THE TULALIPY TRIBES

Distribution and Recreational Harvest of
Mountain Huckleberrya H M4 3in theP [

Mount Baker-Snoqualmie National Forest

A cooperative tribafederal pilot effort
toward the longterm sustainability of
mountain huckleberries on national
forest lands Libby HalpiiNelson,
Editor, August 2015







THE TULALIPY TRIBES

Distribution and Recreational Harvest of
Mountain Huckleberrya H M4 3in theP

Mount Baker-Snoqualmie National Forest

A cooperative tribafederal pilot effort toward the lonterm
sustainability of mountain huckleberries on national forest la
Libby Halpin Nelson, Editor, August 2015




Cover: (left) Berry Picker at Stevens Pass; Source: Seattle Times, 1946; (right) Daniel Gene
Zackuse, Jr., Summer 2012, Skykomish River watershed; Source: Libby Halpin Nelson.



Dedication

Henry fAHanko Del ano Gobin
Kwi Tlum Kadim (May 29, 1941 to April 25, 2013)

This report is humbly dedicated to the late H&m Tlum KadimGobin,
who worked tirelessly to ensure that the Tulalip people were able to continue their
rich cultural traitions in the mountains according to customary teachings.
As Manager of Tul alipb6s Cul t uwasalreleRless aduocatee s De
for Tulalipbs reserved treaty rights on publi
between the Tulalip Tribes and Mt. BakBnoqualmie National Forest and helped to build
understanding between Tribal aRdrest Service staff regarding the cultural and spiritual
importance of mountain resources
like"r v d c "(Mbuntain Huckleberry)
to the Tulalip people.



Editor Acknowledgements

The Editor wishes to acknowledge the many people who both inspired
and contributed directly to this work, including, from the Tulalip Tribes: the late Hank Kwi Tlum
Kadim Gobin, Inez Bill, Ruefi Moses, Richard Young, Jason Gobin,
Tessa Campbell, Patti Gobin, Michelle Totman, Val Streeter, Daryl Williams, Kurt Nelson, Julia
Gold, Darla BoyerMolly Alves,Michelle Balagot, and Michelle Myles.
We also wish to thank staff from the U.S. Foresti&e, Mt. BakerSnoqualmie National Forest:
Barb Busse, Phyllis Re, Joe Neal and Laura Potaghgmbers of the
Tribal Advisory Committee for this project: Warren KingGeorge, Betty Swanaset, and all
members of the joint tribdederal CedaHuckleberry @mmittee. Finally, we wish to
acknowledge the U.S. Environmental Protection Agency for a generous grant, through the Tribal
General Assistance Program (GAR)FY 2011 that made this research possible.



Table of Contents

s 7z z

Foreword (by Inez Bill, Tulalip Tribes Rediscovery Program)é é é é é é é é

[N
(¢

sz

Preface (Libby Halpin Nelson, Editor)é é € é . é éééééeeéeéeée. .. . . . i

s 7

Contributors e é e é éeééeééeéeéceeceéeceé. eéececté

([N
([N
S'D\
-(D~
<

Introduction and Overview é e é é é e éeéeééeéeéeééeéeéeé . é.ix
Part A: Distribution of Big Huckleberry in the Mt. Baker -Snoqualmie
National Forest
Known Occurrence and Potentiaabitat Map for Big Huckleberry
(Vaccinium membranaceyron the Mt. BakerSnoqualmie National
Forest Robin Lesher, Jan Hender s onéééné...ChA-l s
Part AAppendice é é ¢ éeééeéeéeéeéeéeéeéeéeée. ......A25
Appendixlé é e éééeéeééeéeéecéecéeéeécéeé . . A27
Appendix 2 é e ééeéeéeéeéeéeéeéeéeéé .......A35
Appendix2 é e éééeéeéeéeéecéecéeéeécéeéeé ... A43
Appendix& é 6 é 6 ééééeééeéééécécéeééeeééeéé...AbB5
Part B: Contemporary Recreational Harvest of Mountain Huckleberry
Mt. BakerSnoqualmie National Forest Big Huckleberry Harvester Study
(Joyce LeCompttMastenlbook)é é é € € é 6 € éé e e éééeéééeéeééeeée. ..B-1
Part BAppendicesé ¢ é € é 6 éééécécéecééeéeéeééeeeé ... B-33
Appendix B é 6 é 6 ééééeééeééeéecééeéeééeééé .....B35
Appendix 2 é e éeééeéeéeéeéecééeéeéeécée ... B-60
Appendix2 é e ééééeéeéeééeéeéeéeéeééeé...eB-6l
Appendix& é e ééééeéeééeééeéeéeéeéeéé . .é.éB-67

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
%
H

Part C: Key Findings and Recommendation®

Part C Appendicese é e é éeééeééeéeceéceéeeéececé . Cll

Appendixlé e éeeééeeééeeéeeéeeéeééececée. .....Cl1

Ri

n






Foreword

By Inez Bill
Tulalip Tribes Rediscovery Program Coordinator

LOQ@S 6SSy (FdAKGI GKIFIG SOSNBGIKAY3I 6S R2 0S3IAya

Our teachings tell us that before we harvest a plant, we say a prayer to show our gratitude for
what the plant provides us, and tet it know how we will use it. In that way, we are honoring
its spirit.

Our ancestors had a strong connection to our natural world. We see ourselves not as separate
from or over our environment, but as equals with the plants and animals and altwfen The
environment provides for all of our needs; that is how our ancestors survived.

All things in our environment are a giftfoods to nourish our bodies, medicine to heal us, and a
spiritual connection that brings us into our values and teachings. Our teachings tell us not to
take more than we need, not to waste anything, and to share our harvests with others in a
generous and kind way. This will allow these gifts to nourish ubarmdir medicine.

Our people were never arrogant; they were humble and respectful. If the animals, plants,
minerals, waters and all that is in our natural environment are to remain for us, we must show
them respect and treat them in the right way.

Our native foods not onlyourish our bodies, they also feed our spirit.

Huckleberry is a food and medicine to our people. Our ancestors visited certain areas for
gathering berries. They knew where the berries were growing, and what companion plants
might be growing there too and how to use them. The knowledge of plant uses was at times
handed down through generations, or a spiritual communication could be received to help the
person that was in needOur people took care of our harvest areas, neverrbaevesting any

one area. They had choices of where to go and would rotate among them, leaving some areas
alone. Sometimes families had certain harvesting areas they would go to; these areas would be
known and respected by others in the community. Otheres, saltwater people might trade

for berries from people living farther upriver and in the mountains.

Today we continue to take care of our harvest areas so that we can go back to that same area

and gather again. After we harvest, we wantittolobRl1S ¢S 6SNBy Qi SGSNI (KS
able to gather a little extra, we share with our elders and others who cannot harvest for
GKSyaStgSad LIQa Ffaz2 OGSNBR AYLRNIFIyG G2 6S lof
Al A& f A1 SNEBR2O I NS 2 RifsRaNOKabd ridfivelfoa8sivie are following

our teachings, and showing that we are rich in our culture.



The foods of our people, like the berries and nettles and many others, are proving to be above
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when diabetes is epidemic on our Reservation, we know that huckleberries serve as one food

that our people can safely eat without elevating their blood sugar level. Thinking-baak

people, our ancestors, were on the right track. They had the foods that took care of them, and
provided for all otheir needs.
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important is that we continue to carry forward these teachings and values of respect, and of

taking care of our environment. As an example, think about going to the market to buy
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gathering our Native foods, we are reminded of the teachings,tarstiay connected to our

environment. We need to remember and share these teachings and values.

Huckleberries and all the plant foods and medicines were so important to us that our people
included them in our Treaty! These were resources our ancestagred for us so that we

would be able to continue our way of life. We need to fight, just like they did, for the things our
people use and need fight for the things our ancestors laid out for us in the treaty.

Approximately 18 years ago, | was preparing for a memorial ceremony and had the opportunity

to go to Mount Adams to pick huckleberries. | was alarmed to see for myself that this area that

was the gathering area of the Yakama Nation for generations, wasaged. The damage was

very evident. Without having to leave my vehicle, you could see plants that were destroyed to

create harvest trails. There were tribal members there trying to harvest berries to put away for

the year. We were told by them that themwere commercial harvesters getting coolers full of

berries to sell to restaurants so they could serve huckleberry pancakes or pies. | was very
RAAGdZNDSR o0& GKAAa YR glyid (2 0SS adaNB GKAa ¢2)
Snoqualmie Nationdtorest.
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Henry and | thought a lot about our winter ceremonies; we didwant to see a time where we

would go to a gathering and not have any of our Native foods at the table because they were no

longer available. Today, it is not only important that we continue the struggle to uphold our

treaty rights, but we need to campaidor the health of our resources and access to our

mountain areas. | hope this report will support our work to continue the lifeways of our

people.



