CITY OF PORTLAND BUREAU OF PLANNING AND SUSTAINABILITY

WHI Environmental Foundation Study
Executive Summary

FINAL

JuLy, 2010

PREPARED BY

@ENTHlx

Down to Earth. Down to Business>

ENTRIX, Inc.
111 SW Columbia St
Suite 950
Portland, Or 97201
T 503.233.3608 = F 503.575.3340






Table of Contents

EXECULIVE SUMMAIY e 1
10T [UTox 1 oo PP 1
Y= i To o (o] o | 2
Regional Context for Natural Resource Evaluation............ccccovveieiirver e e e 7
Natural Resource Quality and QUEINTITY ..........cceeiriririerierieieieesie e 9
Natural RESOUICE IMPOITANCE. .......eeiiiieieeeieeiesie ettt e st sae e eneeneesaeeneenee e 13
Limiting Factors to Natural Resource Function with Mixed USeS..........ccccvcvvcvvceevieccieeceenne, 15
RESLOratiOn POLENLIA .........ccueriiiiiiiiiieieeeeees et 18
ECOSYSIEM SENVICES VAIUE......c.eiiiiieeee s 20
Tables
Table ES-1 Species-Habitat ASSOCIationS 0N WHI ........oooveiie e 8
Table ES-2 ATV L P Tl A o == o S 9
Table ES-4 Summary of Relative Sensitivity of Limiting Factors on WHI Indicator Species................... 17
Table ES-5 Summary of Quantified Ecosystem ServicesVaueson WHI ... 23
Figures
o [0 e A 1 (o |V A == WSS 5
FigureES-2  Habitat ClassifiCaliONS..........coueiiiiiiieiisieree et 11
FigureES-3  Habitat Types and Acreage Distribution by QUality........ccccceeceeii s 13

ENTRIX, INC.






Executive Summary

INTRODUCTION

The City of Portland (City) is considering annexation and development of a long-term land use plan for West
Hayden Island (WHI). This process requires not only annexing and zoning the property, but also an
assessment of natural resources, potential conflicting land uses, and marine industrial and recreational uses.
WHI is approximately 800 acres and is the undevel oped western portion of Hayden Island, located in the
Columbia River near the confluence with the Willamette River. WHI is owned by the Port of Portland, and
was added to the region’ s urban growth boundary in 1983 for marine industrial purposes. It is both a
potentially important economic resource and an important natural resource, containing undeveloped open
space in alocation with habitat value. WHI is designated as Marine Industrial Land on Metro’s 2040 Growth
Concept Map, and as a Regionally Significant Industrial Area on the Title 4 map in the Urban Growth
Functional Plan. WHI isalso identified by Metro as a high value riparian area and a Habitat of Concernin the
regional inventory, and as a Moderate Habitat Conservation Areain Title 13.

The WHI Environmental Foundation Study will serve as a foundation study for the zoning and annexation of
WHI and isintended to provide background information for the current planning process and future WHI
studies. The objective of the study isto identify and describe the functional values of natural resources on
WHI. The study isintended to address some of the requirements of Oregon Administrative Rules, Chapter
660 and Division 5. Thiswork will aso inform the Economic, Social, Environmental, and Energy (ESEE)
Analysisto be completed as part of the City land use plan for WHI.

The Environmental Foundation Study provides a detailed understanding of the condition, function, and value
of WHI natural resources. The study also identifies the limiting factors or constraints to natural resource
function if there are mixed uses (e.g. recreation and/or marine industrial activities) on WHI. A companion
study, the Economic Foundation Study, provides information about marine-related industrial land needs
relative to WHI and its surroundings over the next 30 years. A third recreation study describes recreation
participation, development potential, and value on and around WHI. Together these studies provide
information on the importance and potential contribution of WHI in three different land uses: habitat, marine-
industrial use, and recreation.

Broadly, the scope of thiswork isto analyze and build upon existing data and studies to 1) document the
historical and current natural resource conditions on WHI; 2) evaluate the quantity and quality of WHI natural
resources and the ecological importance of WHI within the larger ecosystem context; 3) assess the limiting
factors or constraints from a natural resource function perspective on mixed land use of WHI; 4) identify
opportunities for restoration of natural resource function on WHI; and 5) estimate the economic value of
ecosystem services provided by natural resources on WHI.

In terms of geographic scope, the analysisis focused on WHI within the context of natural resourcesin the
City of Portland. In order to identify the regional role and importance of WHI natural resources, the anaysis
also includes alimited review of natural resources located throughout the Lower Columbia River. Dueto
time and resource constraints, the scope of the analysisis based on existing data and readily available
information.

The study is intended to utilize the best available data to identify, quantify, and evaluate natural resources on
WHI. To accomplish this scope of work within the alotted timeframe and resources, certain assumptions
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were necessary. Furthermore, the study is limited by the existing data, information collected from interviews,
and two field-based tours. While the field tours allowed analysts to calibrate habitat classifications for aerial
photograph analysis, additional field data collection was not included in the scope of work. To compensate
for these data gaps, the study assumed spatial and classification reliability of Port-derived GIS data and relied
on key literature and reports and interviews with regional experts.

There are seven additional sections of this report that cover, respectively, 1) methodology, 2) regional context
for natural resource evaluation, 3) natural resource quality and quantity evaluation, 4) natural resource
importance evaluation, 5) limiting factors to natural resource function in the presence of mixed use
development, 6) potential for restoration on WHI to restore natural resource function, and 7) the economic
value of ecosystem services provided by WHI natural resources.

METHODOLOGY

The evaluation framework is structured to provide information on WHI resources, including: identification,
location, quantity, relative quality, and regional importance. The evaluation framework is based on the City’s
Natural Resource Inventory Update (NRIU). The framework includes two components for evaluating WHI
natural resources: a quality/quantity evaluation and an importance evaluation. The purpose and geographic
area of analysis of the quality/quantity and importance evaluations are highlighted below:

e Quality/Quantity Evaluation. This evaluation rates the relative quality and quantity of WHI natural
resources relative to other natural areas in the City of Portland. The quality/quantity evaluation rates the
WHI natural resources based on such factors as landscape features, vegetation, and associated ecosystem
function. The criteriafor rating WHI resources vary by habitat type. The analysisisaWHI-scale
evaluation that results in a quality/quantity rating at each location on WHI.

e Importance Evaluation. Thisevauation rates the relative local importance of WHI natural resourcesin
the context of other natural areas within a broader study area (defined below) including other islands and
natural areas within the Columbia River corridor. The importance evaluation rates the importance of WHI
natural resources in the broader ecosystem context, and incorporates such factors as location, resource
size, and relationship to other resources in the study area. The importance evaluation is separate from the
City’ s significance determination that will occur as part of the ESEE analysis required by the State of
Oregon.

