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The northern spotted owl (Strix occidentalis caurina) is the largest of the three

subspecies of spotted owl inhabiting western North America (Gutiérrez et al.

1995). The species was listed as threatened by the U.S. Fish and Wildlife Service

(1990) under the Endangered Species Act (ESA) in 1990 based on three findings

by the agency: (1) suitable forest habitat was declining throughout its range;

(2) populations showed declining trends; and (3) existing regulatory mechan-

isms were not adequate to protect the owl.

Following the federal listing of the spotted owl, confusion ensued regarding the
regulatory impact of listing on state and private landswithin the range of the species

(Dietrich 1992). Not only were the numbers of spotted owl sites on nonfederal

lands poorly known due to lack of adequate surveys, but the amount and configura-

tion of suitable habitat needed to support each site were the subject of vigorous

public debate (Yaffee 1994). This confusion was especially true for private forest

landowners who found themselves caught on two separate playing fields as both

state and federal agencies sought to impose conflicting regulations protecting the

spotted owl on nonfederal lands. Eventually, what emerged in Washington state
was a “circles and survey” regulatory strategy whereby landowners were required

to conduct protocol surveys in suitable habitat for spotted owls and verify reproduc-

tive status for each pair found. Moreover, for each pair located, a circle with a radius

approximating the mean annual home range was designated. In the central Cas-

cades, a 2.9 km radius circle totaling 2,695 ha was designated, within which 40%

(1,078 ha) must be maintained as suitable spotted owl habitat. The size of the regu-

latory circle varied, depending on spotted owl home range and habitat use studies

conducted in various regional provinces such as the Olympic Peninsula, Cascades,
Oregon Coast, or Northern California (U.S. Fish andWildlife Service 1989, Lemkuhl

and Raphael 1993, Bart 1995, Meyer et al. 1998). Within a few years of listing,
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landownerswithin the range of the spotted owl found themselveswith both expen-

sive survey requirements and significant acres of timber assets encompassed in

regulatory circles. Within Washington’s Interstate-90 corridor in the Central Cas-

cades, 107 regulatory circles affected thousands of acres of Plum Creek property

(Fig. 21-1). It is important to note that these circles moved as spotted pairs moved,

requiring constant surveys and monitoring of spotted owl pairs, as well as dispers-

ing offspring forming new pairs, creating yet more regulatory circles. This regu-

latory scenario not only was problematic for forest managers, but was not a
desirable biological approach to managing spotted owls and their habitat across

landscapes. Management circles did not incorporate landscape variability such as
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Circles represent 2.9 km radius spotted owl activity centers (nest sites or locations of multiple

owl observations) in the 170,000 ha Cascades Habitat Conservation Plan Area, central

Cascades Mountain Range, Washington, USA.
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topography, water bodies, and habitat juxtaposition, which are important factors

affecting spotted owl use. In areas of high spotted owl density, regulatory circles

often overlapped, including habitat for multiple pairs that logically would only be

used by one pair of nesting owls. Additionally, regulatory circles and habitat within

could be removed as spotted owl sites became vacant over time.

In addition to the northern spotted owl, other species in the region

were subsequently listed or proposed for listing, such as stocks of Pacific

salmon (Oncorhynchus spp.), marbled murrelet (Brachyramphus marmora-

tus), bull trout (Salvelinus confluentus), and Canada lynx (Lynx canadensis).

Combined with species that were federally listed prior to the northern

spotted owl, such as the grizzly bear (Ursus arctos horribilis), gray wolf

(Canis lupus), bald eagle (Haliaeetus leucocephalus), and peregrine falcon

(Falco peregrinus), wildlife management in the Pacific Northwest became

exceedingly contentious and complex. The threat of additional species

listings further eroded the regulatory predictability desired by federal, state,

and private forest landowners.
In the early 1990s, several conservation strategies were proposed for lands

managed by the U.S. Forest Service and Bureau of Land Management (Thomas

et al. 1990, Lujan et al. 1992), culminating in the Northwest Forest Plan, which

is presently guiding federal land management activities in Oregon, Washington,

and northern California (Forest Ecosystem Management Assessment Team

1993). All these strategies sought to avoid the pitfalls of single-species manage-

ment by addressing multiple species at the landscape scale.

The voluntary habitat conservation planning process, added to the ESA in
1982, provided the opportunity for private forest landowners such as Plum

Creek to develop a landscape-scale long-term management plan in cooperation

with the federal agencies to address the needs of listed species like the spotted

owl, as well as other wildlife species that could be federally listed in the future.

Several industrial timber companies in the Pacific Northwest initiated landscape-

scale, multispecies conservation plans during the 1990s under either federal or

state regulations with varying outcomes (Loehle et al. 2002).

In this chapter, we describe how Plum Creek’s Central Cascades Habitat
Conservation Plan (HCP) was developed to embrace a multispecies approach

to habitat management at the landscape level. We discuss how the HCP

incorporated models to both quantify habitat relationships and provide a means

to develop alternatives and evaluate impacts of HCP implementation on asso-

ciated resources. Finally, we offer some insights into HCP effectiveness, based

on the first 10 years of plan implementation.
THE HABITAT CONSERVATION PLAN PROCESS
Section 10 of the ESA provides nonfederal land managers with the ability to
apply for an incidental take permit when their otherwise lawful management

activities may affect listed species in such a way as to harass or harm them,
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which is considered to be “incidental take.” Such incidental take can be the

result of habitat modification or destruction. An application for an incidental

take permit must be accompanied by a conservation plan which specifies the

impacts anticipated to result from that incidental take; the methods the land

managers will use to minimize, mitigate, and monitor the incidental take; alter-

natives considered; and other measures that may be necessary.

These conservation plans are often called Habitat Conservation Plans (or

HCPs), as they usually focus on providing habitat for the species in question
(Beatley 1994). These plans may address unlisted species in addition to listed

species. Habitat Conservation Plans form the basis for agreements between

the land manager and the federal agencies (U.S. Fish and Wildlife Service and

National Marine Fisheries Service; hereafter referred to as the Services),

and are often long-term agreements with assurances on both sides. The

HCP also describes the current status of the environment, the status of the vari-

ous species in question, and the relevant science and stressors surrounding

them.
A comparison between the species and habitat conditions that would be

expected to result from permit issuance through the HCP and the conditions

that would be expected to result from the status quo without permit issuance

is normally a part of an HCP as well, including discussion of alternate scenarios.

Estimating species and habitat conditions through various action and no-action

scenarios over long periods of time can be a challenge. This is especially true

for forest ecosystems because the permutations and consequences of manage-

ment may last for decades. Moreover, there are large uncertainties about out-
comes under both the “action” (e.g., HCP) and “no-action” (circles and

surveys) scenarios. For instance, if owl sites were to become vacant and regu-

latory circles removed, less habitat would be available under the “no-action” sce-

nario than if owls had persisted at those sites.

In landscape planning of this nature, various actions of the HCP applicant

must be considered in context with actions by adjacent landowners, such as

the U.S. Forest Service. Additionally, species considered in the HCP may be

affected by factors completely outside the planning area, such as ocean condi-
tions for salmon and marbled murrelet populations. Compliance with the

National Environmental Policy Act often requires projections of effects for vari-

ous management alternatives, thereby necessitating modeling or other projec-

tion analyses to understand long-term plans such as an HCP. Because of this

uncertainty and lack of complete managerial control, HCPs generally focus on

habitat provided by the applicant and avoid population metrics as a measure

of plan success.