Preface

In November of 2007, the Tulalip Tribes signed the first negotiated tribal govertonent
governnent agreement with the U.S. Forest Service on the Mt. Ekequalmie National Forest (MBS).
This agreement was initiated by Tulalip to address concerns over conservation and access to natural
resources and culturalimportant places within the Nationkbrest. One resource of concern to tribal
members is the Mountain HuckIl eberrrwdc"oery, i n the Lu

For t hous andg c déspghedas aninfportant food, medicine and trade good to
the tribal Coast Salish peoplesf t hi s region, including Tulalipdbds a
processing of large quantities of mountain huckleberries was an integral part of the seasonal round of
food gathering activities as well as their social, cultural, and spiritual livasl855, with the signing of
the Treaty of Pt. Elliott, predecessors of the Tulalip Tribélse Skykomish, Snoqualmie, Snohomish and
other allied bands ceded thousands of acres of land in what is now a national fiirediit. Baker
Snoqualmie. Theirrecestors, some of whom lived along the western slopes and mountain valleys of the
Cascade Mountains, were relocated, along with other native peoples along the lower rivers and coasts, to
a small saltwater reservation on Puget Sound. This area, thatbdcdime A Tul al i p Reservat.i
quite a distance from the mountain territories and many of the higher elevation hunting and berrying
grounds.

When treaties were being negotiatethal leaders insisted they retain their rights to hunt, fish
and gathe plants and other natural resources in their traditional places, including their mountain
territories. These are considered tribal HAreserve
Treatycontinued access to and use of these lands and resources outside of the reservation. They are not
rights granted by treaty, rather they are rights Tribes have always possessed, and deliberately retained for
their people through the Treaty process.

While patterns of use and access changed significantly with the signing of treaties, movement to
reservations, and the conversion of many of these former Indian held lands to privately held parcels,
gathering of huckleberries and other mountain plants and nbtesaurces continued, and today remains
an important cultural practice to Tulalip members and to those of other Coast Salish Tribes. Public lands
like the Mt. BakeiSnoqualmie National Forest (MBS) play an important role in providing these-treaty
resened traditional foods and medicines.

Maintaining an adequate suppdy and access to plants, like mountain huckleberry, on the Mt.
BakerSnoqualmie National Forest is critical to Tulalip and other area tribes. Tribal members worry that
a growing regionapopulation will continue to increase demand on huckleberaiedpotentially other
mountain plants. They have observed how many of the berry patches that they use currently are becoming
overgrown by conifers, and that fewer new areas are availabletage their previous patches. Tribal
members are also concerned about potential road closures or land status changes that might reduce
access, a changing climate that may not favor mountain huckleberries, and the lack loagglote
information on thetstus of huckleberry habitat and use on the National Forest and a management plan to
ensure their sustainability.

Tulalip and other area tribes with reserved treaty rights to gather plants on ¢peseand
unclaimedands have a strong interest and sfgrant stake in the future management of these lands and
resources. We have worked steadily over the last several years with federal agencies, such as the U.S.



Forest Service, encouraging a greater focus ontitaber plant resources, like mountain huetberry.

We have also promoted managing for an array of forest stand ages and habitat types to encourage a
greater diversity of plant and wildlife specibsit more closely resemibthe mosaidike pattern of plant

and animal communitigsre-dating pioneersettlement in the miti800s.

We have worked with other Tribes in the region on issues related to treaty gathering on public
lands. In 2011, Tulalip coordinated and hosted@¥ symposium on tribal plant gathering on public
|l ands: i Suuslttauirnei:n g MaunragGe ment and Access to Tradi
invited other Tribes using MBS forest lands to Tulalip to hear about and provide their thoughts and
suggestions on the development of this baseline huckleberry study on the MBB#&iibution and
RecreationaHarvest of Mountain Huckleberiyr v d ¢ "inghg Mt. BakeiSnogualmie National
Foresbt akes advantage of Tulalipbés cooperative relat/|
tribal and ForestService resources aneipertise, contributions from other area Tribes, regional egpert
Our work together produce this document reflectsrautual desire to ensure a diverse and resilient
landscape, where culturally important species like mountain huckleberry may be suatainedeed,
thrive.

I n 2008, Tul al i-Hpu cfkolreredr rtyh eC dinGmeidtatre e o, a | oi nt
teachers and technical staff from Tulalip and staff from the Mt. B&kegualmie National Forest. The
purpose of the Committee was to podendialog between the Tribes and the Forest Service about
mountain plants and plant gathering and their place in Tulalip culture, and to voice their concerns about
the health of plants growing in their ancestral territories. The Committee publishea aganda for
action that pointed to the need for better information on the distribution and status of mountain
huckleberry and of current huckleberry harvests on the forest. This collaborative Roitest Service
study of huckleberry habitat amdcredional harvest on the MBS was undertaken in response to this
recommendation.

As ancient stewards of the mountain areas and natural resources of the Coast Salish Sea
ecosystem, tribes bring with them thousands of years of knowledge, practicdatiodstgp with the
environmenthat has been handed down from generation to generation. Although tribal engagement in
the future management of their mountain homelands and {resé¢yved resources is a matter of good
governance, it also offers a vasusce of practical experience and knowledge for the benefit of all people.

Tribes recognize that over the last emendred and fifty years, huckleberries have come to be
important to nortribal residentswho appreciate huckleberry both as a food, andrasutdoor
experience and tradition. These harvesters have many of the same concerns about the sustainability of
huckleberry on public lands. It is our hope that by working together with federal land managers and by
undertaking some of the needed stuthesssess the status of huckleberry and their harvest on the MBS,
we can help to ensure the health and sustainability of mountain huckleberry for all who value it for many
generations to come.

Libby Halpin Nelson, Editor
August 7, 2015
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harvesting and using plants for food and medicine, the plants in turn will nourish the
spirits and bodies of the Tulalip people for generations down the road. "We consider the
medicinal plants as gifts from the spirit," said Bill, Coordinator for the Tribes'

Redi scovery Progr am. . iWe want to see arvest
that our people have used historicallyo.§
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places and communities throughout the Cascades. This work traces both the

creation and maintenance of a colonial landscape and new collaborative relationships between Coast Salish

people, land managers, forest and wildlife ecologists, archaeologists, animals, plants, and the landscape itself.


http://depts.washington.edu/anthweb/enews/2011-05/management1_lg.jpg
http://www.google.com/url?sa=i&rct=j&q=inez+bill+tulalip&source=images&cd=&cad=rja&uact=8&docid=FHOY5YNxORE39M&tbnid=mFcOeCuR0RxtoM:&ved=0CAUQjRw&url=http://www.turtletrack.org/Issues14/CO04_2014/CO_0414_Nettle_Superfood.htm&ei=EkqWU7HcGtjhoAS99YDoCQ&bvm=bv.68693194,d.cGU&psig=AFQjCNEjE4BtPA0ZD532anJZLV8ZcdDz2A&ust=1402444670602833

Robin D. Lesher,Ecological Consultant
Research Associate at the BuMaseum, University of Washington

Dr. Robin Lesher is currently an ecological consultant, and a Research Associate at
the Burke Museum, University of Washington, where she is curating a herbarium
collection of cryptogams from the national forests of northwestern Washington. Her
research interests are species habitat modeling and distribution relative to
environmental gradients; describing, mapping and monitoring vegetation; biodiversity,
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cultural or economic interest. She has a B.S. and M.S. in Biology-Plant Ecology from Western Washington
University, and a Ph.D. in Ecosystem Science from the University of Washington, College of Forest Resources.
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co-stewardship and huckleberry enhancement project with the Forest Service in the Skykomish Ranger District.

Libby served as the coordinator for two regional and natio
Management and Access to Traditional Plants on Public Land
NEPA and development of tribal environmental policy acts. Prior to her work at Tulalip, Libby served as

Manager of the Environmental Division for the Confederated Salish and Kootenai Tribes in Montana, and as a

consultant to the World Resources Institute in Washington, D.C. to analyze impacts of deforestation to

indigenous groups. Libby began her career in natural resources working with tribes in Alaska on subsistence

policy in the 1980s.

Vi



Jan A. Henderson Ecologist

Dr. Jan Henderson was Area Ecologist with the U.S. Forest Service, from 1979 to 2010,
and is now retired. His responsibilities included applied research in the field of vegetation
and landscape ecology on the Olympic and Mt. Baker-Snoqualmie National Forests in
Washington, and potential vegetation modeling and mapping for Washington and Oregon.
Prior to that he was Assistant Professor of forest ecology and silviculture at Utah State
University from 1972-1979. He has numerous publications and presentations in the areas
of vegetation classification, ecological succession, fire and climatic history and use of
Geographic Information Systems (GIS) in forest management. He has a B.S. in Forest
Management from Washington State University, an M.S. in Forest Ecology from Oregon
State University and a Ph.D. in Plant Ecology from Oregon State University.

David Kendrick, Vegetation Program Manager, United States Forest Service, Mt.-Baker
Snoqualmie National Forest

Dave is a forester and has served for the past eight years as the Forest Vegetation
Program Manager for the Mt. Baker-Snoqualmie National Forest in Everett,
Washington. His work includes managing the use of forest products such as berries,
mushrooms, timber, and firewood. Dave has a Bachelor of Science in Forestry from
the University of Missouri and a Master of Forestry in Forest Engineering from
Oregon State University.

