0026 directs work to be performed in three phases. The objectives of Phase 1 constitute the
Procedures. Phase 2 requirements are to expand the scope of the Procedures to protect wetlands from all other
activities impacting water quality (i.e. other than dredge or fill activities) by defining wetland beneficial uses and
water quality objectives, along with a program of implementation to achieve the water quality objectives. Phase
3 requirements are to extend the Procedures to identifying and protecting water quality benefits provided by
riparian areas. The State Water Board considers Phases 2 and 3 to be separate projects, and will address the
environmental impacts of them in future environmental documents.

2008: Development of Technical Advisory Team-TAT

As noted in section 4.2 above, in 2008, through U.S. EPA grant funding, the State Water Board worked with the
SFEI to form a TAT to “provide the breadth and depth of scientific understanding about wetlands and riparian
areas needed to assure the scientific credibility of the policy [Wetland and Riparian Area Protection Policy]” (TAT
Memo 1). In 2009, TAT released its second memo, Wetland Definition, and its third memo, Landscape

51 For more information, see the website:
http://www.waterboards.ca.gov/mywaterquality/monitoring_council/wetland workgroup/http://www.waterboards.ca.gov/
mywaterquality/monitoring _council/wetland workgroup/
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Framework for Wetlands and Other Aquatic Areas. In 2011, TAT released its fourth memo, Wetland
Identification and Delineation.

The TAT studied existing wetland definitions and found that existing definitions do not fully reflect the variety
of wetlands found in California (TAT, 2009). Some definitions are either too general to cover California wetlands
without ambiguity, while others are too narrow and exclude some California wetlands. The State Water Board
used existing definitions to develop the wetland definition in the Procedures, which is:

An area is wetland if, under normal circumstances, (1) the area has continuous or recurrent saturation
of the upper substrate caused by groundwater, or shallow surface water, or both; (2) the duration of
such saturation is sufficient to cause anaerobic conditions in the upper substrate; and (3) the area’s
vegetation is dominated by hydrophytes or the area lacks vegetation.

2010: Agency Endorsement of Statewide Wetland and Riparian Area Monitoring
Program

In 2010, the Monitoring Council formally endorsed the Tenets of a State Wetland and Riparian Area Monitoring
Plan, developed by the CWMW (Monitoring Council, 2010). The Monitoring Council has recommended that
state agencies incorporate these goals into their activities related to wetlands.
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6. PROJECT DESCRIPTION

This section provides a discussion of the project objectives, need and a brief description of the
Procedures. For a complete description of the Procedures, please refer directly to the Procedures.

6.1 Project Objectives
The objectives of the Procedures are to:

1. Advance statewide efforts to ensure no overall net loss and a long-term net gain in the
quantity, quality and sustainability of wetlands in California in a manner that fosters
creativity, stewardship, and respect for private property (Executive Order W-59-93-Calfiornia’s
“No Net Loss” Policy).

2. Support the Water Boards’ environmental priorities for protecting and enhancing California’s
vital wetland areas through watershed-based regulatory and monitoring strategies.

3. Establish a uniform regulatory approach consistent with the federal CWA section 404 program
for the discharge of dredged or fill material into all waters of the state, including wetland
areas that qualify as waters of the state.

4. Enhance the Water Boards’ capabilities to support efforts of other agencies and groups in the
conservation planning of watersheds, wetlands, and other aquatic resources (e.g., watershed
plans such as habitat conservation plans and national community conservation plans).

5. Strengthen regulatory effectiveness and improve consistency across all Water Boards.
6. Streamline the 401 certification process.

7. Establish procedures for regulation of dredge or fill discharges to all waters of the state,
including those outside of federal jurisdiction.

6.2 Project Need

Resolution No. 2008-0026, adopted by the State Water Board on April 15, 2008, directed staff to
develop the Procedures. The Resolution identifies the following elements to be included in the
Procedures: “(a) a wetland definition that would reliably define the diverse array of California wetlands
based on the United States Army Corps of Engineers’ wetland delineation methods to the extent
feasible, (b) a wetland regulatory mechanism based on the federal Guidelines (40 C.F.R. parts 230-233)
that includes a watershed focus, and (c) an assessment method for collecting wetland data to monitor
progress toward wetland protection and to evaluate program development.” The Procedures establish a
wetland definition and a state version of the federal Guidelines to protect all waters of the state,
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including wetlands, which are subject to potential dredge or fill impacts. Development of an assessment
method will be addressed separately from the Procedures. The Procedures, as discussed in more detail
below, will ensure the protection of wetlands that qualify as waters of the state but are not under
federal jurisdiction. The Procedures also provide consistency for the Water Boards regulation of
discharges of dredged or filled material to all waters of the state. Finally, the Procedures will ensure
that compensatory mitigation is sufficient to offset impacts to the quantity and quality of wetlands that
qualify as waters of the state.

Lack of Federal Protection for Some Waters

Certain waters of the state have lost protection under the CWA due to U.S. Supreme Court decisions
regarding the definition of waters of the United States. In 2001 and 2006, two U.S. Supreme Court
decisions, SWANCC and Rapanos, had important implications for the definition of “waters of the United
States.” The Supreme Court cases clarified this definition to include the following types of waters (U.S.
EPA and Corps, 2007):

e Traditional navigable waters;

o Wetlands adjacent to traditional navigable waters (including wetlands without a continuous
surface connection to traditional navigable waters);

e Relatively permanent non-navigable tributaries to traditional navigable waters;

o  Wetlands with a continuous surface connection to relatively permanent non-navigable
tributaries of traditional navigable waters; and

e Non-navigable, not relatively permanent tributaries and their adjacent wetlands where such
tributaries and wetlands have a significant nexus to traditional navigable water.

Some waterbodies in California do not conform to the types of waters listed above, such as waters that
are non-navigable, are not “relatively permanent,” and do not have a significant nexus to traditional
navigable waters. Consequently, federal jurisdiction and CWA protection does not apply to these
waters. In California, such waterbodies typically include ephemeral streams, headwaters, and wetlands
such as vernal pools, playas, prairie potholes, and alpine wet meadows (National Research Council,
1995). A study by Comer et al. (2005) names more than 13 wetland ecological systems within California
that occur in partial or total isolation from other waterbodies, including Northern California Claypan and
Volcanic Vernal Pools, South Coastal California Vernal Pools, Central Valley Alkali Sinks, and the
California Mediterranean Alkali Marshes.

Prior to the U.S. Supreme Court decisions in 2001 and 2006, the permits issued by the federal
government under CWA section 404 had a wider jurisdictional reach over waters of the state. Following
the decisions, the applicability of federal law to state waters has been reduced, and is now insufficient
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to protect the full extent of waters in the state. The Water Boards protect waters of the state that are
not waters of the United States under the authority of the Porter-Cologne Act alone.

Inconsistent Wetland Definition and Dredge or Fill Regulation

There is no single accepted definition of wetlands at the state level. In other words, the determination
of whether a water is a wetland is based on different standards by different agencies in California. The
definition of wetlands even differs amongst the Water Boards (as shown in section 5.3). Some Water
Boards have adopted the federal wetland definition and delineation methods, but others have not. The
Procedures establish a wetland definition for the Water Boards.

In addition, the Water Boards do not have consistent dredge or fill application submittal and approval
procedures. Prior to development of the Procedures, the Water Boards relied on the California Code of
Regulations, title 23, section 3856 “Contents of a Complete Application” as well as requirements set
forth in the federal 404(b)(1) guidelines on a case-by-case or regional basis. For example, based on the
review of current practices, some Regional Boards may require an applicant to conduct an alternatives
analysis and others may not require an alternatives analysis. The Procedures establish consistency in
regulating discharges of dredged or fill material to waters of the state, including wetlands that qualify as
waters of the state, by adopting wetland delineation methods and uniform dredge or fill application
submittal and approval procedures for use by the Water Boards. In addition, establishing Procedures
that are applicable to both federal and non-federal waters of the state will help ensure that Water
Board actions are consistent regardless of whether the Orders are 401 certifications, waste discharge
requirements, or a combination thereof.

Performance of Compensatory Mitigation

Finally, as discussed in Section 5.2, “Impact of Compensatory Mitigation,” compensatory mitigation
throughout the state has not been adequate to prevent loss in the quantity and quality of wetlands that
qualify as waters of the state, and other waters of the state, in California. The second component of the
Procedures, the requirements applicable to discharges of dredged or fill material based on the federal
Guidelines, includes clarification of compensatory mitigation requirements with the intent of making
compensatory mitigation more robust and successful in California.

6.3 Policy Changes since January 2019

As discussed in section 4.2 “Next Steps in the Public Process” State Water Board staff provided
clarifications to the January 2019 Procedures, as well as a number of Stakeholder Requested Policy
Options. The two documents were released for public review on February 22, 2019, and were discussed
at a Board Workshop on March 5, 2019. This section responds to comments made at the Board
workshop and during stakeholder discussions since January 2019, and describes the changes to the
Procedures.

State Water Resources Control Board Page 50



Procedures for Discharges of
Dredged or Fill Material to Waters of the State
Staff Report Section 6: Project Description

Fields Used for the Cultivation of Rice

During the Board and staff workshops held in 2019, staff received feedback concerning how rice fields
would be regulated under the Procedures. Rice requires wetland conditions to grow. Accordingly, rice
fields will often meet the Water Boards’ wetland definition. In some cases, part or all of the rice field
that is reliant on artificial irrigation may not meet the definition of wetland because the hydrology that
is causing the wetland characteristics is not part of the normal circumstances. Where a rice field does
exhibit wetland characteristics under normal circumstances, there was concern that the Procedures
would regulate discharges to the rice field itself. In the past, the Water Boards have typically focused
regulations on discharges from the rice field to surface or ground waters of the state, not on the water
quality in the rice field itself. Specifically, there was a concern that rice fields would typically not qualify
for a jurisdictional exclusion, and if considered a water of the state, State Water Board Order 88-63,
Sources of Drinking Water, would extend certain beneficial uses, such as MUN, to the rice field water. In
addition, through collaboration between farmers, conservation groups, and regulatory agencies, rice
fields are sometimes used to provide valuable habitat for wildlife and other beneficial uses in between
growing seasons. The Procedures were revised in response to these concerns to prevent beneficial uses
from applying to the rice fields themselves and to ensure that the Procedures did not create additional
regulatory burdens that would disincentivize rice cultivation and collaboration to provide wildlife
habitat.

Two sections of the Procedures were revised to provide regulatory relief for rice fields: 1) the
jurisdictional framework (section Il, footnote 5), and 2) the areas and activities excluded from the
application procedures (section IV.D.3). In the jurisdictional framework, an additional type of artificial
wetland feature was excluded (“fields flooded for rice growing”), and a footnote was added to include
provisions related to beneficial uses of rice fields and abandonment. In the procedural exclusions, an
exclusion was added to exclude from the application procedures wetlands that meet criteria specific to
rice cultivation. Staff did not identify any significant adverse impacts from these revisions. See section
6.10.

Review and Approval of Restoration Plans for Temporary Impacts

The timing of when the permitting authority may approve a restoration plan for temporary impacts was
revised to allow for approval after an Order is issued, but prior to the initiation of temporary impacts
(Procedures section 1V.B.4). This revision is consistent with the process for the permitting authority’s
approval of compensatory mitigation plans, and staff has identified no significant adverse impacts from
this revision.

Procedural Exclusion for the Routine and Emergency Operation and
Maintenance Activities

An exclusion for routine and emergency operation and maintenance activities for certain projects was
added as a result of negotiations between a workgroup of water and stormwater agencies and
environmental advocacy groups. The language is limited to certain entities and types of facilities. The
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exclusion does not limit the permitting authority’s current regulation of dredge or fill activities, nor does
it relieve the permittees of their obligation to avoid and minimize adverse impacts from the activities.
The exclusion gives the Regional Boards the discretion to determine the scope of the exclusion, including
what constitutes existing, artificial waters. Staff did not identify any significant adverse impacts from
these revisions. See section 6.10 below.

Instead of these Procedures, the specified operation and maintenance activities may be regulated using
existing policies and procedures. For projects in waters of the U.S. that need a Clean Water Act section
404 permit or other federal permit, applicants must apply for a section 401 Water Quality certification,
prepared in accordance with California Code of Regulations title 23, section 3830 et seq. Note that
section 3836 allows the permitting authority to request further information in addition to what is
required for a complete application under section 3856. In the case of projects that are exclusively in
non-federal waters of the state, Orders would be developed in accordance with Porter-Cologne, section
13260 et seq., which requires a report of waste discharge. In either case, the information requested
may be substantially equivalent, or even identical, to the information required under the Procedures.

Procedural Exclusion for Prior Converted Cropland (PCC)

The procedural exclusion for PCC was revised to state that the exclusion applies to wetland areas that
qualify as PCC within the meaning of federal regulations because not all areas that qualify as PCC will
have a PCC certification. There was a concern that applicants without a PCC certification would be
unable to avail themselves of this exclusion. Under the revised language, an applicant may present a PCC
certification as evidence that the area qualifies as PCC. The applicant may also present other
documentary evidence that the area qualifies as PCC where a certification has not been obtained. The
revised language also specifies that qualifying as PCC means that the area has not been abandoned
through five consecutive years of non-use for agricultural purposes. Federal regulations have been
interpreted as requiring that PCC is not abandoned. Although there are a number of different
formulations of the abandonment principle, the preamble language to the 1993 regulations states that
PCC that now meets the wetland criteria is considered abandoned unless “[flor once in every five years,
the area has been used for the production of an agricultural commodity, or the area has been used or
will continue to be used for the production of an agricultural commodity in a commonly used rotation
with aquaculture, grasses, legumes or pasture production.” (58 Fed. Reg. 45034.) It is expected that the
scope of PCC, including interpretations of abandonment, would be interpreted consistently with how
the Corps and EPA are defining PCC. Staff did not identify any significant adverse impacts from these
revisions. See section 6.10 below.

Procedural Exclusion for Features used for Agricultural Purposes

There was concern that there were certain areas used for agriculture that would not qualify for a
jurisdictional exclusion or procedural exclusions under section 404(f) or PCC. The preamble to the 1986
waters of the U.S. regulations included a list of features that were generally not considered waters of
the U.S., but that could be considered waters of the U.S. on a case-by-case basis. The 2015 Clean Water
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Figure 21: Year 2060 Population Projections (California Department of Finance, 2013)

However, housing would likely occur within the same general area of the original proposed project
location. The Procedures would not induce substantial population growth in an area, but rather shift
the location of future projects that would have occurred regardless of the Procedures to avoid and
minimize impacts to aquatic resources. The Procedures would also not create a demand for additional
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housing or displace any existing housing units or persons. Therefore, the Procedures would have no
impact on population growth or housing demand.

Table 8-15 lists the potential categorical impacts and determinations of significance.

Table 8-15. Population and Housing Categorical Impacts and Significance Determinations
Impact Questions Significance
Determination
a) Would the project induce substantial population growth in an area, either

directly (for example, by proposing new homes and businesses) or NI
indirectly (for example, through extension of roads or other
infrastructure)?
i. Would the project displace substantial numbers of existing NI
housing, necessitating the construction of replacement
housing elsewhere?
ii. Would the project displace substantial numbers of people, NI

necessitating the construction of replacement housing
elsewhere?

The State Water Board intends for the Procedures to provide consistent identification of wetlands and
strengthen efforts to avoid and minimize impacts to wetlands, and other waters of the state, through
evaluation of alternatives to identify and implement the LEDPA. This consistency may result in a greater
effort to avoid aquatic resource impacts and reduced discharge of dredged or fill materials potentially
resulting in the protection and retention of a greater proportion of natural wetlands, and other waters
of the state, relative to existing policy. The Procedures would potentially lead to less alteration, filling,
or dredging of wetlands and other waters of the state. As a consequence of the adoption of the
Procedures, more of the aquatic resource areas would be undisturbed, but this would not affect
population growth and housing other than the potential shift of the location of these impacts as
mentioned above.

The Procedures could shift development to upland areas away from aquatic resource areas. However,
the State Water Board does not have information on the location of future projects. In many cases,
project proponents will consider potential impacts due to population and housing during the CEQA
process.

Further, given the relatively small number of projects that would be regulated significantly differently
under the Procedures compared to the existing regulatory. Practices. Accordingly, the State Water
Board determined that the effect of the Procedures on population and growth would not have an
impact.
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8.14 Public Health and Vector Control

Although potential biological vectors (i.e., animal species capable of acting as reservoirs and
transmitting agents of human diseases) include ticks, fleas, and small mammals, the primary public
health issue associated with the Procedures is mosquito vectors. The Procedures affect jurisdictional
protection of waters of the state, including wetlands. Intact wetlands are often a preferred breeding
habitat for mosquito vector species, and therefore policies that affect the quantity, location, and type of
wetlands in the state will potentially have implications for mosquito populations and potential human
exposure risk to mosquito-borne diseases.

Local vector control agencies survey breeding habitat and observe changes in population size, disease
risk, and public nuisance levels to assess local risks. Some of the major diseases of concern in California
include West Nile virus, St. Louis encephalitis, western equine encephalomyelitis, California encephalitis,
and malaria (Kwasny et al., 2004). Mosquito abatement typically relies on an integrated pest
management approach, combining pesticides, biological controls such as mosquitofish (Gambusia spp.),
and habitat reductions through activities such as draining wetlands and others. In more remote,
sparsely populated areas, authorities may elect not to control mosquitos directly, relying only on signs
and barriers to prevent people from coming into contact with breeding areas.

Vector control agencies’ actions are governed by federal laws, including the CWA, ESA, and Federal
Fungicide and Rodenticide Act, as well as state law under the Health and Safety Code (§2000 et seq.,
§106925, §16100-116250) and other state regulations governing pesticides. Pesticide applications may
adversely affect water quality, although application of pesticides in strict accordance with state and
federal regulations should minimize these impacts. Discharges of pesticides and pesticide residues are
required to meet criteria under the California Toxics Rule as well as water quality criteria designed by
the Water Boards to protect beneficial uses of waters. The most protective appropriate criteria are
applied in order to protect all designated uses of the receiving water.

Recently, the Sixth Circuit Court ruled that the application of pesticides at, near, or over waters of the

U. S. that results in discharges of pollutants requires coverage under a NPDES permit. In response to the
Sixth Circuit Court’s decisions and previous decisions by other courts on pesticide regulation, the State
Water Board has adopted four pesticide permits for various applications of pesticides at, near, or over
waters of the United States that enforce water quality standards. All pesticides used for vector control
must be registered for use in California, must be applied by a certified technician or someone working
under the direct supervision of a certified technician, and must be applied in accordance with the
pesticide product’s registered label.

All species of mosquito require standing water for breeding and larval development. Female mosquitos
lay batches of eggs, which hatch in the water, undergoing four aquatic larval stages and an aquatic pupal
stage before developing into aerial adults (Kwasny et al., 2004). Species that are most of concern, as
vectors prefer stagnant water, can be found in many types of wetlands. Any waters that remain
undisturbed for more than three to five days are considered potential mosquito breeding habitats
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(California Bay-Delta Authority (CALFED), 2000). Although mosquitos breed year-round in some parts of
California, peak breeding occurs during the warmer months from mid-spring and mid-autumn.

Individual natural wetlands may or may not contain mosquito breeding habitat, requiring identification
of such habitats on a site-specific basis. In some cases, natural wetland habitat could require mosquito
abatement activities (including pesticide applications) in some areas in order to ensure that human
populations are not at risk from vector-borne diseases. However, a large number of mosquito
mitigation measures are currently utilized by local mosquito control authorities. Local vector control
agencies have broad authority to manage and abate mosquito breeding habitats to ensure they do not
become a nuisance. For example, potential mitigation measures to reduce or control mosquito breeding
habitat include (California Division of Health Services, 2005):

e Site maintenance and frequent site inspections;
e Netting over target areas;
e Constructing and maintaining appropriate drainage slopes;

e Encouraging mosquitofish (Gambusia spp.) and other mosquito predators, including
invertebrates (e.g. water boatmen and dragonfly larvae), birds (e.g., swallows), and bats,
among others;

e Vegetation management to ensure adequate predator access to mosquitos;

e Open water marsh management, which connects marshes to a canal or pond using a system of
ditches to enable water flow and allow aquatic predators into marshes; and

e Application of pesticides (e.g., methoprene) or biological control agents (e.g., the bacterium
Bacillus thuringiensis).

A public health and vector control impact is significant if, relative to existing policy, implementation of
the Project would result in:

e Anincrease in the potential exposure of the public to disease vectors; or
e Anincrease in potential mosquito/vector breeding habitat.

Table 8-16 lists the potential categorical impacts and determinations of significance.
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Table 8-16. Public Health and Vector Control Categorical Impacts and Significance
Determinations
Impact Questions Significance
Determination
a) Would the project increase the potential exposure of the public to disease
vectors (i.e., mosquitos, ticks, and rats)?
i. Would the project increase potential mosquito/vector

breeding habitat (i.e., areas of prolonged standing/ponded
water like wetlands or stormwater treatment control BMPs)?

LTS

LTS

The Procedures provide consistent identification of wetlands and strengthens efforts to avoid, minimize,
and mitigate for impacts to wetlands, through evaluation of alternatives to identify and implement the
LEDPA. This consistency may result in a greater effort to avoid wetland impacts and reduced discharge
of dredged or fill material potentially resulting in the protection and retention of a greater proportion of
natural wetlands relative to the existing regulatory framework.

Risk of human exposure to disease through vectors is a complex function affected by the quantity of
mosquito breeding habitat, concentrations of mosquito populations, presence of infectious disease in
the mosquito population, seasonal climactic factors, and the proximity of mosquito breeding sites to
human populations. The Procedures would not change current wetland areas or locations. Since the
area of mosquito breeding habitat and its location relative to human populations would not be affected,
there should be not any increase in the mosquito population or risk to humans. However, the State
Water Board does not have information on the location of future projects. In many cases, project
proponents will consider potential impacts due to public health during the CEQA process. The
Procedures have the potential to shift projects or activities to upland areas away from wetlands.
Selection of the LEDPA, along with other relevant environmental regulations, would avoid selection of
sites with increased human risks. In addition, given the relatively small number of projects that would
be regulated significantly differently under the Procedures compared to the existing regulatory
framework. Therefore, the State Water Board determined that the effect on the Procedures on public
heath vectors would be less than significant.

8.15 Public Services

The Public Services section assesses the impact of a project on law enforcement, fire protection, schools,
and other public services. Staff assessed whether a project would result in substantial adverse physical
impacts or alteration of governmental facilities needed to maintain acceptable service ratios, response
times, education metrics, or other performance objectives for any of the public services. Analysis of
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impacts on relative police and fire protection could consider facilities and equipment, fire flows,

emergency response, and emergency access.?!

A project would have an effect on public services if it would result in substantial adverse physical
impacts associated with the creation of new or physically altered governmental facilities, or a need for
new or physically altered governmental facilities in order to maintain acceptable service ratios, response

times, or other performance objectives. Altered or increased school services would likely be a

secondary effect of housing and population which has been found above to be of no significance.

Table 8-17 lists the potential categorical impacts and determinations of significance.

Table 8-17. Public Services Categorical Impacts and Significance Determinations
Impact Questions

a) Would the project result in substantial adverse physical impacts
associated with the provision of new or physically altered governmental
facilities, need for new or physically altered governmental facilities, the
construction of which could cause significant environmental impacts, in
order to maintain acceptable service ratios, response times or other
performance objectives for any of the public services:

i Fire protection?
ji. Police protection?
jii. ~ Schools?
iv. Parks?

V. Other public facilities?

NI

NI

NI

NI

NI

NI

Significance
Determination

The State Water Board intends for the Procedures to provide consistent identification of wetlands and
strengthen efforts to avoid and minimize impacts to wetlands, and other waters of the state, through
evaluation of alternatives to identify and implement the LEDPA. This consistency may result in a greater
effort to avoid aquatic resource impacts and reduced discharge of dredged or fill materials potentially
resulting in the protection and retention of a greater proportion of natural wetlands, and other waters

of the state, relative to existing policy.

81 wWildland fire hazards are considered separately under Hazards and Hazardous Materials in section 4.3.3.
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More aquatic resource areas would be undisturbed and as such, there would be less potential for impact
to public services related to aquatic resources.

The Procedures would not impose a substantially greater demand for public services beyond that which
already exists. The Procedures would not result in a need for altered or new facilities to provide law
enforcement, fire protection services, or required additional educational services. Review of the
potential categorical impacts listed under this category indicates there would be no significant impact.

8.16 Recreation

Because of the importance of recreational resources to quality of life, CEQA requires consideration of
environmental effects on parks, recreation, and open space, including any environmental consequences
that would likely result from a project. Of particular concern is whether the project would result in
either (1) increased use of and/or possible deterioration of existing neighborhood or regional parks or
(2) lead to conditions that might lead to a need for construction of new parks or expansion of existing
parkland.

Table 8-18 lists the potential categorical impacts and determinations of significance.

Table 8-18. Recreation Categorical Impacts and Significance Determinations

Impact Questions Significance
Determination

a) Would the project increase the use of existing neighborhood and regional

LTS
parks or other recreational facilities such that substantial physical
deterioration of the facility would occur or be accelerated?
i.  Would the project include recreational facilities or require NI

the construction or expansion of recreational facilities that
might have an adverse physical effect on the environment?

The State Water Board intends for the Procedures to provide consistent identification of wetlands and
strengthen efforts to avoid and minimize impacts to wetlands, and other waters of the state, through
evaluation of alternatives to identify and implement the LEDPA. This consistency may result in a greater
effort to avoid aquatic resource impacts and reduced discharge of dredged or fill materials potentially
resulting in the protection and retention of a greater proportion of natural wetlands, and other waters
of the state, relative to existing policy.

As a consequence of the adoption of the Procedures more of the aquatic resource areas would be
undisturbed and as such, there would be less potential for impact to recreational areas associated with
aquatic resources. In general, recreational resources should benefit from protection of wetlands,
steams, wildlife habitat, open space, improved water quality, increased flood protection, and increased
fish and waterfowl populations.
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The Procedures could shift development to upland areas away from wetlands. However, the State
Water Board does not have information on the location of future projects or possible related change to
the use of existing neighborhood and regional parks or other recreational facilities. In many cases,
project proponents will consider potential impacts to recreation during the CEQA process.

Given the relatively small number of projects that would be regulated significantly differently under the
Procedures compared to the existing regulatory framework, the State Water Board determined that the
effect of the Procedures on recreation would be either be less than significant or have no impact.

8.17 Transportation/Traffic

CEQA review requires consideration of the potential impact of a project on existing and projected
transportation and circulation conditions. This consideration includes:

e Direct traffic impacts, which are those projected to occur at the time a proposed
development becomes operational, including other developments not presently
operational but which are anticipated to be operational at that time (near term); and

e Cumulative traffic impacts, which are those projected to occur at some point after a
proposed development becomes operational, such as during subsequent phases of a
project and when additional proposed developments in the area become operational
(short-term cumulative) or when the affected community plan area reaches full planned
build out (long-term cumulative).

Table 8-19 lists the potential categorical impacts and provides staff’s determinations of significance.

Table 8-19. Transportation/Traffic Categorical Impacts and Significance Determinations
Impact Questions Significance
Determination

a) Would the project conflict with an applicable plan, ordinance or policy LTS
establishing measures of effectiveness for the performance of the
circulation system, taking into account all modes of transportation
including mass transit and non-motorized travel and relevant
components of the circulation system, including, but not limited to
intersections, streets, highways and freeways, pedestrian and bicycle
paths, and mass transit?
i. Would the project conflict with an applicable congestion LTS
management program, including, but not limited to level
of service standards and travel demand measures or other
standards established by the county congestion
management agency for designated roads or highways?
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ii. Would the project result in a change in air traffic patterns,

including either an increase in traffic levels or a change in LTS
location that results in substantial safety risks?
iii. Would the project substantially increase hazards due to a LTS
design feature (e.q., sharp curves or dangerous
intersections) or incompatible uses (e.g., farm equipment)?
iv. Would the project result in inadequate emergency access? LTS
v. Would the project conflict with adopted policies, plans, or LTS

programs supporting alternative transportation (e.g., bus
turnouts, bicycle racks)?

The State Water Board intends for the Procedures to provide consistent identification of wetlands and
strengthen efforts to avoid and minimize impacts to wetlands, and other waters of the state, through
evaluation of alternatives to identify and implement the LEDPA. This consistency may result in a greater
effort to avoid aquatic resource impacts and reduce discharge of dredged or fill materials, potentially
resulting in the protection and retention of a greater proportion of natural wetlands, and other waters
of the state, relative to existing policy.

The Procedures could shift development to upland areas away from aquatic resources. The Procedures,
either through the retention of aquatic resources or the movement of projects to upland locations,
could potentially affect the design of roads or conflict with plans that establish measures of
effectiveness for the performance of traffic circulation systems, traffic congestion management
programs, or plans that support alternative transportation. However, the State Water Board does not
have information on the location of future projects. In many cases, project proponents will consider
potential impacts to transportation during the CEQA process. In addition, given the relatively small
number of projects that would be regulated significantly differently under the Procedures compared to
the existing regulatory framework, the State Water Board determined that the effect on the Procedures
on transportation and traffic would be less than significant.

8.18 Utilities and Service Systems

CEQA requires assessment of the impact of a project on general utilities such as water supply and
wastewater, solid waste disposal, electricity, natural gas, solar power, telecommunications, and other
relevant service systems such as stormwater management. A project would have an effect on utility
systems if it would affect potable water, wastewater treatment, stormwater, or solid waste facilities
either directly (via new or expanded facilities) or indirectly (via a new generation source, and/or demand
that would exceed the capacities of existing facilities). Each utility provider generally establishes its own
threshold criteria for utility capacity and service expansion. Utility providers are typically a combination
of municipal, quasi-public agencies, and privately-owned companies and corporations.
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The Procedures would not result in a greater number of residential projects requiring public service in
the state, but rather could result in locating projects to alternative sites. Implementation of the
Procedures would not change wastewater treatment requirements, require new or expansion of
wastewater treatment facilities, require new or expansion of stormwater drainage facilities or affect
local solid waste disposal services. The Project would not cause a net exceedance of wastewater
treatment facilities, stormwater treatment, or landfills or create a net increase of water use. The
Procedures would not affect how projects comply with federal, state, and local statues and regulations
related to solid waste.

Table 8-20 lists the potential categorical impacts and determinations of significance.

Table 8-20. Utilities and Service Systems Categorical Impacts and Significance Determinations
Impact Questions Significance
Determination

a) Would the project exceed wastewater treatment requirements of the
applicable Regional Water Quality Control Board?

i.  Would the project require or result in the construction of
new water or wastewater treatment facilities or expansion
of existing facilities, the construction of which could cause
significant environmental effects?

ii. Would the project require or result in the construction of
new stormwater drainage facilities or expansion of existing
facilities, the construction of which could cause significant
environmental effects?

iii. Would the project have sufficient water supplies available
to serve the project from existing entitlements and
resources, or are new or expanded entitlements needed?

iv. Would the project result in a determination by the
wastewater treatment provider which serves or may serve
the project that it has adequate capacity to serve the
project’s projected demand in addition to the provider’s
existing commitments?

v. Would the project be served by a landfill with sufficient
permitted capacity to accommodate the project’s solid
waste disposal needs?

vi. Would the project comply with federal, state, and local
statutes and regulations related to solid waste?

LTS

LTS

LTS

LTS

LTS

NI

NI

The State Water Board intends for the Procedures to provide consistent identification of wetlands and
strengthen efforts to avoid and minimize impacts to wetlands, and other waters of the state, through
evaluation of alternatives to identify and implement the LEDPA. This consistency may result in a greater
effort to avoid aquatic resource impacts and reduced discharge of dredged or fill materials potentially
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resulting in the protection and retention of a greater proportion of natural wetlands, and other waters
of the state, relative to existing policy.

As a consequence of the adoption of the Procedures more of the aquatic resource areas would be
undisturbed and thus would not affect utilities and service systems in those areas, other than to shift
the location of the potential effects.

The Procedures could shift development of public services to upland areas away from wetlands and
other waters of the state. However, the State Water Board does not have information on the location of
future projects. In many cases, project proponents will consider potential impacts to public services
during the CEQA process.

Given the relatively small number of projects that would be regulated significantly differently under the
Procedures compared to the existing regulatory framework, the State Water Board determined that the
effect of the Procedures on public service would be either be less than significant or have no impact.
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9. CUMULATIVE IMPACTS

The term “cumulative impacts” refers to two or more individual effects which, when considered
together, are significant or which compound or increase other environmental impacts. This section
describes the potentially cumulatively considerable® impacts of individual effects arising from the
Project, as well as those arising from the Project in combination with past, present, and reasonably
foreseeable future projects.

9.1 Cumulative Impacts from Two or More Individual Effects

The Procedures would not allow Water Boards to approve projects that have cumulative impacts based
upon past or reasonably anticipated future impacts that could cause a violation of downstream water
quality standards, violate regional air quality objectives, or other appropriate requirements of state law.
As documented in section 8, the State Water Board has determined that there would be no potentially
significant adverse effects arising from the Procedures. As such, the Procedures would not result in any
cumulatively considerable impacts arising from two or more individual effects.

9.2 Past, Present, and Reasonably Foreseeable Future Projects

The cumulative impacts from several projects is the change in the environment which results from the
incremental impact of the Project when added to other closely related past, present, and reasonably
foreseeable probable future projects. Cumulative impacts can result from individually minor but
collectively significant projects taking place over a period of time.

Relevant past projects include the key historical wetland protection initiatives in California, as
summarized in Section 5.4, “Project Background.” Specifically, the Procedures expands the use of a
watershed approach to review and approve dredge or fill projects. Future projects may also be
relevant, but are often hard to predict. As such, this section provides a discussion of the potential for
cumulatively considerable impacts arising from the Procedures in combination with past projects only.

Taken together, past initiatives in the state (including provisions in the CA Water Code) and the
Procedures collectively protect waters of the state, including those that are not currently subject to
CWA protections. As such, they have cumulatively considerable impacts with regard to the protection
afforded to these waters throughout California. Specifically, they apply protections to waters of the
state, including wetlands that may otherwise be subject to unregulated dredge or fill projects.

The CEQA Guidelines state that:

82 “Cumulatively considerable” means that the incremental effects of an individual project are significant when
viewed in connection with the effects of past projects, the effects of other current projects, and the effects of
probable future projects (14 CCR §15065(a)(3)).
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The mere existence of significant cumulative impacts caused by other projects alone shall
not constitute substantial evidence that the proposed project’s incremental effects are
cumulatively considerable (14 CCR §15065(a) (3)).

Therefore, the State Water Board considered whether the impacts of the Procedures are cumulatively
considerable within the context of and relative to impacts caused by other past, present, or future
projects that protect wetlands in California.

The Procedures would supplement, clarify, and support the wetland protections that arise from earlier
statewide projects, particularly as implemented under the CA Water Code. Compared to existing
policies, the Procedures would add consistency and transparency to the determination of wetland areas
and help resolve uncertainties regarding wetland identification in areas of overlapping regulatory
jurisdiction. The Procedures would also provide certainty for applicants regarding the requirement to
evaluate project alternatives and select the LEDPA.

A small portion of projects that discharges to waters of the state, including wetlands, may be impacted
by the requirements of the Procedures, and the State Water Board anticipates that only a subset would
result in project design changes to avoid wetland impacts. The Procedures clarify and supplement
existing regulations, including the CA Water Code, that are intended to protect all waters of the state,
including wetlands. Additionally, implementation would be consistent with all applicable regional or
local plans regarding conservation or land use.