When processing an application for an incidental take permit, the federal
agencies must determine that the action will not jeopardize any listed species

nor destroy critical habitat for any listed species. This requirement for the fed-

eral action of permit issuance is the same as the requirements for any project

that is conducted, funded, or authorized by a federal agency, and is addressed
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by completion of a Biological Opinion under section 7 of the ESA. In addition,

Section 10 specifies a number of specific issuance criteria that must be met in

order for such an incidental take permit to be issued. For instance, one of these

criteria is that the impacts associated with the taking of the species must be

minimized and mitigated to the maximum extent practicable. The federal agen-

cies generally document the fulfillment of the issuance criteria in a document

known as a Statement of Findings. When an HCP is properly prepared, it will

provide the information needed by the public to understand how the federal
agencies may be capable of making their independent determinations that will

be contained within the Biological Opinion and Statement of Findings.

Since its inception in 1982, the incidental take permit program under the

ESA has grown considerably to include many applicants and a substantial land

area. As of 2007, the U.S. Fish and Wildlife Service (USFWS) approved 537

HCPs covering >18.2 million hectares (U.S. Fish and Wildlife Service 2007).

These HCPs include plans for single species and plans that seek to address

the needs of multiple species within the planning area. Multispecies HCPs
have been encouraged by agencies and conservation interests because it is

thought to improve the potential for an effective management program and

reserve system. Additionally, permittees have incentives to cover as many spe-

cies as possible in the incidental take permit to protect themselves against

future listings. Consequently, including more species in an HCP would seem

to serve both interests, providing more certainty for the permittee and increas-

ing overall conservation value. However, multispecies HCPs have been criti-

cized as inadequate and ineffective. Critics have claimed that many HCPs
lacked the supporting data to justify conservation measures offered in the

plans, and that few HCPs were designed to include adequate monitoring to

infor m future decisions (Kareiva et a l. 1999). For instance, Rahn et al. (20 06)

cited three deficiencies in 22 multispecies HCP reviewed. Shortcomings that

could limit conservation value were too broad and considered species for

which there was no localized scientific information. Second, most uncon-

firmed species did not have specific conservation actions. Finally, the degree

of justification was quite variable for included species and the extent the plans
offered species-specific conservation actions.

As will be discussed later, the Plum Creek Cascades HCP incorporated a com-

bination of general habitat-related conservation measures (e.g., forest structure

stage diversity, talus slopes, ponderosa pine habitat, springs and seeps, etc.)

and species-specific conservation actions (e.g., northern spotted owl, marbled

murrelet, grizzly bear, and gray wolf). Even though some vertebrate species

were not confirmed to be present in the planning area at the time of HCP devel-

opment, subsequent surveys confirmed presence and that general habitat-
related conservation measures were effective. For instance, the Larch Mountain

salamander (Plethodon larselli) was suspected to occur in the planning area but

was not confirmed until the HCP had been implemented for three years. The

species was found to occur in areas where talus slope conservation measures
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were implemented to minimize ground disturbance and maintain conifer cover

and moss for micro-site moist climate conditions that this species prefers.

Another shortcoming of HCPs is that they are expensive to develop and have

become more difficult to complete in the last 10 years. The Services have made

planning funds available, but there is no certainty that an applicant beginning an

HCP process will be successful. Many applicants are drawn to HCPs out of

necessity in the short term to mitigate an ESA-related conflict (e.g., a land devel-

opment project) and others by the desire for long-term certainty (e.g., forest
landowners with 50-year timber rotations).

The “no surprises” rule (50 CFR 17.22, 17.32) provides that HCP permittees

will not be required to provide more money or land for conservation efforts

once an HCP has been approved, except under extraordinary circumstances.

The “no surprises” policy was installed by the Department of Interior in 1994

to address uncertainty inherent in the HCP process that was leading to very

low HCP participation levels. The “no surprises” policy, including the

subsequent rule promulgated in 1998, was very effective in providing an incen-
tive for landowners to develop HCPs, particularly multispecies HCPs that

include both listed and unlisted species (Slingerland 1999). Conversely, the

“no surprises” rule has been criticized as effectively precluding adaptive man-

agement and changes needed to inform and improve HCPs over time (Wilhere

2002, Rahn et al. 2006).

Adaptive management is necessary where substantial risk exists and can also

be used where agreement could not otherwise be reached. In the realm of

HCPs, adaptive management may mean that a land manager may need to oper-
ate differently in the future to accommodate changing or unexpected condi-

tions, or to accommodate the development of new information. Operating

differently might involve additional land or water encumbrances, or other

expenses. However, because this added conservation was part of and contem-

plated in the HCP Implementation Agreement, it does not conflict with the

“no surprises” rule. Therefore, adaptive management must be carefully consid-

ered prior to entering into such an agreement. Modeling is an important compo-

nent of examining various management scenarios through time and assessing
the ecologic, economic, and social ramifications of a conservation plan. The

relationship between the “no surprises” policy and adaptive management in

the Plum Creek Cascades HCP is explored later in this chapter.
CASCADES HABITAT CONSERVATION PLAN
The Cascades Habitat Conservation Plan area is located in the central Cascade

Mountain Range of Washington. The 170,000 ha planning area lies between

100 and 160 km east of the city of Seattle along the Interstate-90 corridor

(Fig. 21-2). Because of the “checkerboard” configuration of land ownership,
the HCP planning area included 69,000 ha of Plum Creek ownership and about
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Land ownership pattern in the 170,000 ha Cascades Habitat Conservation Plan Area, central

Cascades Mountain Range, Washington, USA.
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101,000 ha of other ownership intermingled and surrounding the Plum Creek

lands (Fig. 21-2). Other major ownerships include the U.S. Forest Service,

Washington State Department of Natural Resources, and the City of Tacoma.

The checkerboard configuration is a result of land grants provided to private
railroad companies by the federal government in the 1800s as an incentive to

build rail lines into largely unsettled territories and provide U.S. military trans-

port. The railroad companies were typically granted alternating 2.5 km2 sections

of land for 32 km on both sides of the rail line. Plum Creek purchased these

lands from the railroad in 1989.

The HCP planning area straddles the Cascades mountain range crest and

includes the varying climatic conditions and resulting forest conditions of two

physiographic provinces: the western Washington Cascades and eastern
Washington Cascades (Bailey 1988, Thomas et al. 1990). The western portions

of the project area are dominated by humid forests composed primarily of Dou-

glas fir (Pseudotsuga menziesii) and western hemlock (Tsuga heterophylla)

at middle and lower elevations and noble fir (Abies procera), Pacific silver fir

(A. amabilis), and mountain hemlock (T. mertensiana) at higher elevations.
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Westside forests are generally represented by only one or two tree species and

greater uniformity in tree size within stands. Climatic conditions in this region

are relatively mild with moist winters.

The eastern portions of the planning area are dominated by mixed-conifer

(grand fir [A. grandis], Douglas fir, western larch [Larix occidentalis], ponder-

osa pine [Pinus ponderosa], western white pine [P. monticola], lodgepole pine

[P. contorta]) forests at middle and lower elevations. Forests east of the Cascade

crest are typically composed of a greater diversity of tree species (i.e., typically
five or more species per stand) and greater diversity of tree sizes within stands

than the forests west of the Cascade crest. Higher elevations in the eastern Cas-

cades are dominated by subalpine fir (A. lasiocarpa) and Engelmann spruce

(Picea englemannii). The interior climate east of the Cascade crest produces

less precipitation overall, which usually occurs in the form of snow during the

winter. Forests in this eastern region are fragmented due to poor soils, high fire

frequencies, alpine meadows, and timber harvesting.
Multispecies Approach
Early in the negotiation process between Plum Creek and the Services, funda-

mental points of agreement were documented in the form of a “term sheet”

that facilitated development of the HCP. The term sheet identified objectives

and expectations for the HCP such as provisions for spotted owl dispersal habi-

tat, coordination with the Northwest Forest Plan on intermingled U.S. Forest

Service land, and attention to issues threatening forest health on Plum Creek
land. Based on conversations with the Services, and interaction of a Plum Creek

science team made up of staff and outside consulting experts, a more refined list

of HCP components emerged, which influenced the selection of models, tools,

and techniques to construct the HCP. These components include a riparian

strategy, adaptive management, habitat “futuring,” and a reserve network

designed to complement and augment conservation measures implemented

on federal land.