Chris Ringo, GIS Programmer/Analyst
Dept. of Crop and Soil Science, Oregon State University

Chris began his career as a computational scientist with Complex Systems Research Center
at the University of New Hampshire, a research group involved in quantifying rates of global
deforestation and the role of the oceans in the global carbon cycle. In 1990, he left academia
for his first GIS position with the New Hampshire Department of Environmental Services.
After more than a decade as a GIS programmer-analyst, cartographer, and manager for the
Washington Department of Fish and Wildlife, Chris was hired by Jan Henderson and Robin
Lesher of the Forest Service to provide GIS support for 6 years on the Potential Natural
Vegetation Project, to map potential vegetation of Washington and Oregon, environmental
gradients and support modeling and habitat mapping for species of interest. Chris is
currently a Faculty Research Assistant with the Department of Crop and Soil Science at the Oregon State
University in Corvallis, Oregon, where he is working on several regional-scale spatial data and analysis projects
in collaboration with the Forest Service, the Natural Resources Conservation Service, and The Nature
Conservancy.

Vil



viii



Introduction and Project Overview

rvdec ‘or@/lqantain Huckleberriesfacciniummembranaceurand otheVaccinium

species) are valued by western Washington Tribes as a subsistence, ceremonial and cultural
resource. The archaeological record shows a very long relationship between native peoples

and the western Cascade Mountains, dating back at least 9,000 yeafs: &pecveries of

mountain huckleberry drying trenches have been found dating back 2,500 years or more.

Tribes know, and the ethnographic record confirms, that before European settlement their
ancestors set fire to huckleberry habitat and used othersmeareate or maintain the open

conditions that favor huckleberry growti.hr oughout t he pl antdés r ang
fire in a variety of sitespecific ways to prevent conifer encroachment into existing

huckleberry meadows and to create new ones.

In 1855, The Tulalip Tribes, as well as other Point Elliot Tribes of western Washington,
entered into a treaty with the United States that reserved tribal hunting, fishing and gathering
rights onoff-reservatioriands, whichnclude thdands in the MtBakerSnoqualmie

National Forest. The Forest Service recognizes these tribal rights to continue to practice their
treatyreserved rights on NFS lands.

Non-tribal users also rely on huckleberries as a source of subsistence, recreaisanand

outdoor e&perience. In addition, wildlife- primarily bears, along with elk, deer, coyotes,
chipmunks, ground squirrels, bird and insect specidse pend on t he shrubséo
berries for critical forage.

A common perception among tribal people today & thany of their formerly productive
harvest areas are now degraded or have disappeared entirely. In the U.S., the majority of
mountain huckleberry habitat occurs on public lands managed by the U.S. Forest Service
(USFS). Itis generally acknowledgdtht management practices on public lands over the
course of the past century have resulted in a declining area of suitable huckleberry habitat
and productivity. Huckleberries decline as the tree canopy becomes denser, and increase
after canopy reductionOver the past several decades, a changing fire regime on national
forests, resulting from prohibition of traditional Native American burning in the late 1800s
and early 1900s, and more generalized fire suppression policies of the early areshtuarg
cortributed to a decrease in meadow habitats on national forests across the west. More
recently, and in the Pacific Northwest specifically, decreased logging and the designation of
management units as fALate SuccesslanoM¥®4, Reser
has alsa@ontributed to huckleberry habitat decline, with the decrease in logging of upper
elevations potentially the biggest factor on the MBS today.



In recent years, The USFS has been working closely with the Tulalip Tribes to address our

needs and concerns regarding resources on national forest lands. Maintaingsgeftion

access to and harvest of mountain huckleberries, and being able to retain and in some cases
revitalize these cultural practices, is criticatreatytribes likeTulalip, as well as other

western Washington tribes. Tul ali pds reseryv
reservations in western Washington, does not support all of the foods, medicines, materials

and certain physical landscapes necessasygtain tribal culture; historically, tribal people

sought these resources across a large and varied landscape.

In light of the increasing demand for huckleberries, potential climate change impacts,
projected regional population growth, and potentialdr closures, Tribes are increasingly
concerned about their ability to gather huckleberries and other traditional foods and
medicines now and their sustainability for future generations. This study grew out of that
concern.

Purpose and Structure ofthis Report

In an effort to address these tribal concerns about treaty gathering of mountain huckleberries,
Tulalip and the U.S. Forest Service worked cooperatively to develop this study. We agreed

that critical baseline information was neededtoservelasu i | di ng bl ockso f or
manage and sustain huckleberry habitat on the Mt. Bakequalmie National Forest. This

included information on the current status and distribution of huckleberry habitat, as well as

the current mountain huckleberry harweg levels by the public. While it is known that

several huckleberry species are harvested on the MBS, we chose to focus on Big Huckleberry
(Vaccinium membranaceubougl.), since it appears to be most commonly targeted by
harvesterand itshabitat is ale largely representative of these other mountain huckleberry

species.

To collect this baseline technical information for mountain huckleberry, we contracted with
regional experts on huckleberry in the western Cascades specifically to:

1 Develop a habitat odel and map for big huckleberry that shows the known
occurrence and potential habitat of big huckleberry for the Mt. B8kegualmie
National Forest.

1 Develop a research plan and conduct an exploratory study to assess current
recreational mountaihuckleberry harvesting levels, practices and harvester
knowledge on the Mt. Bakeé3noqualmie National Forest



Contributors to this report have collaborated in developing a series of key findings and
recommendations for the future management and susiléyabbig huckleberry and
huckleberry gathering into the future. The results are contained in thispénteeport

The Tulalip Tribes are supporting these specials&tadies of habitat and harvéstassist in
providing some of the informatiorerded to initiate huckleberry planning on the forest, and
other higher elevation species of ecological, cultural and recreational importance.
Information presented in this report will serve as baseline information on current early
successional mountain lhigat type, and will enable monitoring of forest succession,
management actions, effects of climate change, and other pressures on the resource. It will
also provide information about the recreational harvest of huckleberries on the MBS, and
serve as anvaluation of various techniques useful in understanding the harvest and demand
for this berry on the MBS. Results from this work should help to evaluate potential impacts
of road closures proposed on USFS lands to ensure access to important cultueibitand h
areas, and enable evaluation of other USFS proposals and actions to the degree that they may
impact these important plaand treatyesources.
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Part A: Distribution of Big Huckleberry in the Mt. Baker -
Snoqualmie National Forest

Known Occurrence and Potential Habitat Map for Big Huckleberry (Vaccinium
membranaceurDougl.) on the Mt. BakeSnoqualmie National ForegRobin Lesher, Jan
Henderson and ChriRingo)

A-1



A-2



Executive Summary

Big huckleberry is widespread on the Mt. Baksroqualmie National Forest. The species
was documented on 1,287 U.S. Forest Service (USFS) ecology plots, abthitdoéthe
total plots. Big huckleberry was most frequent and abundant near the crestand

shadow areas. It does occur in the higher precipitation areas as well where it is typically
restricted to warmer or drier microsites. The potential habitat map shows this distribution

pattern as well.

Big huckleberry is primarily a species ofésted habitats. It is considered an early seral
species as it is found to be most abundant in open conditions following disturbance on forest
sites, such as logging or fire. It also appears to require full sun or partial shade to flower and

fruit abundatly.

A potential habitat map was developed using data from 3,148 USFS) ecology plots on the
Mt. BakerSnoqualmie National Fore@¥IBS) (FiguresA-2, A-3, A-2.1-A-2.6). It shows the
distribution of four classes (High, Moderate, Low and Not) of potential habitsfakeinium
membranaceur(W AME, big huckleberry, mountain huckleberry, tHeaved huckleberry).
TheHigh habitat class represents much of the potential duafoit big huckleberry on the

MBS. The map of the four habitat classes is showigimesA-3, A-2.1-A-2.6, where the

High habitat class is shaded blue. This map is compared to USFS maps of Land Use
Allocation (LUA), stand age less than 80 years ands@@agures A3.1-A-3.6).

The area mapped as High Likelihood Habitat covers 508,636 acres or 29.2% of the National
Forest, with 95% of this habitat class occurring in reserved lands (such as Wilderness,
Administratively Withdrawn or Lat&Successional Resas)(TableA-1, Fgures A3.1-A-

36 The area of High Likelihood habitat in the
22,000 acres, with the highest amount on the Snoqualmie Ranger District, followed by the

Mt. Baker District. Matrix is the land asallocation that is available for timber harvest and

has the least constraints for management under direction of the forest plan.
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Introduction and Background

Big huckleberry Yaccinium membranaceyns a species of the Pacific Northwest and is commonly

found in the Cascade and Olympic Mountains. It is also known atethred huckleberry or

mountain huckleberry, or by its abbreviation AV
south throughhe Cascades of Washington and Oregon into northern California, and east to the

northern Rocky Mountains of Idaho and Montana (Hitchcock and Cronquist 1973).