Compared with the more comprehensive protection provisions in the existing CA Water Code, the share
of incremental protection for waters of the state, including wetlands, attributable to the Procedures
would be minimal. As such, the Procedures would not result in any cumulatively considerable impacts
when combined with other past, present, or reasonably foreseeable related projects.
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10. ISSUES AND PROCEDURES ALTERNATIVES

This section describes a reasonable range of potentially feasible alternatives that might attain the basic
objectives of the Procedures (as discussed in Section 6, “Project Description”). According to CEQA
Guidelines, economic, social, and particularly housing factors shall be considered by public agencies
together with technological and environmental factors in deciding whether changes in a project are
feasible to reduce or avoid the significant effects on the environment. As discussed in Section 8,
“Environmental Impacts,” the Procedures will not have any significant effects. Nonetheless, the State
Water Board considered a variety of alternatives that might attain the objectives of the Procedures. The
State Water Board based the alternatives primarily on stakeholder input.

10.1 Issue: Applicability of Procedures

Resolution 2008-0026, adopted by the State Water Board on April 15, 2008, is the main directive for the
Procedures. It directs the State Water Board staff to “establish a policy to protect wetlands from dredge
or fill activities.” The Procedures address concerns including the limited protection of waters not under
federal jurisdiction, inconsistent wetland identification across the Water Boards, and the failure of
compensatory mitigation to adequately protect the quantity and quality of wetlands in California (see
Section 6, “Project Description”).

No-Project Alternative: Do Not Adopt Procedures

Under the No-Project alternative, existing relevant regulations, policies, and plans would continue
without the Procedures. The existing regulatory framework includes reasonably foreseeable
modifications and new plans, policies, and regulations that the Water Boards are currently considering
for adoption or are required to adopt. The Water Boards would continue the current program of
protecting wetlands and regulating dredge or fill discharges to waters of the state.

The current program, however, has a number of major deficiencies (see Section 6, “Project
Description”). There would continue to be a lack of regulatory consistency in the review and approval of
applications for discharges of dredged or fill material. There would not be consistent requirements for
avoidance and minimization of impacts to waters, increasing (relative to the Procedures) the chances of
greater project-level impacts to aquatic resources. There would not be a standard wetland definition
and delineation method across Water Boards, potentially causing regulatory uncertainty over identifying
wetlands and their extent, thereby increasing the chances of adverse impacts to wetlands. There would
also not be a comprehensive Water Board framework for compensatory mitigation, which would likely
result in inconsistent mitigation requirements statewide.

Therefore, continuing current Water Board regulatory practices under the No-Project alternative would
not meet project objectives, and is likely to result in greater impacts to aquatic resources.
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Adopt Procedures for Non-federal Waters (“Gap”) Only

In 2001 and 2006, the U.S. Supreme Court made decisions that have had the effect of restricting the
meaning of “waters of the United States,” and thereby reducing the extent of federal CWA jurisdiction.
This reduction has caused what is referred to as a “gap” between those waters subject to federal
jurisdiction and those that are not. The State Water Board could apply the Procedures to these non-
federal (gap) waters only.

Under this alternative, there would be only changes to existing state permitting requirements for
discharges of dredged or fill material to non-federal waters. As discussed in Section 6, “Project
Description,” this is a very small share of permits, or about 1% of those issued by Water Boards.

However, this option would result in two different “rulebooks” for permitting discharges of dredge or fill
—one for CWA section 401 certifications, and one for discharges of dredged or fill material to non-
federal waters. This would not meet the objective of establishing a uniform regulatory approach for the
discharge of dredged or fill material into waters of the state, including wetland areas. Administering
two programs is also inefficient.

Therefore, applying the Procedures only to non-federal (gap) waters contributes to regulatory
uncertainty, is likely to result in greater impacts to wetland resources by not addressing protection of
federally jurisdictional wetlands and other waters, and contributes to higher program costs.

Administer CWA Section 404 Program for All State Waters

Under this alternative, the Water Boards would take responsibility for administering the CWA section
404 permitting program from the Corps, thereby eliminating duplication between state and federal
permitting programs. Section 404 permit applicants would need only a state permit for dredge or fill
discharges into waters subject to federal jurisdiction, which includes most wetlands. However, the
Corps would continue to regulate navigable waters (including tidal waters and their adjacent wetlands)
under section 10 of the Rivers and Harbors Act of 1899.

In order to assume administration of the section 404 program, the Water Boards would need to develop
a permit program to replace the federal Corps program, and successfully submit an application to U.S.
EPA to assume the program. Such a program must provide at least the same level of protection,
regulation, enforcement and public participation as the current CWA section 404 program. State
regulations can provide greater resource protection, but cannot be less stringent than federal
regulations. Under this alternative, Water Board staff would take over the work and responsibilities
currently being performed by Corps staff, such as verification of all wetland delineations, not just for
those that are outside of federal jurisdiction. The Water Boards would determine what areas and
activities are regulated for discharges of dredged or fill material, process permits, and carry out
enforcement activities.

U.S. EPA has responsibility for oversight of state-assumed CWA section 404 programs (see 40 CFR Part
233). U.S. EPA typically waives review of most permit applications, but is required to review applications
for projects with the potential to impact critical resource areas such as wetlands that support federally
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listed species, sites listed under the National Historical Preservation Act, components of the National
Wild and Scenic River System, and similar areas. U.S. EPA in turn is required to coordinate with other
federal agencies (the Corps, USFWS, and the National Marine Fisheries Service).

However, this alternative is not viable because (1) the significant administrative costs to the state would
outweigh the benefits of a state only dredge or fill regulatory program and (2) a state program would
need to address the additional complexities of meeting federal requirements for dredge or fill
discharges and complying with federal oversight. Citing similar challenges, most other states have also
declined to pursue assumption of the federal CWA section 404 program.?3 Only two states, Michigan
and New Jersey, have assumed the federal CWA section 404 program, although some states are working
towards it or have pursued cooperative permit programs.

Preferred Alternative: Adopt Uniform Procedures for All State Waters

This alternative consists of adopting a single set of procedures that apply to all waters of the state,
including those that are under federal jurisdiction (subject to CWA section 404 requirements) and those
that are not (subject to California WDR requirements only). The Procedures (as described in Section 6,
‘Project Description”) meet project objectives, and are consistent with this alternative.

10.2 Issue: Wetlands Definition

Wetland definitions generally include one or more of three related factors (parameters): hydrology,
hydric soils, and hydrophytic vegetation. Hydrology is recognized as the “master” factor as it allows for
the development of the dependent factors of hydric soils and hydrophytic vegetation that are
characteristic of wetland areas. The Corps’ definition of wetlands, along with its guidance documents, is
an example of a “three-parameter approach” because all three factors are included in the definition.

As discussed in more detail in Section 5, “Project Background,” the definition of wetlands differs across
the Water Boards. The Water Boards frequently rely on the Corps’ wetland definition when reviewing
applications for section 401 certifications. Some Regional Water Boards have adopted the federal
wetland area definition and delineation methods, but others have not. As such, there is need for a
single wetland definition across all Water Boards that can be applied consistently statewide in the
regulatory and monitoring programs.

Do Not Define Wetlands

Using this approach, the State Water Board would not include a definition of wetlands within the
Procedures, and would instead rely only on existing definitions by the Regional Water Boards. Under
this approach, there would continue to be inconsistency by the Water Boards with regards to the

8 see http://aswm.org/wetland-programs/s-404-assumption for further information.
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identification of wetlands. When applications include wetland areas, this inconsistency would lead to
confusion in locating wetland boundaries for the purposes of avoidance, minimization, and mitigation.
In the absence of a Water Board-specific wetland definition, members of the regulated community often
assume that state waters, including wetlands, are defined and similarly identified as those under federal
jurisdiction.

Because of the inconsistencies, uncertainty, and inefficiencies associated with the current absence of a
Water Board wetland definition, the State Water Board has rejected this option.

Apply a One-Criterion Test

The State Water Board considered adopting a wetland definition based on any one-of-three approach.
For example, under the USFWS wetland definition, a positive indicator of any one of the factors of
wetland hydrology, hydric soils, or hydrophytic vegetation is considered sufficient to make a wetland
determination (Cowardin et al., 1979).

Under this type of definition, wetland identification relies on identification of individual wetland
characteristics rather than a combination of multiple characteristics. This is more inclusive than the
three-of-three approach used by the Corps since more areas would qualify as wetland areas based on
exhibiting the most extensive of one or more factors.

One consequence of this increased inclusivity is that it is possible that some non-wetland upland areas
may be identified as wetlands due to relic indicators of previous wetland characteristics that no longer
reflect current hydrologic conditions. This is because indicators of wetland characteristics, particularly
indicators of hydric soil, can persist at a site even after hydrologic conditions have changed, either due
to natural or anthropogenic causes (Lewis, 1995).

An inherent weakness of the one-of-three approach is that any one indicator may be used alone to
classify an area as a wetland. Relic soil indicators may be a useful tool when hydrologic conditions have
recently changed, such as through unpermitted wetlands fill; however, changes in the more distant past
may or may not be within an agency’s intended regulatory scope. The problem of false-positive wetland
identifications can be further complicated when considering indicators of hydrophytic vegetation. As
noted in the National List of Plant Species that Occur in Wetlands (USFWS, 1997), a number of plant
species can grow in either wetland or non-wetland conditions. The specific hydrophytic status of such
facultative species depends on factors such as the geographic location and individual site conditions.
Relying on the presence of these species alone to make a wetland determination may in some cases
lead to the classification of non-wetland areas as wetlands.

A further weakness of the one-of-three parameter approach is that there have been no delineation
manuals developed by any agency for this type of definition. This is significant because, as the National
Research Council recognized in its report to Congress on wetland characteristics and boundaries:

All [wetland] definitions...are too broad to be applied directly to regulatory practice without
substantial accompanying interpretation (Lewis 1995, p. 59).
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And,

Any regulatory definition of wetlands has full practical significance only through interpretation
at three levels: criteria, indicators, and recognition of regional variation (Lewis 1995, p. 63).

By contrast, the Corps’ 1987 Manual and Supplements provide clear field delineation standards for
identifying wetlands under Corps three-of—three wetland definition.

Finally, because the one-of-three parameter approach is not used for regulatory purposes at the federal
level, if the Water Boards were to adopt this type of definition as the state wetland definition, it would
create major inconsistencies with U.S. EPA and Corps wetland definitions. For these reasons, the State
Water Board rejected the “one-parameter approach” as a viable alternative.

Apply a Two-Criteria Test

The State Water Board also considered a two-criteria test, in which an area must have any two of the
three wetland indicators (wetland hydrology, hydric soils, and hydrophytic vegetation) to be considered
a wetland. The two-criteria alternative is less inclusive than the one-criteria alternative, but more
inclusive than the other alternatives. This alternative may result in more areas being identified as
wetlands than is currently the case. As such, this alternative could meet the Procedures objective of
advancing statewide efforts to ensure no overall net loss and a long-term net gain in the quantity,
quality and sustainability of wetlands in California.

While not as prone to inaccurate identifications as the one-criterion alternative, this approach has not
been used by state or federal agencies for either monitoring or regulatory purposes. There are
therefore no field manuals describing how to delineate wetlands specifically using this method
(although the Corps’” manuals could potentially be used to identify each of the criteria). The two-criteria
alternative would also result in “false-positive” issues as noted above if based on either soils or
vegetation. It would create inconsistencies with U.S. EPA and the Corps permitting of discharges of
dredged and fill material, which employs the three-criteria test. This alternative would therefore not
conform to the Procedures objective of establishing a uniform regulatory approach consistent with the
federal CWA section 404 program for the discharge of dredged or fill material into waters of the state,
including wetland areas that are also waters of the state.

Apply a Three-Criteria Test

The Corps’ definition of wetlands, along with its guidance documents, is an example of a three-criteria
approach because consideration of all three factors — hydrology, hydric soils, and hydrophytic vegetation
—isincluded. Without all three parameters present, an area is not considered a wetland by the Corps.

From a wetland identification standpoint, strength of the three-of-three parameter approach is that
there is an internal verification scheme inherent within the identification process that ensures that
individual indicators of wetland hydrology, hydric soils, and hydrophytic vegetation are in fact wetland
indicators. This verification occurs by virtue of the requirement that an indicator of any one
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characteristic be used to support wetland identification only when indicators of the other two
characteristics are also present.

However, the weakness of this approach is that the three-of-three test leads to the exclusion of some
important wetland types in California, such as un-vegetated coastal mudflats, playas and some seasonal
wetlands.® As such, the State Water Board rejected the “three-criteria test” as a viable alternative.

Preferred Alternative: Apply a Modified Three-Criteria Test
Under this alternative, the wetland definition is:

An area is wetland if, under normal circumstances, (1) the area has continuous or
recurrent saturation of the upper substrate caused by groundwater, or shallow surface
water, or both; (2) the duration of such saturation is sufficient to cause anaerobic
conditions in the upper substrate; and (3) the area’s vegetation is dominated by
hydrophytes or the area lacks vegetation.

This definition is similar to the federal definition® in that it identifies three wetland characteristics that
determine the presence of a wetland: wetland hydrology, hydric soils, and hydrophytic vegetation.
Unlike the federal definition, however, the Procedures’ wetland definition includes one exception: it
would only require the presence of hydric soils and wetland hydrology for an area devoid of vegetation
(less than 5% cover) to be considered a wetland. However, if any vegetation is present, then the Corps’
delineation procedures would apply to the vegetated component (i.e., hydrophytes must dominate).
Examples of waters that would be considered wetlands by the Procedures, but not by the federal
definition, are non-vegetated wetlands, or wetlands characterized by exposed bare substrates like
mudflats and playas. The Corps definition refers to “saturated soil conditions”, whereas the Water
Board definition refers to saturated substrate leading to “anaerobic conditions in the upper substrate”
which is a more inclusive term. However, both of these descriptions are functionally equivalent because

both define conditions that would lead to dominance of hydrophytes, if the site is vegetated.

10.3 Issue: Wetlands Delineation Methods

The Water Boards generally apply the Corps’ 1987 Manual and Supplements for wetland delineation.
However, as described in Section 5, “Program Background,” delineation procedures are inconsistent

8 To at least some extent, these concerns are mitigated by the use of Corps wetland delineation manuals designed for application to arid
Western wetland delineation.

85 U.S. EPA wetland definition: areas that are inundated or saturated by surface or ground water at a frequency and duration sufficient to
support and that under normal circumstances do support a prevalence of vegetation typically adapted for life in saturated soil conditions (40
CFR 230.3(t) and 40 CFR 230.41(a)(1)).
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across Water Boards. There is a need for a single set of delineation methods for all Water Boards, to
ensure the consistent identification of wetlands as defined in Section 6, “Project Description.”

Rely on the Corps’ Delineation Methods

One option is to continue to rely on the Corps’ Manual and Supplements for wetland delineation. This
approach would be consistent with delineation methods already used at the federal level. There is an
internal verification scheme inherent within the identification process that ensures that individual
indicators of wetland hydrology, hydric soils, and hydrophytic vegetation are in fact wetland indicators.

However, using the Corps’ delineation methods with no modifications would lead to the exclusion of
some important wetland types in California, such as un-vegetated coastal mudflats, playas, and some
seasonal wetlands. As such, an unmodified application of the Corps’ delineation methods would not
meet the objectives of the Procedures.

Preferred Alternative: Use Modified Corps’ Delineation Methods

The wetland delineation procedures in the Procedures are based on the Corps’ 1987 Manual and
Supplements, but allow Water Boards to adjust the 1987 Manual and Supplements to delineate non-
vegetated wetlands. In addition, the Procedures would allow for supplemental field data from the wet
season to be collected to substantiate wetland delineations conducted in the dry season. As such, the
delineation procedures take advantage of established federal procedures while accommodating the
variable wetland types present in California, meeting the stated objectives of the Procedures.

10.4 Issue: Defining Wetland Waters of the State

Water Code section 13260(a)(1) defines the term “waters of the state” as “any surface water or
groundwater, including saline waters, with the boundaries of the state.” Specific water body types, such
as wetlands and streams, are not defined in the Water Code. The Procedures include a technical
definition of a wetland that was developed by a technical advisory team without regard to jurisdictional
considerations. Therefore, it is necessary to clarify when an area meeting the wetland definition is a
water of the state under the Water Code.

Include All Areas Meeting the Wetland Definition as Wetland Waters of the

State

One alternative would be to provide that any feature meeting the wetland definition would be
considered a water of the state. This would include the universe of all the areas which exhibit the
defined wetland characteristics, regardless of size or nature. However, this alternative could include
some areas that the Water Boards have generally not protected as waters of the state, such as small,
artificially-created ornamental ponds and some temporary features such as puddles and tire ruts.
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Include Only Natural Areas Meeting the Wetland Definition as Wetland Waters

of the State
A second alternative would be to provide that only natural features meeting the wetland definition
would be considered waters of the state. This alternative would increase regulatory uncertainty

IM

because of the difficulty in determining which wetlands are “natural.” California has a highly modified
hydrologic landscape, in which water bodies have been channelized, rerouted, dammed, or hardscaped.
Therefore, this alternative could arguably exclude some areas that the Water Boards have historically

protected as waters of the state such as some reservoirs and hardened flood control channels.

Determine Wetland Waters of the State on a Case-by-case Basis

A third alternative would be to have the Water Boards determine whether wetland areas are waters of
the state on a case-by-case basis. This alternative would grant the Water Boards the greatest amount of
flexibility in addressing jurisdictional issues. This alternative would codify how jurisdictional
determinations were made prior to the adoption of the Procedures. The version of the Procedures that
was publicly noticed in June 2016 proposed making jurisdictional determinations on a case-by-case
basis. Stakeholders expressed widespread opposition to this proposal because case-by-case
determinations would fail to provide regulatory certainty and would likely result in statewide
inconsistency in jurisdictional determinations.

Preferred Alternative: Jurisdictional Framework for Determining Wetland

Waters of the State

A third alternative is to provide that (1) all natural wetlands; (2) wetlands created by modification of
waters of the state; (3) wetlands that are immediately adjacent to other waters of the state; (4) all
wetlands meeting current or historic definitions of waters of the U.S.; and (4) some qualified artificial
wetlands that meet the wetland definition would be considered waters of the state. This alternative is
preferred because it is not overly inclusive and it will not exclude categories of features that have
traditionally been regulated by the Water Boards. It would not include temporary features that have
not traditionally been regulated as waters of the state. This alternative is also preferred because it
would not rely exclusively on a distinction between natural and artificial wetlands that is sometimes
difficult to determine. Instead, this alternative sets forth a number of categories of wetlands that are
waters of the state that do not exclusively rely on the determination that a wetland is either natural or
artificial. Establishing a “jurisdictional framework” will help reduce regulatory uncertainty, thereby
reducing time and costs of projects and increasing regulatory efficiency and effectiveness. Because the
framework still relies on the exercise of professional judgment in difficult cases and is somewhat
complex, there will be less certainty than with some of the other alternatives. However, this alternative
was ultimately preferred because it was a reasonable balance between regulatory certainty, historic
practices, and needed flexibility.
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10.5 Issue: Procedures for Regulation of Discharges of Dredged or Fill
Material

Currently, the Water Boards are responsible for issuing section 401 certifications for projects involving
waters of the United States. Projects discharging dredged or fill material to non-federal waters (which
are not subject to CWA section 404 regulations) also fall under the Water Code permitting requirements
for water quality administered by the Water Boards. The Water Boards issue WDRs for these projects.
One of the objectives of the Procedures is to create a single set of permitting requirements for these
activities under both section 401 certifications and WDRs.

Do Not Provide Uniform Procedures

Under this alternative, the State Water Board would not provide uniform procedures, and current
practices would continue. It is possible that some Water Boards are currently applying some or all of the
elements of the Procedures requirements. However, it is not possible to determine the full extent of
these applications. Each Water Board'’s practice is based on how that Water Board interprets its
authority to regulate waters of the state, and it is not always readily apparent simply by reviewing Basin
Plans, existing permits, and other regulations.

Because of the inconsistencies, uncertainty, and inefficiencies associated with the current absence of
uniform permitting procedures for all waters of the state, the State Water Board rejected this option.

Establish Uniform Permitting Procedures Modeled on Federal Permitting

Procedures

The State Water Board considered adopting the federal Guidelines and associated Regulatory Guidance
Letters without any changes or modifications. The Water Boards would apply the federal Guidelines to
all waters of the state (including those that are not under federal jurisdiction). The advantage of this
approach would be consistency with the federal program.

The disadvantage would be a missed opportunity to adjust the federal program for long-standing Water
Board issues with the federal program. Specifically, the Procedures adds clarity to the use of the
watershed approach to the approval of permits and mitigation for the discharge of dredged or fill
material, incentivizes the use of watershed plans by reducing mitigation requirements for plan approval
by the Water Boards, and adjusts mitigation requirements to better address project watershed aquatic
resource needs. Therefore, this alternative would not be as protective of waters of the state.

Additionally, there would be no process for exempting the alternative analysis requirement for projects
with minimal impacts. For these reasons, the State Water Board has rejected this alternative.

Preferred Alternative: Establish Uniform Procedures Modeled on Federal

Procedures, but Provide Additional Guidance and Requirements
This alternative is to establish uniform procedures based on federal procedures, but applicable to all
waters of the state (including those not under federal jurisdiction) and with modifications for additional
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guidance and requirements. The additional guidance and requirements beyond those included in
federal permitting procedures and existing WDR requirements are described in detail in Section 6,
“Project Description.” As described above, these differences support a more comprehensive watershed
approach to review and approval of applications. Additionally, the Procedures provide a process for
exempting the alternatives analysis requirement for projects with minimal impacts in order to better
align with the Corps’ alternatives analysis requirements. As to the latter, the Corps generally does not
require a project-specific alternatives analyses from applicants for general permits for projects with
minimal impacts (e.g., nationwide permits) since the Corps provides the analysis when developing
general permits.

10.6 Issue: Exclusions

The CWA exempts six categories of activities, including farming, ranching, and silviculture, from dredge
or fill regulation (see CWA section 404(f), 33 CFR 232.3(c), and 33 CFR 323.4). In addition to these
classes of activities, certain areas that are outside of the definition of “waters of the United States” are
also excluded, including prior converted cropland and waste treatment systems.

Do Not Exclude Any Activities or Areas

One potential alternative to maximize protection of wetlands is not to exclude any activities or areas
from application requirements. Under this alternative, all project proponents seeking to discharge
dredged or fill material would be subject to the Procedures. The advantage of this approach is that
there would be increased evaluation of project alternatives, and potentially increased protection of all
state waters, including wetlands, from dredge or fill discharges related to the farming, ranching and
silvicultural activities.

The disadvantages of this approach are that the Procedures would not be consistent with the CWA
section 404 program. This could contribute to potential compliance issues stemming from confusion
over differences in federal/state regulations, and cause inefficiencies and increases in administrative
costs due the lack of a supporting federal program regulating these activities and areas. It would require
Water Board regulation of farming, ranching and silvicultural activities for dredge or fill discharges under
the Procedures requirements that may be more effectively regulated under other Water Board
authorities and programs. For these reasons, the State Water Board rejected this alternative.

Preferred Alternative: Exclude All CWA Section 404 (f)(1) Activities and Areas
For consistency with the federal program and efficiency in program management, the Procedures for
the regulation of dredge or fill discharges conform to the federal dredge or fill program. This alternative
excludes the same activities and areas as the federal program. However, the exclusions do not limit the
Water Boards’ ability to issue WDRs for these waters or activities in accordance with the California
Water Code.

Note that the jurisdictional framework excludes certain waste treatment wetlands that were artificially
created. In addition, there is an exclusion from the Procedures for routine operation and maintenance
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activities for artificially-created waters that are used and maintained for wastewater treatment. These
differences in regulation of waste treatment systems were necessary in part to account for differences
in jurisdiction. For example, waste treatment systems may affect groundwater and are accordingly not
appropriate to exclude categorically. In addition, certain waste treatment systems were created in
existing waters of the state such that regulating the water quality of the waste treatment systems is
appropriate.
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11. ECONOMIC CONSIDERATIONS

Several sections of the California Water Code and CEQA require that the Water Boards consider
economics when they regulate water quality. Water Code section 13000 states that “[a]ctivities and
factors which may affect the quality of the waters of the state shall be regulated to attain the highest
water quality which is reasonable, considering all demands being made and to be made on those waters
and the total values involved, beneficial and detrimental, economic and social, tangible and intangible.”
This section of the Water Code, while applicable to the Procedures, does not place any affirmative duty
on the Water Boards to conduct a formal economic analysis.

Water Code section 13141 relates to implementation of agricultural water quality control programs, and
is not applicable to the Procedures. Water Code section 13241 requires that the Water Boards consider
economics when they adopt water quality objectives. Because the Procedures do not contain water
quality objectives, section 13241 is not applicable.

CEQA requires that whenever the Water Boards adopt rules that require the installation of pollution
control equipment or establish a performance standard or treatment requirement, the Water Boards
must conduct an environmental analysis of the reasonably foreseeable methods of compliance.?¢ This
analysis must take into account a reasonable range of factors, including economics. However, the
Procedures do not require the installation of pollution control equipment or establish a performance
standard or treatment requirement.

The CWA and its implementing regulations do not require consideration of economics when setting
water quality criteria. According to the U.S. EPA, economics should be addressed during the
designation, or de-designation, of potential beneficial uses,®” which the Procedures do not attempt to
do. Federal public participation regulations also require, whenever possible, that social, economic and
environmental consequences be clearly stated in informational material.?®

Porter-Cologne section 13241 requires the Water Boards to take “economic considerations,” among
other factors, into account when they establish water quality objectives. To meet the economic
considerations requirement, State Water Board (1999; 1994) concluded that, at a minimum, the
Regional Water Boards must analyze:

o  Whether the proposed objective is currently being attained;

86 pub. Res. Code § 21159, 14 CCR 15064
87 40 CFR 131.10(d) and 40 CFR 131.10(g)(6)
88 40 CFR 25.4
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e If not, what methods are available to achieve compliance; and
e The cost of those methods.

If the economic consequences of adoption are potentially significant, the Water Boards must explain
why adoption is necessary to ensure reasonable protection of beneficial uses or prevent nuisance. The
Boards can adopt objectives despite significant economic consequences; there is no requirement for a
formal cost-benefit analysis.

The Procedures do not include water quality objectives. However, consistent with State Water Board
guidance for considering economics of policies that establish objectives, and that the Regional Boards
then adopt in their Basin Plans, this section of the Staff Report includes an analysis of compliance with
the Procedures, methods for achieving compliance, and the cost of those methods.?

11.1 Baseline for the Analysis

Section 5 provides a description of the program, including existing regulations. Under baseline
requirements, discharges to waters of the state, including wetlands, must comply with a variety of
federal and state procedural, analytical, and discharge limitation requirements. The current regulatory
framework is the baseline for measuring the potential incremental changes associated with the
Procedures.

11.2 Estimated Extent of Current Consistency with Procedures

As discussed in Section 6, “Project Description,” many elements of the Procedures are the same as the
federal Guidelines, meaning that much of the Procedures are already applicable to projects in waters
that are under federal jurisdiction. As such, the Procedures will not significantly change the regulation
of dredge or fill projects in waters of the state under federal jurisdiction, and the majority of applicants
are already in compliance with the Procedures.

A small number of WDRs each year (currently less than 1% of permits; see Section 5, “Project
Background”) are for discharges to waters of the state that are not federally jurisdictional and therefore
not already subject to the CWA and Corps permitting requirements. In many cases, elements of the
Procedures are already applicable to these WDRs. For example, State Water Board Water Quality Order
No. 2004-004-DWQ, which is restricted to non-federal waters, requires compensatory mitigation for
discharges to all waters of the state. However, the current regulatory framework for these WDRs does

8 This analysis does not represent a cost-benefit analysis.
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not include a formal alternatives analysis and selection of the LEDPA. In addition, as discussed in section
6, alternatives analysis procedures have been inconsistent across the Water Boards. Some regions may
require fewer alternatives analyses under the Procedures, and others may require more. This could be
true for both discharges solely to waters of the state, and for discharges to waters of the U.S. that are
regulated under individual Orders. However, this is expected to affect only a small number of applicants
and, on balance, the statewide effect would be similar to baseline.

To identify the extent of current compliance with the Procedures, the State Water Board evaluated a
selection of these types of Orders. Table 11-1 summarizes the results. The Procedures may also have
the effect of shifting activities away from waters of the state to avoid dredge and fill impacts. However,
there is no information with which to assess the magnitude of resulting costs. Where upland land costs
are higher, there may also be opportunity for higher project returns. Such circumstances are highly site
and project specific.”

Table 11- 1. Estimated Compliance with Procedures
Order (Year) |

Project Type Evaluation of Consistency with Procedures
State Water Board

Water Quality Certification
Amendment 2, CALTRANS Donner
Segment 3 Roadway Rehabilitation
Project (2008)

Transportation May not be consistent with proposed
requirement for alternatives analysis; Corps

NWP 23 (non-certified)?

(road rehabilitation
and upgrade)

WDR for Southern California Edison
Company for Segments 4, 5, and 10

Construction of
- electricity Consistent; Order indicates alternatives
of the Tehachapi Renewable o
transmission were evaluated and LEDPA selected

Transmission Project; WDID No.
SB10003IN (2010)

infrastructure

Discharge of not Not applicable. This project qualifies for a

2004-0004-DWQ, Statewide General
WDR for Dredged or Fill Discharges
to Waters Deemed by the Corps to
be Outside of Federal Jurisdiction
(2004)

more than 0.2 acre
and 400 linear feet
of fill [waivers for
discharges exempt
from CWA section
404(f)]

general Order and therefore are not subject
to the Procedures. Note, consistent with
the Procedures, mitigation plan requires
alternatives analysis effort commensurate
with the purpose of the discharge and value
of waters/level of impact

% Orders used in the economic analysis are from Orders that were issued in 2008-2011. Procedures for application review and approval remains

unchanged from the time this sample was taken and reflects current practice.
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Table 11- 1. Estimated Compliance with Procedures
Order (Year) Project Type Evaluation of Consistency with Procedures
Region 1
Consistent; Procedures allows for on-site
. . alternatives analysis for projects that by
Notice of Coverage, Waiver of WDRs ) )
. . . o their nature cannot be located in alternate
for Minor Dredging and Fill Activities . .
. Streambank locations, such as bank stabilization
for the Rudy Light, West Fork . . . .
stabilization projects. On-site alternatives were

Russian River Streambank
Stabilization Project (2010)

implemented for this project by
implementing bioengineering techniques
and minimizing the installation of rip-rap.

Water Quality Certification for the
Campbell Creek Apartments; WDID
No. 1B11088NHU (2011)

Apartment building
construction

May not be consistent with requirement for
alternatives analysis and selection of
LEDPA; Corps NWP 29(non-certified);
Mitigated Negative Declaration issued
under CEQA

Water Quality Certification for the
Humboldt County DPW — Williams
Creek Bridge Replacement at
Williams Creek Road; WDID N.
1B11048NHU (2011)

Bridge replacement

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located anywhere else; Corps NWP 3
issued (non-certified)

Region 2

WDR for Stanford University;
Culverting of a Seasonal Channel
Between Olmstead Road and
Stanford Ave; Order No. R2-2008-

Construction of
campus housing;
filling of a seasonal

Consistent; project is consistent with
University plan, which was subject to full
EIR pursuant to CEQA and associated
alternatives analysis requirements for

Water Quality Certification for
Repair and Restoration of Creek
Channel and Riparian Area (2010)

stabilization,
repair, and
restoration

channel .
0072 (2008) impacts to waters
Consistent; project will restore natural
Channel channel and would receive an alternatives

analysis exemption because the project
would have met the requirements of a
restoration project; Corps issued NWP
(non-certified)
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Table 11- 1. Estimated Compliance with Procedures
Order (Year) Project Type Evaluation of Consistency with Procedures

Water Quality Certification for the
Irrigation Pond Project at the Sunol
Valley Golf Course (2010)

Improvement of
golf course
irrigation water
retention system

May not be consistent with requirement for
alternatives analysis and selection of
LEDPA; Corps permit issued under non-
certified NWP 13; Negative Declaration
issued under CEQA

Region 3

Technically Conditioned Water
Quality Certification Number
34210WQ17 for Santa Maria River:
Bonita School Road and Flap Gate
Pilot Channels (2010)

Channel excavation

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location

Water Quality Certification Number
33510WQ01 for the Storm Repair at
Coalinga Road Over Horsethief
Canyon Creek Project (2010)

Culvert
replacement and
road washout
repair

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location; Corps
NWPs 14 and 33 (non-certified)

Water Quality Certification and WDR
for Los Angeles County Flood
Control District, Proposed
Maintenance clearing of Engineered
Earth-Bottom Flood Control
Channels; Order No. R4-2010-0021
(2010)

Vegetation and
debris clearing
from 99 earth-
bottom channel
reaches for flood
protection

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location; Corps
NWP 31 (non-certified)

Region 4

Water Quality Certification for
Proposed Viewpoint School
Modernization — 2010 Hydrology
Improvement Project (2010)

Flood control
improvements for
school
modernization
project

Consistent; permit indicates that an
alternatives analysis was completed and
LEDPA selected

WODR for City of Ventura, Moreland
Drainage Ditch Channel
Maintenance; Order No. R4-2009-
0093 (2009)

Ditch dredging

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location
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Table 11- 1. Estimated Compliance with Procedures
Order (Year) Project Type Evaluation of Consistency with Procedures
Region 5
) L May not be consistent with requirement for
WDR for Tejon Mountain Village, Resort

LLC; Order No. R5-2011-0018

development

alternatives analysis and selection of
LEDPA; EIR completed pursuant to CEQA

Clean Water Act §401 Technically
Conditioned Water Quality
Certification and WDR for Discharge
of Dredge and/or Fill Material;
Feather River Parkway/Willow Island
Project

(WDID#5A51CR00055) (2010)

Park establishment

May not be consistent with need for
alternatives analysis and selection of
LEDPA; Corps permit issued under non-
certified NWP 42; Mitigated Negative
Declaration issued under CEQA

Amendment for the Clean Water Act
§401 Technically Conditioned Water
Quality Certification and WDR for
Discharge of Dredged and/or Fill
Materials; Granite Lakes Estates
Project (WDID#5A1CR00291) (2010)

Residential
development

May not be consistent with need for
alternatives analysis and selection of
LEDPA; EIR completed pursuant to CEQA;
Corps permit issued under non-certified
NWP 29

Region 6

Notice of Applicability for General
WDR for Small Construction,
including Utility, Public Works, and
Minor Streambed/Lakebed
Alteration Projects, Board Order No
R6T-2003-0004, Coram California
Development Limited Partners
Cameron Ridge Wind Project (2011)

Construction and
operation of wind
energy generation
facility

May not be consistent with need for
alternatives analysis and selection of
LEDPA; Mitigated Negative Declaration
issued under CEQA

Water Quality Certification for the
Eagle Lake Sewage Pond Fence
Project; WDID 6A181004007 (2010)

Repair and upgrade
of wastewater
treatment facility

Consistent; permit indicates that
alternatives were considered in the
Environmental Assessment; Corps permit
issued under non-certified NWP 18;
Mitigated Negative Declaration issued
under CEQA

State Water Resources Control Board

Page 212




Procedures for Discharges of

Dredged or Fill Material to Waters of the State

Staff Report Section 11: Economic Considerations
Table 11- 1. Estimated Compliance with Procedures
Order (Year) Project Type Evaluation of Consistency with Procedures

Order to Amend CWA §401 Water
Quality Certification and WDR
Exemption, Donner Lake Public Pier
Replacement Project; WDID No.
6A290906004 (2010)

Replacement of 2
piers

Likely consistent; Procedures allow for
alternatives analysis based on a description
of avoidance and minimization measures
because the project has impacts less than
0.1 acres; Corps NWP 18 (non-certified);
exempt from CEQA

Region 7

Order for Technically-Conditioned
CWA §401 Water Quality
Certification for Discharge of
Dredged and/or Fill Materials (2010)

Bridge replacement

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location; Corps
NWP 3 (non-certified); exempt from CEQA

Regional General Permit No. 63
Pre-Construction Notification for No.
SPL-2010-01178-SME (2010)

Pole replacement

Not applicable. This project qualifies for a
general Order and therefore are not subject
to the Procedures.