Relationship to City’s Natural Resource Inventory Update (NRIU)

The structure of the quality/quantity evaluation framework is based on the City’s NRIU and Metro’ s regional
inventory of riparian corridors and wildlife habitat. The City’s NRIU rates the quality/quantity of natural
resources in the City based on ecosystem function and landscape attributes. The City's NRIU is a city-wide,
GIS based inventory of natural resources and the functions provided by those resources. WHI has been
included in the GIS mapping and modeling. The NRIU assesses riparian corridor functions and wildlife
habitat attributes provided by the natural resources. The NRIU also ranks the relative quality and quantity of
the natural resources. The ENTRIX evaluation framework expands and enhances the NRIU by defining and
separately analyzing different wildlife habitat types. Additionally, the ENTRIX evaluation framework
enhances the NRIU by including an additional analysis of the importance of WHI resources based on their
function and role at the larger study area scale; this analysis incorporates information on the size, location,
and interrelationship of WHI resources to other resources in the study area.

The Environmental Foundation Study will inform the City's development of an area-specific Natural
Resources Inventory (NRI) for WHI. The area-specific NRI will include refined GI'S mapping and modeling
aswell as narratives that provide more detailed information obtained from the Environmental Foundation

Study.
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EXECUTIVE SUMMARY

Geographic Scale of Analysis

There are two geographic scales defined for the current conditions analysis. the planning area and the study
area. WHI isthefocus of the analysis and constitutes the planning arez; it is the relatively undevel oped
western portion of Hayden Island, which islocated in the Columbia River along the Oregon shoreline near the
confluence with the Willamette River. WHI encompasses 827 acres of the 1,400-acre Hayden Island.

The waterways on both sides of Hayden Island are federally-authorized navigation channels. Hayden Iland
extends from just upstream of the mouth of the Willamette River, near Columbia River Mile (RM) 102, to
where it merges with Tomahawk Island near RM 106. The WHI planning areaincludes all land on Hayden
Island that is westward of the Burlington Northern Santa Fe Railroad line that crosses theisland (see Map
ES-1). Natura resourcesin the WHI planning area are assessed in this analysis for their quality/quantity and
for their regional ecological importance. The Columbia River stretch that includes WHI has been designated
as critical habitat for federally-listed salmon and steelhead and is designated as Class 1 riparian habitat and a
“Habitat of Concern” * under Metro’s Title 13.

The second geographic scale is the study area (see Map ES-1). The study area defines the region in which
the importance and ecological context of WHI resources are assessed. The study area for the importance
evaluation is based on geographic features, including the Columbia River from the confluence with the Sandy
River to the Lewis River; regional habitat areas including Ridgefield Wildlife Refuge, Shillapoo Natural

Area, Vancouver Lake, Smith and Bybee Wetlands, the Willamette River upstream to the Willamette Falls;
and others. The study area recognizes WHI as part of a chain of low islands of deposited sediments. Thisarea
includes such geographic features as the Lower Willamette River, Columbia River estuary, Government
Island, Vancouver Lake, Forest Park, Ridgefield National Wildlife Refuge, Shilapoo and Sauvie Island
Wildlife areas, Smith and Bybee Lakes, extensive agricultural lands, extensive private forest land, and various
intensities of urban/suburban development, including Portland’ s metropolitan area. 1n some instances, the
analysis also considers some factors that influence the quality and importance of WHI resources from the
broader region that includes the area of the Sandy River Delta, areas upstream of Portland Harbor to
Willamette Falls, and large contiguous public and private forestlands west of WHI.

Natural Resource Habitats Definition and Evaluation Criteria

Seven types of natural resources on WHI are defined and separately analyzed. These include three types of
aguatic habitat: shallow water (SWH), upper beach (UBC), and wetlands (WET). Four types of terrestrial
habitat are also defined: riparian fringe (RIP), forest/woodland (FW), shrubland (SHR), and grassland (GRA).
In general, each location on WHI is defined as one habitat type. The exception is RIP, which is defined as the
zone within 150 feet of the Columbia River or wetland shoreline. All areas within this zone are classified as
riparian fringe and as another habitat type based on the vegetation present, whether FW, SHR, or GRA.

The quality/quantity evaluation rates the condition of WHI habitats based on landscape features and
associated level of ecosystem function. It is a site-specific evaluation that resultsin an overall

quality/quantity rating (on a scale from O to 3, or low to high) for each habitat at each location on WHI. This
rating is a comparative rating relative to other natural areas in the City of Portland with this habitat type, and
portrays the varying quality of habitat across WHI. Criteria and scoring rules are defined for each habitat type
and used to determine the site-specific quality/quantity rating. These criteria are based on peer-reviewed
science.

! Boundaries of Class 1 Ri parian Areas through Metro include vegetated area within the first 50 feet of surface streams and canopied or woody

vegetation within the first 100 feet of wetlands. Habitats of Concern are areas recognized as important to overall goals of conservation, protection
and restoration. The designation recognizes the importance of stream and river corridor connectivity to adjacent upland habitats.

ENTRIX, INC. ES-3



This page intentionally left blank.

ES-4 ENTRIX, INC.






ES-6 ENTRIX, INC.



EXECUTIVE SUMMARY

REGIONAL CONTEXT FOR NATURAL RESOURCE EVALUATION

This section presents information regarding the historic and current contributions of WHI habitats and their
functions. This provides the context for considerations of future land use. The evaluation addresses a variety
of watershed functions relating to hydrology, water quality, and fish and wildlife habitat. For resource
managers and planners, it is important to know the range of critical ecological processes and conditions that
have characterized particular ecosystems over specified time periods and under varying degrees of human
influences. Information on how ecosystems functioned and sustained themselves prior to major human
modification provides areference point for understanding the ecological potential of alandscape.

Key points regarding the regional context for WHI include:

Historic Conditions. What is now Hayden Island was in the late 19th century two islands (Tomahawk
Island and Hayden Island) with marshland connectivity. Placement of dredge material and accretion of
sediment due to pile dikes and groins near Hayden Island have resulted in formation of the existing extent
of theidland. In addition to dredge material placement, habitats on WHI have been affected by dam
operations which have reduced flood frequency/magnitude and flow variation on the lower Columbia
River.