In Washington and northwestern Oregon, it is a widespread in the dry part of the maritons regi
and the wet part of the dry interior regions at-#mdipper elevations. Big huckleberry is most
common on volcanic soils in the Cascade Mountains from just north of Mt Rainier and south into
northern Oregon. It is shade intolerant and reproducesdyy, or vegetatively by layering,
spreading from the root crown and by sprouting from roots. By being such a prolific vegetative
reproducer, it can persist in areas where it may be difficult or unlikely to reproduce by seed.
However, this species is ndtizomatous as has been previously reported in the literature.

The North Cascades of Washington, which is the study area of this project, represents the cold, wet
end of the range of big huckleberry. As the environment gets colder or wetter, this spedseto

occur more commonly on southerly aspects and drier topographic positions. Big huckleberry is
found at middle to upper elevations, in the Pacific Silver Fir, Mountain Hemlock, Subalpine Fir and
Subalpine Parkland vegetation zones, and occupiesgites than the other huckleberry species in
northwestern Washington (Henderson et al. 1992). It is most common in the area described as the
Mountain Hemlock/Big HuckleberriylenziesiaWhite RhododendroBeargrass Plant Association
Group (PAG) and thPacific Silver Fir/Big HuckleberryWhite RhododendreBeargrassAlaska
Huckleberry PAG (Henderson and Lesher 2012).

Big huckleberry is primarily a species of forested habitats and can be found in many places where it
does not readily flower or fruit. Hse conditions are usually related to the density of the tree layers,
as big huckleberry appears to require full sun or partial shade to flower and fruit abundantly. Big
huckleberry is most abundant in open conditions following disturbance on foresasddbus is
considered an early seral species. While huckleberry plants do not readily burn, the mature forests
where they typically occur can burn under the right conditions of moisture and wind.

Big huckleberry can also occur in some specializedforest sites. These can range from dry
microsites in primarily wet environments, such as along the edges of wet meadows, to very dry sites
at lower elevations. While these sites are open enough for it to flower, it is usually not common there
and ofterdoes not flower and fruit successfully.

As a species primarily of forested habitats it can persist through a long period of forest domination,
perhaps 2000 years. It does not usually flower in this situation and may eventually die out if the
shade persists too long or is too deep. Howekerability to survivesuch long periods allows the
species to resprout and regrow following forest fire, rather than relying solely on seed reproduction
and recolonization.

It has thus adapted to areas with a fairly frequent (evenB8000/ears) patterof wildfiresd that is

it tends to occur in the drier and more fire prone habitats at upper elevations in the study area. Once
the overstory of trees is killed by fire (or by logging) the surviving roots or root crowns can usually,
and often vigorouslyasprout. Once it starts to regrow, it can spread from the original sprout in
expanding circles of newer regeneration, forming distinctive clones. As the outer stems have a
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competitive advantage due to more free space, they are more vigorous but maytyrard as
much as upward, making them susceptible to layering (i.e. rooting from the stem). Roots extending
from the main or original root crown may also send up new vegetative stems.

As big huckleberry typically reproduces vegetatively, it tendsdagn clumps. This pattern is

easily seen in communities with a dense covering of big huckleberry. Each clone, or group of stems
all originating from the same root stock, may be recognized by its clumped structure. Often such a
clone will show differenes in leaf or fruit color, phenology or even color or flavor of the fruit.

Plants growing near conifer trees appear to have an advantage as they are often more vigorous and
the fruits may even be larger or more plentiful. When cut, burned or broveggukars to have a

good ability to resprout or regrow.

Big Huckleberry, like most other species, is sensitive to length of growing season for fruit

maturation. It has been noted that years with heavy or late lying snow pack may delay flowering.
Thiscoul d be a problem for seed and fruit product
(bumblebees) are not present at the time of flowering. Similarly, if the fall is early, the fruit may not

have time to fully develop. Such phenological effects owdking and fruiting may not affect the

entire population the same way, as some plants at the dry or warm fringes of the range may find such

a season particularly good for them. In addition to relying on bees for pollination, seed

dissemination occurs lyirds, bears and other animals that eat the fruit and disperse the seeds.

This species has evolved in and has adapted to changes in climate. Climate is currently changing and
has always been changing. Probably all Pacific Northwest plant species ¢ravetic makeup

adapted to major climate changes, like those that occurred in just the last few million years (the
Pleistocene epoch).

During the last 1000 years the study area has experienced a wide range in climates. It started with a
warm and relately dry climate (the medieval warm period). Then there was a period of dry and

cold, then wetter and colder and then a warmer climate. The cold period from about 1300 to about
1800 is called the "Little Ice Age" (LIA).

Since the coldest part of theA,Ibetween the years 1500 to 1700, climate has been warming and
precipitation patterns have also changed. During the cold and wet part of the LIA big huckleberry
was probably much less abundant in this area and almost certainly there were few yeants in whi
could complete its flowering and fruiting cycle. It is likely that during the current warming phase of
the longterm climate cycle, this species has expanded its range in our area, becoming much more
abundant than in previous centuries.

Big huckleberry is prized for its abundant and flavorful fruit, and is an important cultural and food
species for tribal cultures of the Pacific Northwest. It is also valued by recreational pickers and
commercial harvesters, and there has been incre@seest in this species in recent years. Fruit
production is higher in early seral communities, and in open or partially open forests. With a decline
in timber harvest and wildfires in upper elevation areas, suitable habitat conditions for fruiting has
declined, and there is concern for sustainable fruit production to meet tribal and other demands.

A collaborative project between the Tulalip Tribes and the Mt. B&kequalmie National Forest

was funded by the U.S. Environmental Protection Agencydeighe and develop critical baseline
information needed for the development of a plan to manage and sustain big huckleberry habitat.
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Our part of the project was to map the known distribution and potential habitat of big huckleberry for
the land area of thiglt. BakerSnoqualmie National Forest.

Potential habitat is defined as those areas where the environmental conditions exist that are
comparable to known sites of occurrence for big huckleberry. However, big huckleberry may not
actually occur in all aresamapped as potential habitat because of microsite or forest overstory
conditions. Potential habitat represents sites where it is possible for big huckleberry to occur, given
appropriate stand conditions.

Baseline information of the spatial and ecolobaiatribution of big huckleberry is needed for the
development of a plan to manage this important resource for sustainable production. Species habitat
models have emerged as an important tool to address the ecology and spatial distribution of species
andto support resource management and conservation biology. Understanding the ecology of a
species, and its distribution across the landscape is the basis for addressing questions of habitat
requirements, amount and distribution of potential habitat, amdgesment needs. The information
presented here on big huckleberry distribution, abundance, and modeled potential habitat can be used
to identify potential areas for harvest and stand treatments to enhance huckleberry growth and fruit
production, and to e address questions regarding sustainable harvest and management of this plant
resource.

Objectives

Our objectives were to provide a map showing known occurrences of big huckleberry on the Mt.
BakerSnoqualmie National Forest (MBS); produce and védidamap of potential habitat for big
huckleberry for the MBS, and provide additional GIS layers such as stand year of origin, land
allocation and roads to enhance the potential habitat map and subsequent interpretations. The
purpose of this project is fwrovide baseline information and develop new information that can be
used in developing a plan to manage and sustain big huckleberry habitat on the MBS.

Study Area

The study area encompasses the greater Mt. E&xikegqualmie National Forest, an area of
approximately 1.8 million acres (Figufe-1). The climate varies from wet maritime along the
western front of the North Cascades, to relatively dry and somewhat continental in tteadomw

areas of Mt. Rainier and Glacier Peak, and near the CascatleTove annual precipitation

(averaged by two acre pixel) varies from a minimum of 39.8 inches to 207.3 inches with a mean of
101.8 inches. The range in mean annual temperature is frofF11®.53.2 F with a mean of 40°0

F (Henderson et al., 2011ajhe lowest elevation is 275 feet and the highest elevation is on Mt.
Baker at 10,785 feet. The vegetation is dominated by coniferous forests primarily in the Western
Hemlock and Pacific Silver Fir Zones (Henderson et al. 1992).
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Vaccinium membranaceum (VAME) Study Area
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FigureA-1. Big HuckEberry distribution and habitat model study area on the Mt. Balkequalmie National

Forest, Washington.
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Known Occurrence of Big Huckleberry on the Mt. BakerSnoqualmie
National Forest

This project used U.S. Forest Service (USFS) Ecology Program plot data to map the known
occurrence of big huckleberry on the Mt. Balssroqualmie National Forest, and for analysis and
development of a potential habitat model and map for big hucklebelney EGology plot data were
collected from 1972011 on the Mt. BakeBnoqualmie National Forest as part of the USFS Pacific
Northwest Region Ecology Program to inventory and classify potential natural vegetation for
national forest lands in Oregon and Wasjton (Henderson et al. 1989, Henderson et al. 1992,
Henderson et al. 2011b). Potential plot locations were located on a systematic grid using the center
of each section (square mile) of land as a target point. This assured that sample plots would be
distributed evenly across the Forest and be located without bias by the field crews (Henderson et al.
1992).