Region 8

CWA §401 Water Quality Standards
Certification for Stonefield Chino
Hills 37 — TTM 18393 (2010)

Residential
development

May not be consistent with requirement for
alternatives analysis and selection of
LEDPA; EIR completed pursuant to CEQA;
Corps permit issued under non-certified
NWP 29

WDR Order No. R8-2010-54 for
Hemet Hospitality Investments LLC,
Florida Promenade Specific Plan
Amendment (2010)

Commercial
development

Likely not consistent with requirement for
alternatives analysis and selection of
LEDPA; Mitigated Negative Declaration
issued under CEQA

CWA §401 Water Quality Standards
Certification for the Rancho Jurupa
Sports Park Project (2010)

Installation of a
drainage outlet

Likely consistent; Procedures allow for
alternatives analysis based on a description
of avoidance and minimization measures
because the project has impacts less than
0.1 acres; (permit indicates that impacts
would be restricted to 0.003 acres); Corps
NWP 7 (non-certified); Mitigated Negative
Declaration issued under CEQA
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Table 11- 1. Estimated Compliance with Procedures
Order (Year) Project Type Evaluation of Consistency with Procedures
Region 9
Action on Request for CWA §401
Water Quality Certification and Likely not consistent with requirement for
Waste Discharge Requirements for . alternatives analysis and selection of
Kingdom Hall

Discharge of Dredged and/or Fill
Materials; Kingdom Hall of Jehovah’s
Witnesses Project, Certification No.
11C-028 (2011)

construction

LEDPA; Corps permit issued under non-
certified NWP 14; Mitigated Negative
Declaration issued under CEQA

Action on Request for CWA §401
Water Quality Certification for
Tijuana River Valley Wetland
Mitigation Project, 09C-021 (2011)

Wetland
restoration for
mitigation credits

May not be consistent with requirement for
alternatives analysis and selection of
LEDPA; EIR completed pursuant to CEQA;
However, it is likely that information
regarding consideration of alternative sites
would have already been collected as part
of the process of choosing the selected site.
Corps permit issued under non-certified
NWP 27, 33, and 43

CWA §401 Water Quality Standards
Certification No 11C-007 for the
State Route 79 Widening Project
(2011)

Road widening

Likely consistent; on-site avoidance and
minimization measures implemented may
have met the alternatives analysis
requirements because the project could not
be located in an alternate location; Corps
permit issued under non-certified NWP 14;
Mitigated Negative Declaration issued
under CEQA

Orders for discharges of dredged or fill material to waters of the state (including wetlands), as shown in

Table 11-1, are largely in compliance with the Procedures.’! However, there may be some inconsistency

with respect to the alternatives analysis requirement and selecting the LEDPA. In some instances,

information contained in the Orders is not sufficient to make such a determination. Additionally, the

alternatives analysis requirements may already be partially or fully satisfied if the project is subject to

1 Activities that are exempt from requirements under CWA §404(f) are also exempt from the Procedures requirements.
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full CEQA review (whether or not the proposal affects waters of the state under existing regulations).
CEQA Guidelines require EIRs to:

“describe a range of reasonable alternatives to the project, or to the location of the project
which would feasibly attain most of the basic objectives of the project but would avoid or
substantially lessen any of the significant effects of the project, and evaluate the comparative
merits of the alternatives” (section 15126.6(a)).

Since EIRs cover a much broader set of environmental impacts®? than impacts to water resources
(including wetlands), alternatives analyses conducted pursuant to CEQA may be very detailed and
rigorous. As such, the CEQA alternatives analyses for individual projects may be sufficient to fulfill
Procedures requirements. However, the alternatives analysis in an EIR does not always include
alternatives designed specifically to avoid or minimize impacts to waters; rather, the alternatives
assessed are often larger-scale project alternatives. An alternatives analysis specific to the Procedures
would include other alternatives more focused on impacts to these waters only, such as alternative
locations to the waters. Nevertheless, a site-specific project EIR analysis likely contains all the site
description and project planning documentation needed for the alternatives analysis and LEDPA
selection.

Additionally, the Procedures require that the Water Boards consider the potential effects of a discharge
using a watershed approach, which is an analytical process for evaluating the environmental effects of a
proposed project and making compensatory mitigation decisions that support the sustainability or
improvement of the abundance, diversity, and condition of aquatic resources in a watershed. Some
existing Orders do not explicitly cite a watershed approach. Further, while the federal Guidelines
require using a watershed approach in establishing compensatory mitigation plans, federal guidelines do
not require such an approach for evaluating discharges of dredged or fill material.

However, the Water Boards are generally already implementing a watershed approach, as
demonstrated by the preference for on-site mitigation within the project watershed and restoration of
natural functions of waterbodies for Orders requiring mitigation to sustain watershed services.

%2 EIRs must consider impacts to the following resource areas: aesthetics, agriculture and forest resources, air quality, biological resources,
cultural resources, geology and soils, greenhouse gas emissions, hazards and hazardous materials, hydrology and water quality, land use and
planning, mineral resources, noise, population and housing, public health and vector control, public services, recreation, transportation and
traffic, and utilities and service systems.
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11.3 Compliance Methods and Costs

The universe of future applicants and projects involving dredge or fill discharges is largely unknown.
Although the types of future activities that could impact waters of the state, are expected to be similar
to those that have required section 401 certification and WDRs in the past (e.g., infrastructure
construction and maintenance, housing development), the particular projects, extent and location of the
waters that may be affected will be shaped by a number of factors, including future economic and
demographic trends. Thus, only a general qualitative assessment of potential incremental costs is
practicable. This section discusses the potential cost impacts of methods available to achieve
compliance with the Procedures.

Alternatives Analysis

The Procedures require that, with some exceptions, applicants seeking to discharge dredged or fill
material to waters of the state conduct an analysis of practicable alternatives to determine the LEDPA.
Practicable alternatives may include alternative available locations, designs, and reductions in size,
configuration, or density.

The level of effort associated with alternatives analyses requirements may be minimal. For example, the
certification by the San Francisco Bay Water Board for an irrigation pond project at a golf course,
permitted by the Corps under Nationwide Permit 13 did not indicate an alternatives analysis was
required. However, detailed site design, and stormwater control were documented in the certification.
Therefore, the level of effort associated with evaluating project alternatives may be relatively small. The
same would likely be true for many of the section 401 certifications as roughly 80% of these Orders are
typically issued for impacts of less than one-tenth of an acre to waters of the state (data based on
compilation of water quality certifications issued 2009-2013).

The Procedures requires applicants to consider a range of practicable alternatives that may have less
adverse environmental impacts. It incorporates the federal Guidelines, which describe “practicable” as:

“available and capable of being done after taking into consideration cost, existing technology,
and logistics in light of overall project purposes. If it is otherwise a practicable alternative, an
area not presently owned by the applicant, which could reasonably be obtained, utilized,
expanded or managed in order to fulfill the basic purpose of the proposed activity may be
considered.”

Consideration of what constitutes a practicable alternative will vary depending on the type of project
proposed. The determination of what constitutes an unreasonable expense of an alternative should
relate to whether the projected cost is substantially greater than the costs normally associated with the
particular type of project.

Under existing policy and regulatory conditions, for projects that are not minimally impacting, applicants
are likely to compile extensive documentation of the environmental impacts, site design, stormwater
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controls, mitigation strategies, and other relevant factors, especially if they are subject to full CEQA
review. As such, analysis to examine alternatives that would avoid or minimize impacts to waters of the
state may represent a small portion of the costs of the existing analysis. Projects that are not subject to
CEQA review are likely to be less complex than those subject to CEQA. As such, the level of effort that
would be needed would likely be commensurate with the scope and potential for adverse
environmental impacts on the aquatic environment, similar to implementation of federal Guidelines.
Since these projects are not subject to full CEQA review, significant environmental impacts may be
unlikely.

The costs of analyzing project alternatives and selecting LEDPA will be highly site- and project-specific;
however, such costs are not likely to account for a large share of overall project costs. For example, the
need to evaluate alternatives to filling a roadside drainage ditch that includes some wetland as part of
widening a road may involve determining the impacts of a number of alternatives: not widening the
road, widening the road on the other side, and widening the road around the wetland area with a
separated lane. The applicant may have evaluated many of these options as part of the current design
plan (e.g., in identifying lowest cost design alternatives; evaluating stormwater control plans).

The cost of preparing an alternatives analysis is some fraction of the total cost of permit preparation.
Based on a sample of 103 individual permits and nationwide permits (primarily for projects such as road
maintenance, flood control, and stormwater management work), Sunding and Zilberman (2002)
estimated an average cost to an applicant of preparing a Nationwide Permit application of $30,000, with
a median of $11,000 and range of $2,000 to $140,000. In one study, 58 percent of a sample of projects
receiving nationwide permits had discharges affecting more than one-half of an acre of wetlands.

If the applicable Water Board determines that an alternatives analysis or justification for LEDPA
selection is insufficient, it may request additional information, analyses, or justifications. Selection of
the LEDPA may also require additional project planning or longer-term construction. There may be
opportunity costs in such cases including for idled and extended labor and equipment costs, storage,
bonds, material inflation, home office overhead, field office overhead, and other project components
(zack and Badala, 2011). Alternatively, the consistency provided by the Procedures may enable better
and more efficient project planning, reducing costs associated with uncertainty.

Alternate Project Designs

Alternatives analysis may or may not result in identifying alternate project designs that avoid or
minimize adverse environmental impacts, including cumulative impacts. Whether such analyses will
lead to project design alterations with implications for overall project costs is also unknown. Design
changes associated with avoiding areas recurrently inundated with water could lead to costs (e.g., if
applicants are required to move the project to a more expensive upland lot away from wetlands) or cost
savings (e.g., if design or site alterations lead to less extensive alterations or construction or results in
less compensatory mitigation).
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Additionally, by selecting the LEDPA, applicants may avoid other regulatory requirements arising from
proposed discharges to wetland ecosystems if the alternate project design eliminates such discharges.
For example, the California Fish and Wildlife Code (section 1601- section 1603) restricts alterations to
rivers, streams, and lakes, including diversion, obstruction, and fill-related activities that will impact fish
and wildlife resources. It requires proposed projects to obtain a permit from the California Department
of Fish and Wildlife (CDFW) detailing measures that the applicant will take to protect fish and wildlife
resources. By avoiding potential for these impacts, LEDPA selection may reduce the associated
permitting and project design costs. If the LEDPA avoids impacts to wetland habitats, this alternative
may similarly reduce costs associated with federal and state Endangered Species Act consultations, local
zoning for wetland projects, and other requirements.

Selection of the LEDPA may be associated with opportunity costs compared to the proposed site
location, or may result in increased project profitability. There may also be other distributional
economic impacts that may accrue to different parties (not just the applicant), just as there are with the
original project design. However, given that the universe of potentially affected projects is unknown,
the types and magnitudes of potential costs or cost savings are unknown.

Compensatory Mitigation

Since all waters of the state area already subject to compensatory mitigation requirements, the
Procedures are not likely to change the quantity of compensatory mitigation required statewide.
However, there may be some minor increases or decreases in compensatory mitigation project
requirements at the project level. For example, if the Procedures result in some projects relocating
away from wetlands via selection of LEDPA, this may result in a decrease in compensatory mitigation
requirements. As such, there may be some indirect cost savings to project developers due to avoided
compensatory mitigation projects and associated requirements. For informational purposes and to
document the range of economic considerations, this section discusses the potential magnitude of these
costs or cost savings.

Compensatory mitigation includes costs associated with the purchase of credits, biological studies, land
acquisition, engineering design, capital (including plant and materials), monitoring, and operations and
maintenance (including labor and energy). Such costs are site- and project-specific, reflecting a number
of factors: availability of onsite mitigation opportunities; availability and value of nearby offsite
mitigation locations; amount and type of mitigation; and complexity and value of the resources affected.
Additionally, the costs of compensatory mitigation also include financial assurances (e.g., performance
bonds, escrow accounts, casualty insurance, letters of credit, and legislative appropriations) and long-
term site protection. The Water Boards also include compensatory mitigation provisions in WDRs.

The Environmental Law Institute (ELI, 2007) notes that while all compensatory mitigation methods face
the same costs of long-term management, site protection, and easement defense, other factors result in
significant cost differentials. The primary costs related to wetland preservation may be land acquisition,
while creation may require significant earth-moving activities, planting, and the installation of water-
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control structures. Restoration and enhancement involve manipulating conditions at existing or
previously existing wetland sites, and therefore may carry fewer construction costs than creation.

Martin et al. (2006) note that permittee-responsible compensatory mitigation costs are not fully
observable, and are likely to be highly variable based on project size, difficulty, and land costs. Costs
include those associated with:

e Compliance: identifying and securing compensatory mitigation sites; preparing mitigation
project plans for review and approval; and construction, monitoring, and long-term
maintenance of the project;

e Time: potential opportunity costs of any delay in permit issuance associated with the
development and approval of mitigation plan; and

e Risk: potential remediation costs if the compensatory mitigation project fails to fulfill
objectives.

As part of an economic analysis of guidance regarding the definition of waters of the United States, U.S.
EPA and the Corps (2011) estimated compensatory mitigation costs in each state, based on public data
records, phone inquiries, internet searches, and published studies. U.S. EPA and the Corps (2011) found
that costs for compensatory mitigation projects in California (2009 to 2010) range from $18,500 to
$159,250 per acre.”

These mitigation costs are not likely to represent a substantial portion of total project costs. Parker et
al. (2007) evaluated the impacts of compensatory mitigation requirements on development potential on
11 sites in Oregon, and found that, due to the rapid increases in development and construction costs,
on-site or off-site mitigation do not account for a large percentage of development costs overall.
According to their analysis, mitigation costs represent 1% to 5% of total project construction costs.*

Permittee-responsible compensatory mitigation costs may be inferred from restoration project costs.
Tables 11-2 and 11-3 below show the costs associated with wetland restoration projects completed by
the Southern California Wetlands Recovery Project (SCWRP). Table 11-2 lists total project costs for
restoration work, land acquisition and planning, and Table 11-3 lists the per acre costs of these projects
for restoration work and land acquisition. Smaller scale mitigation projects may be associated with
higher unit costs (e.g., due to lack of economies of scale, or expertise of entity performing the

% U.S. EPA and the Corps (2014), an updated cost-benefit analysis of the proposed waters of the United States definition, uses the same cost
estimate.

% This excludes one outlier, for which on-site mitigation represented 65% of construction costs because it required using a large portion of the
buildable land on-site. Off-site mitigation for the project was less than 5%.
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mitigation) or lower unit costs (e.g., need for smaller area; higher potential for success with lower

complexity).

Table 11- 2. Southern California Wetlands Recovery Project Completed Projects

Title (Local Lead)

| Total Cost

Description

Sample Restoration Project Costs - Southern California

Cottonwood Creek Park Riparian
Restoration (City of Encinitas)

$272,500

Recreate portions of riparian stream
corridor on Cottonwood and
Moonlight Creeks, in northern San
Diego County

Upper Sulphur Creek Restoration
Project (City of Laguna Niguel)

$1,385,780

Restore up to 28 acres of wildlife
habitat as native wetland, transitional
and scrub plant communities along
1.7-miles of Upper Sulphur Creek,
including removing 3600 feet of
concrete channel.

Summerland/Greenwell Preserve
Restoration (Summerland Greenwell
Preserve)

$181,827

Restore 2 acres of riparian habitat at
the Summerland/Greenwell Preserve

San Elijo Lagoon Exotics Removal (San
Elijo Lagoon Conservancy)

$73,000

Remove exotics plants from
approximately 2.4 acres along the
southern edge of San Elijo Lagoon and
revegetate with native and buffer
species.

Malibu Creek Arundo Removal Project
(Mountains Restoration Trust)

$358,400

Remove Arundo donax from
approximately 5.2 miles of stream
corridor along Malibu Creek.

Santa Barbara Urban Streams and
Wetlands Restoration (Community
Environmental Council)

$322,000

Implementation of the San Jose Creek
Restoration Plan, and preparation of
an enhancement plan for four Santa
Barbara County watersheds.

Arroyo Burro Estuary and Mesa Creek
Restoration (City of Santa Barbara)

$1,089,000

Expanded the Arroyo Burro Estuary,
restoring the lower portion of Mesa
Creek, planting native vegetation and
improving access.
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Table 11- 2. Southern California Wetlands Recovery Project Completed Projects

Title (Local Lead) Total Cost Description
Enhance and expand wetland habitat
Western Goleta Slough Wetland $2.734,312 throughout the 34.41 acres owned by
Restoration Project T the Department of Fish and Wildlife in

the Goleta Slough Ecological Reserve.

Restore a coastal wetland and one mile
of a stream corridor at Prisoners
$775,069 | Harbor and Cafiada del Puerto, the
primary access point for Santa Cruz

Prisoners Wetland and Lower Canada
del Puerto Restoration

Island, Channel Islands National Park.

Completed Phase | of the restoration
of Colorado Lagoon, a 44-acre
saltwater lagoon connected to
Colorado Lagoon Restoration $13,335,683 | Alamitos Bay. Phase | included
dredging of the lagoon, stormwater
diversion, bank stabilization, culvert
cleaning, and native plantings.

Restore approximately one-half mile of
) Las Flores Creek in Malibu including

Las Flores Creek Restoration $4,693,733 . o
exotic plant removal, bank stabilization

and riparian habitat enhancement.

Restore and enhance the ecological
Malibu Lagoon Restoration and structure and function of Malibu

$6,596,695 . . . .
Enhancement Lagoon by increasing circulation and

enhancing wetland habitat.

Remove non-native plant species, and

Restoration of Riparian Habitat in the restore riparian and select upland
$5,460,000

Carlsbad Hydrologic Unit habitat areas in the Carlsbad
Hydrologic Unit.

Sample Project Land Acquisition Costs — Southern California

Acquire approximately 100 acres of
Fenton Properties Acquisition $3,000,000 | riparian habitat located along the Otay
River from I-5 to highway 805
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Table 11- 2. Southern California Wetlands Recovery Project Completed Projects

(Mountains Restoration Trust)

Title (Local Lead) Total Cost Description
o Acquire 75 acres within the floodplain
San Dieguito Lagoon Wetland o .
o of the San Dieguito River, located east
Acquisition - Boudreau Total (San . ) .
o . ] $4,253,000 | of and immediately adjacent to the
Dieguito River Park Joint Powers . .
) 400-acre San Dieguito Wetland
Authority) . .
Restoration Project.
San Elijo Lagoon Acquisition Program $3.717,000 Acquire up to 100 acres of property
(San Elijo Lagoon Conservancy) T along the margins of San Elijo Lagoon
Buena Vista Creek Acquisition, $9,500,000 Acquire approximately 133.8 acres of
Sherman Parcel (County of San Diego) B land along Buena Vista Creek.
Huntington Beach Wetlands -- Acquire 45 acres of the Huntington
Piccirelli Acquisition (Huntington $1,693,066 | Beach wetlands located on either side
Beach Wetlands Conservancy) of Magnolia Avenue
Huntington Beach Wetlands -- Edison Acquire 20-acre parcel of the
Acquisition (Huntington Beach $945,000 | Huntington Beach wetlands adjacent
Wetlands Conservancy) to power plant
. Acquire approximately 360 acres of the
Los Cerritos Wetlands Complex - ) . )
o ] historic Los Cerritos Wetlands
Bryant Acquisition (Los Cerritos $14,000,000
. Complex, near the mouth of the San
Wetlands Authority) L
Gabriel River
Ballona Wetlands Acquisition (Dept. of Acquire from willing sellers properties
, a (Dep $140,000,000| " & prop
Fish and Game) within the Ballona Wetlands complex
Acquire approximately 120 acres in the
upper Topanga watershed including
. . Zuniga Pond, a man- made pond near
Upper Zuniga Road Acquisitions . .
. . $1,020,000 | Upper Zuniga Road in the Topanga
(Mountains Restoration Trust)
Creek watershed to protect western
pond turtle habitat, a state-listed
species of special concern.
Acquire approximately 417 acres of
Tuna Canyon SEA Acquisition land at the lower end of Tuna Canyon
$1,625,000

to protect a perennial spring and
well-developed riparian habitat
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Table 11- 2. Southern California Wetlands Recovery Project Completed Projects
Title (Local Lead) Total Cost Description

Acquire 71.5 acres of upland and
$1,950,000 | riparian habitat along Cold Creek, a
tributary to Malibu Creek

Cold Creek Riparian Acquisitions, Part
1 (Mountains Restoration Trust)

Acquire 778 acres of riparian and
$6,176,000 | grassland habitat along Arroyo Hondo
Creek

Arroyo Hondo Ranch Acquisition (Land
Trust of Santa Barbara County)

Acquired a 63-acre parcel in upper

Devereux Slough: Ocean Meadows Devereux Slough for the purposes of
. $7,000,000 . o
Acquisition preserving and restoring fish and

wildlife habitat and open space.

Acquire properties adjacent to the

. o lower Los Angeles River suitable for

Lower Los Angeles River Acquisitions $20,000,000 . .
wetland and riparian restoration

projects.

Purchased approximately 105-acres
San Diego River Land Conservation $2.144,500 and 1.3 miles of riparian habitat along
Program: Hanlon-Walker Acquisition " the San Diego River at the Hanlon-

Walker Property in the City of Santee.

Sample Project Study and Planning Costs - Southern California

Prepare feasibility study and design
plans to reactivate an inoperable
$82,500 | culvert between Famosa Channel and
Famosa Slough to increase the tidal

Famosa Slough Culvert Extension and
Retrofit Design (City of San Diego)

prism in the slough

Perform preliminary assessment of

San Elijo Lagoon Preliminary Sediment sediment quality and depositional
Quality Assessment (San Elijo Lagoon $133,882 | environment of San Elijo Lagoon as the
Conservancy) first step in a feasibility analysis of

proposed dredging activities
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Table 11- 2. Southern California Wetlands Recovery Project Completed Projects

Title (Local Lead) Total Cost Description

Prepare a feasibility study, conduct

. environmental review, consult with
San Joaquin Marsh Enhancement -

Phase I, Feasibility Study (University $315,136
of California, Irvine)

permitting agencies, and prepare final
construction designs and contract
documents for Phase Il of San Joaquin
Marsh restoration®

Big Canyon Creek Restoration Plan Prepare restoration plan for Big
(Community Conservancy $304,000 | Canyon Creek, a tributary to Upper
International) Newport Bay.

Huntington Beach Wetlands Prepare a comprehensive restoration
Restoration Plan (Huntington Beach $350,000 | plan for the entire Huntington Beach
Wetlands Conservancy) Wetlands ecosystems

. . Develop a restoration plan for
Colorado Lagoon Restoration Project-
] ] $200,000 | Colorado Lagoon, a 44-acre saltwater
Planning (City of Long Beach) |
agoon.

Prepare a plan to restore up to 20
acres of wetlands at the confluence of
$100,000 | the San Gabriel River and Coyote
Creek, adjacent to the El Dorado
Nature Park

El Dorado Wetlands Restoration Plan
(City of Long Beach)

Conduct technical studies and detailed

. designs for restoration of one-half mile
Hazard Park Wetlands Restoration ]
$251,098 | of creek corridor and enhancement of
Concept Plan (North East Trees) o o
existing wetland habitat in Hazard Park

in the City of Los Angeles

Prepare engineering plans, permits,

Solstice Creek Steelhead and environmental review documents
Enhancement Design Plans (RCD of $122,000 | for project to restore steelhead access
the Santa Monica Mountains) to approximately 1.5 miles of Solstice

Creek in the Santa Monica Mountains

Carpinteria Salt Marsh, Basin 1 Prepare an enhancement plan for
Enhancement Plan (Land Trust of $100,000 | restoration of Basin 1, approximately
Santa Barbara County) 23 acres
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Table 11- 2. Southern California Wetlands Recovery Project Completed Projects

Title (Local Lead) Total Cost Description
Prepare restoration plan for removal
L of invasive species, revegetation,
Mission Creek Museum Area . .
) ] implementation of stormwater best
Restoration Plan (Community $148,000 .
. ) management practices, and
Environmental Council) . ) ) . )
installation of interpretive trails and
exhibits along Mission Creek.
L Planning and design for a fish passage
Mission Creek Steelhead Passage . o .
. $1,394,000 | project along Mission Creek in Santa
Project
Barbara
Prepare a preliminary plan,
environmental review document, and
DeForest-Dominguez Wetlands $1 050,000 permits for creation of wetland and
Restoration: Planning and Design R riparian habitat along approximately 1
mile of the east bank of the Los
Angeles River.
. . . Developed a comprehensive program
San Juan Hydrologic Unit - Non Native . ) .
. o $2,500,000 | to remove non-native, invasive species
Species Eradication Plan ) ]
from the San Juan Hydrologic Unit.
Prepare a comprehensive watershed
Buena Vista Creek Watershed Plan $374,500 | management plan for Buena Vista
Creek.

Source: SCWRP (2010), SCWRP (2013)

Table 11- 3. Southern California Wetlands Recovery Project Completed Projects: Imputed Unit Costs

Project

Calculated Unit Cost ‘

Habitat

Sample Restoration Per Acre Costs - Southern California

Upper Sulphur Creek Restoration
Project

$49,500/acre

native wetland, transitional and scrub
plant communities

Summerland/Greenwell Preserve

. $91,000/acre | Riparian
Restoration
San Elijo Lagoon Exotics Removal $30,400/acre | Riparian
Malibu Creek Arundo Removal Project $69,000/mile | Riparian
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Table 11- 3. Southern California Wetlands Recovery Project Completed Projects: Imputed Unit Costs

Project

Calculated Unit Cost

Habitat

Western Goleta Slough Wetland
Restoration Project

$79,463/acre

Not specified

Colorado Lagoon Restoration

$303,084/acre

Lagoon

Sample Land Acquisition Per Acre Costs - Southern California

Fenton Properties Acquisition

$30,000/acre

riparian habitat

San Dieguito Lagoon Wetland
Acquisition

$57,000/acre

Floodplain

San Elijo Lagoon Acquisition Program

$37,000/acre

along lagoon margins

Buena Vista Creek Acquisition,
Sherman Parcel

$71,000/acre

riparian area

Huntington Beach Wetlands — Piccirelli

Bryant Acquisition

g $37,624/acre | Wetlands
Acquisition
Huntington Beach Wetlands — Edison
o $47,250/acre | Wetlands
Acquisition
Los Cerritos Wetlands Complex —
$38,889/acre | Wetlands

Upper Zuniga Road Acquisitions

$8,500/acre

Not specified (includes manmade
pond)

Tuna Canyon SEA Acquisition

$4,000/acre

Not specified

Cold Creek Riparian Acquisitions

$27,000/acre

upland and riparian

Arroyo Hondo Ranch Acquisition

$8,000/acre

riparian and grassland habitat

Devereux Slough: Ocean Meadows
Acquisition

$111,111/acre

Not specified

Source: Imputed from total costs and acreage reported in SCWRP (2010) and SCWRP (2013).

Should compensatory mitigation be in the form of the purchase of credits from a mitigation bank or

in-lieu fee program, rates are highly variable. For example, estimates obtained by the State Water

Board in 2007 (i.e., reflecting the market for credits in 2007) indicate that preservation credits at the

Barry Jones Wetland Mitigation Banks were priced at $60,000 per acre whereas vernal pool preservation
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credits in Placer County sell for $300,000 per acre; the average price for credits pursuant to CWA section
404 was $110,000 per acre at the Kimball Island Mitigation Bank. However, some banks did not report
rates. Active and pending banks and fee programs in California from which credits can be purchased
vary by region and type of habitat being conserved.

These estimates are similar to those reported for California by ELI (2007). The Corps’ Sacramento
District’s in-lieu fee program charged $110,000 per acre for seasonal wetland, seasonal marsh, perennial
marsh, and open water credits; $134,000 per acre for riverine wetland credits; $151,000 per acre for
riparian wetland credits; $171,000 per acre for vernal pool credits; and $183,000 per acre for shallow
water marsh credits in April 2007. Another large mitigation bank in the district charged about $150,000
per acre for most types of wetland credits and about $300,000 per acre for vernal pool credits (ELI,
2007). The Corps obtained similarly varying estimates in a 2005 survey of District mitigation practices:
per acre or per credit rates in the South Pacific Division were $400,000 for commercial mitigation banks
and $125,000 for in-lieu fee programs (Martin et al., 2006).

Limitations and Uncertainties

There are a number of uncertainties associated with this analysis of current compliance, methods to
achieve compliance, and the cost of those methods. For example, existing WDRs and section 401
certifications do not always contain sufficient information to assess compliance, or elaborate on certain
evaluations (e.g., state that the applicant avoided impacts to wetlands rather than describe the manner
in which this was done).

There is also little documentation of the cost of conducting alternatives analysis, or the resulting
changes that may occur from selection of the LEDPA. Whether these methods are associated with
opportunity costs, including costs from delays, or cost savings from avoiding wetland features, is
site-and project specific. Finally, this analysis does not consider the benefits associated with considering
alternative site designs in terms of protecting the functions of wetlands that may not be identified in the
absence of the Procedures.
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DENSITY AS A MISLEADING INDICATOR OF HABITAT QUALITY

B. VAN HORNE, Department of Biology, University of New Mexico, Albuquerque, NM 87131

Abstract: Current methods of evaluating wildlife habitat for management purposes can be arranged in a
hierarchy of increasing generality. The most general level is evaluation of wildlife habitat for entire com-
munities on the basis of inferences drawn from vegetational structure. At the base of the hierarchy the high
resolution studies, upon which accuracy at the higher hierarchical levels depends, usually assume that habitat
quality for a species is positively correlated with the density of the species. If habitat quality for a wildlife
species is a measure of the importance of habitat type in maintaining a particular species, habitat quality
should be defined in terms of the survival and production characteristics, as well as the density, of the species
occupying that habitat. Situations in which habitat quality thus defined is not expected to be positively
correlated with density are described, along with the species and environmental characteristics that are most
likely to produce these situations. Examples drawn from the literature in which density and habitat quality
are not positively correlated are deseribed. The positive correlation of density with habitat quality in specific

instances cannot be assumed without supporting demographic data.

J. WILDL. MANAGE. 47(4):893-901

The foundation of any wildlife habitat
management plan is the ability to assess
habitat quality accurately. Without this
key ingredient, the effort put into care-
fully prepared objectives and elegant cat-
egorizations of habitat types is largely
wasted. Yet biologists often dwell on ob-
jectives and categories while treating
lightly the assumptions implicit in their
assessments of habitat quality. For in-
stance, they seldom question the assump-
tion that the density of a species in a hab-
itat is a direct measure of the quality of
that habitat. Perhaps this is because any
more accurate investigation of habitat
quality to truly reflect the importance of
that habitat in maintaining wildlife species
populations must be intensive, often at the
expense of the broader information base
that could be achieved by simple surveys.
Such surveys are a particularly common
means of evaluating nongame wildlife
habitat.

The objectives of this paper are to pro-
vide some examples of situations in which
this correlation does not hold, and to make
predictions regarding species and envi-
ronmental types for which the density-
habitat quality relationship is likely to be

J. Wildl. Manage. 47(4):1983

decoupled. In such cases, management
policies based directly on species abun-
dance may be misleading and these errors
may be amplified when management ap-
proaches are restricted to the higher levels
of the hierarchy.

This paper is dedicated to the late O.
C. Wallmo, who was always eager to dis-
cuss ideas and whose refusal to be any-
thing but completely honest in evaluating
his own ideas, objectives, and research
ideas, as well as those of others, set an
example for us to follow.

METHODS OF HABITAT
EVALUATION

Habitat assessment procedures can be
visualized in a 3-level hierarchy of in-
creasing generality in which the accuracy
of predictions at 1 level is dependent on
accuracy at the next lower level (Fig. 1).
The lowest level is the assessment of the
habitat relationships of individual species
at a particular site. Accuracy at this level
is dependent upon an intimate under-
standing of the demography of the species
and of the factors influencing population
levels through their influences on survival
and production, although such analyses are
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often abandoned in favor of simple esti-
mation of total density. Biases of the dif-
ferent censusing techniques are a prob-
lem, particularly when these are habitat
dependent, as are many of the bird cen-
susing techniques (Emlen 1971) and most
mammal censusing techniques where
home range size varies among habitats. At
the next higher level, the species-habitat
relationships are extrapolated to sites not
actually sampled. The success of this in-
ference is dependent upon the correct
identification of the important factors in-
fluencing density in the higher resolution
studies. At the highest levels of the hier-
archy, the extrapolated information is used
to put together a habitat quality assess-
ment for an entire wildlife community.
Generally, in evaluating the effects of
management options on the wildlife com-
munity, species interrelationships such as
competition and predation are ignored and
the community assessment is based solely
on the aggregation of individual species
assessments.

Over the last decade there has been
considerable pressure to develop rapid
means of habitat-quality assessment, such
that the higher-resolution levels at the base
of the hierarchy (Fig. 1, levels 1 and 2)
are skipped altogether. For instance, in 1
approach maximizing species diversity is
assumed to be the primary objective of
management and this diversity is as-
sumed to be directly correlated with hab-
itat diversity (Asherin et al. 1979). There
are several problems associated with this
approach. First, maximum diversity
achieved in the limited areas being man-
aged (« diversity) may not produce max-
imum diversity on a larger scale (8 diver-
sity) (Samson and Knopf 1982), because
some wildlife species, such as old-growth
specialists, are not adapted to areas of high
habitat diversity. Maximizing plant com-
munity diversity on a local scale selects for

LEVEL 3

INDIRECT EVALUATION OF
A HABITAT QUALITY FOR

A WILDLIFE COMMUNITY
LEVEL 2

INDIRECT EVALUATION OF
HABITAT QUALITY FOR A
SINGLE SPECIES USING
INFERENCES FROM LEVEL |

LEVEL |

DIRECT EVALUATION OF
HABITAT QUALITY FOR A
SINGLE SPECIES USING
ON-SITE DATA

CECREASING RESOLUTION

Fig. 1.
ments.

Hierarchical description of habitat quality assess-

the generalist wildlife species common to
disturbed habitats and may ignore the
sensitive species with greater habitat spec-
ificity. Second, habitat diversity and wild-
life species diversity are not always posi-
tively correlated; this depends on the ratio
of generalist to specialist wildlife species
in the area being managed and the spe-
cific requirements of those species.
Assessment of a range of habitat types
for the presence or absence of wildlife
species is a procedure at the 2nd level of
resolution. The general objective in this
case is to manage lands so that sufficient
habitat types are retained to allow for rep-
resentation of all species while maximiz-
ing diversity within this constraint
(Thomas 1979). Determination of the
presence or absence of species is usually
based on the available literature; there is
no explicit treatment of the densities re-
quired to avoid extinction (minimum vi-
able populations) or of home range size
and no evaluation of habitats on the basis

J. Wildl. Manage. 47(4):1983
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of wildlite species densities or the relative
favorability of the occupied habitats.

Another example of a procedure at this
2nd level of resolution is the U.S. Fish and
Wildlife Service’s Habitat Evaluation Pro-
cedures (HEP) {Flood et al. 1977). This
procedure relies on assessment of habitat
requirements of individual species taken
from the literature, followed by assess-
ment of habitat types based on the ability
of each type to provide for these require-
ments. The 2 major problems with this
approach are that our knowledge of spe-
cies requirements is often poor and syn-
ergistic effects among resources are ig-
nored. Thus, a habitat that provided cover
but no food would still get a positive value
rating, even though the species might not
be able to exist in that habitat. Likewise,
the sum of 2 “good” resource attributes
might well be greater than their separate
values.

All 3 of the above methods allow for
rapid habitat assessment without direct
censusing of wildlife species. They are thus
based on untested inferences about which
species “ought” to occur in each habitat
type and are not suited to management
for viable population levels.