Several alternative management scenarios were developed early in the Cas-
cade HCP process. These included a riparian alternative, whereby most of the

habitat for federally listed species would be concentrated along major fish-bear-

ing streams. Another alternative was termed the “dispersal strategy” where

Plum Creek’s contribution to spotted owl habitat would be restricted to middle-

successional forests that could support dispersing juveniles to nesting habitat on

public land. Although we used models and analysis techniques described later in

this chapter to analyze these alternatives, the advent of the “no surprises” policy

described earlier provided the impetus to expand the scope of the Cascades
HCP to include multiple species and a wider variety of habitat conservation mea-

sures (Slingerland 1999).

Due to the substantial number of species that are currently listed or may be

listed in the future on and adjacent to Plum Creek’s lands in the planning area,



Cascades Habitat Conservation Plan 569
we believed that a multispecies, ecosystem-based conservation plan was the

most effective way to plan for ongoing forest management within the laws gov-

erning and protecting wildlife species (Noon et al., this volume). By attempting

to address the habitat requirements of multiple species in conjunction with

planning efforts by federal, state, and other private landowners, the HCP could

contribute to proactive conservation. By maintaining healthy populations, these

conservation plans may possibly negate the need for formal ESA protection for

certain species in the future, protecting Plum Creek from potential ESA-related
regulatory constraints.

The Plum Creek Cascades HCP addresses the biological needs of 315 species

of fish and wildlife known to occur in the planning area and other vertebrate

species across all taxa that depend on similar habitats and are suspected to

occur in the planning area. The multispecies approach can help to reduce con-

flicts over resource management by providing a mechanism for consideration of

overall ecosystem health, habitat availability, and the needs of multiple species.

To achieve this broad goal, the HCP focuses on ecosystems and habitats rather
than species, addresses impacts not only at the site scale but also on an ecosys-

tem scale, and concentrates on potential long-term or future impacts rather than

on intermediate or short-term impacts. Further discussion of an ecosystem

diversity focus in private land planning is explored by Haufler and Kernohan

(this volume).

Because of the intermingled land ownership in the HCP planning area, we

designed the HCP to be consistent with the goals and objectives of management

efforts on federal lands by the U.S. Forest Service. The multispecies approach in
the HCP tiers to the multispecies approach in the Northwest Forest Plan. In con-

cert, these two landscape plans protect forest habitat, provide management

options for the protection of stream corridors to enhance conditions for asso-

ciated aquatic and terrestrial species, and provide forest connectivity among

patches of various forest structure stages.

The primary objectives of the HCP are:
1. To comply with the requirements of Section 10 of the ESA, including, to

the maximum extent practicable, minimizing and mitigating impacts of

any “take” incidental to lawful timber harvest and related forest manage-

ment activities;

2. To provide Plum Creek with predictability and flexibility to manage its

timberlands economically while contributing in a meaningful way to the

conservation of the listed species and numerous other unlisted species;

and

3. To provide habitat conditions to conserve the ecosystem upon which all

species depend in the planning area.
The components of the HCP help to avoid, reduce, or eliminate potentially

adverse environmental impacts resulting from Plum Creek’s forest management
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activities. The components include measures to maintain and protect riparian

habitat areas, spotted owl habitat management, a watershed protection pro-

gram, retention of green trees and snags, and protection of special habitats for

all vertebrate species of wildlife known or suspected to occur in the project

area, in addition to monitoring to ensure effective implementation and guide

potential changes.
HABITAT CONSERVATION PLAN MODELING
Forest Stand Classification
A primary focus of the ecosystem management approach in the HCP planning

area is to link the biological needs of forest wildlife to the physical and vegeta-

tive characteristics of the forest environment. This approach requires:
1. A system to classify the diverse forest stands over a large landscape;

2. An alignment of the biological requirements of resident wildlife species

with the forest stand classification system; and

3. A modeling capability to predict the amount and location of the various

forest classes in the future as a result of forest growth and management

across the intermingled land ownership.
To develop the HCP, we evaluated the planning area using geographic informa-

tion systems (GIS) to describe attributes including elevation, slope, aspect,

annual precipitation, soil type, vegetation, and ownership. A hierarchical eco-

logical classification system identified seven levels and included both abiotic

and biotic parameters: Ecoregion, Geologic District, Landtype Association, Land-

type, Valley-bottom Type, Landform, and Vegetation Type. Combined with exist-

ing timber inventories, we used this information to establish a forest stand

structural classification system for wildlife, following Oliver and Larson (1990)
and further described in Oliver et al. (1995). Important features of the classifica-

tion system include the use of common timber inventory parameters that are

often already measured by foresters and exist in a format which, due to the

intermingled land ownership, was compatible with U.S. Forest Service timber

inventory data. We refined the system using a stand visualization program

(McGaughey 2002) that constructed visual plots of the structure stages from

actual data. From this process, we identified eight forest stand structure stages:

stand initiation, shrub/sapling, young forest, pole timber, dispersal forest,
mature forest, managed old growth, and old growth.

The structural stages are defined by tree diameter ranges. Stand age is used in

part to identify old-growth stands. Classification criteria differed between the

westside and eastside Cascade mountain range portions of the HCP project area

to account for the climatic and tree species composition differences in the two
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ecological provinces. We developed two structure stages—dispersal forest and

managed old growth—for special conditions and needs of the HCP. Dispersal

forest encompasses the “entry level” stand conditions favorable to dispersal of

spotted owls by providing minimal conditions for roosting and foraging, allow-

ing owls to move between more favored habitats. Managed old-growth stands

contain large diameter trees, are generally <200 years old, and typically have a

history of selective timber harvest. Managed old growth was developed from

experimentation in structural retention as discussed by Lindenmayer and Frank-
lin (2002) and Franklin et al. (1997). For managed old-growth stands to be

included in further calculations of spotted owl habitat, sufficient forest structure

had to be retained to maintain conditions favorable to spotted owls as nesting,

roosting, and foraging habitat (Hicks 1991). Our specifications for spotted owl

foraging/dispersal habitat and nesting, roosting, and foraging habitat used in

the HCP were based on over 1,000 vegetation plots collected on locations of

radio-tagged spotted owls throughout the planning area from 1988 to 1995

(Hicks and Stabins 1995, Hicks et al. 1995, Herter et al. 2003).
Lifeforms and Wildlife Habitat Analyses
To evaluate, model, and plan for a variety of habitat conditions to benefit the

multiple wildlife species found in the HCP project area, we developed a wildlife

habitat relationship matrix following Thomas (1979) and Brown (1985). The

“lifeform” approach developed and described by Thomas (1979) for the Blue

Mountains of Oregon and Washington and by Brown (1985) for western
Washington and Oregon were the state-of-the art compendiums for multispecies

habitat relationship data at the stand and landscape level when work on the

HCP began. Moreover, the format was familiar to our peers and reviewers and

was applicable to other ownerships in the HCP planning area. We consulted

with local experts to refine and adjust the matrix accounts for the known or sus-

pected occurrences of vertebrate wildlife species across the array of forest

types, forest stand structural stages, and special habitats that occur in the

planning area, which allowed quantitative assessments of wildlife habitat across
the landscape (Lundquist and Hicks 1995). Further analyses using the matrix

allowed the comparison of various outcomes from alternative management sce-

narios or changes to the plan’s assumptions on wildlife habitat distribution and

amounts over the HCP’s 50-year planning period.