Big huckleberry is widely distributed across the Mt. BaRapqualmie National Forest. The known
occurrence of big huckleberry is shown in FigAr2, and displayed as two abundance classes (plots
where big huckleberry cover wasl0%, and plots where blguckleberry was present and less than
10% cover). Big huckleberry was present on 33% of ecology plots (1,287 of 3,881 plots) on the Mt.
BakerSnoqualmie National Forest. There were 428 plots where abundance of big huckleberry was
10% cover, representy 33% of ecology plots where big huckleberry occurred. Distrate snaps

are found in Appendix 2 (Figures21-A-2.6) that display plot locations by big huckleberry
abundance or not present.

Potential Habitat Model and Map for Big Huckleberry

Background and Model Development

The species habitat model is an application in the USFS Potential Natural Vegetation (PNV) Model
developed by Jan Henderson (Henderson et al. 2011a). The USFS species habitat model developed
by Lesher and Henderson was docutad in the doctoral dissertation by Lesher (2005). We have

used this approach to successfully model and map potential habitat for over a dozen rare species for
the Survey and Manage Program under the Northwest Forest Plan. We also used this approach to
develop a map of potential habitat for an economically important forest piiodalzl, for the

Olympic National Forest (Lesher et al., 2008), and previously for big huckleberry as a preliminary
model.

This modeling approach is an environmental gradieodel. A basic assumption of this model is

that the frequency of occurrence and abundance of a species along an environmental gradient
resemblesabe haped distribution. That is, there 1is
opti mumo wh etaleonditions are most faeorable for the species (i.e., the top of the bell
shaped curve) and where the species achievesdtegt abundance or frequencig(ffe A-1.1).

Also, the two tails at the edges of the distribution curve are places alogigthent where the

environment is less favorable, and the species becomes more limited in distribution until it is
eventually absent. At the edge of the speciesbd
environmental factor, there arerapensating factors that may allow the organism to survive in a less

than optimal environment, as it becomes more and more restricted to suitable microsites.
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VAME Known Sites and Abundance
Mt. Baker-Snoqualmie National Forest
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FigureA-2. Known distribution of big huckleberry by abundance classes for the Mt. Eaagualmie National
Forest based on USFS Ecology plot data.
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The USFS Ecology Program plot data were used to develop a model and map of potential habitat for
big huckleberry.(See Appadix 1for more detailed methodology). The plots were divided into two
sets: model building (calibration) and model validation (Tabke1). We used kown locations of

big huckleberry and mathematical associations with environmental varialgesdict places on the
landscape where the most similar environmental conditions occur compared to where big
huckleberry is known to occur. The environmental variables used in the habitat model generally
represent direct quantitative gradients of vasiagpects of temperature and moisture at different

spatial scales. Each variable was evaluated to determine its predictive capability in describing and
mapping potential habitat for big huckleberry.

The PNV model stratifies the landscape of WashingtwhOregon into areas of similar

environments and vegetation called PNV Ecoregions (ER). The species habitat model application
runs a separate model algorithm for each Ecoregion. Two Ecoregions encompass the Mt. Baker
Snoqualmie National Forest (ER 102@3tth of F90; ER 10210 south 0f90) (FgureA-1).

The habitat model calculates a habitat value for eaah&e@r pixel (about two acres) in the study
area. The model output is a potential habitat map that displays four potential habitat cladses: Hig
Likelihood, Moderate Likelihood, Low Likelihood and Not Likely Habitat. The habitat classes are
defined by a frequency distribution of the big huckleberry calibration plots with cover of VAME
>10%, where 68% of the plots occur in High Likelihood Hab&&®6 of the plots occur in Moderate
Likelihood Habitat, 5% of the plots occur in Low Likelihood Habitat, and no plots occur in Not
Likely Habitat. The best model was defined as the one that minimized the area mapped as High
Likelihood, and maximized th&rea mapped as Not Likely Habitat, and still met the above plot
distribution criteria. The variables used in the model presented here are Elevation, Elevation plus
Cold Air Drainage effect, Mean Annual Temperature, Temperature Lapse Rate, Precipitdéan at
Level and Plant Association Group (TablelR).

Model Validation

The final step was model validation. Giiérd of the original set of plots was reserved from the

anal ysis and model buil di ng and wvakdatidnplotewetee st or
used to assess the accuracy of the final habitat model and to determine if there was bias in the plots
used to build the model.

The validation plots were randomly selected from the original database of ecology plots. These plots
were used to test the final model for any bias in the calibration plot set used to build the model, and
to test if the frequency and abundance of big huckleberry differed by habitat classes. \rhé-used
square tests to compare the frequency of validaiots by big huckleberry abundance class for each
modeled habitat class to the frequency distribution of the calibration plots by habitat class (Table A
1.4). There were 875 validation plots: 132 plots with VAMIEO% cover and 272 plots with VAME
<10%cover (Table A1.4). The distribution of validation plots among the four habitat classes was

not significantly different from the distribution of calibration plots used to build the model, as
confirmed by chisquare tests for the two abundance classeseaWhW&ME was present(10% cover

and < 10% cover). However, there was a significant difference between the calibration and
validation plots in the frequency of plots by habitat class for the plots where VAME was Not Present.

We then tested how well the mapped habitat classes predicted abundance of big huckleberry. For
this test we combined the two plot sets (calibration and validation) for the two VAME abundance
classes, since it was determined they were from the same populAtchisquare test performed on
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the combined plot sets confirmed there was a significant differéh<@.001) in plot frequencies by
habitat classes for plots where VAME cover wa9% and < 10% cover, and we concluded that
abundance of big hucklebgrwas not independent of the modeled habitat classes (Taldlds A-
15).

Map of Potential Habitat for Big Huckleberry on the Mt. Baker-Snoqualmie NF

Potential habitat is the area that has comparable environmental conditions to sites where big
huckleberry is known to occur. The output of the habitat model is a map that predicts the distribution
of potential habitat for big huckleberry on the Mt. Bakgroqualmie National Forest at a-B@ter

pixel (2 acre) resolution (Figure-3). The map display®ur potential habitat classes (High,

Moderate, Low and Not Likely) based on likelihood of occurrence of big huckleberry with cover
greater than or equal to 10%.

The habitat map displays modeled potential habitat for big huckleberry. Potential me&ans ho
capable the land is of supporting big huckleberry, but says nothing about the current condition of the
vegetation. Model validation confirmed the habitat model was very successful at predicting big
huckleberry abundance based on the two abundancescialssa VAME was present (Tables1/,

A-1.5; Appendix Figures A2.1-A-2.6). For the plots where huckleberry w&% cover, 68%
(calibration plots) and 69% (validation plots) occurred in the area mapped as High Likelihood
Habitat (Table AL5). In addtion, for plots with big huckleberry < 10% cover, 39% (calibration

plots) and 43% (validation plots) occurred in the area mapped as High Likelihood Habitat. However,
for plots with big huckleberry Not Present, only 5% (calibration plots) and 9% (vahdaitts)

occurred in the High Likelihood Habitat class.

The area mapped as High Likelihood Habitat has the greatest potential for big huckleberry
occurrence and abundance, given suitable stand conditions. The final model mapped 29.2% of the
MBS as Hidn Likelihood Habitat (508,636 acres), 30.7% of the area as Moderate Likelihood Habitat,
11.9% as Low Likelihood Habitat and 28.2% as Not Likely Habitat (TAkR18.

Land Use Allocations are designated in the Northwest Forest Plan (1994) and MtSBadfealmie
Forest Plan (1990) (Figure-4). These allocations represent areas with different objectives and
guidelines for management, and thus various constraints or opportunities. The vast majority (95%)
of High Likelihood Habitat occurs in reserved lar(@Vilderness, Lat&uccessional Reserve,
Administratively Withdrawn) with about 22,000 acres occurring in Matrix where timber harvest is
allowed and the opportunities for management are less constrained AFhble
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Table A-1. Acres of bighuckleberry potential habitat by modeled habitat class and land allocation, Mt- Baker
Snoqualmie National Forest.

Acres by
Modeled Potential Habitat Class
. Not Moder ,
Land Allocation : Low oderat High Total
Likely e Acres
Adaptive Management Area (AMA) 12,287 2,144 4,870 1,867 21,168
Administratively Withdrawn (AW) 21,886 9,460 28,993 32,935 | 93,274
LateSuccessional Reserve (LSR g 194,700 74,836 188,983 163,119 | 621,639
Matrix (includes Rinarian Reserves 101,714 14,576 32,302 21,922 170,513
Other (not classified) 5,916 968 2,625 3,613 13,121
Wilderness / Congressionally 154,421 104,528 276,148 285,180 | 820,278
Grand Total 490,924 206,512 533,921 508,636 | 1,739,992
Area of Mt. BaketSnoqualmie NF
(%) q 282% 119% 30.7% 29.2%
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VAME Modeled Potential Habitat
Mt. Baker-Snoqualmie National Forest
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FigureA-3. Modeled potential habitat for big huckleberry by four habitat classes.
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Land Use Allocations

Mt. Baker-Snoqualmie National Forest
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Amount and Distribution of Potential Habitat for Big Huckleberry

Maps and summary tables of the distribution of potential habitat by land allocation and stand year of
origin were developed for each ranger district on the Mt. BSkexquémie National Foest

(Appendix 3. Summary tables for each ranger district display acres by modeled habitat class, land
use allocation and six age classes based on geamaf origin data (Tables-8.1-A-3.4). The

district scale maps provide greater map resolution tth@overview maps given in figurés1-A-4,

and display HIGH likelihood habitat relative to the merged land allocations units, stand ages less
than 80 years, anbad access (Figurés3.1-A-3.6).