ASSUMPTIONS OF HABITAT
EVALUATION

The assessment of individual species-
habitat relationships is the lowest level of
the hierarchy; these data are critical to the
success of the HEP type of analyses. The
usual assumption at this level is that the
local density of a species is positively cor-
related with habitat quality. Often a range
of habitat variables is measured and cor-
related with species density. Multivariate
procedures are used to reduce the number
of variables and to aid in interpretation of
results (e.g., Carey 1980, Maurer et al.
1980). Although this type of habitat as-
sessment depends more explicitly on den-
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sity as an indicator of habitat quality than
do assessments at higher levels of gener-
ality, it has been suggested that the ac-
curacy of any habitat rating technique,
such as HEP, should be tested by com-
paring habitat ratings to the observed rel-
ative abundances of a variety of wildlife
species (Whelan et al. 1979).

Thus, the assumed positive correlation
of a species’ abundance with habitat qual-
ity underlies most methoeds used for as-
sessing habitat quality and is explicit for
the species-specific level of resolution. It
is therefore the basis for a broad range of
management decisions regarding wildlife
communities.

The assumed relationship often breaks
down under intensive study. One reason
that it may break down, particularly in
northern climates, is that habitat use in
winter is critical, whereas most censuses
and surveys are taken in warmer months.
For northern deer (Odocuileus spp.), the
availability of winter range may contrib-
ute disproportionately to carrying capac-
ity {and thus survival and reproductive
patterns) (Wallmo et al. 1977). Identifi-
cation of habitat quality on the basis of
summer densities would thus be mislead-
ing; retention of the summer habitat type
would not serve to maintain the popula-
tion if the winter range was destroyed.

A 2nd reason for a breakdown in the
density-habitat quality assumption is that
there may be multi-annual variability in
local population densities that reflects
small-scale variability in the food source,
in predator populations, or in abiotic en-
vironmental factors. Densities may thus
reflect conditions in the recent past or
temporary present, rather than long-term
habitat quality. For instance, site tenacity
in breeding passerines can produce local
densities that reflect past, rather than cur-
rent, habitat quality (e.g., Hildén 1965,
Rotenberry and Wiens 1978).
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Third, social interactions may prevent
subdominant animals from entering what
is actually the high-quality habitat, while
at the same time suppressing reproduction
in the high-quality habitat. The surplus
individuals may then collect in habitat
“sinks,” where densities may fluctuate
widely (Lidicker 1975). Animals in the low
quality sinks survive and/or reproduce
poorly. Thus, in a good year, the source
population may produce a large excess of
juveniles that will emigrate and build up
to high densities in the sinks. Because the
juveniles are subdominant, there is no so-
cial interaction factor to prevent high
densities in the sink habitats, which is in
contrast to the adult-dominated high-
quality or source habitats. Densities in the
lower-quality habitat may thus actually be
greater at times than in the high-quality
habitat. A similar scenario is embodied in
the theoretical model of habitat occupan-
cy developed by Fretwell and Lucas
(1969). In this model, the movement of
individuals into poor habitat is a reflection
of individual fitness maximization. Ac-
cording to the model, the per-individual
probability of success for unestablished
immigrants may be higher in low-quality
than in high-quality habitat, because high
densities in the high-quality habitat pro-
mote a high probability of failure to re-
produce successfully and a high mortality
rate among the unestablished immigrants.
Thus, it may be individually advanta-
geous for them to settle in the lower-qual-
ity habitat.

DEFINITION OF HABITAT
QUALITY

Fitness of an individual animal (Fisher
1930) is a relative measure that increases
with increasing survival probability and
increasing offspring production. I propose
that habitat quality be defined as the
product of density, mean individual sur-

vival probability, and mean expectation
of future offspring, for residents in 1 area
as compared to other areas. More precise-

ly,
[Znis. v/

3 nfu/a)
Q= x (1)

2z rl]

> m,](l/a.-)>

where Q, is the relative quality of habitat
j for the species, B, is the fecundity of an
x-year-old and I, the probability that the
offspring will survive to a, the st age of
breeding. P, is the probability of surviving
from age x to age x + 1, n is the number
of individuals in each of the i habitats
being compared, and a is the area that
includes all sampled individuals in the ith
habitat. The areas must encompass the
home ranges of the individuals included.
Conceptually, this is a measure of mean
individual “fitness” per unmit area. “Fit-
ness” is used here in a management rather
than an evolutionary context; it describes
a mean group characteristic in 1 habitat
as compared to other habitats, rather than
comparing 1 individual of a population to
other individuals of the population. The
measure of habitat quality thus has com-
ponents of density, offspring production,
and survival. High density alone does not
infer quality habitat. To give an extreme
example, one could imagine a habitat in
which all animals were immigrants and
none emigrated or reproduced. The qual-
ity of the habitat would be zero. If either
individual survival probability or number
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Fig. 2. Change in minimum viable population size with in-
creasing habitat quality.

of offspring produced is zero, then the
habitat is making no contribution toward
maintaining populations of the species and
its quality is zero.

Given this definition of habitat quality,
the minimum viable population size will
be greater in low-quality than in high-
quality habitat, because low survival and
production rates in low-quality habitat
mean that a higher density is needed to
ensure persistence of the species in that
habitat (Fig. 2).

To measure habitat quality, one must
determine the mean production and sur-
vival characteristics of each age-class and
the number of resident individuals in each
age-class in each habitat. Such a deter-
mination will be impractical for most
studies. The above formula is thus pre-
sented to clarify the definition of habitat
quality and provide an ideal standard. This
measure of habitat quality may be ap-
proximated sufficiently through intensive
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demographic study of single species in a
variety of habitats. In this way one can
separate low-quality habitats, which may
contain largely immigrants that are un-
likely to survive or reproduce well, from
higher-quality habitats, containing a low-
er density of animals but in which densi-
ties are more stable, reproductive output
of the population is dependable, and the
population is more likely to persist in poor
or “crunch” years. Where such intensive
demographic study is impractical, den-
sity-based estimates could be greatly im-
proved through attention to immigration
patterns, to adult survival, and to the pro-
duction of juveniles that survive to repro-
duce.

The actual parameters used in equation
1 will be means for a certain time period,
commonly a vear. An accurate assessment
of habitat quality requires the calculation
of a grand mean and variance over several
such time periods. The number of time
periods required for a useful measure of
habitat quality will be greater for highly
unpredictable habitats.

There are some problems inherent in
the use of this habitat quality measure.
The areas encompassed by habitat patches
a, may in some cases influence survival
and production characteristics, particular-
ly for wide-ranging species. This will re-
sult in lower Q;’s for smaller patches con-
taining habitat equivalent in quality to that
of the larger patches. Area of the patches
considered is thus an implicit variable in-
fluencing Q,. Calculating Q,’s for large or
for similar-sized patches will remove the
area effect. Calculating Qs for different-
sized patches with similar habitat char-
acteristics will make the area effect ex-
plicit. Also, home ranges may encompass
several patches of what we perceive as dif-
ferent habitat types, and the delineation
of areas for which favorability is to be de-
termined must thus be somewhat arbi-
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trary. Further, the patches used by a
species may be from widely separated
areas, as for migratory birds. In such cases,
it may be useful to make separate assess-
ments of summer and winter range, and
of the degree to which different habitat
types in each of these ranges contribute to
mean relative fitness.

I have defined habitat quality in terms
of a single species. The habitat quality for
a wildlife community is the sum of habitat
qualities for species members, as modified
by the effects of species interaction. I have
discussed the problems of simply equating
habitat quality with diversity. Although it
has been asserted (Cringan et al. 1979} that
more community-level research is needed
as input to the development of habitat
management plans, a valid assessment of
the effects of habitat manipulation at the
community level is dependent upon the
accuracy of assessments at the individual
species level. In most cases, our under-
standing of individual species-habitat re-
lationships is still rudimentary.

EXAMPLES

Several examples of situations can be
considered in which habitat quality and
species density are not positively correlat-
ed, because of the influence of social
dominance factors. In my own studies of
a series of populations of Peromyscus
maniculatus in spruce (Picea spp.) and
hemiock (Tsuga spp.) stands of different
seral stages in southeast Alaska (Van Horne
1982), the populations occurred at a high
latitude (55°N) where there was no breed-
ing by young of the year and the domi-
nant adults were clearly separable from
the subdominant juveniles on the basis of
weight, pelage, and trapping history. Be-
cause of forced emigration, reproductive
success in different habitats was difficult
to estimate. Overwinter survival, how-
ever, was a critical component of fitness

because there was no breeding by young
of the year.

Two different habitat types were distin-
guished for both adults and juveniles by
discriminant function analysis: those char-
acterized by high densities or low densi-
ties of the age-class. Individual animals
whose home ranges encompassed high-
density adult habitat had a significantly
higher probability of surviving over the
winter period than those whose home
ranges encompassed low-density adult
habitat, whether these animals were adults
or juveniles. Thus, high-quality habitat
could be distinguished by the adult habi-
tat discriminant function and appeared to
be positively correlated with overwinter
survival for both age-groups. The opposite
was true of the juvenile discriminant
function, for which the habitat character-
ized by high densities of juveniles con-
ferred lower overwinter survival proba-
bility. Thus, high-density adult habitat was
of high quality, while high-density juve-
nile habitat was of low quality.

These quality inferences were corrob-
orated by the observation that adult male
weights on the grid containing mostly
high-density adult habitat were signifi-
cantly higher than those on the other trap-
ping grids and the population density on
this grid was relatively stable. However,
in 1979, the last year of the study, total
densities on those grids containing mostly
low-quality habitat exceeded those on the
grid containing mostly high-quality hab-
itat. This was due to irruptions of juveniles
that consisted largely of immigrants that
were probably forced into the lower-qual-
ity habitat. Additional evidence for the
importance of intraspecific dominance in-
teractions in these populations came from
breeding inhibition in high-density pop-
ulations and from the observation that
subdominant juvenile diets were of lower
quality when these animals were found in

J. Wildl. Manage. 47(4):1983

This content downloaded from 166.6.135.184 on Tue, 19 Dec 2017 18:14:43 UTC
All use subject to http://about.jstor.org/terms



high-density populations. Thus, the den-
sities measured in 1979 would have been
a completely misleading indicator of over-
all habitat quality.

Other studies of small mammal popu-
lations have reported similar patterns.
Kock et al. (1969), for example, found the
highest densities of lemmings (Lemmus
lemmus) during a population “peak” far-
thest from the optimum habitat as defined
by food availability. Animals in the lower-
quality habitat tended to be smaller and
were probably younger subdominants.

States (1976) reported that subdomi-
nant yellow-pine chipmunks { Tamias
amoenus) accumulated in marginal hab-
itat where their survival probability was
relatively low. A large component of these
marginal populations consisted of immi-
grants. Thus, the marginal areas appeared
to be acting as dispersal sinks for animals
forced out of the central areas, and den-
sitv in the range of habitats investigated
was not correlated with habitat quality.

In an in-depth radio-tracking study,
Schantz (1981) found similar numbers of
red foxes (Vulpes vulpes) in mineral soil
and peat soil habitats. He was able to
identify the mineral soil habitat as being
of higher quality despite the similarity in
density, as it contained a higher propor-
tion of reproducing adults.

Similar observations have been made for
breeding passerines. Fretwell (1969} re-
ported that there was “no positive corre-
lation between density and suitability” for
breeding field sparrows (Spizella pusilla)
where suitability was measured in terms
of breeding success; densities were higher
in an area where breeding success was
lower. O’Connor (1981) summarized data
tor a number of migrant and non-migrant
bird species in Great Britain. The species
showed a pattern of filling only a certain,
presumably preferred, habitat when den-
sities were low, but filled the less pre-
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ferred habitats when densities were high.
These species included the wren (Trog-
lodytes troglodytes), the chiffchaff (Phyi-
loscopus collybita), the great tit (Parus
major), the yellowhammer {Emberiza ci-
trinella), and the Eurasian kestrel (Falco
tinnunculus). For these species, density
would be a reasonably good measure of
habitat quality in years of low-overall den-
sity, but would be a misleading indicator
in years of high-overall density.

When breeding birds are territorial and
favorable habitat is limited, a surplus of
adults of breeding age (“floaters™) may
accumulate in poor habitat where either
no breeding takes place or where breed-
ing attempts are largely unsuccessful.
Thus, a group with low current “fitness”
may be found in moderate densities in
poor habitat. This phenomenon has been
reported for great tits (Krebs 1971), the
Santa Cruz Island scrub jay (Aphelocoma
coerulescens) (Atwood 1980), and the
Australian magpie (Gymnorhina tibecen)
(Carrick 1963).

PREDICTIONS

Problems with assuming density to be a
measure of habitat quality are thus found
over a wide range of taxa. We are left
with several important questions. To what
extent can we extrapolate these findings
to other species? How general is this lack
of close relationship of density to habitat
quality? Where do we expect to find den-
sity and habitat quality to be decoupled?
I suggest that this phenomenon might be
found in association with 3 main environ-
mental types (Table 1). The 1st is highly
seasonal habitat in which different habitat
types may be preferred at different sea-
sons, such that the density-habitat quality
relationship cannot be inferred from sur-
veys or censuses taken during only 1 sea-
son. The real high-quality habitat in this
situation would be that which in some way
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Table 1. Factors that increase the probability that density
will not be positively correlated with habitat quality.

Environmental characteristics Species characteristics

Seasonal habitat Social dominance

interactions
Temporal unpredict- High reproductive
ability capacity
Patchiness Generalist

was most critical for successful individual
survival and reproduction. A 2nd environ-
mental attribute is unpredictability over
time. This would allow for opportunistic
density increases in low-quality habitat, or
overflow into lower-quality habitats dur-
ing periods of high production and high
overall density. Third, habitat must be
patchy on a scale allowing for migration
between patches if environmental unpre-
dictability is to produce wide density
changes in the resident animals of 1 hab-
itat type relative to other habitat types.
High densities in low-quality habitat could
not be observed if there was no source
pool in nearby high-quality habitat.

I would predict 3 main species charac-
teristics to be associated with the habitat
quality-density decoupling (Table 1).
First, the species should have a social pat-
tern of dominance interactions where it is
found in stable populations in high-qual-
ity habitat. This type of dominance social
interaction is common to a wide range of
vertebrates. Its demographic effects are
most pronounced in those animals with a
2nd species attribute, high reproductive
capacity. This high reproductive capacity
can allow “sink” populations to reach high
densities when the environment becomes
temporarily favorable. Third, this decou-
pling should be most characteristic of hab-
itat generalists. This is particularly impor-
tant as such generalists may be used as
indicators of habitat quality for a variety

of species in those cases where habitat-
quality ratings are based on actual survey
or census data. This is because generalists
are relatively easy to survey and are more
likely than specialists not only to cccupy
a wide range of habitats, but to be found
in high densities in at least some habitat
types and to have a high reproductive ca-
pacity. The 3 species characteristics are
more closely associated with small, than
with large, body size.

It is likely that for rare species, density
may remain a reasonably good indicator
of habitat quality if seasonal changes in
habitat use are taken into account and if
habitat is not patchy. If the habitat is
patchy, the presence of a rare species in a
given patch will have a larger stochastic
element than the presence of a common
species in a habitat patch, because of the
susceptibility of rare species to local ex-
tinctions (e.g., Hanski 1982).

MANAGEMENT IMPLICATIONS

Management plans that depend only on
habitat characteristics to infer habitat
quality contain a large amount of guess-
work, both with regard to viable popula-
tion levels and with regard to predicata-
bility of species densities on the basis of
habitat characteristics. Such plans depend
heavily on the correct identification of fa-
vorable habitat for the wildlife species
being managed. Intensive multi-annual
demographic study of a single species over
the range of habitats being measured is
needed to interpret the broader surveys.
Without attention to demography, even
multi-annual surveys or censuses will not
necessarily be sufficient to distinguish
“source” and ‘‘sink” habitats. Manage-
ment plans adopted on the basis of a
species survey or census taken during only
1 year, or on the basis of measured habitat
characteristics coupled with inadequate
knowledge of the factors actually deter-
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mining habitat quality, are particularly
unsatisfactory.

Thus, we cannot afford to ignore the
processes that produce the densities we
observe, or attempts to maintain target
densities by retaining areas of specified
habitat types will founder. We need to be
much more careful in identifying high-
quality or critical habitat and not assume
simple density-habitat quality relation-
ships without the demographic data to
support them.
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BAT ACTIVITY ON GOLF COURSES ON THE DELMARVA PENINSULA

Megan Ann Wallrichs
Faculty Advisor: Kevina Vulinec, Ph.D.

ABSTRACT

Due to landscape modifications and chemical use, golf courses have earned a negative
reputation among some environmental groups, but their park-like landscapes may offer habitat
for some wildlife species, especially over other land use types. In this study, I monitored bat
activity using ultrasonic acoustic detectors in different small-scale habitats found on golf courses
on the Delmarva Peninsula. My objective was to evaluate if and how bats are using course
landscapes. I found differences in overall activity levels at the habitat level but not on different
golf courses. Areas with closed canopy and open understory that were managed had significantly
higher activity than other four habitats that reflected more natural habitats (open grass, dense
canopy forest fragment, and open canopy forest fragment). The open understory managed areas
also had significantly higher foraging activity than the other four habitats. Six of the eight bat
species thought to occur on the Delmarva Peninsula were recorded, but Eptesicus fuscus and
Lasiurus borealis dominated bat activity across all golf courses and habitats and had highest
activity in open understory managed habitat. These findings indicate that bats are using golf
courses on the Peninsula regularly as flyways and foraging grounds, and even substantially
disturbed areas are used extensively. This study adds to the growing body of literature that

positive partnerships can be created between wildlife and golf courses.

v



TABLE OF CONTENTS

LISt OF TADIES ..ottt ettt et sttt sttt et vii
| A G S e U (USSP viii
Chapter I: INtrOQUCTION. ... ..iiiiieeiiie ettt et e et e e e e e taeeesaeestaeeensseesssaeesnsaeesnseeennnes 1
N 1010 O 0] 1115 AT USRS 2
Chapter II: Literature REVIEW .....cc.ceiiiiiiiiiiiieiieeiie ettt ettt ettt e e e et esaaeensee e 3
Golf Course History and Environmental Impact............ccooceevviieniiiiiiinieniieiecieeeeeeeeen 3
Golf Course Land Use and Wildlife Habitat Potential............c.cccceeiiiiniiniiiiniiiiieieeeee, 7
Bat (Chiroptera) Biology and Conservation Status...........cccueeeeieeeiieeenieesieeeieeesvee e 11
Bats and GOl COUISES .....couiiiiiiiiiiii ettt ettt 17
Acoustic surveys as a method to study bats ..........ccceevieeiiieiiiiiiiiniecee e 18
SUMMATY ...t ettt e e e e st e e st e e e st e e saaeesabeesabteesnbeeennns 21
SHUAY ODJECTIVES. ..cuvieiieeiieeiieeteeete ettt ettt e et e st e et e e bt e ebe e steeebeesseeenseeseesnseenseesnseenseas 22
Chapter III: Research Methods .........c.ooieiiiieiiiiiciece et e 23
STEE SEIECTION ...ttt ettt ettt et e st e e aaeeneeas 23
ALCOUSEIC SUTVEYS ..vveeuetieeiiieeiieeetteeetteesteeessseesssseesssseessssaesssseesssaeessseeessseesssseesssseesssseesssees 25
IMISTNIEEEIIIE ..eeevveeie ettt ettt ettt et et e et e bt e et e e teesabeeseesnbeeseessseesaesnseenseesnseensaennseans 30
Chapter TV: RESUILS......ieiiiiiieiiecie ettt ettt ettt essaeebeesaaeenbeessneensaesnseans 31
ALCOUSTIC SUTVEYS ...uviiuiieiiieiieeeiieeteeeiteettestteeteesteeeteesteessseaseessseenseessseensaesnseenseesnseeseessseans 31



IMISE-INETING SUTVEYS .oeeuvviieiiiieeitiieeiiieeiiteeeiteeesteeesteeessreeessseeessseeessseesssseesssseesssseessseessssees 44

CRAPLET Vi DISCUSSION ..ecuvviiiiiieiiiieeitiee ettt e eiiteeeiteeeteeesteeesssaeessseeessseeesseeassseessseessseesseeessseeenns 45
Effects of Golf Course Habitat on Overall Bat and Foraging Activity .........cccceceeeviennnnnn. 45
Species Richness and CoOmMPOSItION...........eecuierieiiiieriieeieeiee ettt ettt e ae s 46
Explaining the Effect of Climatic Variables on Bat ACtiVity........ccccccvvveneriienienenienene 48
Conservation IMPIICAIONS. .......ccuieeiiiiiiiieecie ettt e e sre e e e e sareesaeeesebaeesnneees 49

RETEIEIICES ...ttt sttt et s bt e et esab e et e saeeeneeas 52

vi



LIST OF TABLES

Table 3.1 Habitat site description of habitats sampled at each golf course...............coveverveeennnn.. 24
Table 3.2 Detector settings configured for the Wildlife Acoustics SM2BAT.............cccoveeevuveecnnnn. 28
Table 4.1 Total number of acoustic survey nights per golf course and habitat................................ 32
Table 4.2 Total bat activity and species-specific activity by habitat and by golf course.................. 33
Table 4.3 Selection of generalized linear mixed-effects models to explain bat activity................... 34
Table 4.4 Best generalized linear mixed-effects models (GLMMs) explaining bat activity............. 35
Table 4.5 Pairwise comparisSons among RADIIALS................c..ccccuveeeieeeeceeeeiieesieeeeieeeeieeseeeesveeens 36
Table 4.6 Number of detector nights each species was detected................cuoueveeeevueeecieeesieeenineans 39
Table 4.7 Species captured at each golf course in Delaware...................cccoecveevueecreneenceeennenannn, 41

vil



LIST OF FIGURES

Figure 2.1 Percentage of land uses on a median-sized golf course in the United States in 2015....... 8
Figure 2.2 The State of Delaware’s locations on the mid-Atlantic coast, USA...............ccoueeeunn.. 11

Figure 2.3 Spread of white-nose syndrome across the United States and Canada since 2006........ 15

Figure 2.4 Spectrogram of a bat pass with the three phases of a bat call sequence......................... 21
Figure 3.1. Map of the locations of the golf courses use in the study within Delaware, USA........... 23
Figure 4.1 Overall activity and foraging activity between habitats................ccceeeeeeeeceeeeceeennnnnn. 37
Figure 4.2 Species composition of identified bat passes between golf course habitats.................... 42
Figure 4.3 Differences in species-specific activity between golf course habitats............................ 43

viil



Chapter I:

Introduction

Golf courses offer outdoor recreation opportunities in a park-like landscape. Despite the
“natural” appearance of golf course premises, courses across the globe are under scrutiny
because of the many real and perceived negative environmental effects associated with the
construction and maintenance of a course. However, in light of increased urbanization and
wildlife habitat loss, golf courses may offer one of the few development types that do provide
wildlife habitat. A variety of wildlife species can be found inhabiting golf courses and studies
have focused on investigating the potential for golf courses to serve as refuges across several
taxa. Urban-adapted species tend to thrive on courses, while disturbance-sensitive species
generally fare more poorly. Much of the literature has focused on the effects of golf courses on
birds but other studies have concentrated on insects, amphibians, and some small mammals.

There is a lack of information on the use of golf courses by bats (Order Chiroptera).

As an important insect predator, bats could potentially benefit from foraging and roosting
at golf courses. Many landscape features on golf courses mimic natural features that bats are

known exploit, yet little work has attempted to explore bats’ use of these manicured landscapes.

Bat populations face many threats and determining bats’ presence on golf courses and
investigating how they use the local landscape in order to maximize a golf course’s potential as a
habitat refuge, could be an important step towards their conservation. Additionally,
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greenskeepers may benefit from the pest control services that bats provide. Therefore, the
general objective of this study was to investigate if and how bats are using golf course
landscapes and to use the results to make management recommendations for more bat-friendly

golf courses.

Study Objectives

I.  Examine the effects of five small-scale golf course landscape variables (water
hazard, open grass, open understory managed, open understory natural, and dense
understory natural habitats) on 1) general bat activity, 2) foraging activity, 3)

species richness and 4) species-specific activity using acoustical survey methods.

Chapter II contains a thorough literature review on golf courses and wildlife, bat biology
and life history, and the use of acoustic surveys for bat research. Chapter III details the methods
used to accomplish the outlined objectives of this study. Chapter IV reports the results of the

study followed by a discussion of the results in Chapter V.

Although this project is limited in geographic scope to golf courses in Delaware, this
study is the first to investigate bats on golf courses and serves as a critical first step towards
understanding bat habitat use on golf courses. Golf courses across the United States share many
similar physical landscape features, and results from this study may be applicable to golf courses

in a range of ecological systems.



Chapter II:

Literature Review

Golf Course History and Environmental Impact
It is generally thought that the game of golf began in Scotland with St. Andrews Golf

Club being described as the “birthplace of golf.” While the rules of the game have fundamentally
stayed the same, today’s golf courses are much different than St. Andrews and other historical
courses. The design of the first courses to be established was determined by the existing
landscape. Golfers took advantage of existing features (rolling hills, naturally short grass, or dirt
pits created by sheep herds) to create a diverse and challenging course (Stuller 1997). The

landscape was not specifically modified or manicured for playing purposes.

With the first major televised golf event in 1968, The Master’s Tournament forever
changed the way spectators, players, and golf course greenskeepers viewed golf course
aesthetics. Termed the “Augusta National Syndrome,” every golf course strove to mimic the
intensely manicured grounds at Augusta National Golf Course, the home of the annual Master’s
Tournament (Wheeler and Nauright 2006). Consequently, efforts associated with turf

maintenance and manicured landscapes have been detrimental to the environment.

Construction of a golf course is commonly associated with deforestation and major
clearing of natural vegetation, often being replaced by non-native plants (Winter et al. 2003,

Kuvan 2010). To provide a more challenging game, the golf course landscape is sometimes



disturbed and molded through considerable changes of topography and hydrology of the land
(Winter and Dillon 2005). Additionally, golf course construction is usually accompanied by
increased urbanization: housing developments, shopping malls, roads, and sometimes airports
(Kuvan 2005, Wheeler and Nauright 2006, Kuvan 2010). Urbanization is widely accepted as a
leading and persistent cause of habitat loss (Czech 2000, Czech et al. 2000, Marzluff 2001,
Mclntyre 2001, McKinney 2002, Turner et al. 2004). Golf course construction and the
subsequent associated development have the potential to negatively impact many existing native

habitats.

After a golf course is constructed, necessary maintenance practices can have continued
adverse effects on the environment and place a strain on natural resources. Chemical application
has been a major primary concern of environmental scientists and citizens in the last few
decades. Golf courses regularly apply insecticides, herbicides, fungicides (classified here as
“pesticides”), and fertilizers to combat pests and promote turf grass growth. A 1982 study found
in the Mid-Atlantic region of the United State, golf courses were applying 1000 -1500+ pounds
(450-680+ kg) of pesticides per golf course per year (Cox 1991). In 1991, pesticide use per acre
on golf courses was seven times that of agricultural pesticide use and without the benefit of food
production (Attorney General Office of New York State 1991, Suzuki et al. 1998). In Southeast
Asia, it is purported that courses use 1500kg per golf course per year (Chatterjee 1993). In the
United States, Chamberlain (1995) estimated an average golf course will apply 22,680 kg of dry
and liquid chemicals annually. Results from a comprehensive survey conducted by the Golf
Course Superintendents Association of America reported a total of 101,096 tons of nitrogen and

36,810 tons of phosphate was applied to all U.S golf courses in 2006 (Golf Course



Environmental Profile Volume V 2012). For comparison, a total of 1.24 and 4.48 million tons of
nitrogen and phosphate, respectively, were used for crop production in 2006 (corn, cotton, wheat,
soybeans, and other) (USDA 2018). Pesticide runoff loads are a concern for the environment and
society, but will vary depending on initial application load, local climate, and grass surface type

(Haith and Duffany 2007).

Large-scale chemical applications of fertilizers and pesticides have been found to be
damaging to wildlife populations on and around golf courses. Stansley et al. (2001) found
chlordane (a popular underground turf treatment for termite control used until 1980s) responsible
for recurring poisonings of birds and bats, as they were consuming insects that had high
concentrations of chlordane in suburban areas with golf courses. Migratory waterfowl, such as
American widgeon and Canada geese, often forage on turf grasses and several mortality events
of these species have been associated with the application of such pesticides like diazinon
(Kendall et al. 1993, Zinkl et al. 1978). The role of organophosphate pesticides in avian
poisonings and deaths is well documented (Grue 1982, White et al. 1982, Henderson et al. 1994,
Fry 1995, Rainwater et al.1995, Mitra et al. 2011). An incident at Sapporo Kokusai Country Club
in Japan led to the death of over 90,000 fish after greenskeepers applied copper compounds to
the turf to prevent it from dying underneath the snow (Chatterjee 1993). Additionally, there have
been reports of non-fatal golf course pesticide poisonings in humans and elevated levels of brain,
lymphoma, prostate, and large intestine cancers in golf course superintendents (Edmondson
1987, Cox 1991, Chatterjee 1993, Kross et al. 1996). Furthermore, golf courses require
enormous amounts of water to keep the turf green and to fill water hazards (small to large ponds

created as obstacles in the game). The large water consumption of golf courses sometimes equals



or exceeds the water usage of the town itself (Platt 1994). In Southeast Asia, golf courses exceed
water use needed by local families, and the local governments are bearing the costs associated
with transporting the golf courses’ water supply (Chatterjee 1993). The proposal for a golf
course luxury resort to be built in a small Mexican town in the state of Morelos, estimated to
need 800,000 gallons of water per day for construction (five times that of the normal daily use of
its residents), led to riots and hostage situations (Hurriaga 1995). Golf courses in desert
environments must pump water in from outside sources. Several golf courses in the Palm
Springs, CA area draw in water from the already exhausted Colorado River Basin (Wheeler and

Nauright 2006).

Mitigating negative interactions between the environment and golf courses should be a
chief concern for both greenskeepers and environmental scientists as golf continues to increase
in popularity across the globe. Despite a small drop in the number of golfers in the 2000s, the
2010s saw an overall increase in the number of golfers with over 23 million golfers in the United
States, creating an $84.1 billion-dollar industry (SRI International for World Golf Foundation
2011, Ozawa et al 2016). Economic booms, rises of the middle class, social uses of golf to
solidify business relationships, and the inclusion of golf in the 2016 Olympic Games contribute
to expected trends of golfer increase worldwide (Futures Company for HSBC 2012). The United
States currently has over 15,000 golf courses, and there are over 40,000 courses worldwide, with
400-600 new courses being built each year in Canada and The U.S. (Knopper and Lean 2004,
2012 HSBC Report). According to the 2018 U.S. Golf Economy Report, there was a net decline
of 737 golf facilities from 2011 to 2016, but the construction of the surrounding golf

communities increased 18.5%. Given the number of existing golf courses and the continued



associated land development, and considering the park-like environment courses offer, it is
critical to continue research investigating how environmental scientists and private industry can

work together to ensure better outcomes for wildlife.

Golf Course Land Use and Wildlife Habitat Potential

Golf courses have the potential to play a key role in wildlife biodiversity conservation
(Terman 1997, Tanner and Gange 2005, Colding and Folke 2009). Golf courses account for
almost 930,00 hectares (2.3 million acres) of land in the U.S., comprising maintained turfgrass,
natural areas, water bodies, facility buildings, bunkers, and parking lots (Golf Course
Environmental Profile Phase II, Volume IV). According to the 2017 report released by the Golf
Course Superintendent Association of America, the average size of 18-hole golf course in the
United States in 2015 is 60ha (150 acres) of which 67% of the area is maintained turfgrass (Golf

Course Environmental Profile Phase II, Volume IV; Figure 2.1).

Many manicured golf courses offer a heterogeneous landscape consisting of a variety of
features. All courses generally feature 9-18 “holes” which consist of a tee, fairway, green, and
the “rough.” While the tee, fairway, and green are well established and distinguished by the way
they are maintained (short grass that is optimal for hitting a golf ball), the “rough” is anything
outside these favorable playing areas and can be tall grass, a pond or stream, small forested
areas, man-made sand traps or “bunkers”, or a combination of all these features. Different
shapes, lengths, and lay of the fairways and greens with different features of the rough all
contribute to the difficulty and enjoyment of the game and make each course unique. The

heavily-manicured short grasses on the tees, fairways, and greens, sandy bunkers, buildings, and



parking lots likely do not provide enough food, water, or shelter for wildlife and may not provide
suitable habitat for most wildlife Those features make up approximately 40% of the total course
landscape leaving 60% of the remaining landscape (forested fragment, man-made ponds, taller
grassed areas or “roughs”) to be developed or managed in such a way to promote wildlife

occupancy (Threlfall et al. 2017).

GOLF COURSE LAND USE
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Figure 2.1 Percentage of land uses on a median-sized golf course in the United States in
2015. Asterisks indicate land use type that may provide potential wildlife habitat. Figure was
created using data from the 2017 GCSAA Golf Course Environmental Profile Report

In light of the negative attention golf courses have received from environmental scientists
in the last few decades regarding pesticide and water use, a multi-disciplinary meeting of golf

course superintendents, environmental scientists, and concerned citizens was held in 1995



(Barton 2008). In the years after this meeting, more golf course managers and superintendents
have since implemented more environmentally friendly and sustainable practices and researchers
have begun to investigate golf courses’ potential to serve as wildlife refuges. Alongside this push
for more eco-friendly courses, several voluntary programs have been created through
conservation organizations, like the Audubon Society, that offer programs and guidelines for golf
courses that encourage increased wildlife inhabitance. Additionally, recognizing a lack of a
comprehensive national dataset of management practices across the U.S. the Golf Course
Superintendents Association of America (GCSAA) began to address this need in 2005 by
conducting large scale surveys of golf course superintendents about their course management
practices and have since published several reports summarizing their results. These reports have
focused on characterizing and quantifying physical features, water, nutrient pesticide, and energy
use at golf courses across the U.S. Data about environmental practices that golf course managers

have implemented was also collected.

The GSCAA report found that 29% of 18-hole golf courses participate in some type of
voluntary environmental stewardship program (GSCCA 2007). Whereas almost all courses have
made an environmental improvement to the land, courses involved in the stewardship program
have made significantly more improvements over a ten-year period (Golf Course Environmental
Profile Phase I). Constructing or improving wildlife habitat, reducing waste, recycling, and
improving chemical storage and irrigation systems are example of actions that golf courses have
reported as environmental improvements (GCSSA 2012). However, an updated survey in 2015
found that participation in stewardship programs remained the same with a significant decrease

in many types of environmental improvement (e.g. wetland restoration, erosion control, wildlife



habitat, stormwater retention), with budget and time restrictions being the most frequent grounds
for lack of participation (GSCCA 2017). Recycling was the only improvement that had an

increase in participation from 2005 to 2015 (38% to 53%, respectively) (GSCCA 2017).

While golf course vegetation is not always an equal replacement for natural landscapes
(especially if non-native plants are used), it may be more beneficial to wildlife than other types
of urban development that completely eradicate natural features. Many baseline studies have
shown that golf courses are able to support some wildlife species (Colding and Folke 2008). The
Canada goose (Branta canadensis) has been so successful at occupying some golf courses in
Delaware they have become a nuisance for greenskeepers and are strategically culled (J. Jacobs
pers. comm.). Bird diversity was similar on Kansas golf courses to the surrounding natural areas
but had lower relative abundance of most species (Terman 1997). Additional studies have
analyzed life history and fitness metrics of species on golf courses. Eastern bluebirds on golf
courses had lower reproductive rates at golf course sites than non-golf course sites in Virginia
but were able to successfully reproduce at higher rates than that of other disturbed systems
(Stanback and Seifert 2005, Cornell et al. 2011). Given the productivity of eastern bluebirds on
some golf courses, courses may even be able to serve as a population source, allowing bluebirds
to persist in the surrounding lower quality habitats (LeClerc et al 2005). Burrowing owls in
Washington are attracted to the short turfgrass on golf courses and have successfully nested in
artificial nest boxes placed away from maintained areas (Smith et al. 2005). Golf course ponds
provide suitable habitat for many species of semi-aquatic turtles in the western piedmont of
North Carolina (Failey et al. 2007). Different life history traits lead to variable rates of success of

a species’ ability to occupy a golf course habitat; thus, the potential of golf courses serving as a
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refuge should be evaluated on a species-specific basis (Hodgkison et al. 2007). Many bird,
insect, amphibian, reptile, and small mammal species have been studied in the context of golf

courses, but at the time of this study, little attention has been focused on bats (Chiroptera).