Influence of Columbia River. Natural resource conditions on WHI are largely influenced and
determined by the Columbia River. The Columbia River has the fourth highest discharge and the fourth
largest drainage areafor an American river. The shape and form of the Columbia River and its estuarine
areais aproduct of two vastly different time scales. First, it isthe product of long-term cumulative
geologic, fluvial, and hydrologic processes and second, it is the product of comparatively recent

hydrol ogic management and sediment management processes that have been implemented over the past
century. The presence of hydroelectric dams has altered fundamental habitat-forming and maintenance
processes in the Lower Columbia River.

Study Area. The study areato assess the regional ecological importance of WHI natural resources
includes the Portland-V ancouver-Beaverton metropolitan areas, with predominantly dense urban land use
but also some preserved natural areas, narrow riparian areas along the Columbia River, and some
agricultural lands. WHI links natural areasin the study area, including providing alinkage between the
Vancouver Lake and the Smith/Bybee L akes and wetlands complex. The area captures significant water
bodies and large natural areas to provide a reasonable characterization of other areas that provide
ecosystem functions in the study area.

Species and Habitat Associations. Many fish and wildlife speciesrely on WHI as a migration corridor
and area for nesting, breeding, foraging, and rearing young. At least 39 species of resident and
anadromous fish, including 20 native species, have been documented in the lower Willamette River (Farr
and Ward 1993) and most if not all have areasonable chance of occurring in the WHI area. Many
migratory birds nesting near or within the planning and study area also forage in the open water and
nearshore habitats. These include piscivorous species such as bald eagle, osprey, double-crested
cormorant, great blue heron, belted kingfisher, common and hooded mergansers, and other waterfowl.
WHI riparian fringe, upper beach and shallow water habitats and their associated vegetation habitat is
suitable for passerines and aquatic-associated birds. Cliff swallows, various waterbirds, and shorebirds
such as spotted sandpiper utilize the beach/intertidal area for nesting and foraging.

Mammals including mink and river otter use the riparian and upper beach as foraging corridors as well as
shallow water habitats and are known to rear young along the shorelines. Northern red-legged frogs and
Pacific tree frogs occur in the planning area, and long-toed salamander are expected in the planning area
although comprehensive amphibian surveys have not occurred. The nearshore habitats, low water velocity
areas, shoreline embayments, and ponds, in particular those that contain vegetative or woody structure,
are important breeding and foraging areas for these amphibian species. Western painted turtles and
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northwestern pond turtles use the lower Columbia corridor, in particular bottomland habitat, seasonal
wetlands, and slow flow, low energy habitats such as ponds and sloughs. Table ES-1 provides an
overview of species-habitat use on WHI in relation to the habitats. The table is not intended to be
comprehensive since many other species may use the island for various seasons and lengths of time.

Table ES-1 Species-Habitat Associations on WHI

. HABITAT TYPE USE
Species
SHW UBC RIP WET FOR SHR GRA

FISH

White crappie, black crappie, smallmouth bass, largemouth bass, bluegill,

pumpkinseed, yellow perch, Northern pikeminnow, peamouth, largescale sucker,

walleye Oregon chub, green sturgeon, white sturgeon, lamprey, coho, chum, X X X X

Columbia River bull trout, cutthroat trout

Listed: Snake River (SR) sockeye, SR Spring/Summer Chinook, SR Fall chinook, SR

steelhead, Upper Columbia River (UCR) Steelhead , UCR Spring Chinook, Lower

Columbia River (LCR) steelhead, LCR Chinook, Columbia River chum, Middle X X X

Columbia River steelhead, Upper Willamette River (UWR) Steelhead, UWR Chinook
MAMMALS

Raccoon, coyote, mole, brush rabbit X X X X X

Listed: Columbia White-tailed deer X X
BIRDS

Resident birds: dark-eyed junco, song sparrow, American robin, black-capped

chickadee, and red-breasted nuthatch, warbler sp., tricolored blackbird, olive-sided
flycatcher, little willow flycatcher; Overwintering: fox sparrow, white throated sparrow; X X X X X
Nesting and Foraging: pileated woodpecker, black-capped chickadee, swallow s.;

Raptors, Hawks and Owls: osprey, northern harrier, bald eagle, hawks (up to 6

species), owls (up to 6 species) X X X X X
Waterfowl: mallard, sea ducks, brant, wood duck, cinnamon teal, canvasback, Canada

goose, Ross's goose, double-breasted cormorant X X X

Loons, grebes, herons, egrets and bitterns X X X

Listed: Aleutian Canada goose (potential use), bald eagle X X X

AMPHIBIANS AND REPTILES

Oregon Spotted frog, Northern Red-legged frog, Northwestern pond turtle, painted
turtle, Pacific chorus frog, long-toed salamander, garter snakes X X X X X

INVERTEBRATES

Lepidoptera (butterfly) sp., Heterocera (moth sp.), cabbage white, satyr angelwing,
painted lady, mylitta crescent, spring azure X X X X

BENTHIC COMMUNITY

Nematode, oligochetes, bivalves, stone fly, caddis fly, mayfly, isopods, amphipods X X

MACROINVERTEBRATES

Mayflies, dragonflies, damselflies, Daphnia, scud, water beetles, water boatman,
midges, fairy shrimp, water striders X X X X

PLANTS

Listed: Howellia, Wilamette daisy, Bradshaw's lomatium, golden paintbrush, Kincaid's
lupine, Nelson's checkermallow X X X X X

Sources: Port of Portland 1995 (based on probable use/potential use drawing from Puget Island sub-population), ODFW species distribution descriptions
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EXECUTIVE SUMMARY

NATURAL RESOURCE QUALITY AND QUANTITY

The purpose of this section isto describe the quality and quantity of WHI natural resources relative to other
natural resources located in the City of Portland. The quality/quantity evaluation is conducted at the site-
specific scale, and rates the quality/quantity of WHI keystone elements based on landscape features and
ecosystem function at the site. As described above, the criteriafor evaluating WHI natural resourcesis
largely based on the criteria developed for the City’ s NRI, with additional criteria developed specifically for
WHI habitat types. All criteria used to evaluate quantity/quality of WHI resources are derived using available
geospatial dataaswell asanalysis using aerial photographs.

This section contains three parts. The first part describes the quantity and location of WHI habitats, while the
second presents the results of the quality/quantity analysis. The third part places the findings in context by
describing other considerations that affect the assessment of quality on WHI.