These maps can be evaluated to identify potential &meagy huckleberry growth and management.

No stand treatments may occur in Wilderness, and are limited in the Administratively Withdrawn
(AW) areas as well; thinning treatments may occur in{Satecessional Reserves (LSR) if stands are
less than 80 yesa of age and there are neutral or beneficial effects fegradth associated species.
Treatments in the Finney and Snoqualmie Pass Adaptive Management Areas (AMAS) are guided by
their respective AMA plans; whereas Matrix is the land area that is blesita stand treatments and

has the least constraints on management opportunities (USDA 1990; USDA and USDI 1994).

The distribution of the High Likelihood Habitat class by land allocation and ranger district is shown
in FigureA-5. Most of the area mapg as High Likelihood Habitat for big huckleberry occurred in
reserved land use allocations (Figi%). Only four percent of the HIGH habitat class occurs in
Matrix. The Snoqualmie District has the greatest proportion of High Likelihood habitat irx Matr
followed by Mt. BakerSkykomish and Darrington When this is further refined by stands younge
than 80 years, there are 5,8@es on the Forest in HIGH habitat class in Matrix and less than 80
years of age. Again the Snoqualmie RD has the gtgatgsortion, followed by Skykomish, Mt.

Baker andDarrington. Refer to Appendixf®r maps showing the lalscape context and road

access.

VAME High Likelihood Habitat by Land Allocation by Ranger District

90%
80% -
70% -
60% -
50% m Mt. Baker
40% -
30% -
20% -
10% -

0% -

m Darrington
Skykomish

m Snoqualmie

% of High Likelihood Habitat

MATRIX AMA LSR AW WILDERNESS OTHER

Land Allocation

FigureA-5. Percent of Big Huckleberry High Likelihood Habitat by Land Allocation and Ranger District (where
AMA is Adaptive Management Area, LSR is Late Successional Reserve, AW is Administratively Withdrawn, Other
is not classified, and Matrix is available for timber harvest).
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Interpreting and Understanding the Maps of Potential Habitat

The map of thedur poential habitat classesi@tire A-3) represents the output of the USFS
species habitat model (Lesher 2005). These four habitat classéiglar®oderate Low and

Not. They are defined by the proportion of ecology plots with big huckleberry (VAME) cover
10%, and are identified on the land by these modeled environmental variatdestion, cold

air drainage effect, mean annual temperature, temperature lapse rate, precipitation at sea level
and Plat Association Group (Appendix.1

This map wasleveloped oly for the two PNV Ecoregions {§ure A-1) that encompass the Mt.
BakerSnoqualmie NF. These ecoregions are defined based on broad environmental similarities,
as well as similarities in the pattern of vegetation. Over a wider range thartioes

ecoregions, the variables of precipitation at sea level, temperature at sea level and fog effect are
believed to be more important variables at describing the range of big huckleberry across the
entire Pacific Northwest.

TheHIGH LIKELIHOOD _ Potentid Habitat Class is not uniform from one place to another,

nor is it uniform with regard to the occurrence or abundance of big huckleberry. There are areas
that are mapped as HIGH habitat class that are very suitable and some areas that are not suitable
atall, because the complex topography and site conditions creates a mosaic of habitats at a finer
resolution than the scale of the mapping unit. This map is represented in areas (pixels) that are
two acres (90m x 90m) in size. During the collection offiddd data used to make this map,
sometimes more than one plot was put into a single pixel (plot size was typically 0.1 to 0.2
acres). These plots seldom represented the same vegetation or the same environment. The
variability of the landform, of aspeand elevation and shape of slope cause the patterns of
vegetation to be much more variable than are depicted by either the habitat model output or the
potential vegetation zones or Plant Association Groups that were used as inputs.

Even in the area mapgp@s High Likelihood Habitat, not all areas will currently support big
huckleberry. Big huckleberry may not be present due to variation in site conditions that occur at
a scale smaller than the mapping unit, or due to variables that are not availalddsodch as

soil conditions (rocky, cliffs, or lack of soil)], or due to moisture conditions at a microsite level
that are too wet or too dry. It is also possible that stand conditions may not be suitable for big
huckleberry growth, such as dense forémhds that would inhibit development of big

huckleberry. Site visits will be necessary to verify suitable habitat, big huckleberry occurrence
and abundance, or the potential for stand treatments.

This High potential habitat class does not say anytabayt the current condition of the

vegetation or the landscape. A particular area could be -groigth forest (poor habitat for

VAME) or could have recently burned or have been logged (good habitat conditions for VAME).
It simply represents the "poteait' for VAME to grow there and thus the potential for big
huckleberry growth.

Within the area (Blue on the map) mappedH&SH , 15% of the total ecology plots used for

model building and validation had no VAME, and another 46% had low amounts of VAME (<
10% cover). A total of 85% of all the plots in this habitat class had some big huckleberry present
(TableA-2).
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The MODERATE LIKELIHOOD _Potential Habitat Class for VAME on the Mt Baker
Snoqualmie NF represents areas where VAME is likely to occur lsubfesn and with lower
average cover than thiGH class. This class was mapped using the same variables and for the
same area as the other classes, and the same caveats about variability in stand structure and
environment apply.

Within the area (Greemathe map) mapped as MODERATE, 52% of the total ecology plots had
no VAME, and another 36% had low amounts of VAME. Thus 48% of all the ecology plots in
this habitat class had some VAME present.

TheLOW LIKELIHOOD _ Potential Habitat Class for VAME on tivt Baker Snoqualmie NF
represents areas where VAME is unlikely to occur and less often and with lower average cover
than theMODERATE class. This class was mapped using the same variables and for the same
area as the other classes, and the same caveatsvabiability in stand structure and

environment apply.

Within the area (Red on the map) mapped as LOW, 77% of the ecology plots had no VAME, and
another 18% had low amounts of VAME. Only 23% of all the ecology plots in this habitat class
had any VAMEpresent.

TheNOT LIKELY Potential Habitat Class for VAME on the Mt Baker Snoqualmie NF
represents areas where VAME is very unlikely to occur and less often and with lower average
cover than even tHeOW class. This class was mapped using the same \esiaht for the

same area as the other classes, and the same caveats about variability in stand structure and
environment apply.

Within the area (white or light gray on the map) mapped as NOT, 91% of the ecology plots had
no VAME, and another 9% had low aomts of VAME. Only 9% of all the ecology plots in this
habitat class had any VAME present at all, and there were zero plots with greater than 10% cover
of VAME present.

TableA-2. Percent frequency by Habitat Class for Big Huckleberry Abundance Clas#ies combined
Calibration and Validation Plot Sets.

Plot Frequency % Frequency by Habitat Clas
VAME Abundance Clas§ Grand VAME Abundance Class
Total
potentil Habrat | Absent | 10% | 210% | AlPlots | ppsony | <10% | 210%
Class (n=3148)

Not Likely 947 96 0 1043 90.8% | 9.2% 0.0%
Low Likelihood 309 71 22 402 76.9% | 17.7% 5.5%
Moderate Likelihood | 492 345 114 gl 51.7% | 36.3% | 12.0%
High Likelihood 113 347 292 752 15.0% | 46.1% 38.8%
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Additional Data Layers and Sources of Information

Other maps and data layers included in the final report are stand year of origin, forest plan land
allocations, MBS roads layer, and base data layers.

1. Stand Year of Origin. The stand year of origidésived from the USFS Ecology
Programdraft fire history layer, and Mt. Bakeé8noqualmie National Forest historic fire
records and stand treatment records. The steadof origin is classed into sage
classes: 40 years (1972012), 4680 years (1933972), 81162 years (1851932);
162361 years (1651850); 362703 (13091650), >703 years (100D808). These
breaks represent age classes significant in forest development or stand management
opportunities (<80 ars) or encompass the large historic fires in this area (1701, 1508,
1308). See Appetix 4 for district scale maps (Figures4Al-A-4.6).