We grouped over 300 wildlife species into 16 guilds, or lifeforms, that

describe their breeding and feeding strategies (Table 21-1). We assumed

that habitat conditions are the primary determinants of the number of wildlife

species and numbers of individuals in a given area. We then assigned forest
stand structure stages developed for the forest classification system, and special

habitat types such as wetlands or talus slopes, to each of the lifeforms. We

designated stand structures as nonhabitat, primary habitat, and secondary habi-

tat. Primary habitats were those on which the species relied, while secondary



Table 21-1 Lifeform Descriptions Used in Plum Creek’s Cascades Habitat Conservation Plan, Washington, USA

No. Lifeform Type
Search
Area

No.
Spp. Reproduces Feeds Habitat

1 Fish RHA 34 in water in water Primary: Water

2 Frogs, salamanders RHA 10 in water on the ground,

in bushes, and/

or in trees

Primary: DF/MF/MOG/OG

Secondary: SI/SS/YF/PT

3 Turtles, ducks RHA 36 on the ground around

water

on the ground,

and in bushes,

trees, and water

Primary: DF/MF/MOG/OG

Secondary: SI/SS/YF/PT

4 Falcons, goats Rocks &

talus

17 in cliffs, caves, rimrock,

and/or talus

on the ground or

in the air

Primary: PT/DF/MF/MOG/OG

Secondary: SI/SS/YF

5 Grouse, hares, elk/deer (gray

wolf)

0.5 mile

window

33 on the ground without

specific water, cliff,

rimrock, or talus

association

on the ground Forage: SI/SS/YF

Cover: PT/DF/MF/MOG/OG

6 Warblers, porcupines RHA 8 on the ground in bushes, trees,

or in the air

Primary: SI/SS/YF

Secondary: PT/DF/MF/MOG/

OG

7 Sparrows, blackbirds,

thrushes

RHA 19 in bushes on the ground,

in water, or in

the air

Primary: SS/YF/PT/DF

Secondary: MF/MOG/OG

8 Warblers, flycatchers HCP 7 in bushes in trees, bushes,

or in the air

Primary: SS/YF/PT/DF

Secondary: MF/MOG/OG

9 Waxwings, grosbeaks RHA 5 primarily in deciduous

trees

in trees, bushes,

or in the air

Primary: YF/PT/DF

Secondary: MF/MOG/OG

10 Squirrels, tanagers, warblers HCP 12 primarily in conifers in trees, bushes,

or in the air

Primary: PT/DF/MF/MOG/OG

Secondary: SS/YF
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11 Vireos, hawks HCP 28 in conifers or deciduous

trees

in trees, bushes,

on the ground,

or in the air

Primary: PT/DF/MF/MOG/OG

Secondary: SI/SS/YF

12 Herons, osprey, great horned

owl

RHA 6 on very thick branches on the ground or

in the water

Primary: DF/MF/MOG/OG

Secondary: PT

13

13a

Woodpeckers: Lewis’

woodpecker, white-headed

woodpecker, pileated

woodpecker

HCP

HCP

14 in own holes excavated

in trees

in trees, bushes,

on the ground,

or in the air

Primary: DF/MF/MOG/OG

Secondary: YF/PT

Primary: MF/MOG/OG

Secondary: SI/SS after 10 yrs.

YF/PT after 20 yrs. DF every year

14

14a

Bats, owls, bluebirds

Flammulated owl, Vaux’s

swift, fisher

HCP

HCP

43 in a hole made by

another species or a

natural hole

on the ground,

in water, or in

the air

Primary: DF/MF/MOG/OG

Secondary: SI/SS/YF/PT

Primary: MF/MOG/OG

Secondary: DF

15 Shrews, bears voles HCP 36 in a burrow underground on the ground or

underground

Young Aged: SI/SS/YF

Mid-Aged: PT/DF

Late Aged: MF/MOG/OG

16 Kingfishers, otters, beavers RHA 7 in a burrow underground in the air or in

the water

Primary: DF/MF/MOG/OG

Secondary: SI/SS/YF/PT

Search Area: RHA—Riparian Habitat Areas; HCP—Habitat Conservation Plan Area; 0.5 mile window—scanning radius which provides a basis for sampling
edge habitat (i.e., the area between forage and cover habitats) in the HCP planning area.
Habitat: Primary—habitats which the Lifeform species rely on; Secondary—habitats also used by the Lifeform species. DF—Dispersal Forest; MF—Mature Forest;
MOG—Managed Old Growth; OG—Old Growth; SI—Stand Initiation; SS—Shrub/Sapling; YF—Young Forest.
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habitats also were used by the species. Primary habitat was emphasized

during evaluations of the HCP to ensure the most important habitats would

not be reduced to undesirable levels. Secondary habitat was allotted only half

the weight of primary habitat during assessments of total suitable habitat

(Table 21-1).

Because the forest stand classification system was tied to a GIS polygonal

database, analyses resulted in describing the distribution and amount of wildlife

habitat for all 16 lifeforms across the project area. Spatial analyses varied among
the lifeforms and were tailored to the life history requirements of the species. In

some cases, we used the entire planning area for the analysis and for some life-

forms, a more restricted analysis area focused on habitats such as streams, wet-

lands, talus, or forest edges (Table 21-1). For instance, lifeform 4 included

species that are associated with cliffs, talus, and rocky outcroppings. Species

in this lifeform included the Larch Mountain salamander and Townsend’s big-

eared bat (Plecotus townsendii). Primary habitat for these species was pole tim-

ber and older forests found in the vicinity of these rock features.
Several methods were used to refine and improve the lifeform matrix during

the development and modeling process. First, the lifeform matrix was peer-

reviewed by biologists from government and private organizations with local

knowledge of wildlife species in the HCP planning area and familiarity with for-

est wildlife habitat relationship matrices. Second, as a result of peer review com-

ments, we delineated subgroups within the primary cavity-excavator and

secondary cavity-user lifeforms (13/13a and 14/14a, Table 21-1) for those spe-

cies that are more associated with late successional structural stages (e.g., pile-
ated woodpecker [Dryocopus pileatus], flammulated owl [Otus flammeolus],

fisher [Martes pennanti]). Finally, we did not count recently harvested areas

as habitat for some lifeforms (e.g., cavity-excavators) until 10 or 20 years into

the HCP period, since some wildlife conservation measures (e.g., snag and

green wildlife tree retention) were not implemented historically and, therefore,

may not provide adequate structural elements for these lifeforms at the time of

HCP inception (Table 21-1). These modifications to the habitat relationship

model provided opportunities for hypothesis testing under the HCP’s adaptive
management program, discussed later in this chapter.
Wildlife Habitat Futuring
Because the HCP is a 50-year agreement, we used the strategic planning pro-

gram OPTIONS (Reimer 2007) to model the forest structure stages through

time. The OPTIONS model is a state-of-the-art forest estate planning model that

plays a central role in the maintenance of the Central Cascades HCP. Inputs to
the model include tabular forest inventory information (tree species, diameter,

height, etc.), spatial forest inventory information (stand polygon locations), spa-

tial landscape information (sensitive sites, view sheds, etc.), and localized

growth-and-yield information. OPTIONS uses both existing forest inventory data
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FIG. 21-3

Input and output parameters of the forest growth and modeling software OPTIONS used to

project forest structural stage and wildlife habitat amounts and trends over a 50-year planning

period in the 170,000 ha Central Cascades Habitat Conservation Plan area, Washington, USA.
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and regionally calibrated growth algorithms to project forest stands into the

future (Fig. 21-3). With the given inputs, the model provides reliable forecasts

of stand attributes such as stand height, diameter, age, canopy stratification,

and tree species richness. Management activities are reported for each stand

for each year of the planning horizon. Based on the necessary condition and rel-

ative importance of various stand-level attributes, habitat suitability and capabil-

ity for numerous special species, lifeforms, or habitat type can be assessed,
forecast, and planned.