The land area of WHI, noted in regional reports, varies between 820 to 830 acres depending on study
boundaries. This assessment includes additional acreage for aquatic habitats of SWH and UBC, bringing total
acreage evaluated to 1,045. Of this 1,045, there are 260 acres that are also evaluated based on their location
in the RIP, defined as the area within 150 feet of the Columbia River or awetland. Vegetation in this zoneis
classified as habitat both according to its vegetation type and for itslocation in the RIP. The acreage in each
habitat type is presented in Table ES-2. Nearly half (415 acres) of WHI habitat is FW (of which 158 acresis
located within RIP). SWH and RIP are the second most abundant habitats (260 and 240 acres, respectively).
The next most abundant habitat type is GRA with 227 acres, of which 101 acres are located in the dredge
material management area. Table ES-2 summarizes WHI acreage by habitat type, while Map ES-2 spatially
presents location and extent of the habitat types on WHI.

Table ES-2 WHI Habitat Acreage

Habitat Acres
Shallow Water 240
Upper Beach 28
Riparian Shrubland 31
Fringe

Forest/woodland 158
(260 acres)

Grassland/herbaceous 70
Wetland 59
Forest/woodland 415
Grassland/herbaceous 227

Grassland/herbaceous (Dredge Material Storage Area) 101

Shrubland (acres outside of Riparian Fringe) 76* (45)
TOTAL (not including duplicative Riparian Fringe area) 1,045

1. This criteria was used to capture unclassified or covers not used in forming habitats such as developed area, roads, facility.
* Includes acreage of this vegetation community found in Riparian Fringe
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EXECUTIVE SUMMARY

Overall quality/quantity ratings developed for WHI habitat are provided on a continuous scale from 0 (low) to
3 (high). These overall quality ratings are based on the average score resulting from a collection of criteria
and scoring rules defined for each habitat type. Overall quality/quantity ratings of WHI habitat at specific
sitesrange from alow of 0.4 to ahigh of 3.0. Asindicated in Figure ES-3, much of the habitat on WHI is
rated between 2.0 to 2.5, with 60 percent of the acreage falling in thisrange. Nearly all habitat acreage
(approximately 86 percent) israted between 1.5 and 2.75. Six percent of al acreage rates below 1.5, with
acreage of all habitat types except SHR occurring in this lower rating range on WHI. With the exception of
WET and FW, all habitat types have acreage rated above 2.75. Habitat rating above 2.75 accounts for eight
percent of all acreage on WHI.

In general, habitat on WHI is rated on the higher end of the quality/quantity scale due to the large size of the
natural area, the diversity of vegetation, and the connectivity to water on the island. Within the context of an
urban ecosystem, these attributes result in arelatively high quality habitat area. However, thisis not to say
that the habitat on WHI is currently at itsfull ecological potential. Past land use impacts have affected the
natural development and productivity potential. Asdescribed in Appendix A, it is expected that restoration
actions on the island would result in enhanced wildlife habitat resources and enhanced overall ecological
functioning.
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Figure ES-3 Habitat Types and Acreage Distribution by Quality

NATURAL RESOURCE IMPORTANCE

The importance evaluation is conducted at a broader geographic scale and rates the importance of WHI
natural resources in the context of the larger study area, as depicted in Map ES-1. The study areaincludes
the larger river corridors and nearby significant natural areas in the Columbia River corridor. This geographic
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scale accommodates larger-scale processes than observed in the immediate WHI locale, provides for
considerations of connectivity between large natural areas for migratory birds, and includes consideration for
similar habitats within the river corridor.

As described above, the importance evaluation incorporates such factors as location (geographic factors),
resource size, trends (temporal factors), and relationship to other resources in the study area. A review of
regional environmental resource reports finds WHI and the Columbia River/Willamette reach containing it as:
1) afish migration corridor, 2) a center for multiple regiona flyways, 3) akey terrestrial-aquatic habitat area
within aregion of isolated forest blocks, and 4) an areathat hosts viable bottomland forest community that
supports highly diverse species populations.

These findings are considered in developing criteria to qualitatively describe the importance of WHI

resources in aregional context at both the Habitat Level and thelsland Level. The habitat level analysis
evaluates the importance of each WHI habitat type based on status and trends in scarcity and abundance of the
habitat type and relative contribution to threatened and endangered species. The island-level importance
rating eval uates the importance of the assemblage of WHI natural resources, based on the following four
criteria: size of habitat area, relationship to other natural resource areas, connectivity to water, and geographic
location.

Key findings are as follows:

o Habitat Level. At the habitat level analysis, each habitat on WHI is rated with high importance. WHI
contains asmall component of each habitat type represented in the study area. Loss of these particular
habitats would only represent a small percentage of the habitats in the study area. The baseline conditions
of these habitats in the study area indicate drastic losses from historic conditions.? Small reductions of
habitat in an increasingly small habitat inventory have greater ecological significance. Resource use
becomes concentrated in these shrinking habitats, magnifying the importance of maintaining larger tracts
of habitat, particularly for river and watershed corridors.?

Due to these considerations, as well as regional habitat conservation guidance documents, all WHI habitat
types are rated as high importance. Regional habitat conservation guidance documents indicate that WHI
habitat types are considered to be of high importance (ODFW Conservation strategy). For example,
Oregon Department of Fish and Wildlife hasidentified the following strategy habitats within the
Willamette Valley and West Cascades. grasslands, wetlands, freshwater aquatic habitats, oak woodlands,
late successional conifer forests, and riparian habitats (including cottonwood galleries). Of these
habitats, al are present on WHI with the exception of oak woodlands and late successional conifer
forests. These strategy habitats were identified based on habitat loss since 1850 and based on historical
importance at the ecoregional scale, ecological similarity, amount of remaining habitat managed for
conservation value, limiting factors, and importance to strategy species. While all habitats are rated with
high importance, wetlands and shallow water habitat are potentially the habitats with the highest
importance on WHI due to their distribution in the study area and their contribution to sensitive species.

e Idand Level. Attheidand level analysis, WHI israted at high importance based on spatial location and
at medium importance based on habitat patch size, importance of functioning in other natural areas, and
level of connectivity to water. In general, findings are that WHI provides relatively high quality habitat in
aunique location. WHI is positioned at both an aquatic and terrestrial intersection at the Columbia
River/Willamette River confluence habitat and floodplain area. It isalarge undeveloped tract amidst a
fragmented urban |andscape that provides nesting and stopover opportunities for migratory birds using the
Pacific Flyway. The WHI habitat area viewed at the island-level as an assemblage of habitat types has

Oregon Department of Fish and Wildlife. 2006. The Oregon Conservation Strategy. Oregon Department of Fish and Wildlife. Portland, OR.
USDA NRCS. 1999. Conservation Corridor Planning at the Landscape Level: Managing for Wildlife Habitat.
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EXECUTIVE SUMMARY

greater importance due to its diverse habitat types located in close proximity, itsrelatively large sizein
the context of the Portland metropolitan area, itslocation at the center of migratory routes, and its
connectivity through its wetlands and shoreline areas to water.