2. Land Management Allocation. The land management allocation layer is corporate data
acquired from the U.S. ForeService (found in theandMgmtPlanPolygofeature class
in theManagementDirectiogeodatabase)This layer contains polygon data which
depicts merged land allocations created from the Management Areas (MAs) of the Forest
Plan (MBS Land and Resource Maratent Plan) and the land allocations from the
Northwest Forest Plan (NWFP). For this project, we grouped these merged land
allocations into broader mapping units using the metadata associated with this polygon
corporate data, along with the standardsguidelines in the Northwest Forest Plan
(1994) and the Mt. BakeéBnoqualmie Land and Resource Management Plan (1990).
These broader categories represent different constraints or management opportunities.
The mapping units for this purpose are Wilderr@gs{Congressionally Withdrawn);
Administratively Withdrawn (AW); LatéSuccessional Reserve (LSR) (includes Late
Successional Old Growth [LSOG] outside of LSR); Adaptive Management Area (AMA);
Matrivkai(lfiad |l ed0 as al l ocat edaridanmesetvése MBS For e
overlapping) Other (norclassified forest lands that were acquired after completion of
the Forest plan); Water (Baker Lake), and Private. Acres were calculated for the different
mapping units. These various land allocations indicaterdiiffenanagement
opportunities or constraints as they relate to areas of potential habitat for big huckleberry.
Refer to the standards and guidelines in the Northwest Forest Plan (USDA and USDI
1994) and Mt. BakeBnoqualmie Land and Resource Managemear RISDA 1990)
for specific details regarding management direction.

3. Roads. The roads layer was acquired from the U.S. Forest Service. This layer classifies
the roads into various categories based on road quality and maintenance level, and can be
used to evaluate access to potential habitat sites.

4. Base Layers. Thisategory includes data that provide a geographic context for the maps,
including major rivers and streams, cities/towns, volcanic peaks, national forest
boundary, and shaded relief.

The information presented in the introduction and background secti@sesp knowledge and
expertise developed by the authors while conducting the ecological inventory of the Mt. Baker
Snoqualmie and Olympic National Forests and agepted from numerous USFS white papers,
talks, presentations and classes given by J Hermibetween 1979 and 2011.
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Appendix 1.

Habitat Model Development and Methods

There were four main steps in the development and validation of the big huckleberry habitat model using
the methodology developed by Lesher and Henderson (Lesher 2005, Lesher et al. 2008).

Assemble plot datasets for model building and validation

Analysisof environmental variables and plot data for the habitat model
Build and calibrate habitat model for the two PNV ecoregions on the MBS
Model Validation

[ el e i

1. Assemble datasets for model building and validation

Ecology plot data (3,881 plots) were split itta data sets for model building and model validation. A
random number generator was used to select 70% of ecology plots to build the model (calibration plots),
and 30% of ecology plots to validate the final habitat model (validation plots). Plotdisetagere then
screened to determine if they could be used in the modeling process. Plots were excluded from the
analysis if they represented disturbed or very early seral conditions, or occurred in specialized or unique
habitats or atypical edaphic cations at a scale finer than the resolution of the model or available GIS

data. In addition, plots where big huckleberry was absent were evaluated in an attempt to determine if
absence could be due to dense stand conditions or unsuitable site (i.ewneented) conditions. If big
huckleberry was absent, and it appeared that stand conditions were not restricting its occurrence, but
rather the environment was not suitable for big h
class. Howevesince big huckleberry is sensitive to light conditions, and if the stand conditions were

such that they appeared to preclude the presence of big huckleberry (i.e. dense canopy or disturbance), or
if a determination could not be made, then that plot wasiéed fom the analysis. A total of 3%lots

were this removed from the dataset: 4#dm the modebuilding (calibration) set, 28®%om the

validation set. Table A.1 shows the number of plots by big huckleberryrataunce class for each plot

set.

The calibration set was used for analysis and model building. The validation set was set aside and used to
validate the final habitat model. These two data sets were then divided into three classes based on
abundance of big huckleberry: 1) VAME0% cover2) VAME present and <10%ower; and 3)

VAME not present (@ible A1.1). Plot subsets where abundance of big huckleberry was greater than or
equal to 10 percent cover (296 calibration plots; 132 validation plots) were the primary plots used to build
and vdidate the final model.

Table A1.1. Big huckleberry abundance class definitions and number of model building (calibration) plots and
validation plots.

Model Validation Total

Big Huckleberry (VAME) Abundance Clasg Building Plots by
Plots

Plots Abundarce Class
VAME >10% cover 296 132 428
VAME present and <10% cover 587 272 859
VAME Not Present 1,390 471 1,861
Grand Total 2,273 875 3,148
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2. Analysis of environmental variables and plot data for habitat model

PNV model environmental variables and plata were analyzed to identify predictive variables for
modeling big huckleberry habitat within the study area. Fourteen environmental variables plus Plant
Association Group were evaluated (Tabld 2). Frequency distributions for big huckleberry were
compared with frequency distributions for the landscape for each variable. A GIS point cover of the
model building plots was intersected with the different environmental grids in the PNV Model to get
values for each variable at each plot location. AlsmRNV model provides values for each variable for
each pixel within the study area, which were used to calculate frequency distributions for each
environmental variable for the study area landscape. This distribution represents the total study area
populdion (N) for each model variable. For each environmental variable, data were grouped into classes
and frequency distributions were calculated and graphed for big huckleberry and the study area landscape
(i.e., ecoregion).

Frequency distributions of biguckleberry were then compared to the study area landscape. To do this
we calculated ratios of actual values (relative frequency of VAME plots) to the expected values (relative
frequency for the study area) for each class within each variable. Thisianedg done for each

variable in each of the two ecoregions on the MBS.

The ratios of relative frequency that compared big huckleberry to the landscape were used to identify
predictive variables for modeling big huckleberry habitat. If the distribditiohig huckleberry for a

given variable is not different from the landscape distribution, then that variable is likely not predictive in
modeling big huckleberry habitat. However, if the frequency distributions are different for big
huckleberry and thiandscape, then that variable may be a good predictor for big huckleberry habitat.
Higher ratio values indicated a higher relative frequency for big huckleberry abundance at a particular
segment of the environmental gradient.

3. Build model equations fohe two ecoregions on the Mt. Bakénoqualmie N.F.

Analysis of environmental variables for VAME plots and the study area landscape (ecoregion) were the
basis for developing mathematical functions to describe and model potential habitat where big
huckleberry cover was 10% or greater. For this model, e tie ratio of VAME> 10% cover

compared to the ecoregion landscape. The ratio for each segment of each environmental gradient
provided the input data to curiigting routines. Curvditting routines were used to calculate model
coefficients for eachrevironmental variable.

The distribution of big huckleberry frequency along an environmental gradient is modeled as a bell
shaped distribution calculated by the Lorentzian function. An example is shown (Fidurefér the

model variabbethE&l €ohti dnr pDuainage Effecto for
Lorentzian function to approximate a Gaussian {blefiped) distribution as the coefficients are more

intuitive to calibrate and the function is less complex for GIS programming. The edoatibe

Lorentzian function is:

y=a+b/@1+(x -c)d)?
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The Ax0 axis represents the environment al gradi en
huckleberry occurrence (Figure Al ) . The function i s dehfei niebdd as:
coefficient minus the fad coefficient represents

i

ificd is the value on the x axi s ibwtioreatoegthe i s maxi mum
environmenta r adi ent ) ; anar fAldroed &t t hef stpheadur ve; Ax0 i s
the environment al gradient . The result of this e

model for each 90neter pixel in the study area.

y=a+Db/(L+((xc)/d)?)
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Figure A1.1. Example of the Lorenian function for the model variable and environmental gradient
AEl evation Plus Cold Air Drainage Effect (CADAEIl ev) o

The environmental variables used in the model are continuous variables that represent direct
environmental gradientsOne additional variablie Plant Association Group, was used in the habitat
model. Plant Association Group (PAG) is a discrete vegetation variable that is an integration of a
complex of environmental variables. The model applies PAG as a weightiogtfattmodifies the
result of the Lorentzian function®AG weights are scaled by frequency of VAME occurrence.

The species habitat model calculates a habitat value for eanlt®® pixel in the study area. The model
solves a polynomial equation foretlienvironmental variables (Lorentzian functions), then applies a PAG
weight, and returns a habitat value for each pixel. Habitat values are then assigned through a conditional
statement to one of four potential habitat classes: High Likelihood, Modékatgmood, Low

Likelihood and Not Likely Habitat.

The habitat classes are defined by a frequency distribution of the big huckleberry plots used to build the
model. The habitat classes are based on one, two and three standard deviations (s.d.pbf a norm

di stribution, and are defined >y %oh e | fortesqgu exrr2y 69 i
definition: 68% of these VAME plots occex in the High Likelihood clagd standard deviation

[s.d.]),27% of these plots occur in the Moderatedlilkood class (2 s.d.$% of these plots
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Table A1.2. Environmental variables in the PNV Model evaluated for the big huckleberry habitat model.

Environmental Variable Spatial Scale Description

Precipitation at Sea Level (PSL) Broad Precipitation regime with the effect of elevation removed
represents regional, orographic pattern of total annual
precipitation.

Mean Annual Temperature at Sea | Broad Temperature regime with the effect of elevation removed

Level represents regional, orographic pattern of mean annual

(MATSL) temperature.