Finally, with the OPTIONS model, the abundance and spatial arrangement of

individual stands of habitat that influence overall wildlife habitat conditions can

be evaluated. Forest-level analysis of stand-level habitat classifications facilitates

the assessment of broad-level habitat conditions. Landscape attributes such as frag-

mentation, isolation, and connectivity can be modeled and forecast so that long-

term management prescriptions can be assessed. We used OPTIONS to assess the

amounts of primary and total suitable habitat for each lifeform at 10-year intervals
over the 50-year life of the HCP, accounting for forest growth and timber



576 CHAPTER 21 Plum Creek’s Central Cascades Habitat Conservation Plan
management. The modeling results were instrumental in projecting wildlife habitat

conditions and the potential impacts of various HCP planning alternatives. The anal-

ysis also assessed timber resources, such as long-term supply, growth-and-yield, and

timberland management strategies. We obtained stand inventory data from other

land owners in the HCP planning area and assessed habitat conditions across the

entire 170,000 ha planning area. Assumptions about rates of timber harvest were

made for other landowners to inform future habitat projections.

Results of the lifeform habitat modeling during early iterations led to changes in
the conservation plan design. Initial modeling results indicated a marked decrease

in late successional habitat during the first decades of the plan period under conven-

tional timber harvest strategies. We established harvest deferrals at key locations

in the project area for 20 years to maintain the amount of late successional habitat

during these low points (see Spotted Owl discussion). In addition, initial OPTIONS

output indicated large amounts of the dispersal forest type across the planning

area. This led to changes in the timber harvest schedule to direct harvest toward

mid-successional stands, allowing for a more balanced diversity of young, middle,
and late successional forest structural stages across the planning area.

As stated earlier, a key feature of OPTIONS is its use of input data that are com-

mon to most forest inventory systems. Consequently, we modeled both the future

of habitat on Plum Creek lands under the HCP for 50 years as well as habitat avail-

ability on federal lands under harvest scenarios developed in the Northwest Forest

Plan. Inventory data were acquired from the Wenatchee and Mt. Baker-Snoqualmie

National Forests and from timber stand classification (phototyping) completed by

outside contractors.We cross-checked proposed harvest levels with U.S. Forest Ser-
vice staff for accuracy. In the 10 years of the HCP operation, it has been evident that

harvest levels on U.S. Forest Service land in the HCP planning area have been signif-

icantly less than proposed under the Northwest Forest Plan, and less than originally

modeled under OPTIONS for habitat supply projections. Thus, the modeling

constraints on the U.S. Forest Service lands have been modified. Consequently,

U.S. Forest Service lands are currently providingmore late-successional habitat than

estimated 10 years ago during HCP development.

The modeling output also allowed land managers, scientists, and the public
to communicate, understand, and make decisions regarding habitat trade-offs

in the HCP. For example, lifeform modeling quantified the future decrease in

habitat for early successional and edge-associated species (lifeform 5) such as

elk (Cervus canadensis) and deer (Odocoileus spp.) (Fig. 21-4) and for species

reliant on early successional and shrubby habitats in wetland and riparian areas

(lifeform 6). The decrease is due to the focus of the HCP on meeting the

biological needs of the spotted owl, retention of buffers adjacent to streams

for aquatic species protection, and the relatively low levels of timber harvest
on federal lands in the Northwest Forest Plan. This example describes how an

analysis outcome was useful in understanding and communicating the response

of wildlife use to changing habitat conditions across the HCP project area

through time.
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FIG. 21-4

Wildlife habitat futuring over a 50-year planning period identifies trade-offs in the amount

and trend of suitable habitat between early successional forest species like deer and elk (solid

line) and late successional forest species such as the spotted owl (dashed line) across multiple

ownerships in a 170,000 ha Habitat Conservation Plan area in the Central Cascades Mountain

Range, Washington, USA.
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The wildlife habitat relationship matrix and habitat modeling in the HCP
were aids to developing a set of working hypotheses of the expected use pat-

terns of wildlife species across the vegetation types, structural stages, and spe-

cial habitats in the project area. Although the wildlife habitat matrix did not

represent a detailed, site-specific inventory of wildlife occurrence across the

diverse habitats of the planning area, the matrix provided information on poten-

tial or likely wildlife use patterns based on the available literature. Habitat futur-

ing under various management alternatives also allowed assessment of potential

future risks due to fuel loading and fires, as well as susceptibility to pathogens
such as the western spruce budworm (Choristoneura occidentalis). The habitat

futuring exercise allowed land managers, regulators, and the public to evaluate

how the proposed HCP and alternate land management plans might affect

wildlife species and other aspects of the environment.
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Spotted Owls and a Resource Selection
Probability Function
Studies of habitat use have indicated that northern spotted owls generally use

mature and old-growth forest as much or more than expected, and early seral
stage forest less than expected (Forsman 1980; Forsman et al. 1984; Carey

et al. 1990, 1992; Sisco 1990; Solis and Gutiérrez 1990; Meyer et al. 1998). A

resource selection function (RSF) analysis was carried out in the HCP to better

quantify these and other aspects of the use of habitat by spotted owls. Initially,

spotted owl activity centers were located in the HCP planning area using stan-

dard and extensive survey protocols (Herter and Hicks 2000), likely locating

nearly all the regularly occupied owl sites. The selection of a 1.1 km radius cir-

cle around these sites as the unit for describing the habitat followed the process
described by Irwin and Hicks (1995), with similar methods used later by Meyer

et al. (1998), Swindle et al. (1999) and Franklin et al. (2000). This size analysis

circle describes the core area of an owl territory and does not analyze the entire

area used on an annual basis. Forest habitat designations followed the protocol

established by Oliver et al. (1995) and are described further in the HCP (Plum

Creek Timber Company 1996).

While information was available to quantify owl nesting habitat, there was a

dearth of information to define foraging habitat. Radio telemetry was used to moni-
tor adult nonnesting owls. Daytime roost sites were located and vegetative analyses

were conducted surrounding these roost sites. This information helped inform the

definition of foraging/dispersal habitat for spotted owls. Separate definitions were

developed for nesting habitat and foraging/dispersal habitat, and these each were

dependent on the ecological zone (east side or west side of the Cascades mountain

range). Definitions included factors available from standard timber inventories

including size, density, and species composition of overstory trees.

The RSF model fulfills two important functions in the HCP. The first is to pro-
vide a method to assess the likelihood that habitat retained in the plan or pro-

jected to grow over the 50-year life of the plan would have a low, medium, or

high probability of occupancy by spotted owls. The second was to use the

RSF to provide estimates of the spotted owl carrying capacity under different

management scenarios, with the carrying capacity defined to be the most rea-

sonable maximum number of spotted owl activity centers that could be accom-

modated in the planning area with implementation of both the Northwest

Forest Plan on federal lands and the HCP on Plum Creek lands. This latter fea-
ture of the RSF is an important monitoring component of the HCP because it

makes it possible to evaluate the effectiveness of the plan after years of imple-

mentation. The RSF was initially developed in 1995 as the HCP was in its forma-

tive stage, but was revised in 2001, making use of extensive data then available

in the GIS database for the HCP planning area.

The original RSF was used in the evaluation of the HCP. Using logistic regres-

sion analysis, we estimated RSFs for an array of 1.1 km “moving windows”
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across the HCP planning area (Irwin and Hicks 1995) because this distance

provided the greatest level of discrimination between occupied and unoccupied

sites. Analysis of the RSF values indicated that spotted owls were distributed

nonrandomly across the planning area and distributions varied with respect to

available nesting habitat, topographic variation, and fire-management activity

zones (reflective of ecologically significant moisture and species composition

gradients).