LIMITING FACTORS TO NATURAL RESOURCE FUNCTION WITH MIXED USES

The purpose of this section isto identify potential limits to maintaining natural resource function in the face
of development. The section draws from preceding sections to identify and evaluate limiting factors to natural
resource function in the presence of mixed use development on WHI (particularly focusing on marine
terminal and recreation development). As described in the Economic Foundation Study, industrial
development would likely consist of marine terminals and potentially other marine industrial facilities.
Recreation development would vary based on the activities and facilities provided, but would likely include
beach access and boat docks or ramps. Hereafter, mixed use development refers to recreation and marine-
related industrial usesin conjunction with habitat preservation.

Details of the type, size and location of recreation or marine-related economic development of WHI are not
available at thistime. However, the likely developments of commercia infrastructure, marine terminal(s)
and/or recreational facilities may be on the order of 200 to 500 acres. There may be some combination of
buildings of various sizes and configurations, lighting and communications structures, parking lots, roads, rail
spurs, hiking/biking trails, maintained greenways, marine terminals; shoreline bulkheads, river channel
dredging, and other infrastructure. Associated with these facilities and activities may be noise, vibration,
artificial lighting, human activity, changes in surface and ground water hydrology, and other non-natural
disturbances, any or all of which may limit the natural resource function on WHI. These “limiting factors”
are the subject of this section.

While the effect will change based on the specific development and the species under consideration, in

general reduced habitat area due to development would be expected to result in an overall decrease in the
population size and diversity of animals and plants on WHI. With greater loss of any particular habitat type, a
decline in use by species adapted to that habitat would be expected. The magnitude, time frame, and
sequence of these population-level impacts are difficult to quantify without comprehensive baseline
information about WHI population abundance and distribution and their seasonal use of adjacent habitats such
as mainland, other island, and open water areas. In general though, the development of WHI is expected to
lead to adeclinein size, location, and diversity of habitats and thusto a decline in species use, abundance and
diversity on WHI.

This section identifies and describes six key limiting factors that may be most critical, or most limiting, to
natural resource function and species use in the face of development on WHI: hydrodynamics and shallow
water habitat function, habitat patch size and configuration, riparian function, wetland function, wildlife
movement and island habitat diversity, and disturbance associated with human activity.

The limiting factors have varying effects on key indicator species, which are species with a narrow range of
ecological tolerance to one or more limiting factors. The presence of such species provides a genera
indication of environmental conditions

Key findings regarding the effects of these limiting factors on key indicator species groups are as follows:

o Fish. Although there are many species of freshwater fish using mainstem Columbia River habitats,
Pacific salmon, especially juveniles, are one of the more sensitive generato water quality and quantity,
and physically diverse and complex habitats. On habitats associated with WHI, these effects are mostly
related to food web dynamics and use of sheltered (i.e., low current energy) shoreline areas for refuge
during extended outmigration periods. The highly migratory salmon do not necessarily have athreshold
limitation at the scale of WHI habitat (considered in the context of their overall Columbia River habitat)
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but the presence of WHI shallow water habitat components are beneficial to their freshwater survival. In
larger rivers such as the Columbia River that serve as migratory corridors, the continuity of habitats along
shoreline will contribute more towards survival factors of individual s than capacity of a watershed. WHI
shoreline areas provide this very important component of survival particularly for downstream migrants.
The functionality curve of shallow water habitats will be most directly influenced by the presence or
absence of complex habitats, embayments, or connected wetland habitats and a reasonable goal isto have
these features occur every one-quarter mile along the migration corridor.

o Amphibians. Amphibian populations are dependent on a variety of habitat types to meet the annual
requirements of their various life history stages. In particular, amphibians thrive in the moist terrestrial
and aguatic environments that WHI offers. The loss of any one of these habitats or the impairment of
movement between habitat types could result in the extirpation of the local population. The combination
of large river access, wetlands, and adjacent forested and shrub areas provide habitats for complete life
history of several amphibian species. Amphibian populations are highly sensitive to patch size and
configuration of habitat, riparian and wetland function, and the maintenance of wildlife corridorsto assist
in their distribution. Relative to many other amphibians, this requirement for a seasonal mosaic of habitat
types makes northern red-legged frogs particularly vulnerable to habitat loss or alteration. Maintaining 20
acres of the combined habitats per breeding pair of red-legged frog should allow populations to be
maintained.

o Reptiles. Reptiles are most sensitive to factors concerning patch size, wetland and riparian function,
movement corridors and human disturbance. 1n the Portland metropolitan area, turtles have been
observed making short-distance movements of at least 1 km around wetland complexes, but movement
can be much longer given aguatic connectivity and lengthy aquatic corridors (Gervais et al. 2009). A 56-
acre area can be a suitable area requirement for a breeding pair of turtles. One main consideration for the
extent of this acreage is the importance of visual screening from disturbances and predator avoidance. In
addition to the key limiting factors, the populations of western painted turtles are limited by predation by
bullfrog and non-native predatory fishes (bass). Potential road infrastructure could contribute to road
mortality and since western painted turtles are easily disturbed while basking, recreational activities could
disrupt behaviors. Rights-of-way of either de-vegetated areas or roadways can hinder migration or cause
road mortality, particularly for female turtles seeking nest sites. Provision of nesting habitat that is free of
human disturbance and close to water isimportant.

e Birds. The most abundant and diverse terrestrial wildlife group using WHI isbirds. WHI provides
protective characteristics of an island habitat for many species. Habitat patch size, habitat diversity, and
disturbance from human activity are the key limiting factors for bird species. Riparian functionisa
limiting factor, though to alesser extent, as all of WHI can function as riparian habitat. Even with some
impacts to habitat, riparian-obligate species such as belted kingfisher, great blue heron, and mallards are
likely to sustain a population on WHI, provided that adequate habitat patch size and connectivity between
forests and aquatic habitats are maintained. Different bird species require different amounts of habitats to
remain viable. Generally there are broad ranges of core habitat acreage needed for species and the forest
characteristic (age, structure) affects the required patch size, which can vary from less than 19 acresto
several hundred acres). WHI, with its high bird species diversity, hosts some species whose reproductive
success could be limited by loss of extensive forest/woodland or shrub habitat. Travel across fragmented
habitat can also have physiological effects on individuals and thus can affect breeding success.