Bat (Chiroptera) Biology and Conservation Status
Bats are a diverse and ubiquitous group of volant mammals. With over 1200 species

worldwide, they compose one-fifth of the known mammalian species, and within the United

States there are 47 species with

diverse life-histories (Harvey et

al. 2011).

In the Northeast and Mid-
Atlantic region of the United
States there are twelve species,
and eight of these species are
known within Delaware (Figure
2.2): Lasiurus borealis (Eastern

red bat), Lasiurus cinereus (hoary

bat), Lasionycteris noctivagans
(silver haired bat), Eptesicus
fuscus (big brown bat), Myotis

lucifugus (little brown bat), y o o & 120 Kiometers

E=ri HERE, Garmin, & Opensieetiep contihatore s nd ihe GIS user
Lemmndy

Myotis septentrionalis (northern
Figure 2.2 Location of Delaware on the mid-Atlantic

long-eared bat), Perimyotis coast, USA
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subflavis (tri-colored bat, formerly known as Pipistrellus subflavis, the eastern pipestrelle), and
Nycticeius humeralis (evening bat). These eight species can be divided into two groups: cave
bats or tree bats. Cave bats are species that hibernate in caves over winter and form large
maternity colony roosts away from their hibernacula in the summer, while adult male cave bats
tend to roost alone or in small bachelor colonies. (Kunz 1982). They may also form maternity
colonies in tree cavities, bat boxes, bridges, or other man-made structures. Tree bats are highly
migratory and mostly solitary species that may hibernate under certain conditions (Cryan et al.
2003). These species typically are found roosting alone or in small family groups under loose

bark or in clusters of leaves on a tree (Shump and Shump 1982, Barclay et al. 1988).

Delaware
Both cave bats and tree bats in the Northeast and Mid-Atlantic are insectivorous. Bats are

the primary predator of night flying insects (Anthony and Kunz 1977, Cleveland et al. 2006).
Coleoptera and Lepidoptera make up the majority of insectivorous bat diets (Black 1974). While
bats eat a variety of insect species, bat morphology and foraging strategies have been shown to
affect prey preference (Belwood and Fenton 1976; Fenton and Morris 1976, Feldhammer et al.
2009). Feldhammer et al. (2009) established a relationship between mean body mass of bats and
prey hardness, where larger bats, such as E. fuscus, tended to eat mostly coleopterans. In
southern Indiana, L. borealis were shown to prefer primarily lepidopterans, N. humeralis prefer
coleopterans, P. subflavus prefer trichopterans, and M. lucifugus and M. septentrionalis prefer
Lepidoptera and Coleoptera. Coleoptera, Lepidoptera, and Hemiptera are among the top
preferred insects of N. humeralis (Whitaker Jr and Clem 1992). Regional and temporal
differences will also affect prey preference flexibility and availability in insectivorous bats.

While many studies show E. fuscus to be primarily a beetle-consumer, a colony on the
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Pennsylvania/Delaware border was found to eat almost exclusively dipteran species (Black 1974,

Balke et al. unpublished data).

As insectivores, bats are critical biological pest control agents (Kunz et al. 2011). Their
pest control services are not only beneficial to human comfort and safety but have been
estimated to be worth up to 57 billion US dollars to the agriculture industry annually (Boyles et
al. 2011). Maine and Boyles (2015) conducted exclusion studies on corn fields and found that the
presence of bats significantly reduced the number of pests and the presence of pest-associated
fungi, resulting in an estimated 1 billion US dollars’ worth of ecosystem services each year in
corn production alone. A maternity colony of one million Brazilian free-tailed bats (Tadarida
brasiliensis) can consume up to 8.4 metric tons of insects per night (Kunz et al. 1995). Kurta et
al. (1989) estimated a 7.9g lactating female M. lucifugus can consume over 100% of her
bodyweight in one night of foraging. Other native Delaware bat species such as E. fuscus, L.
noctivagans, and L. cinereus can eat up to 25% of their weight in insects each night (Coutts et al
1973). In Delaware, it is estimated that bat pest control services are worth up to 17 million US
dollars annually (Boyles et al. 2011). When referring to pest-control services of bats, it has often
been reported that bats eat a large number of mosquitos (Order: Diptera), but there have not been
many studies to support this statement. However, a recent study found that some species are
eating more mosquitos than previously thought (Wray et al. 2018). Bats are also considered to be
potential indicators of ecosystem integrity and important for maintaining forest health and

potentially contribute to nutrient transport (Marcot 1996, Agosta 2002, Jones et al 2009).

In the last decade, bat conservation in the United States has become a top priority for

many wildlife biologists. Bats in the United States face many novel problems that threaten their
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populations’ existence. In 2006, an emerging fungal disease caused by Psuedogymnoascus
destructans or Pd (formally known as Geomyces destructans or Gd), referred to as white-nose
syndrome (WNS), was discovered (Blehart et al. 2009, Lorch et al. 2011). Since its discovery in
Howe’s Cave near Albany, New York in 2006, the disease has quickly spread throughout most
of the Northeastern and Eastern United States; continuing with an unknown trajectory (Figure
2.3). At the end of the 2017-2018 hibernating season, WNS was present in 33 states in the US
and 7 Canadian provinces affecting at least 11 species of bats (White-nose Syndrome Response
Team 2018). White-nose syndrome seems to primarily affect cave bat species. Some tree bats
have tested positive for Pd but have not been documented exhibiting any symptoms of white-
nose syndrome. Cave bats’ aggregating behavior while hibernating in cold, dark, and humid
caves makes them an excellent target for Pd, a saprophytic psychrophilic fungus (Frick et al
2010, Turner et al. 2011). The spread of the disease is suspected to be primarily through bat-to-
bat contact, and the extent of the role of humans or other animals in its spread is not fully

understood (Turner et al. 2011). An isolated instance of a Pd positive little brown bat in
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Washington state (1300 miles from the nearest detection in Nebraska) complicates our

understanding of the pathogen spread (Lorch et al. 2016).

Since its discovery the United States Fish and Wildlife Service (USFWS) has estimated a

loss of at least 5.5-6.7 million bats to WNS, with no guarantee of recovery in the next century
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Figure 2.3 Spread map of white-nose syndrome across the United States and
Canada since 2006. Map from www.whitenosesyndrome.org. Accessed 2/7/2019

and even potential regional extinction of the once common M. lucifugus (Frick et al 2010,
USFWS 2012). White-nose syndrome seems to severely disrupt normal physiological processes
in the hibernating bat, yet the exact cause of mortality is still unknown (Blehert et al. 2009,
Cryan et al 2010). Symptoms of white-nose syndrome include increased arousals during winter

hibernation, wing damage, visible white “fuzz” around the head and muzzle, dehydration, and
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depleted stores of body fat (Blehert et al. 2009, Cryan et al. 2010, Reeder et al. 2012, Cryan et al.

2013).

Wind turbines present another recent threat to bat populations. With the increased
popularity of wind as an alternative energy source, there has been an unexpectedly high number
of bat fatalities occurring at wind energy facilities across the US (Kunz et al. 2007a and Kunz et
al. 2007b). It is estimated that wind turbines in the United States kill hundreds of thousands of
bats annually (Hayes 2013). In contrast to white-nose syndrome, wind turbine fatalities largely
affect the highly migratory tree bat species, as wind energy facilities are often placed along
important fly-ways (e.g. ridge tops, coastal areas) that bats use during migration, but area-
resident bats may also be affected (Cryan and Barclay 2009). Many hypotheses have been put
forward as to why bats are much more affected by these turbines than birds, but a consensus
among scientists has not yet been reached. Turbines may appear as a lekking structure, a
potential roosting site, or may simply be a curiosity to passing bats (Horn et al. 2008, Cryan and
Barclay 2009). Mortality has been shown to occur from blunt physical trauma from the blade and
from pulmonary barotrauma (fatal tissue damage to lung structures due to rapid changes in air-
pressure near the fast spinning turbine blades) (Baerwald 2008, Cryan and Barclay 2009,
Grodsky et al. 2011). Some have suggested that barotrauma is not as prevalent as previous
studies have suggested and traumatic injury from the turbine blades is likely the leading cause of
bat mortality at wind farms (Capparella et al. 2012). Regardless of how bats are being killed by
turbines, the high number of bats being killed by wind turbines is of great concern for

conservationists.
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Bats and Golf Courses
Habitat destruction and fragmentation is one of the top threats to most wildlife, including

bats, and golf courses may offer a novel opportunity for the conservation of bats by providing
suitable habitat (Tilman 1994). Golf courses offer many local landscape features that may be
attractive to bats. Many species of bats have shown preference for hard tree line edge habitats
that encourage successful foraging and commuting (Walsh and Harris 1996, Morris et al. 2010,
Wolcott and Vulinec 2012). Tree lines edges are a ubiquitous feature on many golf courses that
are manicured and designed to enhance game play difficulty. Lasiurus. cinereus show preference
for foraging high over large open grass patches (Gruver 2002), features that are prominent on
every golf course. Vindigni et al (2009) found that modified water sources in managed
landscapes are important water and insect prey sources for bats. Higher levels of E. fuscus
activity have been found near standing water (Krusic and Neefus 1996). Water hazards (man-
made ponds created to add difficulty to the golf game) are another prevalent feature of golf
courses that could provide a source of drinking water and foraging for bats. Additionally, many
golf courses have partially unmaintained patches of forest, which may contain suitable day roosts
for tree bats and/or cave bats forming maternity colonies. The availability of suitable day roosts
is an important factor for bat habitat selection (Kunz 1982, Agosta 2002, Kalcounis-Rueppell et
al. 2005, Limpert et al. 2007). Conserving and properly managing these areas that potentially
contain day roosts may promote higher bat occupancy on golf courses. Recently, the endangered
Eumops floridanus, Florida bonneted bat, was observed on a roosting in a tree on a golf course in

Florida (Gore et al. 2015).

The combination of these features suggests a high potential for golf courses to provide

roosting and foraging opportunities for bats and help mitigate the problem of habitat destruction.
17



Additionally, bats may provide valuable pest control services that could optimally result in the
reduction of chemical use. Despite this potential, I could find no study that has quantified bat

activity or habitat use on golf courses.

Acoustic surveys as a method to study bats
Bats’ elusive nocturnal and aerial behaviors make them an inherently difficult organism

to study. Additionally, the sounds bats make are most often outside of the audible range of
humans (ultrasonic, approximately >20kHz). In the last two decades, technology for recording
bat sounds has improved tremendously and has been increasingly used in studies to measure
relative bat activity by recording bat echolocation sounds as they fly through the landscape
(O’Farrell et al. 1999, Ochoa et al. 2000, Miller 2001, Flaquer et al 2007). These specialized
acoustic monitoring devices (hereafter ‘bat detectors’) use microphones that detect and record
high frequency sounds. The bat detectors I used in this project record sound in full-spectrum.
Full-spectrum bat detectors record bat echolocation calls that are stored as hi-fidelity signals that
retain all the original information of the signal, including information regarding power spectrum
and temporal characteristics of the recording (Brigham et al. 2004). Compared to other types of

recording, full-spectrum allows for improved recording in noisy environments.

Bat echolocation sounds are emitted as a series of short high-frequency pulses as the bat
is flying. Bat detectors are configured to be triggered by a high-frequency noise that is a certain
threshold above the ambient noise. Once the high-frequency signal is detected (e.g. bat
echolocation), the detector will record a sound file of the high-frequency noise until the signal is
not detected for a defined amount of time (settings are configured by user; North American Bat

Protocol for Bat Monitoring recommends 2 seconds) or the maximum file length has been
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reached (15s max file length recommended for bat monitoring). In this detector configuration
each file is considered a “bat pass,” (Loeb et al 2015) while an individual pulse may be referred

to as a “bat call” (Figure 1.4).

Bat acoustic monitoring is generally broken down into two types: active and passive
monitoring. An active acoustic survey (also referred to as mobile survey) requires an acoustic
monitoring device to record as a surveyor travels along a pre-determined route at approximately
20 miles per hour during fair-weather nights (little wind and rain). The surveyor can travel by
vehicle or vessel, with vehicle travel being the most common method used to conduct mobile
surveys. The length of active surveys will vary based on available routes to safely survey and
will depend on the monitoring needs or research question. The speed at which the surveyor is
travelling, allows each recorded bat pass to be considered an individual bat (Loeb et al. 2015).
From these data, population trends can be calculated from repeated surveys across years (if
surveys are conducted at approximately the same time each year). If mobile surveys are
conducted multiple times throughout the year, seasonal differences in activity and abundance can
be measured. Active acoustic surveys are biased toward detecting bat species that are more
common and more commonly tend to use road-ways as flight paths. Active acoustic surveys

often miss rare or more cryptic species (Coleman et al. 2014, Braun de Torrez et al. 2017).

Passive acoustic monitoring involves a bat detector placed at a stationary point and left to
record with no user present. The length of time the acoustic monitor is left to record is
determined by the monitoring needs or research question. Determining population trends is not
possible using passive acoustic data. Unlike the active acoustic surveys, each bat pass cannot be

considered an individual bat as a single individual may fly repeatedly over the bat detector
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throughout the night. Passive acoustic monitoring, instead, allows biologists to measure relative

activity, and look at temporal and seasonal activity trends.

In addition to the number of bat passes indicating activity levels, an examination of call
structure can also inform us about behavior. A foraging bat will generally have three parts to an
echolocation sequence: search phase, approach phase, and terminal phase or feeding “buzz”
(Figure 1.4). During the search phase, a bat is searching for prey in its environment by emitting
pulses at a general rate of one pulse per wing beat (Griffin et al. 1960, Britton et al. 1997, Jones
1999). After the detection of an insect, the pulse rate increases to several pulses per wing beat
allowing a bat to get closer to their prey without overlapping the pulse and echo; this change in
pulse rate facilitates greater information retrieval (Britton et al. 1997, Kalko and Schnitzler
1989). At the end of the approach phase, a terminal buzz is emitted. A terminal buzz is a rapid
succession of broadband pulses, giving the bat position information immediately before it
attempts to capture its prey, that when made audible to the human ear resembles a “buzz” or

“zip” sound (Fenton and Bell 1979).

20



150

140 -

130+

120

110+

100 -

approach phase

- ]
search phase l_J

terminal phase

| | | | [ | | [ 0 [
1000 1100 1200 1300 1400 1500 1600 1700 1800 1855

Figure 2.4 Spectrogram of a bat pass with the three phases of a bat call sequence: search
phase, approach phase, and terminal phase or ‘“‘feeding buzz.” White arrow indicates an
individual echolocation pulse.

Search phase pulses are used in species identification. Despite bats exhibiting major
plasticity in their call structure (often sharing many call characteristics with other species),
improvements in technology allow us to measure call parameters (e.g., minimum frequency,
maximum frequency, duration) quantitatively and successfully attribute them to species using a
combination of commercially available classifiers and manual identification based on the
parameters (Fenton and Bell 1981, Obrist 1995, O’Farrell et al. 1999, Szewczak 2004, Britzke et

al. 2011).

Summary
While the gameplay of golf has remained largely the same, golf course management has

drastically evolved over the last half-century. Environmental impacts from intensive

management activities have drawn criticisms from environmentalists and conservation biologists.
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With more environmentally-friendly management practices that have been implemented on some
golf courses over the last few decades, golf courses have the capacity to successfully support a
variety of wildlife (especially more urban-adapted species). Using acoustical survey methods,

this project aims to explore the relationship between bat activity on golf courses in Delaware.

Study Objectives

L. Examine the effects of five small-scale golf course landscape variables (water
hazard, open grass, open understory managed, open understory natural, and dense
understory natural habitats) on 1) overall bat activity, 2) bat foraging activity, 3)

species richness and 4) species-specific activity using acoustical survey methods.

I predict that bat activity and richness will be higher in the open understory natural and
dense understory natural habitats, as they more closely reflect the natural habitats that many
species of bat prefer. I also predict that foraging activity will be highest at water hazard habitats,
as the man-made ponds may have higher levels of insect activity for increased foraging

opportunities.
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Chapter I1I:

Research Methods

Site Selection
Four golf courses were chosen

across Delaware using aerial imagery to
identify courses had similar small-scale
landscape characteristics (e.g. amount of
wooded areas present on the course,
number of water hazards). Once the
prospective sites were chosen, | visited
each golf course and met with the
greenskeepers of each course to explain the
project and request their involvement in the
study. All golf courses queried agreed to be
a part of the project: Deerfield Golf and
Tennis Club (Newark, DE), Frog Hollow
Golf Club (Middletown, DE), Garrisons
Lake Golf Club (Smyrna, DE), and Sussex

Pines Country Club (Georgetown, DE)
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Figure 3.1. Map of the locations of golf
courses used in the study Delaware, USA.
Dark gray areas indicate forest cover and light
gray areas indicate developed or agricultural

land.

23




(Figure 3.1). The fours golf courses ranged in size from 62-139Ha, with an average size of

87.25Ha.

After establishing and visiting each golf course site I chose five visually distinguishable
small-scale landscape areas to be studied (hereafter referred to as Habitats, Table 3.1), that were
represented on all five courses: water hazard, open grass, open understory managed, open
understory natural, and dense understory natural. Water hazards were defined as a man-made or
natural water features. Open grass areas were areas where grasses grew mostly unmaintained
(0.5-0.75m), but occasionally mowed (0.1m). Open understory managed areas were defined as
areas where the ground was manicured in some way (mowed or mulched ground) often
accompanied by a golf cart path and a closed high canopy cover with no understory, achieved by
trimming low branches. Open understory natural areas were defined as forest fragments that
were left to grow naturally and had a fairly open mid-understory. Dense understory natural areas

were also forest patches left to grow naturally but tended to be younger forest patches with

Table 3.1 Habitat site description of habitats sampled at each golf course

Habitat Description

Forest fragments that were left unmanaged and had

Dense Understory Natural a closed canopy with a cluttered understory

Tall grassed areas that were occasionally mowed

Open Grass but outside of the playing area.

Ground was maintained (mowed and/or mulched)
with a high closed canopy with an open understory
obtained by pruning lower branches. Often times,
golf cart paths ran through these areas

Open Understory Managed

Forest fragments that were left unmanaged with a
Open Understory Natural closed canopy but more open understory than the
Dense Understory Natural Habitat

Man-made ponds on the golf course built to increase

Water Hazard the difficulty of the game.
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higher amounts of clutter in the low- to mid-understory. I chose these five areas as the main
focus of the study because they are more representative of natural landscapes and can be more

easily managed or altered than the already established fairways and greens on golf courses.

Acoustic Surveys
To capture the peak summer activity, in June and July of 2011, I visited one golf course a

night for a total of 6 nights per golf course and placed a Wildlife Acoustics (Massachusetts,
USA) SM2BAT bat detector (192kHz) paired with an omnidirectional SMX-US microphone at
each microhabitat. Each microphone was positioned 2m off the ground with a metal conduit pole
and angled at slightly less than 90° to prevent signal interference, capture as many bat passes as
possible, and prevent microphone damage from unexpected rain events (Patriquin and Barclay
2003, Wildlife Acoustics SM2BAT User Manual). Surveys were only conducted on fair weather
nights. I canceled surveys during heavy rain and high winds as both are known to affect bats’
normal flight behavior (Voigt et al. 2011) and can reduce or permanently damage microphone
sensitivity. Bat detectors were programed to begin recording at sunset and to record for four
hours to capture the first peak of nightly bat activity (Hayes 1997). Detectors recorded full-
spectrum files with a file length limit of 15 seconds. Files were compressed in the Wildlife

Acoustics proprietary .WAC file format. Detector settings can be found in Table 2.2.

Bat echolocation files were processed using SonoBat™ (v. 3.8.6), a software specific for
viewing, parameterizing and identifying recorded bat passes. To be included in the analysis, the
recorded acoustic file containing a bat pass did not exceed 15s and contained a sequence of > 2
bat echolocation pulses, separated by <1s (Fenton 1970). The number of files containing bat

passes recorded each survey period (4-hour period after sunset) was used as an index of bat
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activity. Any recorded files that did not contain a bat pass were considered noise and removed
from analysis (e.g. insect noise, electrical interference). Any night where the full period of
recording did not occur (e.g. because of inclement weather or detector failure) was also removed

from analysis.

All files containing a bat pass were visually inspected for the presence of feeding buzzes.
The total number of feeding buzzes was recorded for each survey night at each habitat. If
multiple feeding buzzes were present in one bat pass, all buzzes were included. The number of

feeding buzzes recorded each survey period was used as an index of bat foraging activity.

Species were identified using the automated species identification algorithm feature of
SonoBat 3.8.6. The automated classifier measures 72 different parameters from the recorded bat
pulses (e.g. characteristic frequency — frequency at the flattest part of the pulse, frequency
maximum and minimum, pulse duration, etc.). and makes an identification decision based on a
reference library of known species call parameters using a discriminate probability function. All
bat passes that were identified to a species were manually vetted to confirm that the software
made a reasonable species choice. The elasticity of bat echolocation calls prohibits a single pulse
to be used for species identification. To be included in the species-specific analysis, the recorded
acoustic file containing a bat pass did not exceed 15s and contained a sequence of > 3 bat
echolocation pulses, separated by <1s (Fenton 1970). I used the reference library of known calls
provided with SonoBat™ software along with guidance documents that described common bat
call characteristics for identification (Humboldt State University Bat Lab 2011). Pulse shape,
characteristic frequency, pulse duration, frequency maximum and minimum were the primary

characteristics considered when vetting calls. Unidentified bat passes were labeled as “NolD.”
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Given the plasticity of bat echolocation call structure and many factors affecting the quality of
the recording (e.g., abiotic environmental conditions, bat flight directions, bat proximity to the
microphone, etc.), identifying all recorded call files to a species level is not achievable (Reichert

et al. 2018).

I quantified the following metrics per survey night (4-hour period) to evaluate the effect
of habitat on bats using golf courses: 1) total activity levels (total number of files containing bat
passes), 2) foraging activity (total number of feeding buzzes), 3) species-specific activity (total
number of bat passes from each species), and 4) species richness (total number of species

identified).
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Table 3.2 Detector settings configured for the Wildlife Acoustics SM2BAT.
Detectors were set based on recommendations from the Wildlife Acoustics
SM2BAT User User Guide
(https://www.wildlifeacoustics.com/images/documentation/Song-Meter-SM2Bat-
Suppement.pdf)

Setting Name

Description

Setting

Analog HPF

Analog Gain

Sample Rate

Digital HPF

TRG LVL

TRG WIN

Analog high pass filter. Preamplifier jumper setting that
will filter out lower frequency noise and reduce non-bat
noise.

Analog gain. Preamplified jumper setting that can increase
the dynamic range and improve high-frequency signal-to-
noise ratio and improve quality of recording loud high-
frequency noises

Number of samples taken per second. Frequencies can be
resolved up to half of the sample rate. Bats in the Delmarva
Peninsula echolocate from a range of approximately 20kHz
- 90kHz

Digital high pass filter. Digital setting that is 1/12 ofthe
sample rate. Prevents detector from recording anything
below the set frequency. Reduces recording of low
frequency non-bat noise.

Trigger level. Recording begins when a signal in the set
frequency range exceeds the threshold by 18dB

Trigger window. The length oftime a signal needs to be
absent to signal the end of recording. A setting of 2.0
seconds is recommended to consider each file a bat pass.

1kHz

+48dB

192kHz

fs/12

18SNR

2.0s
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I used the statistical program R (v.3.5.0, R Core Team 2018) with Rstudio (v.1.1.463
RStudio Team 2016) for all statistical analyses. I constructed generalized linear mixed effects
models (GLMMs; function glmer, R package /me4, Bates et al. 2012) for each response variable
(total activity, foraging activity, species-specific activity, and species richness per survey night)
with habitat as a fixed effect and detector site nested within golf course as a random effect. I
tested the effect of categorical predictors (i.e., golf course, habitat) by comparing 2 nested
models (one with and one without the categorical variable) using a likelihood ratio test (LRT,
function anova, R Stats package). I first tested for an effect of golf course on each response
variable, but because it was not significant for most metrics, I included it as a random effect to
account for any potential differences in activity across courses. If the categorical predictor
variable was significant, I then used post-hoc Tukey contrasts for multiple comparisons to test
pair-wise comparisons among the habitats with p-values adjusted with a Bonferonni correction

(function gl/ht, R package multcomp).

This modeling framework accounted for the non-independent observations of repeated
survey nights at each detector site in each golf course (Braun de Torrez 2017). Standard
diagnostics of the distribution of all response variables showed that the data was right skewed,
therefore a Poisson distribution for count data was used in all models. A Poisson distribution was
selected over a Gaussian distribution with a natural log transformation because Poisson is able to
handle 0-values in the response variables (present in the foraging and several of the less common

species-specific activity datasets).

Along with habitat, several combinations of biologically relevant temporal and spatial

variables were included as covariates to determine the best model for predicting activity levels
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and species richness: mean temperature, mean humidity, mean wind speed, distance to closest
water body, distance to the closest agricultural field. To determine the best model, I used the
second order Akaike Information Criterion (AICc) for small sample sizes. If the difference
between AICc values was < 2, models were considered to be equivalent, and the model with the
fewest parameters was chosen. To compare models, parameters were estimated using maximum

likelihood and Laplace approximations (Bolker et al. 2009, Pinheiro et al. 2012).

Graphical analysis was performed in Microsoft Excel 2016.
Mist-netting

For further validation of bat species present at the golf courses, I used standard bat mist-
netting techniques to physically capture bats at each golf course one time in 2010 and 2011. I
used two sets of triple-high mist-net poles with 3 stacked 6meter mist-nets (Avinet, Inc.). The
nets were placed non-randomly at locations on the golf course that were likely to improve
capture rate (e.g. forested corridors with closed canopies, near sources of drinking water). Nets
were opened 15 minutes before sunset and checked every 10-15 minutes for four hours. If a bat
was captured, I documented the following demographic data: species, sex, age, reproductive
status, weight, forearm length, and noted wing damage according the U.S. Fish and Wildlife’s
wing damage index (Reichard and Kunz 2009). Bat demographic data can indicate general health
of the individual bats. Bats were released within 30-minutes of initial capture. After each mist-
netting session, I decontaminated all mist-netting equipment following the most up-to-date U.S.

Fish and Wildlife protocols, to prevent accidental spread of Pd (USFWS 2010).
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Chapter IV:

Results

Acoustic Surveys
Each golf course was visited 6 times throughout June and July of 2011, but some nights

were excluded from analysis because inclement weather (high winds, thunderstorms) or
equipment failure prevented a full survey period from being recorded. A total of 272 detector
hours were recorded (68 survey nights * 4 hours of recording/survey night) across all four
courses (Deerfield Golf and Tennis Club, Frog Hollow Golf Club, Garrisons Lake Golf Club,
Sussex Pines Country Club; Table 4.1). I visually inspected all recorded files to verify they
contained a bat pass and removed any files that were considered noise (e.g. insect noise,
electrical interference) from analysis. A total of 6899 (bat passes were recorded across all golf

courses and habitats (Table 4.2).

Overall Bat Activity

The model that best explained overall bat activity (number of bat pass files per survey
night) included habitat, mean temperature, mean humidity, and mean wind speed (Table 4.3,
Table 4.4). In the pairwise comparisons, open understory managed habitat had significantly more
bat activity (244.33 £ 72.92) than the open understory natural (43.7 + 18.59; z=-3.32, p =
0.004) and open grass habitats (40.85 = 15.11; z=3.54 p = 0.002; Table 4.5 Figure 4.1A). No

other pairwise comparisons were statistically significant.
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Foraging Activity
The best model for predicting foraging activity (number of feeding buzzes per recording

night) included both habitat and mean temperature (Table 4.3). Foraging activity significantly
increased as temperature increased (Table 4.4). Pairwise comparisons showed significantly
higher foraging activity in the open understory managed habitats (7.6 £ 2.82) than in the open
grass (0.38 £0.18; z=3.6,1 p =0.002) and open understory natural (1 £ 0.49; z=-2.89, p =
0.03; Table 4.5, Figure 4.1B)

Table 4.1 Total number of acoustic survey nights per golf course and habitat. Each golf

course was visited 6 times through June and July 2011. Survey nights included in this table

included nights where detectors recorded successfully for the full 4-hour survey period at

all and/or some of the habitats. A “1” indicates a full survey night. A “0” indicates an

incomplete survey night due to detector failure. Dates where surveys were canceled
because of inclement weather were not included in this table.

Dense Open Open Total
. Open - . - _— Water
Understory Grass Understory  Understory Hazard Survey
Natural Managed Natural Nights
Deerfield Golf Club
6/20/2011 1 1 1 1 1 5
6/28/2011 1 1 0 1 1 4
7/13/2011 1 0 1 0 1 3
7/18/2011 1 0 1 1 1 4
Frog Hollow Golf Club
6/22/2011 1 0 1 1 1 4
6/29/2011 0 1 1 1 1 4
7/15/2011 1 1 1 0 1 4
7/21/2011 1 1 1 0 1 4
7/27/2011 1 1 1 0 1 4
Garrisons Lake Golf Club
6/17/2011 1 1 1 1 1 5
6/24/2011 1 1 1 1 1 5
7/6/2011 1 1 1 1 0 4
7/14/2011 1 1 1 0 0 3
7/26/2011 1 1 0 1 3
Sussex Pines Country Club
6/23/2011 1 1 1 1 1 5
6/30/2011 L 1 1 1 4
7/12/2011 1 0 1 0 1 3
Total Survey Nights 15 13 15 10 15 68
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Figure 4.3 Selection of generalized linear mixed-effects models (GLMMs, Poisson
distribution) to explain overall bat activity, foraging activity, species richness, and
species-specific activity per survey night on golf courses in Delaware. For each activity
dataset, the top three models are listed or only models with a total cumulative Akaike
weight (wi) > 0.95 are listed. The top model selected was the model with the lowest AICc
score. If the difference between AICc scores was < 2, models were considered to be
equivalent, and the model with the fewest parameters was selected. Categorical predictor
variables are habitat (dense understory natural, open grass, open understory managed,
open understory natural, and water hazard). Continuous predictor variables are mean
temperature (mean temp), mean humidity, and mean wind speed (mean wind).

Models (Bat Activity) K AAICc i Cumulative oi
Overall Activity

Habitat + Mean Temp + Mean Humidity + Mean Wind 10 0.00 1.00 1.00
Foraging Activity

Habitat + Mean Temp + Mean Wind 9 0.00 0.40 0.40
Habitat + Mean Temp 8 0.73 028 0.68
Habitat + Mean Temp + Mean Humidity + Mean Wind 10 241 0.12 0.80
Species Richness

Habitat 7 0.00 0.17 0.17
Null 3 0.19 0.33 0.33
Mean Wind 4 1.17 0.10 0.43
E. fuscus

Habitat + Mean Temp + Mean Wind 9 0.00 0.54 0.54
Habitat + Mean Temp + Mean Humidity + Mean Wind 10 0.56 041 0.04
Habitat + Mean Temp + Mean Humidity 9 5.52 0.03 0.98
L. borealis

Habitat + Mean Temp + Mean Wind 9 0.00 071 0.71
Habitat + Mean Temp + Mean Humidity + Mean Wind 10 1.77 029 1.00
L. cinereus

Habitat + Mean Wind 8 0.00 023 0.23
Mean Humidity 4 026 020 0.43
Habitat 7 146 0.11 0.54
M. lucifugus

Habitat + Mean Temp + Mean Wind 9 0.00 0.55 0.55
Habitat + Mean Temp + Mean Humidity + Mean Wind 10 1.49 0.26 0.82
Habitat + Mean Wind 8 332 011 0.92
N. humeralis

Habitat + Mean Temp + Mean Humidity + Mean Wind 10 0.00 0.78 0.78
Habitat + Mean Temp + Mean Wind 9 253 022 1.00
P. subflavus

Mean Humidity 4 0.00 0.93 0.93
Habitat + Mean Humidity 8 6.61 0.03 0.96
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Figure 4.4 Best generalized linear mixed-effect models (GLMMSs; Poisson distribution)
to explain bat activity and species richness per survey night on golf courses in
Delaware reported. Categorical predictor variables are habitat (dense understory
natural, open grass, open understory managed, open understory natural, and water
hazard). Continuous predictor variables are mean temperature (mean temp), mean
humidity, and mean wind speed (mean wind).

Models K Estimate Std Error p-value
Overall Activity
Habitat + Mean Temp + Mean Humidity + Mean Wind 10
Intercept 1.03 0.44 0.0201
Mean Temperature 0.07 0.004 =0.001
Mean Humidity 0.54 0.1 <0.001
Mean Wind Speed 0.28 0.12 <0.001
Foraging Activity
Habitat + Mean Temperature 9
Intercept -1.44 0.88 0.103
Mean Temperature 0.07 0.02 0.005
Species Richness
Habitat
Intercept 7
0.85 017 =0.001
E. fuscus
Habitat + Mean Temperature + Mean Wind Speed 9
Intercept 3.06 0.54 <0.001
Mean Temperature -0.08 0.01 <0.001
Mean Wind Speed 0.11 0.04 0.003
L. borealis
Habitat + Mean Temperature + Mean Wind Speed 8
Intercept -2.06 0.68 0.002
Mean Temperature 0.14 0.01 =0.001
Mean Wind Speed 0.29 0.04 <0.001
L. cinereus
Mean Wind Speed 4
Intercept -2.56 0.76 <0.001
Mean Wind Speed 0.49 021 0.020
M. lucifugus
Habitat + Mean Temperature +Mean Wind Speed 9
Intercept -5.68 1.74 0.001
Mean Temperature 0.13 0.05 0.013
Mean Wind Speed 0.62 0.21 0.002
N. humeralis
Habitat + Mean Temp + Mean Humidity + Mean Wind 10
Intercept -7.57 1.06 <0.001
Mean Temperature 0.17 0.02 <0.001
Mean Humidity 123 0.53 0.021
Mean Wind Speed 0.73 0.09 <0.001
P. subflavus
Mean Humidity 4
Intercept 438 0.87 <0.001
Mean Humidity -7.93 1 <0.001
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Table 4.5 Pairwise comparisons among habitats. If habitat was a significant predictor
variable in the top GLMM, I used post-hoc Tukey contrasts for multiple comparisons with p-
values adjusted with a Bonferonni correction. Only significant pairwise comparisons are

included.

Estimate Std. Error p-value

Overall Activity
Open Understory Managed - Open Grass
Open Understory Natural - Open Understory Managed
Foraging Activity
Open Understory Managed - Open Grass
Open Understory Natural - Open Understory Managed
Species Activity
Habitat not significant
E. fuscus
Open Managed Understory - Dense Natural
Water Hazard - Dense Natural
Open Managed Understory - Open Grass
Open Understory Natural - Open Understory Managed
Water Hazard - Open Understory Natural
L. borealis
Open Managed Understory - Open Grass
Open Understory Natural - Open Understory Managed
L. cinereus
Habitat not significant
M. lucifugus
Habitat not significant
N. humeralis
Habitat not significant
P. subflavus
Habitat not significant

1.193
-1.81

3.01
-2.23

2.7
2.09
1.65
-2.2

1.6

2.96
-2.45

0.55
0.55

0.83
0.77

0.44
0.44
0.42
0.43
0.44

0.84
0.84

0.004
0.008

0.003
0.03

<0.001
<0.001
<0.001
<0.001
0.002

0.004
0.029
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Figure 4.1 Differences in A) overall bat activity (number of bat pass files per
survey night) and B) foraging activity (# of feeding buzzes detected per survey
night)) between habitats on golf courses in Delaware in June and July 2011. Y-
axes are in the log scale.
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Species Richness and Species Composition

SonoBat (3.8.6) identified 46.8% (n = 3228) of all passes to a species and 53.2% (n =
3671) remained unidentified (NoID) (Table 4.2). Six species were identified from the files across
all four golf courses and all habitats: Myotis lucifigus (little brown bat), Eptesicus fuscus (big
brown bat), Lasiurus borealis (red bat), L. cinereus (hoary bat), Nycticieus humeralis (evening

bat), and Perimyotis subflavus (tricolored bat).