At the inception of the HCP in 1997, there were known to be 104 spotted
owl activity centers in the HCP planning area, although only a subset of these

sites were active in any one year. The revised RSF was estimated from a compar-

ison between 92 sites known to have been actively used by spotted owls, and

51 randomly selected unused sites. Because the original 104 spotted owl sites

included many sites where only a single spotted owl used the habitat temporar-

ily, we compared only 92 used sites in which we could document multiyear use

by one or more spotted owls. Later the number of unused randomly selected

sites was increased to 170 to improve the accuracy of the estimated function.
In order to ensure that unused sites really were unused, their circles were not

permitted to overlap more than 50% with the 1.1 km radius circles for any sites

in the used sample. It is also important to note that not all known activity cen-

ters are occupied by spotted owls in any given year. As discussed later, occu-

pancy may be affected by factors other than habitat, such as the presence of

predators or competitors of the spotted owl.

The major difficulty with determining the RSF was in the choice of the vari-

ables to include in the function. There were over 100 variables available in the
GIS, and it was thought from the onset that no more than 10 of these should be

used. Looking at all possible combinations of the 100 variables was not realistic

because the number of possible models is overwhelming (Burnham and Ander-

son 1998). Furthermore, we combined the variables into 13 groups (e.g., slope,

habitat type, stand structure, riparian/upland land status), where in some cases

all the variables in a group should either be in or out of the equation. This made

automatic stepwise selection procedures difficult to apply. For these reasons,

we decided that an initial screening process was necessary to select biologically
meaningful variables. This screening process is described in detail by Hicks et al.

(2003b) and involved multivariate tests on the 13 groups of variables to see

whether there were significant differences between unused and used sites. Fol-

lowing the initial screening, an RSF was fitted separately for each group of vari-

ables using logistic regression (Manly et al. 2002). In addition to the 13 groups

of variables, 14 other equations with various changes and combinations of vari-

ables were fitted by logistic regression (see Hicks et al. 2003b). Consistency

with the data for each of the 27 equations was assessed using Akaike’s Informa-
tion Criterion (AIC) with small values of this criterion being preferred to large

values in terms of the compromise between keeping the number of variables

in the equation as small as possible and fitting the data well (Burnham and

Anderson 1998).
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The logistic regression RSF was converted to a resource selection probability

func tion (RS PF) using a pro cedure descr ibed in Hicks et al. (2003 b ) and Manly

et al. (2002). For the Cascades HCP, the estimated RSPF is

w� ¼ expðz�Þ=f1þ expðz�Þg;
where

z� ¼ �6:369þ 0:002550XMFþ 0:002531XMOGþ 0:002942XOGþ
0:006225XRIPþ 0:001676XELEV þ 0:03286XSI

XMF = the number of mature forest acres, XMOG = the number of managed old-

growth acres managed as spotted owl habitat, XOG = the number of old-growth

acres, XRIP = the total riparian acres, XELEV = the maximum – minimum eleva-

tion in meters, and XSI = the minimum 50-year site index in feet.

We used the RSPF to calculate an expected number of spotted owl sites in

the HCP project area (Hicks et al. 2003b). One of the most useful aspects of
the analysis is that it can be extended using the habitat distribution that is

expected to exist in the future as a result of timber harvest, forest regrowth,

and habitat protection resulting from implementation of the HCP on Plum

Creek lands and the Northwest Forest Plan on adjacent checkerboard federal

lands. Management actions contemplated under these plans can be modeled

in the GIS and then the carrying capacity can be predicted at different times

in the future (Fig. 21-5). The carrying capacity of spotted owl sites in the HCP

planning area is projected to increase over the 50-year planning period, based
on habitat availability, with forest management measures implemented under

the HCP and Northwest Forest Plan.

Using the RSPF to predict changes in the carrying capacity of the study area

based on forest management actions is an application recommended by Boyce

and McDonald (1999), with some controversy resulting (Mysterud and Ims

1999, Boyce et al. 1999). At issue is the question of whether it can be assumed

that the RSPF remains constant when the amounts of different types of habitat

changes. In general, it can be expected that large changes in the availability of
different types of habitat are likely to result in changes in the way that animals

select the habitat, and hence in the RSPF. However, with the HCP application,

the nature of the habitat in the planning area is not expected to change substan-

tially in the near future (Fig. 21-5). Therefore, the assumption of a constant RSPF

seems reasonable.

When the carrying capacity of the area remains constant or increases,

this does not mean that the number of animals will also necessarily increase.

In fact, we have evidence that the number of spotted owls in the HCP
planning area has declined in the last 10 years while the available habitat has

changed little. This decrease in spotted owls coincides with an increase in

the number of barred owls (Strix varia) in the region (Anthony et al. 2006).
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Map of estimated values from the resource selection probability function (RSPF) for the Central

Cascades Habitat Conservation Plan area, Washington, USA, for the present (2006) and as

projected for 2045. The value of the RSPF for every pixel in the geographic information system

was evaluated and plotted using a gradient from nonforested areas (white) to areas with

the highest probabilities of spotted owl use (maroon). Map headings are the year, followed by

the estimated carrying capacity of owl pairs in that year.
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It seems likely that predation, interspecific territoriality, and competition for

habitat with barred owls is largely responsible for the decline in spotted owl

numbers. The RSPF was revised at a time when barred owl sites were approxi-

mately equal to spotted owl sites in number (Herter and Hicks 2000), but prior

to a consecutive sequence of poor spotted owl reproductive years. While the

HCP was written to anticipate some effects of stochastic weather events and
barred owl competition, we were nonetheless surprised by the combined

effects of these two factors on resident spotted owl populations in the

planning area. Conversely, this development points to one of the strengths

of the multispecies HCP approach. Without the HCP, habitat in regulatory cir-

cles vacated by spotted owls would have been harvested. Under the HCP, Plum

Creek continues to maintain vacated spotted owl habitat to the benefit of

other species associated with late-successional forests.
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ADAPTIVE MANAGEMENT AND MONITORING
Although a significant body of scientific information and expertise was used to

develop Plum Creek’s Cascades HCP, not all the questions about the long-term

effects of HCP implementation on fish and wildlife species and their habitats

can be answered with total certainty today. This is particularly pertinent to

the use of models in the development of the HCP. However, uncertainty can

be addressed by implementation of an adaptive management approach, which

incorporates research and monitoring into a responsive program to evaluate
the HCP as a “management experiment” that may be modified as necessary to

meet objectives.

Adaptive management is a process that can improve management practices

incrementally by implementing plans in ways that maximize opportunities to learn

from experience. Adaptive management (Holling 1978; Romesburg 1981; MacNab

1983, 1985; Walters 1986; Eberhardt 1988; Thomas et al. 1990; Wilhere 2002) can

provide a reliable means for assessing the HCP, producing better ecological knowl-

edge, and developing appropriate modifications to improve forest management.
The primary challenge for using an adaptive management approach is to demon-

strate simply and clearly why a change in management would be worthwhile.

Plum Creek’s Cascades HCP was the first HCP to openly include adaptive

management in the sense that the permittees acknowledged that in certain

situations they may need to modify their actions so that additional expense, in

the form of additional land, water, or other resources, may need to be provided

as mitigation. This voluntary “partial set-a-side” of assurances under the “no sur-

prises” policy was a significant step for Plum Creek. Plum Creek’s HCP included
adaptive management concepts throughout, but explicitly for several topics

including whether spotted owl populations were following the model results

and involved the use of deferral habitat. Another explicit topical area included

whether riparian buffers were functioning adequately regarding aquatic

resource values and processes.

The concept of adaptive management was soon incorporated into additional

HCPs such as the Washington Department of Natural Resources HCP, Plum

Creek’s Native Fish HCP, and the Green Diamond Resources (formally Simpson
Timber) HCP in Washington. With the development of each subsequent HCP,

the concepts behind adaptive management within the “no surprises” framework

of regulatory assurances was refined and cultured. Eventually, adaptive manage-

ment became a common tool in HCPs across the nation.