e Mammals. Mammalian species are a diverse group, but in large part their successful productivity
depends on complex habitat structure, landscape connectivity, and access to water. Because these
features are often associated with riparian areas, riparian habitats may have more abundant small mammal
populations than upland areas (Doyle 1990; Bellows et al. 2000). Mammals are thus most sensitive to the
reduction in patch size and lack of diverse, adjacent habitats, so development occurring in areas of
greatest habitat diversity such asriparian areas would likely have the most impact on these species.
Although thereis limited regional information on patch size requirements for small mammals, Murphy
(2005) suggests that small mammals such as short-tail weasel, Oregon vole, Northern flying squirrel,
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shrews and chipmunks may need 25 acres of habitat patch to persist. Estimates per breeding pair of small
mammals are not available and the island geography will influence estimates that have been made on

larger landscapes. On an island biogeography, species often adapt to fulfilling life history requirementsin
smaller areas than the regional population would on larger landscapes.

o Summary. Table ES-4 isasummary of the expected relative sensitivity between indicator species and
the limiting factors for WHI. Following the table, a summary description is provided for each species
group regarding species requirements and their sensitivity to the limiting factors. The relative sensitivity
is based on Pacific Northwest ecology and species-habitat relationships. The ratings relate to their
influence on WHI in the context of proposed mixed use development. A high sensitivity indicates that the
limiting factor is a primary influence of the habitat on the abundance, productivity, survival, or other
measure(s) for a particular species or species group. A medium sensitivity indicates influence on these
same population factors but to alesser degree, possibly because the species could complete life history
needs with some reductionsin habitat or are known to adapt to local changes. A low sensitivity suggests

aminor response to the influence of known limiting factors.

Table ES-4 Summary of Relative Sensitivity of Limiting Factors on WHI Indicator Species

Relative Influence of Limiting Factors

Species Species Patch Size/ Hydrodynamics/ | Riparian Wetland Wildlife Movement | Disturbance
Group Configuration/ Shallow Water Function Function | Habitat Diversity | from Light,
Continuity Habitat Noise, Human
Presence
Fish Chinook Medium High Medium High Low Medium
Habitat May utilize
continuum; connected pond
shoreline for short time
connectivity every periods as
Yamile outmigrants
chum Medium High Medium Medium Low Low
Habitat
continuum;
shoreline
connectivity every
Ya mile
Amphibians Red-legged High Medium High High High Low
fro
9 Averages 20 May not utilize Potentially distant
acres per large river margin migration
breeding pair as much as
wetland
Northwestern Medium Low High High High Low
salamander )
Wet habitats and
adjacent forest
required
Reptiles Western pond High Medium High High High High
and western
painted turtles 56 acres per Although able to
breeding pair navigate somewhat
across culvert
barriers
Birds Forest Very high Low Medium Medium High High
breeding
songbirds 5-50 acres
Pileated High Low Medium Medium High Medium
woodpecker
650+ acres
White breasted | High Low Medium Medium High Medium
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Relative Influence of Limiting Factors
Species Species Patch Size/ Hydrodynamics/ | Riparian Wetland Wildlife Movement | Disturbance
Group Configuration/ Shallow Water Function Function | Habitat Diversity | from Light,
Continuity Habitat Noise, Human
Presence
nuthatch Up to 98 acres
Streak horned | Very High Low Medium Medium High High
lark
Up to 12.6 acres
Swainson’'s High Low Medium Medium High Medium
thrush L
Up to 12 acres Needs interior
average. Average habitat, not edge
is1to5 acres
Mammals Yuma myotis Medium Low High Medium Medium High
Yuma bat
Unknown, most
limited by stand
type
Small Medium Low High Medium High Medium
mammals
25 acres Can elude
disturbances,
nocturnal
behavior
modifications
) Most sensitive Most sensitive Most sensitive Most sensitive Most sensitive Most sensitive
Comparative Birds, mammals Fish Birds, mammals Fish, reptiles, Mammals, Birds Birds, mammals
S_en_s!tlwty to amphibians,
Limiting Least sensitive Least sensitive Least sensitive Least sensitive Least sensitive
Factors Fish Reptiles None Least sensitive | Fish Fish, amphibians
Mammals

a Hayes et al. (2002) observed 100 adults in 2,800 acre industrial area with natural corridors.

b A large range of recommended minimum habitat use is reviewed by Hennings and Soll (2010).

RESTORATION POTENTIAL

Appendix A presents an analysis conducted by Parametrix to evaluate restoration potential on WHI. For this
work, Parametrix created a restoration concept plan with the goal of increasing the level of ecosystem services
provided on WHI. The evaluation of the current conditions and ecosystem services potential is based on a
review of existing conservation planning and management documents for the site as well as areview of
documentation related to similar sites in the region. Other than a brief site visit made to confirm certain
assumptions about current conditions, no site-specific data was collected for this study. Current and potential
ecosystem services levels are estimated with a qualitative measure.

Review of the site conditions and restoration options indicate opportunity for modest ecosystem services
gains through restoration actions. Three ecosystem services provide the most opportunity for gains:
biodiversity support, natural hazard protection through flood management, and climate regulation. The
proposed restoration actions in the concept plan aim to address four primary ecological challenges on the
island. These challenges are: changes to the flood regime and hydrograph; loss of habitat diversity; invasive
plan introduction; and loss of floodplain connectivity. The management activities that are identified in the
concept plan address these four factors, and do so by attempting to use natural processes as much as possible
to address these factors.

The restoration actions proposed include the development of new connections between and acrosstheisdland’s
interior and the Columbia River, aswell as addressing invasive species on the island. The proposed
connections include excavating the current dredge material management area to create an off channel aguatic
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habitat and a series of grass and shrub habitat areas. The large interior wetland is proposed to be seasonally
connected with a new channel that would cross the island from the Columbia River to the North Portland
Harbor. Finally, all of the forested area on the island is proposed to be treated to manage the spread of
invasive species and to support natural recruitment in the forested areas. This treatment also includes the
introduction of conifer cover to provide year-round shade to help limit the spread of invasive species.
Additional grassland and wetland restoration actions are proposed for current dredge material management
areas.

Biodiversity Support

Biodiversity improvements provide the greatest opportunity for uplift on the site, and a restoration focused
scenario provides an opportunity to add new habitat and functions to this portion of the Columbia River. The
current conditions and restoration opportunities present on the island provide an example of the cumulative
need for restoration actions throughout the lower Columbia River Basin. Biodiversity support benefits are
best improved by addressing the loss of habitat diversity from historic conditions. The proposed activities
seek to restore amix of forested, wetland and prairie habitats, along with improved connectivity to the
Columbia River where feasible. Instead of focusing on a specific list of targeted species, the biodiversity
support assessment performed for this report focuses on restoration of the diverse set of habitats needed to
support an equally diverse set of species. It isimportant to note that no restoration scenario at this scale can
provide a species population response that can easily be measured.