The top model to explain species richness (number of species detected per survey night
per detector) included only the categorical predictor habitat, but in pairwise comparisons there
was not an effect of habitat. Six species were detected at every golf course, except for Sussex
Pines Country Club where L. cinereus was not detected over any of the survey nights. The same

six species were detected at every habitat type (Table 4.6).

Eptesicus fuscus and L. borealis were the most commonly identified calls for all golf
courses and accounted for 45% and 40% of all identified calls, respectively (Table 4.2).
Nycticieus humeralis accounted for 10% of the identified calls. Lasiurus cinereus, M. lucifugus,
and P. subflavus were the least identified species across all golf courses with only 2%, 1%, and

3%, respectively, of the bat passes identified to those species (Table 4.2).

Lasiurus borealis was the most commonly identified species in the Dense Understory
Natural habitat (68% of the identified calls) and Open Understory Managed habitat (45% of the
calls; Figure 4.2). Eptesicus fuscus was the most commonly identified species in the Open Grass
(68%) and Water Hazard (65%) habitats. In the Open Understory Natural habitat, E. fuscus and
L. borealis made up approximately the same amount of the identified calls (40% and 38%.,

respectively). Occurring less frequently, N. humeralis was identified more often in the Open
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Understory Natural and Open Understory Managed habitats (16% and 13% of identified calls)
than in the other three habitat types. Perimyotis subflavus, L. cinereus, and, M. lucifugus, made

up the smallest proportion of identified calls, ranging from 0.15% to 7% across species and

Table 4.6 Number of survey nights (4-hour survey period) each species was detected at each
golf course and habitat type in Delaware in June and July 201 1.

E fuscus L borealis  Logimereyws M Jucifusws N jumerglis  Posubffavis  Total Species Detected
Galf Course
Deerfizid Golf & Tennis Club 14 11 T 3 B i 8
Frog Hollow Golf Club 17 11 4 4 7 4 &
Guarrisons Lake Golf Club 17 14 3 6 10 g &
Sussex Fines Country Club 11 9 ] 2 7 1 5
Total 39 47 14 17 E 20
Habitat
Dense Netural 10 g 2 6 5 4 &
Open Grass 11 8 3 2 3 2 4
Open Understory Managed 15 15 6 6 12 6 6
Open Undersiory Natural 8 3 1 2 7 3 3
Water Hozard 15 11 4 1 5 5 &
Total 59 47 16 17 32 20

habitat (Table 4.2, Figure 4.3)

Species Specific Activity
Eptesicus fuscus

The best model to explain E. fuscus activity included predictor variables of mean
temperature, mean wind, and habitat (Table 4.3). Activity increased with a decrease in mean
temperature and increase in mean wind speed (Table 4.4). Pairwise comparisons showed
significant differences in habitat (Table 4.5). Open understory managed habitat had significantly
higher E. fuscus activity (44.53 + 13.14) than open understory natural (7.4 = 2.97; z=-5.07, p <
0.001), open grass (12.62 £4.02; z=3.92, p <0.001), and dense understory natural habitats (4.67
+2.18;z=6.11, p <0.001, Table 4.3, Figure 4.3A). The water hazard habitat also had

significantly more E. fuscus activity (31.67 = 13.39) than the dense natural (4.67 + 2.18; z =

39



4.73, p <0.001) and open understory natural habitats (7.4 £2.97; z=3.67, p = 0.002, Table 4.5,

Figure 4.3A)

Lasiurus borealis

Habitat, mean temperature, and mean wind were included in the best model to predict
activity levels of L. borealis (Table 4.3). In pairwise comparisons, activity was significantly
higher at the open understory managed habitat (52.53 + 19.03) than the open understory natural
(7.00 £4.30; z=2.92, p = 0.03) and open grass habitat (3.77 £2.48; z=3.52, p = 0.003; Table

4.5, Figure 4.3B).

Lasiurus cinereus
Mean wind speed was the best predictor of L. cinereus activity (Table 4.3). Activity
increased with mean wind speed (Table 4.4). In the pairwise comparisons, there were no

significant differences in L. cinereus activity between habitats (Figure 4.3C).

Mpyotis Lucifugus
The best model for predicting activity of M. lucifugus was mean temperature, wind speed,
and habitat (Table 4.3). However, in pairwise comparisons, the effect of habitat was not

significant (Figure 4.3D).

Nycticeius humeralis
Habitat, mean temperature, mean humidity, and mean wind speed were included in the
best model for predicting N. humeralis activity (Table 4.3). There was no significant effect of

habitat on activity of N. humeralis (LRT, ¥*=5.76, df = 4, p = 0.218, Figure 4.3E).
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Periomytois subflavus
The best predictor of P. subflavus activity was mean humidity (Table 4.3). There was no
significant effect of habitat on activity of P. subflavus (LRT, y>=3.2, df = 4, p = 0.525, Figure

43F).
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Figure 4.2 Species composition of identified bat passes between habitats on golf courses in
Delaware recorded in June and July 2011. Six species were identified and detected in all five
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Figure 4.3 Differences in species-specific activity (number of identified calls per survey
night) between golf course habitats recorded in Delaware in June and July 201 1.Y-axes
are in log scale.
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Mist-Netting Surveys

Each golf course was netted with two triple-high 6m mist-net pole sets one time in 2010
and 2011 for a total of 192 net hours (6 6m nets * 4-hour net session * 8 nights) or 720 m? of net

effort (6m net length * 2.5m net height * 3 nets per pole set * 2 pole sets * 8 net nights). Fifty-

four bats were captured and fifty were able to be identified to species. Three species were

identified: E. fuscus, L.s borealis, and P. subflavus. Four bats escaped from the net before an

1dentification could be made.

Table 4.7 Species captured at each golf course in Delaware. Golf courses were mist-
netted one time each in the summer of 2010 and 2011 for a total of 192 net hours or
720m° of net effort. Unknown (unknwn) bats were bats that escaped the mist-net before

identification could be made.

Golf Course Year FE. fuscus L. borealis P. subflavus Unknwn  Total
Deerfield Golf and Tennis Club 2010 0 0 0 0 0
2011 8 0 0 0 8
2010 6 1 0 0 7
Frog Hollow Golf Club
2011 7 9 1 4 17
Garrisons Lake Golf Club 2010 3 2 0 0 >
2011 2 4 0 0 6
. 2010 2 0 0 0 2
Sussex Pines Country Club
2011 0 0 0 0 0
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Chapter V:

Discussion

Effects of Golf Course Habitat on Overall Bat and Foraging Activity
In this study, I confirmed that many species of bats are using and foraging on a variety of

habitats on golf courses in Delaware. Contrary to my predictions, significantly more bat activity
occurred in the open understory managed habitats than the habitats the more closely reflected
natural habitats (dense understory natural, open grass, and open understory natural). However,
bats tend to use habitats that serve as flight corridors (e.g. hard tree line edges) and the open
understory managed habitats provide vegetative structures that allow for easy flight (lack of low
hanging branches) while offering some protection from potential predators by having an
enclosed canopy (Agosta 2002, Hein 2009, Vaugh et al 1997, Wolcott and Vulinec 2012).
Similarly, managed chestnut orchards (lack of dense undergrowth, closed canopy) in Switzerland
had increased bat foraging activity and species richness compared to unmanaged chestnut
orchards where the undergrowth was denser (Obrist et al. 2011). Also contrary to my predictions
that the water hazard habitat would have the most foraging activity, foraging activity was highest
in the open understory managed habitats. Foraging bats may also benefit from the insects
disturbed by regular mowing of areas underneath this high canopy (Vandevelde et al. 2014).
Although in this study we did not sample non-golf course habitats, overall bat activity levels
were comparable with other studies of regional habitats other than golf courses. In this study, we

found 25.7 average passes/hour (This was calculated by dividing the total bat passes recorded by
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the 4-hour recording period), with a minimum of 0.25 and a maximum of 258 for all habitats. In
Bombay Hook National Wildlife Refuge, one of the most undisturbed areas on the Peninsula,
peak passes/hour were 140, with an average of around 5 passes/hour throughout the night (Fox
2007). McGowan and Hogue (2016) found an average of 65 passes/hour with active point-count
transect surveys and 3.4 passes/hour for passive surveys. Wolcott and Vulinec (2012) found an
average of 80.7 passes/hour combining recordings from the edges and in the middle of
agricultural fields. However, these comparisons are limited and must be drawn carefully as the
equipment used was different in all four studies. Different detectors and microphones have
variable detection rates and can affect the variation in the amount and quality of the datasets
(Adams et al. 2012). Additionally, only the Bombay Hook study (2007) and the passive detectors
used by McGowan and Hogue (2016) looked at full nights. This study, Wolcott and Vulinec
(2012), and McGowan and Hogue (2016) active transects examined peak activity time (directly
after sunset for about 4 hours) therefore potentially overinflating nightly bat activity per hour
measurements.

Other studies on golf courses documented similar diversity of bird species on golf courses as
adjacent natural areas, but in lower numbers (Terman 1997). Birds and some insects showed
higher species richness and abundance on golf courses than surrounding farmland (Tanner and
Gange 2004). Higher insect abundance on golf courses may offer more foraging opportunities for

bats.

Species Richness and Composition
Golf course or habitat did not have any significant effect on species richness per survey

night. All six species were detected across all habitats and most golf courses (Sussex Pines

lacked any identified detections of L. cinereus). This lack of effect is likely due to a small
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number of species in Delaware (8 species) and sampling occurring in a relatively small area (golf
course size averaged 87.25ha). In this study, the species-richness metric did not consider relative
activity levels as it only counted a species as present or absent on a given survey night. The

species-specific activity levels may be a better indication of habitat use by each species.

The dominance of E. fuscus and L. borealis in the acoustic data set suggest either that they
are more abundant than other species or are more commonly detected in urban and altered areas.
Additionally, the calls of these species may be more easily detected and identified by acoustic
survey methods. Eptesicus fuscus and L. borealis had the highest activity levels in the open
understory managed habitat. In addition to attractive flight corridors, these large-boled trees in
this habitat may provide roosting opportunities (e.g., leaf clusters in hardwoods for L. borealis or
tree cavities for E. fuscus) Mist-netting captures from the golf courses corroborate that E. fuscus
and L. borealis may be more abundant or commonly caught in these areas (Sturgis and Vulinec,
unpublished).

The observed lower presence of other species may be explained by life history differences or
by limitations of our survey methods. Lower acoustic detection and capture rates of the cave bat
species (M. lucifugus, P. subflavus) may be because of regional population declines due to white
nose syndrome (Ford et al. 2011). The endangered Myotis septentrionalis is an uncommon
species in Delaware, restricted to the northern portions of the state, and was not identified in any
of the recorded calls. The lack of detection of Lasionycteris noctivigans is not surprising given
that it has been rarely documented in Delaware.

The lack of observable effect of habitat on some species activity (L. cinereus, M. lucifugus,

N. humeralis, and P. subflavus) may be a lack of preference for these species. However, trends of
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greater use in some habitats were observed, and the lack of effect is more likely the result of
small sample size.

Mist-net and acoustical sampling each have their own biases and are best when used in
conjunction with one another (Kuenzi and Morrison 1998, O’Farrell and Gannon 1999). Mist-
netting capture often misses high-flying bat species (e.g., L. cinereus or L. noctivigans).
Acoustical sampling methods frequently miss quiet echolocating (low intensity) bat species that
typically glean insects from trees (e.g. M. septentrionalis). In this study, mist-netting on golf
courses typically occurred in areas along hard tree line edges that served as bat flight corridors.
Water sources are ideal locations to catch other bats not typically caught in nets because even
high-flying bats need to drink water but netting over water was largely avoided in this study due
to logistics of setting mist-nets over deep-water hazards. Catching only three species (E. fuscus,
L. borealis, and P. subflavus) across the golf courses was not unexpected given the habitats
sampled and inherent mist-netting biases. Mist-netting in combination with acoustic sampling
may not be as important in areas, such as Delaware, where species diversity is relatively low.
Netting is nevertheless often recommended because it allows researchers to collect demographic

and general body condition data that is not possible to assess through acoustical methods alone

Explaining the Effect of Climatic Variables on Bat Activity
While the purpose of my study was to look at the effect of golf course habitat on bat

activity, I included biologically relevant environmental variables as covariates to account for
variation in bat activity. Mean temperature was an important covariate in predicting overall
activity, foraging activity, and species-specific activity of E. fuscus, L. borealis, M. lucifugus,
and N. humeralis. All the relationships were positive, except for E. fuscus, whose activity levels

increased as mean temperature decreased. Positive relationships between temperature and bat
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activity are well documented in the literature (Hayes 1997, Erickson and West 2002, Agosta et
al. 2005, Wolbert et al 2014). Low temperatures are generally associated with decreased insect
activity (Mellanby1939). Decreased activity of the bats’ food source (insects) may result in lower
activity levels of bats as they choose to forage for a shortened period of time or not at all
(Anthony et al 1981). In this study, I conducted surveys only in June and July when temperatures
are relatively warm and stable and should not result in significantly reduced levels of insect

activity.

One initially puzzling result from this study was the positive relationship between mean
wind speed and bat activity. Mean wind speed was an important factor in predicting overall
activity and activity of E. fuscus, L. cinereus, M. lucifugus, and N. humeralis. Increased wind
speeds are typically associated with decreased bat activity as it increased the difficulty of flight
(O’Farrell and Bradley 1970, Verboom and Spoelstra 1999). However, Verboom and Spoelstra
(1999) found increased activities of bats along treelines during times of high winds. In this study,
mean wind speed was not taken directly at each habitat, rather from a nearby weather station to
indicate overall weather patterns rather than site specific metrics. I suggest that bats may be
using the treelined edges of the open understory managed habitats as protected flight corridors

during times of increased wind speeds.

Conservation Implications
This study highlights the conservation potential of highly disturbed habitats, golf courses, to

function as alternative habitats for bats. In particular, open understory managed habitats had
higher overall bat activity, foraging activity, and some species-specific activity, indicating that

this habitat is a feature that bats are using more than other habitats on the golf courses in
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Delaware. Rather than being barren of wildlife, golf courses can be opportunities to conserve
and protect animals if managed appropriately. Based on my data, I suggest two management
options that may encourage bat activity on golf courses. I suggest:

1) Stands of large-boled trees with maintained undergrowth, i.e. grass and trimmed lower tree
limbs, are favored by bats for commuting and foraging. These areas also allow golf cart passage
and are attractive and park-like to many people. These areas should be kept as maintained
wooded areas, and minimal pesticide use should be encouraged

2) Water hazards provide a source of drinking water for bats but may also present problems.
Pesticide and fertilizer run-off from the course turf may decrease water quality and be potentially
harmful to imbibing animals. In light of this, it is recommended golf course managers attempt to
ensure proper pesticide application to minimize run-off. Greenskeepers and golf course managers
already do this on many courses, but this study adds bat conservation as another important reason
to continue these practices.

Although not addressed in this study, other management options that may promote bat use of
golf courses include:

1) Leaving patches of forest may afford bats increased potential of day roosts (Limpert et al.
2007) and for golfers, heighten the challenge of the game.

2) Creating and maintaining a golf course with more heterogeneous landscapes may increase
bat diversity on a golf course by providing landscape features that are attractive to certain
species.

As more golf courses expand over the globe, similar measures can be tailored to the

biome and local ecosystem so that golf courses can provide conservation opportunities for
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numerous wildlife species. While developed and maintained landscapes are not a substitute for
natural habitat, some of these disturbed areas can be beneficial to bats. Similar to peregrine
falcons (Falco peregrinus) and other wildlife living in urban and suburban landscapes, many bat
species can adapt to human landscaping. Patches of forest and buildings may serve as roosts and,
as we have shown in this study, even heavily maintained parts of golf courses can provide

foraging and commuting opportunities for bats.

This study was restricted to Delaware and was small in scope but is the first to examine
bat activity on golf courses and serves as a first step in understanding bat habitat use on these
landscapes. While open understory managed habitats had the highest overall bat and foraging
activity, I did not compare these to non-golf course habitats. I suggest additional research in
comparative acoustic surveys in habitats on and off golf courses with an increased amount of
survey nights and expanded time frame to be able to also look at seasonal differences in activity.
Additional studies to locate day-roosts of bats captured on golf courses can increase our
knowledge of how bats are using golf courses as habitat (i.e., feeding, commuting, and/or
roosting). Diet studies of bats captured on the golf course may also provide insight on what
insects (especially turf grass pests) bats are eating on golf courses and be helpful in determining
the economic value of bats as pest control agents to greenskeepers and golf course managers.
This study, in addition to further research, opens the door for golf courses to mitigate some of the

effects of habitat loss and fragmentation on bat populations.
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ABSTRACT -- The productivity of birds is one of the most critical components of
their natural history affected by habitat quality. Birds might occur at high densities
in a given habitat patch but have low nesting success. Such “population sinks”
would not be detected if observers relied solely on estimates of bird density.
Therefore, it is essential to monitor nests and determine their outcomes. Although
interest in grassland-nesting passerines has increased greatly during the last
decade, we still know little about factors affecting their nesting success. To
stimulate more research in this area, we summarize several methods for nest-
searching and provide suggestions for optimizing its success in tallgrass prairie.
As a case study, we provide some data from a study on grassland-nesting birds in
the northern tallgrass prairie.

Key words: bobolink, clay-colored sparrow, grassland birds, methods, nest-
searching, Savannah sparrow, tallgrass prairie.

The nesting biology of some grassland-nesting passerines is still an enigma,
especially for secretive species such as Le Conte’s sparrow (Ammodramus
leconteii) (Dechant et al. 1998). To develop conservation strategies for this group
of birds, many of which have been suffering population declines (Peterjohn and
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Sauer 1999), we need to better understand how different factors (e.g., rates of nest
depredation by predators and nest parasitism by brown-headed cowbird
[Molothrus ater]) affect nesting success of grassland passerines. In addition,
nesting success can vary greatly among years, regions, and even local study plots
(Winter et al. 1998, 1999, 2000, 2001). This variability indicates the need for more
studies across a wider geographical range to investigate the factors that influence
nesting success. However, some researchers shy away from searching for
grassland bird nests, mainly because nests of many of these species are
inconspicuous and therefore hard to find (Bent 1968). Instead, most studies of
grassland-nesting birds are restricted to presence/absence or density information,
even though census data do not always reliably reflect the quality of a habitat for
a given species (Van Horne 1983, Winter and Faaborg 1999). A reproductive index
that bases estimates of nesting success on behavioral observations (Vickery et al.
1992) has recently been shown to be inappropriate for some species (Rivers et al.
2003).

We describe four general methods of searching for nests of passerines in
tallgrass prairie, and suggest ways to improve their success. We use nesting
data from our study in Minnesota and North Dakota tallgrass prairie as an
example (Winter et al. 1998, 1999, 2000, 2001). For a detailed description of the
general behavior of birds during different stages of the nesting cycle, see
Martin and Geupel (1993), and for detailed descriptions on setting up a nest-
searching study, nest-monitoring, and determining nest fate, see Martin et al.
(1997). Ultimately, we hope to stimulate more research on the nesting biology
of grassland passerines in order to improve our ability to manage grassland
habitats for these birds.

METHODS OF NEST-SEARCHING

Nest-searching can be both extremely rewarding and extremely frustrating. It
requires strong observational skills, patience, and knowledge of the breeding
biology of the species of concern. For a person with these characteristics, minimal
training is required to become successful at finding nests. The success of any
nest-searching method depends upon an observer’s knowledge of where birds
nest, how nesting birds behave, the best time of day and time during the breeding
season to search for nests, and how to mark nests so as not to lose them within a
homogeneous environment.

Nests of grassland birds typically are located on the ground (e.g.,
bobolink [Dolichonyx oryzivorus], Bent 1965) or within live or dead plant
material several cm above the ground (e.g., Le Conte’s sparrow, Bent 1968). A
few species generally place their nests higher above the ground in tall forbs or
low shrubs (e.g., dickcissel [Spiza americana], Winter 1999; clay-colored



Winter et al.: Nest-searching methods in grasslands 199

sparrow [Spizella pallida], Bent 1965, 1968). Knowledge of general habitat
preferences, such as topography, soil moisture, and vegetation structure (for
an overview see Johnson and Igl 2001), enable the observer to focus nest-
searching for an individual species on a particular area. However, within the
general habitat preferred by a species, a bird potentially can place its nest
anywhere. Therefore, specific search images for nest sites (e.g., grass clumps,
large accumulations of dead plant material) should only be used after a search
area is narrowed down to about 1 m? This is in contrast to many forest-
breeding species, for which the observer can focus nest-searching on more
specific habitat features (e.g., trees, shrubs, roots). Nest-searching methods
for grassland birds can therefore differ greatly from those for forest species
(Martin and Geupel 1993).

Besides the general habitat preferences of grassland birds, their behavior also
must be considered. A critical aspect of the behavior of many grassland-nesting
passerines, especially grassland sparrows, is their tendency to walk, rather than
fly, to and from their nest. Consequently, the site where a bird enters or departs
from the vegetation can be up to 5 m from the nest itself. During the nestling
stage, adult birds are more likely to fly directly to the nest. However, a feeding
adult might fool the observer by disappearing into the vegetation with food, only
to come up again a few minutes later with food still in the bill. Therefore, an
observer should wait until the bird reappears without food, and observe feeding at
least three times before attempting to find a nest. Breeding birds are most likely to
flush directly from their nest early in the morning and early in the breeding season.
Therefore, nest-searching is most productive during those times (see case study).

Another aspect of behavior is that grassland passerines easily will abandon
their nests if disturbed early in the nesting cycle. In order to reduce nest
abandonment, the observer should avoid looking for the exact nest location during
nest building. Instead, the observer should mark the general vicinity of the
potential nest site, and return several days later to locate the nest. Finally, the
observer must ensure that the found nest can be relocated. This can be difficult in
grasslands because of the uniformity of vegetation and the scarcity of landmarks.
Therefore, setting up a grid system with numbered surveyor flags or wooden lathes
every 50 or 100 m (depending on the height of the vegetation) can be very useful.

There are four main methods for nest-searching in grasslands: 1) chain or
rope dragging, 2) systematic walking with or without a sweeping stick, 3)
haphazard walking, and 4) behavioral observation. The applicability of each
method varies greatly, depending on the stage of the nesting cycle, the behavior of
the individual bird, the time of day, and the structure of the vegetation. Therefore,
the following descriptions should be understood as general guidelines that might
not always work for the species or individual bird under study. Depending on the
circumstances and the species of interest, nest-searching is most effective if one is
flexible enough to switch from one method to another.
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Chain or rope dragging

A long chain (Higgins et al. 1969, Lokemoen and Beiser 1997) or rope (e.g.,
Koford 1999) is pulled between either two vehicles or two people. Devices hanging
from the rope, such as cans and bells, increase the disturbance caused by the rope
and thus the likelihood of flushing a bird from its nest (Steve K. Davis,
Saskatchewan Wetland Conservation Corporation, Regina, Saskatchewan, per-
sonal communication). This method is widely and successfully used in shortgrass
and mixed-grass prairie, especially for finding waterfowl nests (Klett et al. 1986).
Rope dragging also has been used successfully in pastures where vegetation had
been reduced by grazing (Roz B. Renfrew, Vermont Institute of Natural Science,
Elmer J. Finck, Fort Hays University, Hays, Kansas; personal communications). 1ts
greatest advantage over any other nest-searching method is that one can cover a
large area within a short time. However, in tallgrass prairie we found that rope
dragging was less successful than other methods, because the vegetation was
often too tall for the rope to cause sufficient disturbance for flushing passerines
from their nest (Maiken Winter, personal observation; but see Koford 1999).
Similarly, rope dragging was not efficient in dense Conservation Reserve Program
fields in Kansas (Elmer J. Finck, personal communication).

Systematic walking

Several observers walk systematically across the study plot with or without a
“sweeping stick.” A sweeping stick is a plastic or an aluminum pole about 1.5 m
long that is swept back and forth across the top of the vegetation to flush birds
from their nest. Nest-searchers systematically walk parallel to each other and about
4 m apart (such that the tips of the sticks almost touch each other) or closer (when
not using a stick) in order to cover the entire study plot during nest-searching.

Nest-searchers walk at a fairly quick pace, and observe the area about 4 m
ahead to watch for flushing birds. To stay in a straight line, it might help if the
person on the outside of the line drops flags about every 20 m (the distance
depends on the height of the vegetation and the topography). On the way back,
the person walking on the inside of the line picks up the flags. This method
enables nest-searchers to search an entire plot without missing or overlapping
areas, and keeps effort consistent from one plot to the next (Steve K. Davis,
personal communication). Systematic walking seems to work best during the
incubation stage or at cold or hot temperatures, when birds stay on the nest to
warm or shade their eggs or young, respectively.

Haphazard walking

While walking across the study plot without a predetermined route (alone or
in pairs, and with or without a sweeping stick), an observer can nest-search either
by flushing a bird from its nest or by detecting birds that indicate close proximity
to a nest. The advantage of this method over systematic walking is that more
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attention can be given to the behavior of the birds, thus facilitating nest finding by
behavioral observation (see below). A disadvantage is that it is not possible to
closely track the area that has been searched. Therefore, some areas might be
missed while others are searched more than once. Haphazard walking works well
during any stage of the nesting cycle, but its efficiency varies with the species
under study.

A specific type of nest-searching by haphazard walking is the “incidental flush™;
nests are found during activities other than nest-searching, such as vegetation
measurements or bird censuses. The only difference between incidental flush and
haphazard walking is the intention and thus the attentiveness of the observer.

For the above methods to be successful, the observer must recognize which
types of flush indicate a nest site. Before flushing, a bird might be engaged in one
of several different activities, such as feeding, preening, resting, or incubation. To
determine if a bird flushed from its nest, the observer needs to consider 1) the
distance between the place from which a bird flushed and the observer, 2) the
distance the flushed bird flew away from the observer, and 3) the behavior of the
bird after it flushed. What we call a “good flush” occurs when a bird flushes within
I m of the observer or when a bird drops back down after flying only a few meters.
This type of flush often leads to a nest except for extremely furtive species, such as
Le Conte’s Sparrow or Henslow’s sparrow (Ammodramus henslowii), and extreme
care is necessary to avoid trampling the nest. If a bird flushes 1 to 5 m in front of
the observer and flies 5 to 10 m away, the bird probably had detected the approach
of the observer and had run away from the nest. Such an “okay flush” might or
might not indicate a nest site. One can be relatively confident that a bird did not
flush from a nest if it flushed more than 5 m in front of the observer and then flew
a fairly Tong distance (e.g., more than 15 m). However, if the bird is chipping
vigorously, it might still be worthwhile to follow up on such a “questionable flush”.
In some species, such as bobolink (Maiken Winter, personal observation), Le
Conte’s sparrow, red-winged blackbird (Agelaius phoeniceus), and dickcissel
(Larry D. Igl, United States Geological Survey, Jamestown, North Dakota, personal
communication), the female can be warned by the male, which causes the female to
flush up to 10 m from the nest. For these species, we recommend delaying nest-
searching until the male has left the area.

Nest-searching always should start at the location where the bird had
flushed, which should get marked with flagging tape immediately after the flush.
Assuming that the bird walked in a straight line away from its nest before it
flushed, the nest-searcher should continue searching by retracing his/her foot-
steps up to about 2 m. If a nest cannot be found within 10 min, the observer
should leave the area and return about 30 min later and try to flush the bird again
(“directed flush”), preferably approaching the nest site from a different direction.
The directed flush technique might increase the chance of nest abandonment, but
our data provide no evidence of such an effect (see Table I).
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Behavioral observation

Any of the above methods can lead to an observation of a potentially
nesting bird. Of all the methods, behavioral observation requires the most
patience and the highest attentiveness. It should be used only when the
observer is certain that a bird indicated a nest site. Therefore, the observer
should learn the behavior of the species well enough to know which cues
indicate a nearby nest site. Potential cues are: 1) alarm chipping, 2) flushing
within 5 m and flying only a short distance, 3) nest material in the bill, 4) food
in the bill, 5) fecal sac in the bill, 6) members of a pair in close vicinity to one
another, 7) distraction displays, 8) repeated flights towards a distinct area, and
9) begging vocalizations by nestlings.

Unlike forest situations, observing bird behavior in grasslands has the
advantage that there are no trees obstructing the view of the observer. However,
this advantage is offset by several disadvantages:

1. Members of the breeding pair can see the observer just as well as the
observer can see the pair. To minimize disturbance, the observer needs to be as
inconspicuous as possible by either sitting in tall vegetation or standing behind a
shrub or hill. Fondell et al. (2000) suggested using a mobile tower blind for
observation, which they successfully used in a western Montana grassland.

2. Bird density is often so high that the observer might be sitting in a
territory of a bird different from the one under observation. The observer should
stay focused on one bird, and not get distracted by another chipping bird. Trying
to observe more than one bird mostly leads to losing both. However, if the
chipping of a neighboring bird persists, the observer should move to another
location to minimize disturbance.

3. The scarcity of reference points in homogeneous grasslands makes it
difficult to determine the exact location of a potential nest, especially the distance
from the researcher to a bird that is being observed. To ameliorate this problem,
the observer should attach flagging tape in a triangle around the area of the
potential nest site with flags about 1 to 2 m apart. This procedure helps the
observer to pinpoint the location in which a bird disappeared. But even with
flagging tape, the exact location where a bird dropped down into the vegetation is
sometimes difficult to determine. If this is the case, the observer should watch a
potential nest site from several different angles.

If no flagging tape has been deployed, the observer should know exactly
where to go before entering the area of a potential nest. This is accomplished
by identifying reference points between the observer and the nest (e.g., tall
forbs, patches of grass) or at the horizon (e.g., trees, shrubs, houses) before
standing up.
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Table 1. Percentage of nests found and percentage of nests abandoned in each of
the three stages of the nesting cycle, organized by species and nest-searching
method, 1998 to 2001.

Specics' Method Egglaying Incubation Nestling Unknown® Total
Bobolink (n = 315) Behavioral observation 39 329 41.6 21.6 73.6
Systematic walking 18.2 22.7 4.5 54.6 7.0
Haphazard walking 6.2 25.0 21.9 46.9 10.2
Incidental flush 20.8 41.7 4.2 333 7.6
Direct flush 20.0 40.0 40.0 0.0 1.6
Total % 6.7 32.1 34.1 27.1 100.0
Abandoned %’ 0.0 32.1 2.0 25.0 7.9
M (53) (249) (12) (313)
Clay-colored Behavioral observation 14.1 29.6 38.7 17.6 28.8
sparrow (n = 789) Systematic walking 17.7 38.2 43 39.8 322
Haphazard walking 20.4 41.5 9.9 28.2 28.0
Incidental flush 16.7 39.8 7.7 35.8 9.9
Direct flush 0.0 66.7 11.1 22.2 1.1
Total % 17.1 371 16.2 29.6 100.0
Abandoned % 444 18.3 1.6 24.1 8.6
(18) 213) (508) (54) (793)
Savannah Bchavioral obscrvation 37 24.8 57.7 13.8 52.0
sparrow (n = 681) Systematic walking 9.8 33.1 10.7 46.4 16.4
Haphazard walking 15.2 46.6 153 229 173
Incidental flush 16.3 42.5 16.2 25.0 11.7
Direct flush 29.4 29.4 29.4 11.8 2.5
Total % 8.8 322 37.0 22.0 100.0
Abandoned % 333 25.0 0.8 20.6 6.3

(12) (112) (529) (34)  (687)

! The number of nests (n) is lower than the total number of nests reported for clay-colored
and Savannah sparrows in Table 1 because the search method was not recorded for all
nests.
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? The stage of the nesting cycle was unknown when nests that were found with an
incomplete clutch were depredated at the next nest check.

* Percent of all nests in that nesting stage that were abandoned, with number in parenthesis
equal to n.

The observer should recheck these reference points before walking to the nest site
because vegetation can look very different when sitting versus standing.

A fifth method for nest-searching (which we did not use) that is being tested
currently is the use of infrared cameras (Mike Guzi, University of Wisconsin,
Madison, Wisconsin, personal communication). These cameras are able to detect
the heat given off by eggs, young, or an incubating adult. However, it is not yet
known how well these cameras work in areas of deep litter and tall vegetation. In
addition, cameras are expensive such that only well-funded researchers will be able
to use them.

Observer and species biases exist for each of the four nest-searching
methods that we described. Because nest-searching is generally species-specific,
success in finding nests with any of the methods depends on a species’ behavior
and habitat preferences. For example, our data indicate that nest-searching by
behavioral observation favors some species (e.g., the bobolink; Table 1). Larry D.
Igl (personal communication) noticed a similar bias for the dickcissel. Because
observers often focus on a few species or individuals, behavioral observation has
some degree of subjectivity. This bias can be problematic when the purpose of a
study is to determine how many species nest in a given area. If this is the case,
then nest-searching by rope dragging or systematic walking is more objective and
will give a less observer-biased overview of the nesting species present.

MARKING THE NEST SITE AND INFLUENCES OF
OBSERVERS AT THE NEST

Because many grassland bird nests are extremely difficult to find, observers
should use great care to avoid losing a nest that has already been found. We
placed a nest flag 5 m north of the nest to identify the nest location. On a nest
card, detailed directions and nest observations should be recorded (Martin et al.
1997). This is especially true in grazed areas, where a cow’s (Bos faurus) curiosity
for flagging material might cause markers to be lost and thereby lead to lost nests.
To help alleviate this problem, the observer should mark the ground with non-toxic
spray-paint 5 m north of the nest instead of, or in addition to, using nest flags.
Another method to prevent cattle from eating nest markers is to use thin rebar with
the tips painted orange (Diane A. Granfors, United States Fish and Wildlife Service,
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Fergus Falls, Minnesota, personal communication), or piles of rock (Elmer J. Finck,
personal communication). In addition, taking compass bearings from another
reference point to the nest site, or taking GPS readings at the nest site might be
helpful. For nests that were extremely hard to find, we placed a tiny piece of
flagging tape on vegetation about 30 cm south of the nest to help relocate the nest
during nest-monitoring (for detailed instructions on nest-monitoring see Martin et
al. 1997). This piece of flagging tape should be as inconspicuous as possible so as
not to attract predators.

To avoid influencing the natural outcome of nests, the observer should
disturb the nest and its vicinity as little as possible during both nest-searching and
nest-monitoring. Therefore, the observer should:

1. Avoid trampling the nest and the surrounding vegetation by leaving as few
footsteps as possible at the nest site, and by avoiding nest-searching immediately
after rain. When morning dew is heavy, the observer should mark the general area
where a nest is assumed to be, and come back later in the morning - when the dew
has evaporated - to find the nest.

2. Not look for a nest until the potential nest site is narrowed down to an area of
about I m?. In addition, the observer should wait until the bird has left the nest
site, and spend only 10 min or less actively looking for a nest.

3. Avoid re-flushing birds that take over an hour to return to their nests after the
previous flush. Instead, the observer should wait until the next scheduled visit to
try to find their nest. These birds are more sensitive to disturbance, and are
therefore probably more prone to abandon their nests.

4. Leave the nest site as quickly as possible after a nest has been found or
checked, and move at least 20 m from the nest before recording information on the
nest card.

5. Not walk the same way to and from the nest when revisiting a nest; instead, the
observer should walk from a nest flag past the nest. This will minimize the
possibility that nest predators follow the observer’s footsteps to the nest.