Not only does adaptive management make sense for a long-term landscape

management plan like an HCP, but recent USFWS policy (U.S. Fish and Wildlife

Service and National Oceanic and Atmospheric Administration 2000) addressed

incorporation of adaptive management into HCPs where significant uncertainty
exists. Not all HCPs require an adaptive management approach. However, adap-

tive management can be essential for HCPs that otherwise would pose a
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substantial risk as a result of information gaps regarding the species biology, the

impacts likely to result from HCP actions, or the response of the species to min-

imization and mitigation features of the HCP. Adaptive management is also help-

ful in guiding plan amendments in response to changed circumstances. Through

the Cascades HCP, it was determined that adaptive management in HCPs could

be stringent with specific monitoring thresholds for initiating changes and

active experimentation, but that adaptive management could also include obser-

vational monitoring and incorporation of outside research findings. Through
these early HCPs, the Services came to understand how adaptive management

could be selectively limited in scope or could be constructed with landowner

involvement into cooperative and beneficial approaches.

Adaptive management is incorporated into many elements of the Cascades

HCP, but most relevant to this discussion is the use of adaptive management

in the development of thresholds for initiating corrective action. As stated in

the HCP (Plum Creek Timber Company 1996, Sec. 5.4.2.2, pg 328): “A key ele-

ment of adaptive management is the establishment of testable hypotheses tied
to management objectives. Should resultant monitoring determine that

biological conditions are outside the ‘bounds’ estimated in the HCP, Plum Creek

and the Services will review assumptions, refine models and modify manage-

ment to protect public resources.” These thresholds “for triggering corrective

action must be linked to key elements of the HCP by being related to statistically

significant, biologically relevant elements and obtainable through monitoring

data collected during the permit period.”

To that end, model outputs contribute significantly to the future direction of
the HCP. For instance, a variance of more than 20% between the projected and

actual habitat condition for any lifeform creates a need to consult with the Ser-

vices on causative factors and potential remedial actions. Additionally, a finding

of actual spotted owl populations (as determined by spotted owl monitoring in

the planning area and outside peer review) that are less than 80% of the carrying

capacity estimated in the RSPF model will also trigger possible corrective action,

such as retention of more habitat deferrals, extension of nesting habitat deferrals

for longer time periods, or habitat deferrals may be moved to more effective
locations. Key questions regarding the tripping of these threshold triggers are

“Is the observed deficiency a result of HCP management?” and “Will modifica-

tion of the HCP remedy conditions in a substantive way?”

In the 10 years of HCP implementation and management, model outputs have

triggered thresholds and caused further evaluation of causative actions. The distri-

bution of the eight stand structure types has deviated more than 20% from that

predicted by the OPTIONS model. This occurred as the actual percentage of early

successional stand structure types (stand initiation, shrub sapling, and young for-
est) dropped below that predicted by OPTIONS for the first decade (year 2006) of

the plan. It was determined to be a result of HCP management because the defi-

ciency was caused by a reduction in timber harvest activity in the HCP compared

to levels initially estimated on Plum Creek lands during HCP development.
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However, the biological consequences of less early successional habitat on the

landscape than predicted was judged to be minimal, because none of the 315 spe-

cies covered in the HCP would be jeopardized by less early successional habitat

on Plum Creek property. The Services determined that species dependent on

early successional habitats in the central Cascades are generally able to use other

habitats or have evolved with such scarcity of habitats and compensated by devel-

oping good dispersal abilities. Additionally, early successional habitats still occur

at near historic levels within the planning area.
As stated earlier, populations of spotted owls within the HCP project area have

dropped significantly during the first decade of HCP implementation, based on

spotted owl site monitoring in the HCP and demographic monitoring of owl popu-

lations mandated under the Northwest Forest Plan. Current estimates of active

spotted owl sites within the HCP planning area are approximately 40% of the num-

ber when the HCP was implemented in 1997 (Raedeke Associates 2006), compara-

ble to trends observed in the majority of other populations in the region (Anthony

et al. 2006). Habitat amounts have remained relatively static within the HCP
planning area over the last decade (Hicks et al. 2003a). Barred owls have been stud-

ied in Washington for over 20 years and were known to be present in the HCP

planning areas when surveyswere initiated in 1990 (Hamer 1988, Herter and Hicks

2000). However, barred owls have significantly increased within the HCP planning

area within the last 10 years and now threaten the persistence of the northern

spotted owl through much of its extant range (Anthony et al. 2006). The barred

owl threat has extended across all types of landscapes, from industrial forest lands

to national parks where no significant timber harvest has occurred in recent dec-
ades (Herter and Hicks 2000, Pearson and Livezey 2003, Gremel 2005, Livezey

2007). In this application of model output and trigger thresholds, the answer to

the first question—“Is the observed deficiency a result of HCP management?”—is

clearly that barred owl range expansion and competition with spotted owls has

not been caused by the implementation of theHCP. However, the answer to the sec-

ond question—“Will modification of the HCP remedy conditions in a substantive

way?”—remains a significant and problematic management challenge for agencies

and landowners within the HCP area as well as throughout the range of the spotted
owl in the Pacific Northwest (Gremel 2005, Livezey 2007). The USFWS Recovery

Plan for the spotted owl identifies the barred owl range expansion as a major

impediment to the recovery of the spotted owl and describes an aggressive

program for barred owl control through direct reduction (U.S. Fish and Wildlife

Service 2008).
POLICY AND MANAGEMENT IMPLICATIONS
The Cascades HCP was a major achievement in furthering the concept of multi-

species conservation planning at the landscape scale. The significance of the
Cascades HCP was enhanced by the fact that it was completed within a
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checkerboard ownership pattern of public and private land in a controversial area

of Washington known as the Interstate-90 corridor (Hicks 1997). Although the

HCP did resolve ESA-related land management concerns, other issues such as back-

countr y recreation, aesthetics, and road access were not addressed by the HCP and

remained to be resolved in the Interstate-90 Corridor. Following inception of the

HCP, the Interstate-90 Land Exchange between Plum Creek and the U.S. Forest

Ser vice was completed in 2000 to consolidate checkerboard ownership in the

Interstate-90 Corridor and address these and other non-ESA-related public issues.
The Cascad es HCP w as inst r umenta l in facilit ating the land exchange. Plum

Creek land could be ef fectively appraise d for its va lue to the U.S. Forest Ser vice

becau se specific ES A-related constrai nts could be more acc urately quantifi ed.

Conver sely, U.S. Forest Ser vic e land with ESA-rela ted habita t values could be

exchanged to Plum Creek and incor porated into the multi specie s HCP. The Cas -

cade s HCP was concur ren tly amend ed to ref lec t own er ship changes resulti ng

from the land exchange. In addi tion to the Inte r state-90 Land Exchange, the

HCP pro vided the fra mework for ot her conser vation trans actions , inc luding
conse r vatio n land sales to the U.S. Forest Ser vic e, and sales to pr ivate/p ublic

conse r vatio n groups, including the M ountains to Sound Greenway, Nor thwest

Ecosys tem Allianc e, and the Casc ade Coali tion Par tner ship .

The science -based foundation of the Cascade s HCP provid ed the pla tfor m for

other rese arch investigations dur ing the fir st deca de of its existen ce. Thes e

research projects have provid ed infor mation to asse ss and refine mod els used

in the HCP such as investigations in use of midsucces sional forests by avian spe-

cies, which helped evaluate the lifeform modeling and “guilding” of vertebrate
species to forest structure stages (Manuwal and Gergen 2001). Additionally,

the lifeform guilding and structure stage classification framework used in the

HCP provided the format for a research project to evaluate habitat managed

under the HCP as biodivers ity “hot spots ” (Hans on et al. 2006).