Management activities include the creation of new off-channel alcoves and shallow water habitat in dredge
disposal areas. The primary dredge disposal site is proposed to include an al cove and wetlands and grasslands
aong the new shorelines. In addition to this development at the dredge material management site, other
connections are proposed across the island. The largest of these is a possible connection for the interior
wetland to the Columbia River. This connection may also be extended to the southeast to the North Portland
Harbor. Other opportunities for connections to the main channel include lowering berms and other ol der
dredge material disposal sitesto increase the frequency of inundation. Forested areas are proposed to have
invasive species treatments and management strategies applied. The strategies include selected introduction of
conifersthat are tolerant of the site hydrology to provide year-round canopy to limit the spread of invasive
Species.

Climate Regulation

Climate regulation-related ecosystem services on the site are provided by the proposed forest and grassland
management areas. Carbon sequestration capabilities will vary among the habitat areas on the island, with the
forested areas and the grassland areas sequestering and storing carbon differently. Carbon management
strategies were evaluated under the system developed by the Voluntary Carbon Standard (VCS). The VCS
protocols define the accepted measures to produce carbon offset credits. Under this system the maintenance of
healthy forests and grasslands areas are able to be recognized for carbon benefits (as opposed to standards that
focus primarily on re-forestation.) Theinitial review of the carbon potential on the site is less than optimal for
amarket-based transaction. However, land management activities that enhance carbon sequestration generate
co-benefits, such as increased biodiversity and soil conservation, support the goal of the WHI restoration
program and contribute to overall increased ecosystem services on the island.

Natural Hazard Management

Flood management is the primary potential natural hazard management service on the site. However, the site
islow in the watershed, and has low elevation in relation to river stages. Due to these factors, it is anticipated
that flood attenuation or delay in alandscape context can only modestly be affected by implementing the
proposed increased flood storage and off channel connections. The proposed actions will likely reduce the
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energy and flow during storm events, especially for immediately adjacent areas, and the restoration actions
will make a minor contribution to moving channel dynamics from a constricted profile to aless constricted
one. These changes are recognized to improve natural hazard management services and many other riverine
ecosystem services. Numerous areas appear to be candidates for increasing onsite flood storage and providing
new floodplain connections. While not hugely significant in a landscape context, when these actions are
combined with other actions in the watershed, they can contribute to very significant cumulative benefits.

Summary

WHI’ s natural areas provide multiple ecosystem services for the region, and the opportunity to increase these
servicesis primarily found in the most highly disturbed areas of the site, where dredge material placement has
occurred. Forest improvements are possible, but these areas are currently providing services at higher levels
of performance. The greatest opportunity for increasing ecosystem service provision is through the
reintroduction of seasonal inundation and the creation of off-channel aquatic habitat. V egetation management
will continue to play an important role in maintaining forest health, particularly for biodiversity support and
climate regulation.

The main concern in the forested areas is the reduction in natural forest regeneration. If the forested and
grassland portions of the island are not managed actively, it islikely that the existing cottonwood forested
areas will convert to invasive cover. The loss of forested cover has been identified as a concern in other
reports and can be seen at other sites along the lower Columbia River such as the Sandy River Delta,
Government Island, and Mirror Lake further up in the Columbia River Gorge. These sites are al in various
stages of restoration and management today, but each has seen domination by an invasive monoculture. This
isathreat for WHI aswell.

Theloss of the forested areas due to spread of invasive species would greatly impact all ecosystem services
on the site. The largest impact on ecosystem services would be on biodiversity, climate regulation, and water
quality. Biodiversity would be impacted by removing the last of habitat diversity on the island and removing a
key source for structure in near shore habitats. Climate regulation services would also be lost, and this may
represent a net carbon emission. Water quality impacts would primarily stem from increased solar exposure to
ponded waters and shallow water areas currently shaded by forests. This may contribute to water temperatures
that are harmful to salmonid species.

ECOSYSTEM SERVICES VALUE

The economic value of the ecosystem services provided by WHI natural areasis discussed in Appendix B.
The appendix focuses on the current value of the primary ecosystem services provided on WHI, but also
explores the potential change in ecosystem services values based on restoration or development. While this
analysis focused on the economic valuation of ecosystem services, it isimportant to acknowledge that non-
anthropocentric values of ecosystems, including the intrinsic value of species and nature that is not related to
human considerations, can aso play an important role in environmental decision-making.

The primary economic value of ecosystem services on WHI isrelated to the provision of wildlife habitat, with
estimates of value also provided for climate regulation as well as air and water purification. No estimates of
value are provided for flood regulation.

Key findings are summarized below by ecosystem service type.
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Wildlife Habitat and Species

Cultural Services People value habitat both for its own sake, and aso for its value in sustaining
biodiversity and producing wildlife. The importance to people of wildlife habitat and associated species
isevident in the local, state, and federal regulations protecting species and habitat; the voluntary
contributions of individuals to organizations that restore and conserve habitats; and the time and
expenditures invested by people to visit wildlife habitat areasto recreate. Cultural services of habitat and
species include benefits related to recreation, aesthetics, scientific knowledge, and spiritual/cultural
values. Benefits are derived through direction interaction with habitat and species resources (use values),
but can also be derived separate from any interaction with the resource (non-use). Adding use and non-
use values together provides an estimate of total economic value of aresource.

Total Habitat Value Asthe available literature varies by habitat type, the analysisis able to quantify
benefits associated with wetlands, forest, and shallow water habitat with very little quantification feasible
for the remaining habitat types. This does not indicate that these habitats have less value, but that they are
not yet studied to the same extent. Thetotal habitat value associated with wetlands, forest, shallow water
habitat, and upper beach habitat is estimate to range from $550,000 to $4.5 million.

Air Purification

Vegetation and Air Purification_Trees and other vegetation improve ambient air quality by removing air
pollutants. Specifically, vegetation absorbs and intercepts such potentially harmful pollutants as nitrogen
dioxide, particulate matter, carbon monoxide, and sulfur dioxide.* These pollutants are removed by
vegetation through gaseous uptake, as well as through physical deposition of particulates on vegetation
surfaces. The air purification services of vegetation that reduce ambient air concentrations of pollutants
has economic value because of 1) improved health and reduced incidents or severity of respiratory illness
such as asthma, bronchitis, lung disease, and respiratory infections, and 2) improved aesthetics through
increased visibility.