6. Not interfere with the natural outcome of a nest by influencing nest predators or
brown-headed cowbirds. The observer should delay nest-searching or nest-
checking if predators or brown-headed cowbirds are nearby.
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A CASE STUDY

In our study of grassland-nesting birds in Minnesota and North Dakota, we
searched for nests in 30 study sites, ranging between 3 and 16 ha (Winter et al.
2001). The study was conducted during four years (1998-2001) between 15 May
and 30 July. Depending on the weather conditions, nest-searching began at dawn
(about 0500) and lasted until at least 1200. We focused nest-searching and
monitoring efforts on bobolink, Savannah sparrow (Passerculus sandwichensis),
and clay-colored sparrow, but we also monitored nests of other species that we
found incidentally. Because our study was not set up to examine the efficiency of
different nest-searching methods, we did not consistently record the time we spent
nest-searching.

During four field seasons, we found 2075 grassland passerine nests with the
help of an average 12.2 field assistants and 1 to 2 volunteers per year (Table 2).
The number of grassland bird nests found per field assistant ranged from 10 to 108.
On average, each field assistant found about four grassland bird nests per week.
The wide range of nest-searching abilities and the low number of grassland
passerine nests found by the average field assistant indicate that many field
assistants are needed to ensure a large number of nests. Given the low number of
nests found per human effort, researchers with little funding to employ field
assistants might want to consider behavioral observations to generate measures of
reproductive success (Vickery et al. 1992). However, these estimates might not be
representative of reality (Rivers et al. 2003).

The number of nests found is not only influenced by the experience of the
observer, but also by the 1) number of active nests on a plot, 2) amount of time
spent searching, 3) nest-searching method, 4) light conditions and temperatures at
different times of the day, and 5) time in the breeding season. Because we do not
know the amount of time spent nest-searching, we can not compare the efficiency
of nest-searching methods, nor determine at which times during the day and during
the breeding season it is most productive to look for nests. However, based on our
experience we suggest that the following observations are generally true for our
study system, and might be applicable to other sites.

Most nests of all grassland passerines combined (see Table 2) were found by
behavioral observation (n = 859), followed by systematic (n = 459) and haphazard
walking (n = 453). More than 10 % of the nests were found incidentally (n = 252)
(i.e., during activities other than nest-searching). A few nests were found by
directed flush (n = 33). Because we found only two nests with rope-dragging, we
did not continue using this method after the first year of the study. The large
percentage of nests found incidentally points out that observers need to be highly
attentive to bird behavior during the entire stay on a study plot.

During the peak nest-searching hours (0500-1200), most nests were found
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Table 2. Number of nests found for each of the grassland passerines monitored in
Minnesota and North Dakota tallgrass prairie, 1998 to 2001.

Common name

Scientific name

Number of nests found

Clay-colored sparrow Spizella pallida 793
Savannah sparrow Passerculus sandwichensis 687
Bobolink Dolichonyx oryzivorus 315
Western meadowlark Sturnella neglecta 71
Le Conte's sparrow Ammodramus leconteii 51
Grasshopper sparrow Ammodramus savannarum 39
Brewer's blackbird Euphagus cvanocephalus 37
Vesper sparrow Pooecetes gramineus 28
Sedge wren Cistothorus platensis 28
Lark sparrow Chondestes grammacus 25

Henslow's sparrow

Ammodramus henslowii

between 0600 and 1100. Light conditions before 0600 are often unfavorable for
spotting a flushed bird and for finding nests. After 1100, adults spend more time
off their nest, such that nest-searching becomes less efficient. 1n addition, less
time was spent nest-searching in the late mornings and early afternoons. We did
not attempt to nest-search during early evening hours, because adults might not
return to the nest for the night when nests are disturbed later in the day.

Most nests were found between the end of May and the end of June. The low
number of nests found early in the season might partly reflect the inexperience of the
observers. Therefore, the field season should start early enough such that proper
experience has been acquired before the peak of the nesting season. Nesting grassland
birds are also least conspicuous during nest-building and egg-laying (Maiken Winter,
personal observation). Few nests were found in July, probably because less time was
spent nest-searching due to extreme heat and to the amount of vegetation measure-
ments that needed to be done. In addition, at that time most birds had either finished
nesting or were off their nests searching for food for their nestlings (Maiken Winter,
personal observation). The systematic and haphazard walking methods were most
efficient early in the day and early in the nesting season, because most females were



208 The Prairie Naturalist 35(3): September 2003

still egg-laying or incubating. As both the day and the season progress, behavioral
observations seemed to be more productive, because most birds were off their nests
much of the time. However, these times depend on the species studied and the latitude
in which a study is conducted. For example, in Kansas nest density of grassland birds
remains high through mid- to late- July, and the sedge wren (Cistothorus platensis) and
American goldfinch (Carduelis tristisy do not even start nesting until July (Elmer J.
Finck, personal communication).

The earlier in the nesting cycle a nest is found, the more information it provides
in terms of exposure days (Johnson 1979). Therefore, one should strive to find nests as
early in the nesting cycle as possible. However, rates of nest abandonment might be
higher early in the nesting cycle. In addition, the method by which a nest is found
might affect rates of nest abandonment. We tested if rates of nest abandonment of all
grassland-nesting bird species combined were dependent on the stage the nest was
found in and on the search method, and if interactive effects existed between the stage
of the nesting cycle and the nest-search method (PROC CATMOD, SAS 1995).
Virtually no nests were abandoned during the nestling stage, so we restricted our
analyses to the egg-laying and incubation stages. The probability that a nest was
abandoned was significantly lower in the incubation than in the egg-laying stage (Chi-
Square =11.4, P<0.001, df = |, n=467; Table 1). However, rates of nest abandonment
did not vary with nest-searching method (Chi-square = 3.5, P = 0.48, df = 4, n = 573),
and there was no interactive effect between the nesting stage and search method (Chi-
square = 6.43,P=0.17, df =4, n = 462).

The percentage of nests found during the three stages of the nesting cycle
differed greatly among methods and the three focal species (Table 1). Most nests
of bobolink and Savannah sparrow were found by behavioral observation during
the nestling stage. Fewer nests were found by using the systematic and haphazard
walking methods. These nests were found mostly during incubation. As
mentioned earlier, bobolink and Savannah sparrow rarely fly directly from their
nests but tend to walk considerable distances before flushing. This behavior
seems to become more prevalent as a bird invests more time and energy in its nest
(i.e., later in the nesting cycle). Therefore, we recommend that the systematic or
haphazard walking method be used early during incubation. Later in the breeding
season, when nests from all stages are encountered, behavioral observations
appear to provide the largest number of nests.

Most nests of clay-colored sparrow were found during incubation, by using
the systematic and haphazard walking method (Table 1). Clay-colored sparrow
places its nest above ground, and almost always flushes directly from the nest. For
this reason, the systematic and haphazard walking methods are more successful
during the incubation stage. During the nestling stage, behavioral observations
lead to the discovery of most nests.

In summary, our results indicate that observers should vary their nest-
searching methods according to the species under study, and the time during the
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day and the nesting season. Because rates of nest abandonment did not differ
among methods, observers do not need to worry about biases in abandonment
rates that result from different search methods. In our study areas and for our
study species, the best time for nest-searching was between 0600 and 1100, and
from the end of May until the end of June. The current concern about grassland
birds highlights the importance of understanding their population dynamics and
how they respond to management. Key to that understanding is to find and
monitor adequate numbers of nests of these elusive species. We hope that our
paper will help in achieving this goal.
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A COMPARATIVE STUDY OF NESTING BIRDS IN A
FIVE-ACRE PARK

Howarp Youyne

HIS paper presents guantitative data on the size and nesting success of a

breeding population of birds in a five-acre park land area; it traces the
changes in this population and its reproductive fortunes through a complete
breeding season, and compares the breeding cycles, the nest density, and the
success of the various species composing it.

The material is based on observations made during the spring and summer of
1947 at Ho-Nee-Um Pond, a small portion of the University of Wisconsin Arbo-
retum, in the vicinity of Madison, Wisconsin. By means of frequent searches
{almost daily in spring, later about twice a week) a high percentage of the nesls
on the area was found, and it was possible to trace the history of most of these
through the nesting cyvcle. Approximalely 230 man-hours were spent in the
field. Mean temperatures for the study period averaged 2.2 degrees below nor-
mal during March through July. August was the hottest ever recorded for the
Madison region, 8.8 degrees above normal, and September was slightly above
normal. DPrecipitation for the study period was 2.89 inches above normal.

Acknowledgment for assistance in nest searching and examination is made to
Carl Strelitzer, Ernest Boyce, Robert McCabe, James Hale, and Arnold Jackson,
Jr.  Acknowledgment is made to Professor John T. Emlen Jr. for helpful sug-
gestions and for a critical reading of the manuscript.

DESCRIPIEON O THE AREA

The Ho-Nee-Um Pond area (Fig. 1) is a low-lying park on the northwest
shore of Lake Wingra. It is roughly trapezoidal in shape and has an aren of 5.2
acres. The 2 man plant communities are a mowed lawn of blee grass (Pog
spp.) covering about 40%; of the total area, and numercus plantings of closely
spaced arbor vitae (Thuje eccidenialis), covering about 2693 of the total area.
These plantings are arranged in irregular patterns, making for extensive en-
vironmental edges with the grass area,

The arbor vitae varies in height from 5 to 30 feet, with the average tree about
15 feet high, Mixed with it are scattered patches of red osier dogwood (Corsus
sielonifera) and staghorn sumac (Rhwus fyphina), and lesser amounts of white birch
{Beitla alby), elderberry {Sambucus canadensis), ninebark (Physocarpus opuli-
folius), box elder (Acer negundo), honeysuckle {Lonicera tatarica), hawthorn
(Crataegus sp.), and highbush cranberry (Viburnum opulus). The ground cover
under the plantings is mainly blue grass, nettle {(Urtica sp.), thistle (Cirsium sp.),
and burdock (Arctiwm sp.). The vegetation beneath the arbor vitae was cut
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once, in May, with seythes. Late in the season there were solid beds of swamp
milkweed (Aselepias incarnata) along some of the edges.

The nottheastetn cotner of the area contains a small group of black locust
(Robinia psendo-acacia). The lake shore is lined by occasional cottonwoods
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Fic. 1. Ho-Nee-Um Pond Area and Vicinity

HO NE UM PONED

(Populus delioides), and there is a thick clump of black willow saplings (Sa/ix
nigra) in the southwest corner. Near these is a small swampy pond of approxi-
mately .3 acres, thickly grown to sedge (Carer sp.), with a few patches of cat-
tail {Typha latifolia) and reed grass (Phragmites communis).  The grass containg
liberal amounts of dandelion (Tarexacwm officinale) and plantain (Planfage
major).
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Nest DExsiTy AND NEsSTING CHRONOLOGY

The nesting population of the area is summarized in Table 1. Unless other-
wise designated all the data refer to “active” nests {those in which at least one
cgg was laid). In addition to the species listed, the Cowbird (Molothrus ater)
bred as a parasite of the Alder Flycatcher, Cedar Waxwing, Yellow Warbler,
Rose-breasted Grosbeak, and Song Sparrow.  TFigure 2 presents the same mate-
rial in graphic form; in this case, however, only nests actually found were con-
sidered,

The high density, ranging up to 9.6 nests per acre (May 19 -May 20} is con-
sidercd of special intercst, This is probably due to the great interspersion of
plant types, and the large amount of “cdge” as shown in Figure 1. There are
approximately 3000 feet of arbor vitae-grass edge in the area.

Computed according to the usual manner, i. ¢., the total number of nests on the
area during the scason, the density was 164 nests, or 32.8 per acre.  This is re-
ferred to as “Total Nest Density” in Table 1. These nests represent approxi-
mately 94 breeding pairs, a density of 18.5 per acre.  Steinbacher (1942) found
111 pairs of birds nesting in the 19 acre Frankfort Zoo park. This density of
5.8 pairs per acre, while only one-third that of Ho-Nee-Um, was considered to be
especially high. There do not appear to be other comparable studics in arcas
of similar size for comparison.

The density data were further analyzed by comparing them from month to
month. This showed extensive fluctuations as some species ended their nesting
and others started (Figure 2). Following are the average daily densities in nests
per acre for the months covered by this study: Aprit—3.5, May—8.6, June—6.0,
July—4.8, Aug.~2.1, Sept.—.6. The overall average was 4.3 nests per acre.

It would seem that “Highest Nest Density” (Table 1-D) has a particular
significance. Other workers have usually computed what is shown in Table 1
as “Toatal Pair Density” {Col. F) and “Total Nest Density” (Col. C). These
are valuable as indices to the population, but computing the highest nest density
has the advantage of showing the greatest nesting population at any one time,
and as such is better suited for investigations of the various problems related to
social competition such as density tolerance, density-induced behavior, repro-
ductive success, etc.

Inter-specific strife was very low even during the petiods of highest density.
Of the two most abundant species, Bronzed Grackles and Robins, the Grackles
exhibited no recognizable territorial behavior; Rebin territories were poorly de-
fined and defended with indifferent vigor (Young: 1947}, The other species
were not obsetved sufficiently to draw conclusions regarding territorial behavior.

In Figures 2 and 3, the numbers and stages of the nests shown were determined
partly by daily examination, and partly by interpolation and extrapolation.
Nests in various stages of the cycle were followed, and averages based on all
records were determined for the length of time in each phase. When a new nest
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TABLE 1
Specics Nesting at Ho-Nee-Um Park, 1085
| & ® c D E F
I — .
SPRCLES ,I\'cst; nmstt{;d[ Tn‘;t;’?:l Tiighest | T‘;in?alrur;(: ’gr;ti:l
i Lt f abie .
o T:eil;) density d;f:li_\f :é:ltld} density
Bronzed Grackle
Cuiscalus quiscula 26 28 5.6 4.2 21 4.2
Raobin
Turdns migrolorins 36 37 7.4 3.8 19 38
Cathird |
Dametellu eorolinensis 20 22 4.4 2.2 11 2.2
Cedar Wazxwing ;
Bombycille cedrornm 4 . 16 32| Lo 5 1.6
[ |
Yellow Warbler ! |
Dendroica pefecisia 12 12 2.4 1.4 T i 1.4
Goldfinch
Spiuns fristis 9 a 1.8 1.2 0 1.2
Song Sparrow
Melos piza melodia 2 15 3.0 .3 3 1.0
Mourning Dove '.
Zenaidura macronra 11 1 2.2 1.0 3 1.0
Alder Flvcatcher
Empidonox traillii 3 3 1.0 O 3 ‘ .0
Mallard i
Amnas plutyrliyncios 1 Z & .2 2 | 4
R. N. Pheasant !
Phasianus colchicus 2 2 4 .2 2 4
Killdeer ‘
Churadrins vociferus 1 1 2 2 1 2
Rosc-Br. Grosbeak r
Pheutions ludovicianis 1 1 2 .2 1 | 2
Chipping Sparrow ‘
Spizella pussering 1 1 .2 .2 1 ~| 2
Warbling Vireo |
Vireo gilous o 1 2 2 | 2
Yellowthroat ! I}
Geotidypis tricias 0 t 2| 2 L2
Total............... 143 1+ 164 | 328 | 9.6 M | 18,5

¢ & F computed from B & E.

1) Ttighest density at any one time; computed from A.
C, D, & F computed on a per-acre basis.
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was found it was thus possible to determine fairly accurately the date on which
itwasstarted. Forexample, obscrvationsshowed that Robins took about 7 days
on an average to build their nest; it then remained empty for an average of 4
days, after which the eggs were laid at therateof taday. A Robin nest found
to contain 2 eggs on April 20 was therefore tallied as having been started on
April 7, since 13 days were necessary to bring it to the 2-egg phase of the cycle.
In most cases it was only necessary to extrapolate 3 or 4 days. About 3595 of
the material presented in the figures was thus computed.

The efficiency of nest searches was tested by comparing the extrapolated totals
of any given day with the number of nests actually known on that day. On
this basis it was found that the nurmber known on any given day varicd from 3297
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F16. 2. Ho-Nee-Um Nests, 1947

to 1009 of the number actually present. This does not take into consideration
nests of Song Sparrows, since time did not permit extensive searches for them,
and only 2 were found. On the peak days, May 19-20, 88% of the nests had
been located. Comparison of the number of nests found with the estimated
total of nests in Table 1 shows that about 87% of all nests were evenlually
found. TIn view of these facts the writer believes that Figure 2 represents a
fairly accurate graph of the nesting. Errors in extrapolation would push indi-
vidual peaks and depressions 1 or 2 days in either direction, but these would tend
to compensate for cach other, and the gencral picture would remain the same.
Three major peaks in nesting density arc discernible in Figure 2; late May
(mainly Robins and Grackles), most of June (Robin, Catbird, Yellow Warbler
and Cedar Waxwing), and mid-July (Catbird, Waawing, Goldfinch}. The
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meagerness of (he data prevents extensive discussion, but a few interesting things
may be pointed out. The overlapping nesting periods of Robins and Grackles,
both using the same nesting sites (arbor vitac), makes them competitors. Cedar
Wazxwings also nested almost exclusively in arbor vitae, but did not start until
the Grackles were gone and Robin nesting was much diminished. The Gold-
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Fic. 3. Comparative Nesting Cycles, 1947

finches and Vellow Warblers nested mainly in ninebark; there was about a two
week overlap in their nesting periods. Tt is impossible to say how much compe-
tition for nesting sites affected the density of the various species; as previously
mentioned, little interspecific strife was observed.

Figure 3 compares the nesting cycles of the 3 most abundant species at Ho-



12 WILSON BULLETIN

Nee-Um. It demonstrates the “Highest Nest Density” discussed before and
makes possible comparisons, asbetween the Robins and Grackles, More Robins
nested on the area than Grackles (Table 1), but their nesting was spread over a
much longer period, and at no time did they attain a densily as high as that of
the Grackle’s peak. The graph of the Grackles, which are single-brooded, lacks
the long “tuil” characteristic of the otherspecies. More than hali of the Grackle
nests were hroken up, and it would seem that the lack of a “tail” on their graph
indicates that either no renesting attempt was made, or that the birds moved en-
tirely off the area for the next attempt. Part of the sharp fall in the number of
Robin nests after May can possibly be explained by the scarcity of hardwood
trees on the area. Howell (1942: 549) found that 579 of the Robin nests he
studied were built in conifers during the first nesting period, but later, when the

TABLE 2
Ho-Xee-L'm Nesting Data, 1947
‘ A B c D E F G ! I I
—! -

5 . T | Fledg | Engs | % of | AV

i ncive | suc | @ | Bas | & | Tl | PE | AR | wecess

| omests | cessful i (loon | gy 3 E:s't ﬂ‘:é'g"_g : ﬂien?' ductit\.'e

| i linga hests
Bronzed Grackle. ... .| 26 | 12 | 45 [4.5 | 72 (43 | & - 61 | 84
Rc}bin_..,..,.....,....‘ 36 12 50 3.3 o1 2.4 37 &1 73
Catbicd. ... ... ... ... ;22 12 33 3.1 03 2.9 51 wobo92
Cedar Waxwing.,....,.‘ 14 8| 5 |39 1 54 |26 | 30 2| 7
Yellow Warbler. .. ... .. .| 12 5 42 3.8 48 | 2.8 1 33 . D 74
Mouming Dove. .. ... ..| 11 2 18 (1.8 | 2.0 | 20 06 | 100
Totals and averages. . .. | 121 57 47 — 61 — | 40 66 g1

D computed from A; F computed from B,
B—XNests producing at least 1 young.

hardwood Lrees had leafed oul, the number of Robins found nesting in conifers
fell 1o 3857.

NEsTING SUCCESS AND CAUSES OF FAILURE

Table 2 compares the nesting data of the various specics for which at least ten
nests were found.  Again the small number of nests precludes intensive analysis
of the figures, but some basis for comparison of nesting success is avaitable.

Comparison of the percent of eggs hatching (E) with the percent of young
fledging (H) shows a differential effect of environment on the various species
under consideration.  The Robins suffered losses approximately equal during the
egg stage and the nestling stage. Catbirds and Grackles were affected in di-
rectly opposite fashion, the former baving a heavier loss during the egg stage,
the latter during the nestling stage. In the case of the Grackles, a bad storm
when there were many small young in the nest accounted for much of the mos-
tality.
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The same comparison also indicates that the species having the poorest suc-
cess in hatching egys generally had a proportionately greater success in fledging
their young. Tt is interesting to nete that in comparing success from year to
year, Nice's (1937 141) figures for the Song Sparrow show the same general pat-
tern within a single species. Inher Table XV, by dividing the number of flede-
lings by the number of hatched eggs, the following figures are obtained:

or o .
%0 of Efgs L of Fousg
W

Year Hatcking Aring
1930 6807, 6395
1931 72% 635
1932 61%; 61%
1033 £ B 3%,
1934 35%, 8%
1935 114, 1%

The non-conformity of 1933 is apparently due to plowing of the nesting arca
at a time when most of the nests contained small young. Very close correlation
should not be expected, since there are many other factors besides hatching suc-
cess which could influence the fledgling success,

A similar situation is suggested in a study of the Eastern Red-winged Black-
bird (A gelaius phoenicens) by Smith (1943:100). Of two nesting Red-wing popu-
lations, “A™ hatched 749 of 563 eggs and fledged 809} of the young, “B”
hatched 709 of 577 eggs and fledged 849 of the young, Much more data is
needed for statistical testing, but it appears that there is possibly a compensatory
interaction here following the general pattern that low egg survival results in
high nestling survival, or conversely, that high nestling survival is assoclated
with low cgg survival. Erringten (1946: 170) used Smith’s data to illustrate the
effccts of predation, showing that a high loss of eggs apparently resulted in re-
duced vulnerability of the nestlings to predation. Another factor possibly in-
volved is competition between nestlings, which Emlen {1942; 151) considered a
major facter in nestling survival in the Western Crow,

Comparison between species of repreductive success, based on the number of
voung fledged per pair or per nest, will always be affected by the varying clutch
size among the different species, and the varying number of broods raised.
These factors can be eliminated by comparing the percent of eggs producing
fledglings (Table 2-G), Considering each egg as a reproductive attempt, this
shows what percent of the reproductive potential is attained. On this basis
Catbirds were the most successful breeders at Ho-Nee-Um, (519}, of their eggs
producing fledglings} while Mourning Doves were the least successful, {only 2097
of their eggs producing fledglings). The average success of productive nests
(Table 2-T) was computed by dividing the number of fledglings by the number
of eggs. The Mourning Dove nests were either complete failures or total suc-
cesses, reflecting the birds’ quickness to desert when molested. On the other
hand, the Robins were able to bring off broods successfully after disturbances,
though in only a few cases were their nests 10095 successful.
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Reproductive success possibly has the same inverse correlation with density
as shown for reproductive activity by Kendeigh (1934: 308). Smith (1943:
204) found no evidence of this in the Red-wing, but Erringten (1945:14) found
an inverse ratio between spring density and summer population gain of the
Northern Bob-white (Calinus virginianus). Now that nesting studies have be-
come mote commen it should be possible to compile similar data on various
species from several areas. The value of these would be enhanced if it were also
possible to compare the densities of the different areas, but this information is
seldom available. More intensive studies might show optimum densities for

TABTLE 3
Nest Success in Varions Sludies
| 1
SFECIES NESTS S;JEL&%S_ REFEREKCE LOCATION YEAR
|. 501 78 | Kendeigh, 1942 | Ohio >
!l 1306 &1 Howell, 1942 N. Y. 1937-38
Robin. ... ... ... ........ % %) 77 Koehler, 1945 Wisc. 1045
i 36 i 50 This study Wisc, 1947
| 16 13 Thomsen, 1944 Wisc. 1944
I
. (142 70 Kendeigh, 1942 | Ohio >
Cathird. ..o 22 1 55 | This stady Wisc. 1947
() 58 | Kendeigh, 1942 | Ohio ’
Cedar Waxwing. ......... | 14 37 This study | Wisc. 1947
]: 12 50 Lea, 1942 Mich, | 1940-41
25 80 Kendeigh, 1942 | Ohio ?
Yellow Warbler, .. ... ... .. 4 14 75 Kendeigh, 1941 Towa 1940
. 12 42 This study Wisc., 1947
2877 48 McClore, 1946 Towa 193340
| 335 47 McClare, 1946 KNeluwr. 194143
Mourning Dove. ... ... ...¢ 57 54 Kendeigh, 1942 Ohio ?
i i ! 15 This study Wisc. 1947
10 70 McClure, 1046 Calif, 1044

the different species, such as has been shown for various invertebrates by Allee
(1931: 161-180).

Nice {1937: 143) postulates 409 to 469 as typical success for open nests of
passcrines in the North Temperate Zone, At He-Nee-Um the passerine species
averaged 49.8%, successful in nesting attempts, a figure which agrees quite well
with her estimate,

Table 3 compares the nesting success at Ho-Nee-Um with that of the same
species in other areas. No references were found for the Bronzed Grackles, and
again the species are limited to those for which at least 10 nests were found at
Ho-Nee-Um. The data of Kendeigh (1942) were adjusted to make them con-
form to “active’” nests as defined in this study. Unfortunately, information on
dengity was not given in the other studies, but the consistently low success at
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Ho-Nee-Um (excepting Cedar Waxwings) is possibly a reflection of its high nest-
ing density. However, such a comparison suffers from the fact that the other
studies sometimes coverad several years, and were from many different area
types. Omitting the Ho-Nee-Um data, the nest success of the passerine species
listed in Table 3 averages 74%, nearly double Nice's estimate for open nesting
of passerine hirds.

TABLE 4
Nest Failures Ho-Nee-Um, 1047

| SPECIES

7 d| . Cal- Cedar Vell Mourn- P

Grackle] Robin | B | War- |28 ing | Towl | oo
Nest failures \
A Predation 4 7 7 3 P4 6 20 45
B Desertion................ 8 6 3 2 4 2 25 39
C Weather. . ............. .. 2 5 L] 1 1 1 10 16
DTotal. ..o 4 |18 | w0} 6| | 9| & |10
Eggs not hatching |
A Predation. ...............] 19 14 i} b 11 12 84 52
B Desertion. ..._........... 2 15 2 H 5 2 34 1
C Weather. .. ............ .. 0 6 0 0 0 0 6 4
D Unaccounted . ...... ... ... 9 4 0 2 1 0 16 9
E Infertile/addled.. . ... ... .. 3 7 2 7 3 1} 24 15
FTotl . oo | 38 [ o | 24 [ 25 | 22| 14 164 | 100
Young not fledging I
A Predation. . ... ... ... 0 10 7 1 Q 0 13 21
BDesertion. ...............| 9 3 0 1 ] 0 13 15
CWeather. ... ..o 17 8 0 2 0 21 20 | 34
D Unaccounled. ... .. .. . 3 7 2 2 0 0 16 18
E Fell from nest... ... 1 1 0 1 3 0 [ 7
FDiedinnest........... ... 1 o j 0 1 ) 0 2 2
G Cowbird parasitism........| 0 | © ‘ o 0| 3| 0| 3| 3
HTotal................| 3 | 2] 9| 8] 6] 2| & |00

All nest failures could be attributed to one of 3 causes: predation, desertion, or
storm damage. The effect of these on the species studied, referring only to ““ac-
tive” nests, is shown in Table 4,

Two Robin nest desertions were directly due to activities of the observer.
‘Three Robin eggs, 1 Grackle egg, and 1 Yellow Warbler egg were accidentally
broken; ihey were listed as lost due to predation. Asfar as could be determined
the activities of the study had no other effect upon the species under considera-
tion.

The predation was nearly 1009 by an unknown avian form which punctured
the eggs in the nest. Bronzed Grackles were suspected, but were never seen at
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the nests of other species, or carrying their eggs or young. The Grackles were
common on the area from late March to Jate June, but egg losses continued at
about the same rate after their departure. If a predator took 1 egg out of 2
clutch and the owner deserted, the remainder of the eggs were listed as lost due
to desertion. Predation on adult birds was not observed, and its extent is
not known, However, it probably does introduce an error in the records on de-
serted nests, since some of the resident birds may have disappeared because of
predation rather than because they deserted.

Predation was the chief cause of nest failure, operating most strongly during
the ege stage. Weather of course would act differently on the various species
from year to vear, depending upon the time that bad storms happened to occur.

SuMMARY

Nesting birds were studied in a five-acre park area with arbor vitae and blue-
grass lawn as the main cover types.

A total of at least 15 species (94 pairs) bred on the area during the period of
study.

May and June were the months of highest nest density. On May 19-20 there
were 0.6 active nests per acre. The average number of nests per acre for the
season was 4.3.  The total density for the season was 32.8 nests per acre.

The high density did not produce any noticeable interspecific strife.

Cathirds were the most successful breeders, producing fledglings from 3197 of
their eggs ; Mourning Doves were the least successful, producing fledglings from
209, of their eggs.

These species suffering the greatest loss of eggs in the nest generally appeared
to be the most successful in Taising nestlings.

Predation by an unknown avian form was the main cause of nest failures.
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MEMORANDUM

To: Daryl Koutnik Date: January 31, 2023
Kevin Smith
Environmental Science Associates

From: David S. Shender, P.E. 'DS§ LLGRef.  1-20-4388-2
Grace Turney, P.E.
Linscott, Law & Greenspan, Engineers

Subject Royal Vista Residential and Parks Project — Supplemental Caltrans

Off-Ramp Analysis

Linscott, Law & Greenspan, Engineers (LLG) has prepared this memorandum to
summarize the supplemental Caltrans off-ramp intersection analysis prepared for the
proposed Royal Vista Residential and Parks project (“proposed project”), located in
the Rowland Heights community of unincorporated Los Angeles County. The
transportation impact analysis prepared in compliance with the requirements of Los
Angeles County as lead agency is presented in the “Transportation Impact Analysis
for the Royal Vista Residential and Parks Project” (“TIA Report”), prepared by
Linscott, Law & Greenspan, Engineers on December 9, 2022.

The TIA Report includes an environmental impact assessment based on the
requirements of the California Department of Transportation (Caltrans). In
compliance with State law, Caltrans has formally adopted vehicle miles traveled
(VMT) as the metric for evaluating the transportation impacts of local development
projects on the State Highway System. Caltrans’ Transportation Impact Study Guide'
(TISG) states, “Additional future guidance will include the basis for requesting
transportation impact analysis that is not based on VMT. This guidance will include a
simplified safety analysis approach that reduces risks to all road users and that
focuses on multi-modal conflict analysis as well as access management issues.”
While the final guidance is still being developed, Caltrans has released the “Interim
Land Development and Intergovernmental Review (LDIGR) Safety Review
Practitioners Guidance”?. Pursuant to Caltrans’ analysis requirements, the TIA
Report includes an analysis of the project’s effect on off-ramp queuing at the SR-60
Freeway off-ramps at Fairway Drive in order to determine if the proposed project
would cause, or contribute towards, slowing or stopped traffic on mainline travel
lanes resulting in unsafe speed differentials between adjacent lanes.

LLG has received and reviewed a letter from Caltrans requesting analysis of
additional freeway off-ramps located in the vicinity of the proposed project. This
supplemental analysis has been prepared to evaluate the proposed project’s effect on

! “Vehicle Miles Traveled-Focused Transportation Impact Study Guide”, Caltrans, May 20, 2020.
2 “Traffic Safety Bulletin 20-02-R1: Interim Local Development Intergovernmental Review Safety
Review Practitioners Guidance”, Caltrans, December 18, 2020.
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off-ramp queuing at the intersection of the SR-57 Freeway northbound off-ramp at
Brea Canyon Cut-Off Road-Diamond Bar Boulevard. This memorandum presents a
summary of the Caltrans comment letter requesting the analysis, a description of the
study intersection and traffic controls, a review of the traffic volumes utilized in the
analysis, a summary of the off-ramp queuing analysis, and a traffic safety analysis for
the off-ramp queuing.

CALTRANS COMMENT LETTER

In the letter dated November 21, 2022 from the California Department of
Transportation to Ms. Marie Pavlovic of LA County Planning®, Caltrans staff
requested off-ramp queuing analysis for the following locations in the vicinity of the
project site to be included in the environmental documentation for the proposed
project:

e SR-60 Freeway Eastbound and Westbound Off-Ramps/Fairway Drive
e SR-60 Freeway Eastbound and Westbound Off-Ramps/Lemon Avenue
e SR-57 Freeway Northbound and Southbound Off-Ramps/Pathfinder Road

e SR-57 Freeway Northbound and Southbound Off-Ramps/Brea Canyon Cut-
off Road-Diamond Bar Boulevard

It is noted that an analysis of off-ramp queuing at the SR-60 Freeway Eastbound and
Westbound off-ramps at Fairway Drive is included in the TIA Report prepared for the
proposed project. It is also noted that no westbound off-ramp is provided at the SR-60
Freeway interchange with Lemon Avenue. The remaining five (5) off-ramp locations
were reviewed for potential inclusion in the supplemental analysis, as described in
further detail below.

SR-60 Freeway Eastbound Off-Ramp/Lemon Avenue

No project trips are assumed to utilize the SR-60 Freeway eastbound off-ramp at
Lemon Avenue. Therefore, the proposed project is not expected to cause or contribute
towards slowing or stopped traffic on mainline travel lanes resulting in unsafe speed

3 Miya Edmonson, California Department of Transportation to Marie Pavlovic, LA County Planning.
Royal Vista Residential and Parks Project, November 21, 2022, via State Clearinghouse.
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differentials between adjacent lanes in the area of the SR-60 Freeway eastbound off-
ramp at Lemon Avenue.

SR-57 Freeway Southbound Off-Ramp/Pathfinder Road

No project trips are assumed to utilize the SR-57 Freeway southbound off-ramp at
Pathfinder Road. Therefore, the proposed project is not expected to cause or
contribute towards slowing or stopped traffic on mainline travel lanes resulting in
unsafe speed differentials between adjacent lanes in the area of the SR-57 Freeway
southbound off-ramp at Pathfinder Road.

SR-57 Freeway Northbound Off-Ramp/Pathfinder Road

No project trips are assumed to utilize the SR-57 Freeway northbound off-ramp at
Pathfinder Road. Therefore, the proposed project is not expected to cause or
contribute towards slowing or stopped traffic on mainline travel lanes resulting in
unsafe speed differentials between adjacent lanes in the area of the SR-57 Freeway
northbound off-ramp at Pathfinder Road.

SR-57 Freeway Southbound Off-Ramp/Brea Canyon Cutoff Road-Diamond Bar
Boulevard

No project trips are assumed to utilize the SR-57 Freeway southbound off-ramp at
Brea Canyon Cutoff Road-Diamond Bar Boulevard. Therefore, the proposed project
is not expected to cause or contribute towards slowing or stopped traffic on mainline
travel lanes resulting in unsafe speed differentials between adjacent lanes in the area
of the SR-57 Freeway southbound off-ramp at Brea Canyon Cutoff Road-Diamond
Bar Boulevard.

SR-57 Freeway Northbound Off-Ramp/Diamond Bar Boulevard

A portion of project trips are assumed to utilize the SR-57 Freeway northbound off-
ramp at Diamond Bar Boulevard. Therefore, a supplemental analysis of off-ramp
queuing has been prepared in order to determine if the proposed project would cause
or contribute towards unsafe conditions on the State Highway System. The analysis
and findings of the supplemental analysis is presented below.
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ROADWAY DESCRIPTIONS AND INTERSECTION CONTROLS

The following paragraphs provide a brief description of the roadways and intersection
controls present at the SR-57 Freeway Northbound Ramps/Brea Canyon Cut-Off
Road-Diamond Bar Boulevard intersection.

SR-57 (Orange) Freeway is a north-south oriented freeway located approximately one
(1) to two (2) miles southeast of the project site. The SR-57 Freeway provides
regional access to the project site vicinity and connects to [-210 (Foothill) Freeway to
the north and I-5 (Santa Ana) Freeway to the south, linking the Los Angeles Basin
with the eastern San Gabriel Valley and Pomona Valley. The SR-57 Freeway
generally contains five (5) mainline travel lanes in the northbound direction and four
(4) mainline travel lanes in the southbound direction near the study area.