Fog Effect Broad Contribution to precipitation from condensation of fog on treg
crowns and interception losses throwylapotranspiration.
Scaled in relative values frof.3 to 2.0, where 1.0 represent|
an additional 20 inches of PSL.

Adjusted Precipitation at Sea Level| Broad Precipitation at Sea Level plus Fog Effect

Total Annual Precipitation

Intermediate

A function of Precipitation at Sea Level and elevation, wher|
there is about a 15% increase in precipitation with every 10
ft. (305 m) increase in elevation. Values calibrated to weatt
station data.

Temperature Lapse Rate

Broad

The rate of change in mean annual temperature with elevat
Values range from less than 2.2 deg F per 1000 ft (1.2 deg
per 305 m) elevation along the northwest Washington coas
3.7 deg F per 1000 ft (2.1 deg C per 305 m) on the east sid
the Casades. Interpreted here as a measure of continental

Cold Air Drainage Effect (CAD)

Intermediate

Interpretation of the effective movement of cold air across 4
landscape due to the differential gravitational movement of
heavy cold air compared to lighter warmer air. Calculated i
PNV model using complex functions of mean annual
temperature, temperatitapse rate, elevation, aspect and
topography. CAD expressed in feet of elevation effect on
vegetation.

Mean Annual Temperature (MAT)

Intermediate

Calculated from mean annual temperature at sea level, lapg
rate and elevation, and includes the effeft€AD. Values
calibrated to weather station data.

Elevation

Intermediate

Elevation data derived from Digital Elevation Model

Elevation Plus Cold Air Drainage
Effect

Intermediate

Elevation with the added effect of cold air drainagyressed
in units of elevation and representing the effective elevation

(CADAElev) each pixel.

Aspect Fine Angle in degrees of downward facing slope relative to true
north, derived from Digital Elevation Model

Topographic Moisture Fine Relative value representing wetness or dryness of a site rel
to the gravitational redistribution of water through the
landscape. Calculated in the PNV model as function of sloj
position, steepness of slope and slope shape (convex, cong

Site Moisture Fine Topographic moisture modified by Soil Moisture value.

Shortwave Radiation

Intermediate

Represents maximum potential direct solar radiation expreg
in mean daily shortwave solar radiation in KJthay.
Calculated by averaging solar ratitia input for 4 days (spring
and fall equinox, winter and summer solstice). Shortwave
Radiation at a site is a function of latitude, aspect, slope, ar|
landscape context.

Plant Association Group (PAG)

Fine

Potential vegetation communities mapped stale
intermediate to vegetation zone and plant association. PA(
an output of the PNV model and is a function of vegetation
zone, adjusted PSL, elevation, aspect, and topographic
moisture. PAG is a discrete variable in the habitat model.
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occurin the Low Likelihood class (3 s.d.), and no plots occur in the Not Likely class (4 s.d.).
The final output of the big huckleberry habitat model is a-gaged map of four habitat classes
at a90 x 90 meter pixel resolution.

lterative habitat models weerrun to calibrate the coefficients and achieve the best fit of modeled
habitat distribution with the plot data. Conversion of the mathematical function to a spatial
context required some calibration of the equation coefficients to get the best fipotpe

habitat model grid to the VAME 10% plots. Criteria used for selecting the best model were
minimizing the area that was mapped as High Likelihood Habitat, and maximizing the area
mapped as Not Likely Habitat.

Development of the model was arr@ve process. The variables used in the final model are
elevation, elevation adjusted for cold air drainage effect, mean annual temperature, lapse rate,
precipitation at sea level and plant association group (Pelil2). We selected the best model

as the one that minimized the area mapped as High Likelihood Habitat, maximized the area
mapped as Not Likely Habitat, and minimized the combined area mapped as High Likelihood
and Moderate Likelihood Habitat.

There arewo algorithms used in the current model, one for each ecoregion, as shown below.
The model equations are complex polynomials where the Lorentzian functions for each
environmental variable are added together, and then modified by PAG weight (FaBle A
habitat value for big huckleberry was calculated for each pixel in the study area using the
following equations.

Ecoregion 10207

Big Huckleberry Habitat value £8.46 + 275.16 / (1.0 + ((CADAElev (5409- 11.184
* PSL)) / 570.61%)) + (-14.16 + 2&.624 / (1.0 + ((MAT- 38.5 / 2.2))) * PAG Weight

Ecoregion 10210
Big Huckleberry Habitat value -8.55 + 161.79 / (1.0 + ((Elevatioh 5000) / 8409)) +
(-54.9 + 191.97 / (1.0 + ((MAT 36.133) / 4.317)) + (9.51 + 54.81 / (1.0 + ((Lapse
Ratei 3.22) / 0.025%))] * PAG Weight

The equation components [CADAEIlev (elevation adjusted for cold air drainage effect), MAT
(mean annual temperature, Elevation, Lapse Rate (Temperature Lapse Rate), PSL (Precipitation
at Sea Level)] are the values for eachhefse environmental variables at each pixel; PAG weight

is determined for each pixel by comparing the PAG value in the PAG grid and then using the
value from the PAG Weight Lookup table (Tablel&).
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Table A1.3. Plant Associ#on Group (PAG) Weight vaks.

PAG | PAG Name ER 10207 | ER 10210
1901 | WH/ARNEXETEVAMEHODI 0.3 0.3
1903 | WH/GASFBENERUPEPAMYRHMA 0.2 0.4
2202 | PSF/IGASBENEACTRRHMAdry VAAL 0.5 1.2
2204 | PSF/IVAMIRHAEXETE/AAL 2.0 2.0
2207 | PSF/VAAMADI2POMUCLUN 0.3

2302 | MH/VASQ/AMELUHIXETE 1.0
2304 | MH/VAMERHALXETE 2.0 18
2305 | MH/VAALCLUNRUPE 1.0 1.0
2306 | MH/OPHGVAALCABI 0.7

2371 | MH/Non-forest Dry 0.1

2391 | MH/Non-forest Wet 0.1

2504 | SAF/VAMEULA 0.1

2505 | SAF/ARLROPLRHALXETE 1.0
3201 | DryContinental Parkland 0.3 0.3
3205 | Moist, Maritime Parkland 0.2 0.3
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4. Model Validation

Model validation was the final step in the species habitat model process. Once the model was
calibrated and finalized, it was validated by an independent péitef The validation plots

were randomly selected from the ecology database and screened for use as described earlier, and
imported into GIS to create a point cover. The validation plot point cover was intersected with

the big huckleberry habitat modgiid. The number of plots in each big huckleberry abundance
class was tallied by habitat class, and used to measure the accuracy of the model in predicting big
huckleberry presence or relative abundance.

Table A1.4. Calibration and Validation plot cownby big huckleberry (VAME) abundance class and modeled
potential habitat classes.

Calibration Plot Set Validation Plot Set Grand
VAME Abundance Class . VAME Abundance Class o Total
VAME Model <10% > 10% Calibration <10% > 10% Validation All
/ Absent ° | V7% 1 plot Total | Absent ° | 2Y7° | Pplot Total Plots
Habitat Class cover cover cover cover
Not Likely 701 68 0 769 246 28 0 274 1043
Low Likelihood 233 51 15 299 76 20 7 103 402
Moderate Likelihood 386 239 80 705 106 106 34 246 951
High Likelihood 70 229 201 500 43 118 91 252 752
Grand Total 1390 587 296 2273 471 272 132 875 3148

Table A15. Percent frequency by Calibration and Validation Plot set and big huckleberry (VAME) abundance
class for modled potential habitat classes.

Calibration Plot Set Validation Plot Set Grand
VAME Abundance Class . . VAME Abundance Class . Total
VAME Model <10% >10% Calibration <10% >10% Validation Al
’ Absent 0 ZLU70 Plot Total Absent 0 =LY Plot Total Plots
Habitat Class cover cover cover cover
Not Likely 50% 12% 0% 769 52% 10% 0% 274 1043
Low Likelihood 17% 9% 5% 299 16% 7% 5% 103 402
Moderate Likelihood 28% 41% 27% 705 23% 39% 26% 246 951
High Likelihood 5% 39% 68% 500 9% 43% 69% 252 752
Grand Total 1390 587 296 2273 471 272 132 875 3148
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Appendix 2.

Maps of big huckleberry known occurrence and modeled potential habitat by Ranger
District
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Figure A-2.1. Map of big huckleberry known occurrence and modeled potential habitat, Mt. Baker Ranger District (north).
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Figure A2.2. Map of big huckleberry known occurrence and modeled potential habitat, Mt. Baker Ranger District (south).
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Figure A2.3. Map of big huckleberry known occurrence and modeled potential habitat, Darrington Ranger District.
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Figure A2.4. Map of big huckleberry known occurrence and modeled potential habitat, Skykomish Ranger District.
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Figure A25. Map of big huckleberry known occurrence and modeled potential habitat, Snoqualmie Ranger District (north).
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Figure A2.6. Mapof big huckleberry known occurrence and modeled potential habitat, Snoqualmie Ranger District (south).
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