Value of Pollution Removal Based on a US Forest Service model of Portland vegetation, the annual
pollution removal by WHI vegetation for carbon monoxide, nitrogen dioxide, ozone, particulate matter,
and sulfur dioxide is estimated. Across all pollutants, total removal is estimated at 18.6 tons annually, and
is estimated to range in value from $39,500 to $142,000 annually.

Climate Regulation

Vegetation and Sequestration The human release of carbon dioxide and other greenhouse gases (GHG)
has been directly linked to climate change by many scientific studies and is consequently a major
environmental concern. Climate regulation services on WHI are related to carbon sequestration by WHI
vegetation. The carbon sequestration services provided by WHI come from terrestrial sequestration,
which removes CO, from the atmosphere and storesit for long periods in vegetation or soil.

Annual Sequestration Estimates It is estimated that each acre of forestland and grassland on WHI
sequesters approximately 0.6 tons of carbon annually.

Value of Carbon Sequestration Carbon sequestration is expected to reduce the effect of global climate
change and thereby contribute to human well-being through reducing economic damages associated with
the earth’ s temperature rising. The economics literature provides estimates of this avoided cost value,
which can be compared with the value in nascent carbon markets as well as the cost of developing carbon
sequestration projects. Based on the avoided damage to society and the cost of sequestering carbon

4

Nowak, David J. Daniel E. Crane, Jack C. Stevens, 2006, ‘ Air pollution removal by urban trees and shrubsin the United States,” Urban Forestry
and Urban Greening, 115-123.
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elsewhere (ranging from $41 to $149 per ton), the total value of carbon storage on WHI is estimated to
range from approximately $13,000 to $48,000 annually.

Water Purification

Vegetation and Water Purification Benefits Water contaminants processed through phytoremediation
include many of the toxics described earlier in this section as being of highest concern in the Lower
Columbia River. Plant species capable of remediating toxics of concern in the Lower Columbia River are
found on WHI. Aswith air quality, improved water quality has economic value through its effect on
human health and aesthetics, as well as through effects on the health of economically and culturally
important wildlife populations. Vegetation is capable of removing toxic compounds from polluted water
and soil.

Value of Water Quality Improvement by WHI wetlands Based on an existing meta-analysis of 39
economic studies, arange of values between $148 and $644 per acre is utilized to estimate the water
quality benefits of WHI wetlands. Based on these values, the water quality benefits of the 58.9 acres of
WHI wetlands are estimated at between $9,000 and $38,000 annually.

Flood Regulation

WHI and Flooding Flooding of the lower Columbia River has the potential to inflict substantial
economic costs. These costs include direct economic costs related to damage of infrastructure and
economic assets such as homes, businesses, roads, bridges, and agricultural crops. Additionaly, flood
damage results in indirect economic costs from interrupted business operations, which reduces local
income. The wetlands and riparian vegetation on WHI store and convey storm and floodwaters, thereby
increasing water storage and conveyance capacity in the river channel and reducing flooding. The value
of this water storage and conveyance capacity depends on the relative volume of water stored and
conveyed, the frequency and magnitude of flood eventsin the local area, and the value of economic assets
that may be impacted by flooding.

Flood Storage Volume_On average, it is estimated that in a 100-year flood 2.8 feet of flood waters can
inundate WHI. Given that there are 790 acres of habitat on WHI (excluding shallow water habitat), the
total volume of water that can be stored or conveyed on WHI at any given time during a 100-year flood
event is estimated at 26,560 acre-feet.

Value of Flood Storage Dueto the low relative volume of water that can be stored or conveyed at WHI,
the avoided cost associated with natural flood control at WHI is expected to be minimal. As noted above,
the U.S. Army Corps of Engineers (ACOE) manages the Columbia River damsto control flooding in the

lower Columbia River. Interviewswith ACOE confirm that the flood storage capacity in WHI relative to
the size of the river and the volume of flood waters in the Columbia River, and that operation of the dams
would not differ based on changesin flood water storage and conveyance on WHI

Summary

Current Value_Total ecosystem service benefits quantified under current conditions are estimated to be
valued from $613,000 to $4.7 million annually, as summarized in the table below. Findings from the
analysisindicate that the primary economic benefits provided by WHI resources are cultural service
values elated to the provision of wildlife habitat and support of biodiversity. These cultural service
values, which stem from both use and non-use benefits derived from natural habitat areas, account for
approximately 89 percent to 95 percent of all current ecosystem services values estimated for WHI. As
additional services may be provided by WHI that are not quantified in this analysis, including habitat and
biodiversity services provided by grassland and shrubland habitats, pollination services, and others, the
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figuresin the table are expected to underestimate the total economic value of ecosystem services provided
on WHI.

Restoration The primary benefits from restoration are likely to be increased services from habitat and
biodiversity, with some additional benefits accruing from climate regulation, water purification, aswell as
flood control and air purification. Quantified benefits (for habitat/biodiversity, climate regulation, and
water purification) are estimated to range from a minimum of $171,000 to at least $1.7 million based on
proposed management actions.

Development Value Under development, the effect on ecosystem services depends greatly on the type,
size, and level of use of developed areas and facilities. Development that includes increased recreation
access and opportunities would have the potentially to increase recreation and aesthetic values of WHI
natural areas, but development would also be expected to reduce the amount of vegetation and acreage of
habitat, with associated loss of air and water purification, climate regulation, and biodiversity services
unless fully mitigated. The net effect of these changes would thus depend on the level of increased access
and recreation opportunities on WHI and the level of mitigation for habitat |oss and associated ecosystem
service impacts.

Table ES-5 Summary of Quantified Ecosystem Services Values on WHI

Change from Current Conditions

Current Conditions Restoration Development
Ecosystem Service Low High Low High Low High
Cultural Senvices of Habitat & $552000 | $4501000+ | $160,000 | $1,640000+ Decrease Increase
Biodiversity?
Air Purification $39,000 $142,000 Increase Increase Decrease Depends on Mitigation

Climate Regulation $13,000 $47,000 $5,000 $65,000 Decrease Depends on Mitigation

Water Purification $9,000 $38,000 $6,000 $26,000 + Decrease Depends on Mitigation

Flood Regulation Positive Positive Increase Increase Likely No Change Likely No Change
Total Quantified Services $613,000 + $4,729,000 + | $171,000 + $1,731,000 + Decrease Potential Increase

1 Cultural services associated with habitat and biodiversity include recreation, aesthetics, scientific knowledge, spiritual, and cultural values.
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