Brea Canyon Cut-Off Road is generally a northwest-southeast oriented roadway
located in the City of Diamond Bar and unincorporated Los Angeles County. In the
vicinity of the supplemental study intersection, Brea Canyon Cut-Off Road is an east-
west oriented roadway. Brea Canyon Cut-Off Road is classified as a Secondary
Arterial in the Diamond Bar General Plan 2040*. Two through lanes are provided in
each direction, with opposing lanes separated by a two-way left-turn lane. Brea
Canyon Cut-Off Road is posted for a speed limit of 40 miles per hour (MPH) in the
vicinity of the study intersection.

Diamond Bar Boulevard is generally a northeast-southwest oriented roadway located
in the City of Diamond Bar. In the vicinity of the supplemental study intersection,
Diamond Bar Boulevard is an east-west oriented roadway. Diamond Bar Boulevard is
classified as a Boulevard in the Diamond Bar General Plan 2040. Two through lanes
are provided in each direction, with opposing lanes separated by a raised concrete
median. Diamond Bar Boulevard is posted for a speed limit of 45 MPH.

The intersection of the SR-57 Freeway Northbound Ramps and Brea Canyon Cut-Off
Road-Diamond Bar Boulevard is controlled by a traffic signal. The northbound off-
ramp approach consists of one shared left-turn/through lane and one right-turn lane.
The eastbound approach consists of one left-turn lane and two through lanes; note
that eastbound right-turns are not permitted as the movement would result in wrong-
way travel on the northbound off-ramp. The westbound approach consists of one free-

4 Diamond Bar General Plan 2040, adopted December 17, 2019 by City Council Resolution No. 2019-
44, prepared by Dyett & Bhatia, Urban and Regional Planners.
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flow right-turn lane and two through lanes; note that westbound left-turns are not
permitted as the movement would result in wrong-way travel on the northbound off-
ramp. No southbound movements are accommodated at the study intersection.

TRAFFIC VOLUMES
Project Trip Distribution and Assignment

The trip generation forecast for the proposed project is summarized in Section 2.6.1
of the TIA Report. As presented in the report, the proposed project is expected to
generate 176 net new vehicle trips (31 inbound trips and 145 outbound trips) during
the weekday AM peak hour. During the weekday PM peak hour, the proposed project
is expected to generate 204 net new vehicle trips (136 inbound trips and 68 outbound
trips). Over a 24-hour period, the proposed project is forecast to generate 2,243 daily
trip ends (approximately 1,122 inbound trips and approximately 1,122 outbound trips)
on a typical weekday.

The general, directional traffic distribution pattern through the supplemental study
intersection is presented in Figure 1, which presents the distribution of project traffic
generated by Planning Area Lots 1, 2, 3, and 5. Figure [ also presents the distribution
of traffic generated by the existing uses at the project site which are to be removed.
The forecast net new AM and PM peak hour project traffic volumes at the
supplemental study intersection is presented in Figure 2. The traffic volume
assignments presented in Figure 2 reflects the traffic distribution characteristics
shown in Figure 1 and the project trip generation forecasts presented in Section 2.6.1
of the TIA Report.

Existing Traffic Count Data

Manual counts of vehicular turning movements at the supplemental study intersection
were conducted during the weekday morning (AM) and afternoon (PM) commuter
periods to determine peak hour traffic volumes. The manual counts utilized in this
supplemental assessment were conducted in year 2019 by an independent traffic
count subconsultant (National Data & Surveying Services) from 7:00 to 9:00 AM and
from 4:00 to 6:00 PM to determine the AM and PM peak commute hours,
respectively.

Based on a review of the general traffic growth factors provided in the Los Angeles
County Congestion Management Program (CMP) for the project study area (i.e., RSA
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26, which is generally bounded by Azusa, Glendora, West Covina, Diamond Bar, and
Hacienda Heights), a compounding annual growth rate of 0.38 percent (0.38%) has
been applied to bring the count data to year 2021 existing conditions. The derivation
of the growth rate is provided in Section 3.5.2 of the TIA Report.

The existing year 2021 traffic volumes during the weekday AM and PM peak hours
are shown in Figure 3. Summary data worksheets of the manual traffic counts of the
study intersection is contained in Appendix A.

Future Cumulative Conditions

The proposed project is planned to be fully constructed and occupied by the end of
year 2027. Therefore, a forecast of future year 2027 traffic volumes has been
prepared. The forecast of future cumulative pre-project conditions was prepared in
accordance to procedures outlined in Section 15130 of the CEQA Guidelines.
Specifically, the CEQA Guidelines provide two options for developing the future
traffic volume forecast:

“(A) A list of past, present, and probable future projects producing
related or cumulative impacts, including, if necessary, those projects
outside the control of the [lead] agency, or

(B) A summary of projections contained in an adopted local, regional
or statewide plan, or related planning document, that describes or
evaluates conditions contributing to the cumulative effect. Such plans
may include: a general plan, regional transportation plan, or plans for
the reduction of greenhouse gas emissions. A summary of projections
may also be contained in an adopted or certified prior environmental
document for such a plan. Such projections may be supplemented with
additional information such as a regional modeling program. Any such
document shall be referenced and made available to the public at a
location specified by the lead agency.”

This traffic analysis provides a forecast of future cumulative traffic volumes through
incorporation of traffic associated with other known development projects located in
the project study area as well as an ambient traffic growth rate. The following
paragraphs provide additional details.
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e Cumulative Development Projects
The list of other known development projects (related projects) in the study
area and the corresponding traffic volumes expected to be generated by the
related projects is provided in Section 3.5.1 of the TIA Report. The
assignment of the related project traffic volumes at the supplemental study
intersection is displayed in Figure 4.

e Ambient Growth Factor
In order to account for area-wide regional growth beyond the listed related
projects, the existing traffic volumes were increased at an annual
compounding rate of 0.38 percent (0.38%) between existing year 2021 and the
project’s future build-out year of 2027, resulting in a total growth factor of
2.30% applied to the existing year 2021 traffic volumes.

Application of the annual growth factor in addition to the forecast traffic generated by
the related projects allows for a conservative forecast of future baseline year 2027
traffic volumes in the project study area, as incorporation of both (i.e., an ambient
traffic growth rate and a detailed list of cumulative development projects) is expected
to overstate potential future traffic volumes. The cumulative development projects
should already be incorporated as part of the growth rate projection per the adopted
local and regional planning documents (i.e., which account for the future population,
housing, and employment [socio-economic data] projections).

Analysis Scenarios

The off-ramp queuing analysis were prepared for the typical weekday AM peak hour
and PM peak hour time periods for the following scenarios:

1. Existing traffic conditions.
2. Existing with project traffic conditions.

3. Future cumulative without project conditions (i.e., condition 1 plus application
of ambient growth through year 2027 and with completion and occupancy of
the related projects).

4. Future cumulative with project conditions (i.e., condition 3 with completion
and occupancy of the proposed project).

The existing traffic volumes (i.e., condition 1) at the study intersections during the
weekday AM and PM peak hours are displayed in Figure 3. The existing with project
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traffic volumes (i.e., condition 2) at the study intersections during the weekday AM
and PM peak hour are displayed in Figure 5. The future cumulative without project
traffic (i.e., condition 3) at the study intersections during the weekday AM and PM
peak hours are displayed in Figure 6. The future cumulative with project traffic
volumes (i.e., condition 4) at the study intersections during the weekday AM and PM
peak hour are displayed in Figure 7.

OFF-RAMP QUEUING ANALYSIS

Pursuant to prior direction from Caltrans staff, the off-ramp queuing was analyzed
using the Highway Capacity Manual (HCM) method for signalized intersections. The
off-ramp queuing calculations were prepared using the Synchro 11 software package
which implements the HCM operational methodology. A Synchro network was
created based on existing conditions field reviews at the above noted ramp
intersection. In addition, specifics such as traffic volume data, lane configurations,
available vehicle storage lengths, crosswalk locations, posted speed limits, traffic
signal timing and phasing, etc., were coded to complete the existing network.

The freeway off-ramp intersection approach was reviewed in terms of expected
maximum vehicle queues (i.e., 95th percentile queues) during the weekday AM and
PM peak hours which represent the maximum back of vehicle queues with 95th
percentile traffic volumes. The corresponding maximum vehicle queue lengths were
then compared to the total ramp storage lengths (i.e., the available storage length as
measured from the applicable off-ramp lane striping from the point of gore to the
respective off-ramp approach limit lines). The total queuing for the off-ramp was
determined based on the sum of the maximum vehicle queues for each off-ramp lane.
The total ramp storage length was determined based on the sum of the striped storage
for all lanes provided at the off-ramp location.

The off-ramp queuing analysis prepared for the supplemental study location of SR-57
Freeway Northbound Ramps/Brea Canyon Cut-Off Road-Diamond Bar Boulevard is
summarized in Table 1. The corresponding weekday AM and PM peak hour HCM
worksheets are contained in Appendix B.

Existing Conditions

As shown in Table I, adequate storage area is provided at the SR-57 Freeway
northbound off-ramps to accommodate the forecast 95% percentile queues under
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existing conditions, both without and with project-generated traffic during the
weekday AM and PM peak hours.

Future Cumulative Conditions

As shown in Table I, adequate storage area is provided at the SR-57 Freeway
northbound off-ramps to accommodate the forecast 95" percentile queues under
future cumulative without project-generated traffic conditions during the weekday
AM and PM peak hours. Under future cumulative with project-generated traffic
conditions, the off-ramp queue is expected to extend beyond the available storage
space during the PM peak hour, resulting in a queue that potentially would extend
into the mainline travel lanes. The queue is expected to increase by approximately
112 feet, or the equivalent of 4.5 vehicles (assuming a total length of 25 feet per
queued vehicle, including vehicle separation).

SAFETY IMPACT ANALYSIS

Caltrans’s Interim Safety Review Practitioners Guidance requires a review of traffic
safety impacts for locations where a proposed development project adds two (2) or
more car lengths to a ramp queue that will extend into the freeway mainline. Since
project generated traffic is expected to result in more than two (2) vehicle lengths
being added to a queue which extends into the freeway mainline travel lanes, the
supplemental study intersection is required to be reviewed for safety impacts.

The review of traffic safety impacts includes a review of the speed differential
between the off-ramp queue and the mainline of the freeway during the same peak
hour. Speed differentials of 30 MPH or greater in congestion related rear-end
collisions have shown the potential to increase severe injury and fatal injuries
exponentially as the speed differential increases above 30 MPH. If the speed
differential between the mainline speeds and the ramp traffic is below 30 MPH, the
project would be considered to cause a less-than-significant safety impact, and no
traffic safety impact mitigation would be required.

For the purpose of the safety analysis, it is assumed that the maximum back of off-
ramp queue is slowing and near stopped. Therefore, a speed of less than five (5) MPH
is assumed for the back of queue. The freeway mainline travel speeds were obtained
from the Caltrans Performance Measurement System (PeMS). Speeds were obtained
for the month of September 2019, corresponding to the month of the manual
intersection traffic counts at the study intersection. The data represents an
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approximately one-mile segment of the SR-57 Freeway upstream of the point of gore
for the off-ramp (i.e., postmiles R0.62 to R1.82, with point of gore at approximately
postmile R1.751). An average travel speed was calculated based on five-minute
interval speed data provided at three detector locations within the postmile range. It
should be noted that the three detector locations had varying degrees of detector
health, ranging from a high percent of direct observation to fully imputed (i.e.,
estimated) speed values. Thus, averaging the speed data from the three locations
minimizes potential variation due to the differing data validation processes. The PM
peak period speeds obtained from PeMS and the computed average speed is presented
in Table 2. As presented in Table 2, the average speed of the SR-57 northbound
freeway mainline travel lanes in the vicinity of the supplemental study intersection is
29.61 MPH during the PM peak period. Therefore, a speed differential of less than 30
MPH is anticipated between the freeway mainline and the back of the off-ramp queue
during the PM peak hour. Pursuant to the Interim Safety Review Practitioners
Guidance, the project would be considered to cause a less-than-significant safety
impact, and no traffic safety impact mitigation is required.

It should be noted that 95" percentile queueing represents the maximum queues
which are expected to occur with 95 percent probability; the queue would be
equivalent to or less than the reported queuing 95 percent of the time. The 95%
percentile traffic volume condition would occur at a signalized intersection only
during one or two signal cycles within a given analysis peak hour.

SUMMARY AND CONCLUSIONS

This memorandum has been prepared in response to Caltrans’ request that the
environmental documentation for the proposed Royal Vista Residential and Parks
Project include an analysis of queuing at freeway off-ramps in the vicinity of the
project site.

The SR-60 Freeway off-ramps at Fairway Drive are evaluated in the “Transportation
Impact Analysis for the Royal Vista Residential and Parks Project”, prepared by
Linscott, Law & Greenspan, Engineers, dated December 9, 2022. No project trips are
assumed to use the off-ramps at SR-60 Freeway Eastbound Ramps/Lemon Avenue,
SR-57 Freeway Northbound and Southbound Ramps/Pathfinder Road, or SR-57
Freeway Southbound Ramps/Brea Canyon Cut-Off Road-Diamond Bar Boulevard.
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A supplemental analysis has been prepared for the SR-57 Northbound Ramps at Brea
Canyon Cut-Off Road-Diamond Bar Boulevard. A summary of the findings is
presented below:

The forecast queue on the SR-57 northbound off-ramp at Brea Canyon Cut-
Off Road-Diamond Bar Boulevard will be adequately accommodated by the
existing storage area under existing, existing with project, and future
cumulative without project conditions.

Under future cumulative with project conditions, the forecast queue on the
SR-57 northbound off-ramp at Brea Canyon Cut-Off Road-Diamond Bar
Boulevard is expected to exceed the available off-ramp storage area, resulting
in a queue that could potentially extend into the SR-57 northbound freeway
mainline travel lanes. The addition of project traffic is expected to contribute
approximately 112 feet of additional queuing, or the equivalent of 4.5 vehicles
(assuming a total length of 25 feet per queued vehicle, including vehicle
separation).

Since the proposed project will add more than two vehicle lengths to the
queue, a safety impact review is required, including a review of the speed
differentials between the mainline travel lanes and off-ramp queue speeds.

Based on weekday PM peak period speed data obtained from PeMS, the
average SR-57 northbound freeway mainline travel speed in the vicinity of the
Brea Canyon Cut-Off Road-Diamond Bar Boulevard off-ramp point of gore is
29.61 MPH. The off-ramp queue speed is assumed to be less than five (5)
MPH. Therefore, a speed differential of less than 30 MPH is anticipated
between the freeway mainline and the back of the off-ramp queue.

Since the speed differential between the SR-57 northbound freeway mainline
and the Brea Canyon Cut-Off Road-Diamond Bar Boulevard off-ramp queue
is less than 30 MPH during the PM peak hour, the proposed project is
considered to cause a less-than-significant safety impact, and no traffic safety
impact mitigation is required.

¢ Jon Conk, Project Dimensions
File
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Table 1

SUMMARY OF OFF-RAMP VEHICLE QUEUING [1]

EXISTING FUTURE FUTURE
EXISTING WITH PROJECT WITHOUT PROJECT WITH PROJECT
AVAILABLE 95th 95th 95th 95th
OFF-RAMP |PERCENTILE| EXCEEDS |PERCENTILE| EXCEEDS |PERCENTILE( EXCEEDS |PERCENTILE| EXCEEDS
PEAK | STORAGE [2] | QUEUE [3] | STORAGE? | QUEUE [3] | STORAGE? | QUEUE [3] | STORAGE? | QUEUE [3] | STORAGE?
NO. INTERSECTION HOUR (FEET) (FEET) (YES/NO) (FEET) (YES/NO) (FEET) (YES/NO) (FEET) (YES/NO)
1 SR-57 Freeway NB Ramps/ AM 1,490 288 No 293 No 305 No 310 No
Diamond Bar Boulevard PM 1,490 1,295 No 1,398 No 1,483 No 1,595 Yes
[1] Queuing analysis based on the Highway Capacity Manual, 6th Edition operational analysis methodologies.

[2] Available storage represents the sum of storage space provided by all off-ramp lanes, as measured via Google Earth, 2022.

analysis purposes. The reported queue represents the sum of queues for all off-ramp lanes.

[3] The 95th percentile queue is the maximum back of queue with 95th percentile traffic volumes. An average vehicle length of 25 feet (including vehicle separation) was assumed for

LINSCOTT, LAW & GREENSPAN, engineers
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Table 2

SUMMARY OF FREEWAY MAINLINE TRAVEL SPEEDS
SR-57 NORTHBOUND NEAR DIAMOND BAR BOULEVARD [1]

SPEED IN MILES PER HOUR
September 2019
TIME PM R0.62 PM R1.26 PM R1.82
4:00 PM 25.40 32.70 26.40
4:.05 PM 25.70 32.40 26.10
4:10 PM 26.20 32.40 26.60
4:15 PM 26.00 32.30 26.40
4:20 PM 26.00 33.10 27.70
4:25 PM 25.80 34.10 28.70
4:30 PM 26.10 34.60 29.30
4:35 PM 26.00 34.50 28.60
4:40 PM 26.80 34.40 29.00
4:45 PM 27.10 34.80 29.40
4:50 PM 27.50 36.00 30.60
4:55 PM 27.30 35.20 29.30
5:00 PM 28.00 34.80 28.90
5:05 PM 28.20 34.40 28.90
5:10 PM 28.10 33.20 28.20
5:15 PM 27.90 33.30 28.20
5:20 PM 27.50 33.40 28.20
5:25 PM 27.20 34.20 28.60
5:30 PM 26.90 33.80 29.10
5:35 PM 26.60 32.90 27.70
5:40 PM 26.50 32.40 27.10
5:45 PM 26.60 33.30 27.40
5:50 PM 27.30 33.90 28.40
5:55 PM 27.60 33.80 28.30
6:00 PM 27.60 33.20 28.50
AVERAGE 29.61

[1] Speed data obtained from Caltrans Performance Measurement
System (PeMS) Long Contours reports for SR-57 Northbound for
weekdays during the month of September 2019. The Diamond Bar
Boulevard exit ramp gore is located at approximately postmile
R1.751. The average speed during the weekday PM peak period
within an approximately one-mile segment located south of
Diamond Bar Boulevard (corresponding to PM R0.62-R1.82) is

reported.
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APPENDIX A

TRAFFIC COUNT DATA WORKSHEETS
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City: Diamond Bar
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APPENDIX B

HCM DATA WORKSHEETS — WEEKDAY AM AND PM PEAK HOURS
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HCM 6th Signalized Intersection Summary

Existing Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday AM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations L 44 14 < ol

Traffic Volume (veh/h) 29 445 0 0 576 206 245 0 179 0 0 0

Future Volume (veh/h) 29 445 0 0 576 206 245 0 179 0 0 0

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 31 473 0 0 613 0 261 0 190

Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 106 2303 0 0 1846 339 0 302

Arrive On Green 0.06 0.65 0.00 0.00 0.52 0.00 0.19 0.00 0.19

Sat Flow, veh/h 1781 3647 0 0 3741 0 1781 0 1585

Grp Volume(v), veh/h 31 473 0 0 613 0 261 0 190

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 1.1 3.5 0.0 0.0 6.5 0.0 9.0 0.0 7.2

Cycle Q Clear(g _c), s 1.1 3.5 0.0 0.0 6.5 0.0 9.0 0.0 7.2

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 106 2303 0 0 1846 339 0 302

V/C Ratio(X) 0.29 0.21 0.00 0.00 0.33 0.77 0.00 0.63

Avail Cap(c_a), veh/h 288 2303 0 0 1846 617 0 549

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 29.3 4.6 0.0 0.0 9.1 0.0 25.0 0.0 24.2

Incr Delay (d2), s/veh 0.6 0.2 0.0 0.0 0.5 0.0 2.8 0.0 1.6

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.8 1.5 0.0 0.0 3.6 0.0 6.8 0.0 4.7

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 29.8 4.8 0.0 0.0 9.6 0.0 27.7 0.0 25.8

LnGrp LOS C A A A A C A C

Approach Vol, veh/h 504 613 451

Approach Delay, s/veh 6.4 9.6 26.9

Approach LOS A A C

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 47.6 8.4 39.3 17.4

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 32.0 10.5 17.0 22.5

Max Q Clear Time (g_c+I1), s 5.5 3.1 8.5 11.0

Green Ext Time (p_c), s 4.2 0.0 3.1 1.3

Intersection Summary

HCM 6th Ctrl Delay 13.5

HCM 6th LOS B

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2

LLG Engineers

Synchro 11 Report
12/22/2022



HCM 6th Signalized Intersection Summary Existing Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday PM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT  SBR
Lane Configurations L 44 14 <

Traffic Volume (veh/h) 6 415 0 0 729 56 688 1 669 0 0 0
Future Volume (veh/h) 6 415 0 0 729 56 688 1 669 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 6 446 0 0 784 0 740 1 719

Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 25 1503 0 0 1207 739 1 658

Arrive On Green 0.01 0.42 0.00 0.00 0.34 0.00 0.42 0.42 0.42

Sat Flow, veh/h 1781 3647 0 0 3741 0 1779 2 1585

Grp Volume(v), veh/h 6 446 0 0 784 0 741 0 719

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 0.2 5.4 0.0 0.0 12.2 0.0 27.0 0.0 27.0

Cycle Q Clear(g_c), s 0.2 5.4 0.0 0.0 12.2 0.0 27.0 0.0 27.0

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 25 1503 0 0 1207 740 0 658

V/C Ratio(X) 0.24 0.30 0.00 0.00 0.65 1.00 0.00 1.09

Avail Cap(c_a), veh/h 247 1503 0 0 1207 740 0 658

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(T) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 31.7 12.4 0.0 0.0 18.2 0.0 19.0 0.0 19.0

Incr Delay (d2), s/veh 1.8 0.5 0.0 0.0 2.7 0.0 334 0.0 62.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.2 33 0.0 0.0 8.2 0.0 22.9 0.0 28.9
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 33.5 12.9 0.0 0.0 20.9 0.0 52.4 0.0 81.8
LnGrp LOS C B A A C F A F
Approach Vol, veh/h 452 784 1460
Approach Delay, s/veh 13.1 20.9 66.9
Approach LOS B C E

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 33.0 5.4 27.6 32.0

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 27.5 9.0 14.0 27.0

Max Q Clear Time (g_c+I1), s 7.4 2.2 14.2 29.0

Green Ext Time (p_c), s 3.6 0.0 0.0 0.0
Intersection Summary

HCM 6th Ctrl Delay 44.5

HCM 6th LOS D

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2 Synchro 11 Report
LLG Engineers 01/05/2023



HCM 6th Signalized Intersection Summary

Existing with Project Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday AM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations L 44 14 < ol

Traffic Volume (veh/h) 29 445 0 0 575 206 255 0 179 0 0 0

Future Volume (veh/h) 29 445 0 0 575 206 255 0 179 0 0 0

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 31 473 0 0 612 0 271 0 190

Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 106 2283 0 0 1826 349 0 311

Arrive On Green 0.06 0.64 0.00 0.00 0.51 0.00 0.20 0.00 0.20

Sat Flow, veh/h 1781 3647 0 0 3741 0 1781 0 1585

Grp Volume(v), veh/h 31 473 0 0 612 0 271 0 190

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 1.1 3.6 0.0 0.0 6.6 0.0 9.4 0.0 7.1

Cycle Q Clear(g _c), s 1.1 3.6 0.0 0.0 6.6 0.0 9.4 0.0 7.1

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 106 2283 0 0 1826 349 0 311

V/C Ratio(X) 0.29 0.21 0.00 0.00 0.34 0.78 0.00 0.61

Avail Cap(c_a), veh/h 288 2283 0 0 1826 617 0 549

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 29.3 4.8 0.0 0.0 9.3 0.0 24.8 0.0 23.9

Incr Delay (d2), s/veh 0.6 0.2 0.0 0.0 0.5 0.0 2.8 0.0 1.4

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.8 1.5 0.0 0.0 3.7 0.0 7.0 0.0 4.7

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 29.8 5.0 0.0 0.0 9.8 0.0 27.6 0.0 253

LnGrp LOS C A A A A C A C

Approach Vol, veh/h 504 612 461

Approach Delay, s/veh 6.5 9.8 26.6

Approach LOS A A C

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 47.3 8.4 38.9 17.7

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 32.0 10.5 17.0 22.5

Max Q Clear Time (g_c+I1), s 5.6 3.1 8.6 11.4

Green Ext Time (p_c), s 4.2 0.0 3.1 1.4

Intersection Summary

HCM 6th Ctrl Delay 13.7

HCM 6th LOS B

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2
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HCM 6th Signalized Intersection Summary Existing with Project Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday PM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT  SBR
Lane Configurations L 44 14 <

Traffic Volume (veh/h) 6 413 0 0 727 56 721 1 669 0 0 0
Future Volume (veh/h) 6 413 0 0 727 56 721 1 669 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 6 444 0 0 782 0 775 1 719

Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 25 1503 0 0 1207 739 1 658

Arrive On Green 0.01 0.42 0.00 0.00 0.34 0.00 0.42 0.42 0.42

Sat Flow, veh/h 1781 3647 0 0 3741 0 1779 2 1585

Grp Volume(v), veh/h 6 444 0 0 782 0 776 0 719

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 0.2 5.4 0.0 0.0 12.1 0.0 27.0 0.0 27.0

Cycle Q Clear(g_c), s 0.2 5.4 0.0 0.0 12.1 0.0 27.0 0.0 27.0

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 25 1503 0 0 1207 740 0 658

V/C Ratio(X) 0.24 0.30 0.00 0.00 0.65 1.05 0.00 1.09

Avail Cap(c_a), veh/h 247 1503 0 0 1207 740 0 658

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(T) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 31.7 12.4 0.0 0.0 18.2 0.0 19.0 0.0 19.0

Incr Delay (d2), s/veh 1.8 0.5 0.0 0.0 2.7 0.0 46.6 0.0 62.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.2 33 0.0 0.0 8.2 0.0 27.0 0.0 28.9
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 33.5 12.9 0.0 0.0 20.9 0.0 65.6 0.0 81.8
LnGrp LOS C B A A C F A F
Approach Vol, veh/h 450 782 1495
Approach Delay, s/veh 13.1 20.9 73.4
Approach LOS B C E

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 33.0 5.4 27.6 32.0

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 27.5 9.0 14.0 27.0

Max Q Clear Time (g_c+I1), s 7.4 2.2 14.1 29.0

Green Ext Time (p_c), s 3.5 0.0 0.0 0.0
Intersection Summary

HCM 6th Ctrl Delay 48.4

HCM 6th LOS D

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2 Synchro 11 Report
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HCM 6th Signalized Intersection Summary
1: SR-57 Fwy NB Ramps & Diamond Bar Blvd

Future Cumulative Pre-Project Conditions

Weekday AM Peak Hour

N
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations L 44 14 <

Traffic Volume (veh/h) 30 471 0 0 612 213 251 0 198 0 0 0
Future Volume (veh/h) 30 471 0 0 612 213 251 0 198 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 32 501 0 0 651 0 267 0 211
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2
Cap, veh/h 108 2288 0 0 1827 346 0 308
Arrive On Green 0.06 0.64 0.00 0.00 0.51 0.00 0.19 0.00 0.19
Sat Flow, veh/h 1781 3647 0 0 3741 0 1781 0 1585
Grp Volume(v), veh/h 32 501 0 0 651 0 267 0 211
Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585
Q Serve(g_s), s 1.1 3.8 0.0 0.0 7.1 0.0 9.2 0.0 8.0
Cycle Q Clear(g _c), s 1.1 3.8 0.0 0.0 7.1 0.0 9.2 0.0 8.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 108 2288 0 0 1827 346 0 308
V/C Ratio(X) 0.30 0.22 0.00 0.00 0.36 0.77 0.00 0.68
Avail Cap(c_a), veh/h 288 2288 0 0 1827 617 0 549
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.2 4.8 0.0 0.0 9.4 0.0 24.8 0.0 24.3
Incr Delay (d2), s/veh 0.6 0.2 0.0 0.0 0.5 0.0 2.7 0.0 2.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(95%),veh/In 0.8 1.6 0.0 0.0 4.0 0.0 6.9 0.0 5.3
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 29.8 5.0 0.0 0.0 9.9 0.0 27.5 0.0 26.3
LnGrp LOS C A A A A C A C
Approach Vol, veh/h 533 651 478
Approach Delay, s/veh 6.5 9.9 27.0
Approach LOS A A C

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 47.4 8.4 38.9 17.6

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 32.0 10.5 17.0 22.5

Max Q Clear Time (g_c+I1), s 5.8 3.1 9.1 11.2

Green Ext Time (p_c), s 4.4 0.0 32 1.4
Intersection Summary

HCM 6th Ctrl Delay 13.7

HCM 6th LOS B

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2
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HCM 6th Signalized Intersection Summary Future Cumulative Pre-Project Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday PM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT  SBR
Lane Configurations L 44 14 < ol

Traffic Volume (veh/h) 6 462 0 0 798 61 704 1 702 0 0 0
Future Volume (veh/h) 6 462 0 0 798 61 704 1 702 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 6 497 0 0 858 0 757 1 755

Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 25 1503 0 0 1207 739 1 658

Arrive On Green 0.01 0.42 0.00 0.00 0.34 0.00 0.42 0.42 0.42

Sat Flow, veh/h 1781 3647 0 0 3741 0 1779 2 1585

Grp Volume(v), veh/h 6 497 0 0 858 0 758 0 755

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 0.2 6.1 0.0 0.0 13.7 0.0 27.0 0.0 27.0

Cycle Q Clear(g_c), s 0.2 6.1 0.0 0.0 13.7 0.0 27.0 0.0 27.0

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 25 1503 0 0 1207 740 0 658

V/C Ratio(X) 0.24 0.33 0.00 0.00 0.71 1.02 0.00 1.15

Avail Cap(c_a), veh/h 247 1503 0 0 1207 740 0 658

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(T) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 31.7 12.6 0.0 0.0 18.7 0.0 19.0 0.0 19.0

Incr Delay (d2), s/veh 1.8 0.6 0.0 0.0 3.6 0.0 39.4 0.0 83.0

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.2 3.8 0.0 0.0 9.1 0.0 24.8 0.0 345
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 33.5 132 0.0 0.0 22.3 0.0 58.4 0.0 102.0
LnGrp LOS C B A A C F A F
Approach Vol, veh/h 503 858 1513
Approach Delay, s/veh 13.4 22.3 80.2
Approach LOS B C F

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 33.0 5.4 27.6 32.0

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 27.5 9.0 14.0 27.0

Max Q Clear Time (g_c+I1), s 8.1 2.2 15.7 29.0

Green Ext Time (p_c), s 4.0 0.0 0.0 0.0
Intersection Summary

HCM 6th Ctrl Delay 51.2

HCM 6th LOS D

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2 Synchro 11 Report
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HCM 6th Signalized Intersection Summary
1: SR-57 Fwy NB Ramps & Diamond Bar Blvd

Future Cumulative with Project Conditions

Weekday AM Peak Hour

N
Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations L 44 14 <

Traffic Volume (veh/h) 30 471 0 0 611 213 261 0 198 0 0 0
Future Volume (veh/h) 30 471 0 0 611 213 261 0 198 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870
Adj Flow Rate, veh/h 32 501 0 0 650 0 278 0 211
Peak Hour Factor 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94
Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2
Cap, veh/h 108 2267 0 0 1805 357 0 318
Arrive On Green 0.06 0.64 0.00 0.00 0.51 0.00 0.20 0.00 0.20
Sat Flow, veh/h 1781 3647 0 0 3741 0 1781 0 1585
Grp Volume(v), veh/h 32 501 0 0 650 0 278 0 211
Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585
Q Serve(g_s), s 1.1 3.9 0.0 0.0 7.2 0.0 9.6 0.0 8.0
Cycle Q Clear(g _c), s 1.1 3.9 0.0 0.0 7.2 0.0 9.6 0.0 8.0
Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00
Lane Grp Cap(c), veh/h 108 2267 0 0 1805 357 0 318
V/C Ratio(X) 0.30 0.22 0.00 0.00 0.36 0.78 0.00 0.66
Avail Cap(c_a), veh/h 288 2267 0 0 1805 617 0 549
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.2 5.0 0.0 0.0 9.6 0.0 24.6 0.0 24.0
Incr Delay (d2), s/veh 0.6 0.2 0.0 0.0 0.6 0.0 2.7 0.0 1.8
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(95%),veh/In 0.8 1.7 0.0 0.0 4.1 0.0 7.2 0.0 52
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 29.8 52 0.0 0.0 10.2 0.0 27.4 0.0 25.7
LnGrp LOS C A A A B C A C
Approach Vol, veh/h 533 650 489
Approach Delay, s/veh 6.7 10.2 26.6
Approach LOS A B C

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 47.0 8.4 38.5 18.0

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 32.0 10.5 17.0 22.5

Max Q Clear Time (g_c+I1), s 5.9 3.1 9.2 11.6

Green Ext Time (p_c), s 4.4 0.0 3.1 1.4
Intersection Summary

HCM 6th Ctrl Delay 13.9

HCM 6th LOS B

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2

LLG Engineers

Synchro 11 Report
12/22/2022



HCM 6th Signalized Intersection Summary Future Cumulative with Project Conditions

1: SR-57 Fwy NB Ramps & Diamond Bar Blvd Weekday PM Peak Hour
N

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT  SBR
Lane Configurations L 44 14 < ol

Traffic Volume (veh/h) 6 460 0 0 796 61 737 1 702 0 0 0
Future Volume (veh/h) 6 460 0 0 796 61 737 1 702 0 0 0
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No

Adj Sat Flow, veh/h/In 1870 1870 0 0 1870 1870 1870 1870 1870

Adj Flow Rate, veh/h 6 495 0 0 856 0 792 1 755

Peak Hour Factor 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Percent Heavy Veh, % 2 2 0 0 2 2 2 2 2

Cap, veh/h 25 1503 0 0 1207 739 1 658

Arrive On Green 0.01 0.42 0.00 0.00 0.34 0.00 0.42 0.42 0.42

Sat Flow, veh/h 1781 3647 0 0 3741 0 1779 2 1585

Grp Volume(v), veh/h 6 495 0 0 856 0 793 0 755

Grp Sat Flow(s),veh/h/In 1781 1777 0 0 1777 0 1781 0 1585

Q Serve(g_s), s 0.2 6.1 0.0 0.0 13.6 0.0 27.0 0.0 27.0

Cycle Q Clear(g_c), s 0.2 6.1 0.0 0.0 13.6 0.0 27.0 0.0 27.0

Prop In Lane 1.00 0.00 0.00 0.00 1.00 1.00

Lane Grp Cap(c), veh/h 25 1503 0 0 1207 740 0 658

V/C Ratio(X) 0.24 0.33 0.00 0.00 0.71 1.07 0.00 1.15

Avail Cap(c_a), veh/h 247 1503 0 0 1207 740 0 658

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(T) 1.00 1.00 0.00 0.00 1.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 31.7 12.6 0.0 0.0 18.7 0.0 19.0 0.0 19.0

Incr Delay (d2), s/veh 1.8 0.6 0.0 0.0 35 0.0 54.0 0.0 83.0

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(95%),veh/In 0.2 3.8 0.0 0.0 9.1 0.0 29.3 0.0 345
Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 33.5 132 0.0 0.0 222 0.0 73.0 0.0 102.0
LnGrp LOS C B A A C F A F
Approach Vol, veh/h 501 856 1548
Approach Delay, s/veh 13.4 22.2 87.1
Approach LOS B C F

Timer - Assigned Phs 2 5 6 8

Phs Duration (G+Y+Rc), s 33.0 5.4 27.6 32.0

Change Period (Y+Rc), s 5.5 4.5 5.5 5.0

Max Green Setting (Gmax), s 27.5 9.0 14.0 27.0

Max Q Clear Time (g_c+I1), s 8.1 2.2 15.6 29.0

Green Ext Time (p_c), s 4.0 0.0 0.0 0.0
Intersection Summary

HCM 6th Ctrl Delay 553

HCM 6th LOS E

Notes

Unsignalized Delay for [WBR] is excluded from calculations of the approach delay and intersection delay.

Royal Vista Residential and Parks Project/1-20-4388-2 Synchro 11 Report
LLG Engineers 01/05/2023
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