The use of models developed by HCP applicants can be helpful in assessing

impacts, but blind reliance by U.S. Fish and Wildlife Service staff upon applicant-

developed models is not appropriate or in the best interest of the species, trust

responsibilities, or the general public. The RSPF model for spotted owls was
subjected to such scrutiny. The U.S. Fish and Wildlife Service worked with the

Washington Department of Fish and Wildlife to develop a test for the Plum

Creek model. Agency biologists were concerned that the model might not ade-

quately account for habitat fragmentation. A test was developed that included

equal amounts of habitat; but, under one scenario, the habitat patches were

smaller and less contiguous. The agencies wanted to see if the RSPF model

would predict the same number of spotted owls for both scenarios. The RSPF

model successfully predicted a lower carrying capacity for spotted owls in the
more fragmented test landscape (Irwin and Hicks 1995: Appendix 2), which

was consistent with what was known about spotted owl habitat use. Also, in

conducting its analyses under section 7 of the ESA, the U.S. Fish and Wildlife

Service used a variety of analyses developed by its own staff to test or
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corroborate the RSPF model. The combination of independent analyses in con-

junction with the RSPF model allowed the U.S. Fish and Wildlife Service to

explore different scenarios and develop its own independent analysis that was

vastly better than the analysis that could have been conducted in the absence

of the modeling and supportive work undertaken by Plum Creek. The experi-

ences that the U.S. Fish and Wildlife Service obtained from examining the mod-

els and participating in the analyses with Plum Creek provided a preparatory

education to help the Services deal with future applicants. The Services had a
better understanding of informational needs, availability of surrogate informa-

tion, logistical limitations, and alternate solutions.

Most of the modeling and analytical work to prepare the Cascades HCP was

completed between 1993 and 1996. There have been major improvements in

the tools and techniques we used to build the HCP that could facilitate a similar

effort if attempted today. The data available to explore landscape planning for

wildlife have been improved substantially for the Pacific Northwest by the pub-

lication of the Wildlife-Habitats Relationships in Oregon and Washington com-
pendium, which now includes digital databases for improved access and

timely updates. The early versions of the Stand Visualization software we used

to illustrate silvicultural experiments and spotted owl habitat have been signifi-

cantly improved and now include the ability to display and analyze data at the

landscape level. The OPTIONS program has also been improved to include

the ability to incorporate more treatments and greater storage of stand-level data

in the analysis of growth and harvest scenarios. Finally, the advancement of GIS

now allows even more sophisticated analysis of complex biotic and physical
landscape data than was available a decade ago. As we have seen with the

revision of the RSPF model described earlier, GIS capabilities to analyze and

compute data at the landscape level have transcended the limitations of early

systems to simply make maps. Although the tools and techniques have

improved since we initially developed the HCP, we have not seen other

approaches or processes that we would use in their place today.

In 2007, Plum Creek and the Services completed a major 10-year review of

the Cascades HCP. During that review, we assessed the quantity and quality of
information obtained by monitoring and implementation of management prac-

tices mandated by the HCP. Both Plum Creek and the Services concluded that

the tools and techniques used to construct and monitor the HCP have been

effective and continue to provide useful information to serve both the science

and management objectives of the HCP. No major changes to management prac-

tices were required as a result of the 10-year review.

However, the most disturbing development to occur during the first decade

of the HCP is the reduction of the resident spotted owl population in response
to the influx of barred owls. In hindsight, we underestimated the impact of the

barred owl as a factor in depressing spotted owl populations within our

planning area. Our modeling efforts did not incorporate the barred owl as a
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factor influencing habitat use by spotted owls. As we learn more about the influ-

ence of barred owls on spotted owls, it becomes evident that there are both

habitat and behavioral aspects of the issue. Because little was known about

barred owl and spotted owl interactions at the time of HCP development, and

the dynamic nature of the issue, it is speculative that modeling could have been

helpful in anticipating or addressing this complex challenge in the HCP. Given

that the increase of barred owls is affecting spotted owl populations throughout

the current range, it does seem plausible that the HCP could provide an oppor-
tunity for Plum Creek and state and federal agencies to collaboratively investi-

gate biological dynamics between the two species in the planning area and

develop adaptive management responses that might have value and applicability

over a larger area.

Despite disappointments and challenges regarding the future of spotted owls

in our planning area, the other components of the HCP continue to perform at

or above expectations. The riparian strategy has been successful in maintaining

water quality and habitat diversity within streams; habitat targets for maintain-
ing the eight forest structure stages across ownerships have largely been met;

and protection of special habitats such as microclimates on talus slopes, seeps

and springs, late-successional ponderosa pine stands, and wildlife trees for cav-

ity-nesting species has been achieved. One advantage to developing a multispe-

cies HCP is that other species can benefit even if challenges develop for some

target species.
FUTURE DIRECTIONS
The Cascades HCP recently completed its first decade in the 50-year life of the plan.

The use of modeling to evaluate biological relationships, quantify forest harvest and

growth effects on habitat, and “future out” the biological consequences of HCP
implementation and management has been instrumental to the plan. Monitoring

requirements in the HCP and the HCP Implementation Agreement mandate major

reviews of the plan at 5- and 10-year intervals. During these reviews, new informa-

tion regarding forest inventory updates and management activities are brought to

the Services. Additionally, all terrestrial and aquaticmonitoring data are summarized

and reviewed to determine if threshold “triggers” are tripped or if mitigation mea-

sures and management activities mandated by the HCP are ineffective. In this way,

adaptive management is achieved using information acquired within the HCP and
applied to models and analyses developed for the HCP.

The emerging issue of barred owl and spotted owl interactions may form the

basis of additional monitoring and modeling in the HCP. This would be com-

pleted in conjunction with other agencies and entities, since this is a situation

affecting spotted owl recovery throughout the species range.
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The HCP was designed to build upon conservation strategies used on federal

lands in the Northwest Forest Plan. The HCP has undergone a major amend-

ment to incorporate changing land ownership arising from the Interstate-90

Land Exchange. Subsequent conservation land sales have increased the probabil-

ity that what is now a single-landowner HCP may become a multilandowner

HCP as other forest interests (private or conservation-based) acquire ownership

within the HCP project area and assume conservation responsibilities under the

plan. If that scenario develops, analytical models such as lifeform/structure stage
guilding and the OPTIONS model will likely be refined and applied to the new

ownerships to coordinate the continued achievement of the HCP landscape

conservation objectives.
SUMMARY
Plum Creek Timber Company is one of the largest private owners of forested

habitat occupied by the northern spotted owl (Strix occidentalis caurina) in

the United States. At the time of federal listing in 1990, 107 spotted owl terri-

tories had been located near the company’s property intermingled with other
lands in the Central Cascade Mountains of Washington. To facilitate the manage-

ment of the spotted owls and address the economic impacts that the federal list-

ing of the species had created, Plum Creek, the U.S. Fish and Wildlife Service,

and the National Marine Fisheries Service (the Services) began the development

of a Habitat Conservation Plan (HCP), a process under the Endangered Species

Act, which allows private landowners to obtain a federal permit to incidentally

“take” a listed species or its habitat under otherwise lawful activities in accor-

dance with an approved plan that specifies actions to mitigate and minimize
the anticipated impact on the listed species. The HCP area is 169,510 hectares

in size, including 49,239 hectares of Plum Creek property. The HCP, which

was approved by the Services in June 1996, is a 50-year plan which addresses

the habitat needs of 315 vertebrate species, including the northern spotted

owl. Modeling was an important tool to develop several key components of

the HCP described in this chapter. The first is a forest stand structure classifica-

tion system based on spotted owl monitoring and habitat analysis. The second is

the OPTIONSE timberland harvest and planning model used to simulate differ-
ent management strategies and project spotted owl habitat through the 50-year

planning period. Finally, a resource selection function was used to assess the

likelihood that habitat retained in the plan, or projected to grow over the life

of the plan, would have a low, medium, or high probability of occupancy by

spotted owls. Adaptive management was incorporated into the Cascades HCP

to address uncertainty by establishing thresholds for initiating corrective action.

The tools and techniques used to construct and monitor the HCP have been

effective and continue to provide useful information to serve both the science
and management objectives of the HCP.
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