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ABSTRACT
HUMAN PERCEPTIONSOF COMPETINGINTERESTSIN SPRINGS ECOSYSTEMS

MANAGEMENT ON THE COCONINO AND KAIBAB NATIONAL FORESTS

ANDREW J.LEWIS

Spring ecosystems provide vital services to humans and wildIiNerthern

Arizona. Management of springs presents unique challenges duedivémsity of stakeholders

and the multiple uses of springs. We employ two methods of data collection to understand the
perceptions of springs ecosystem management: interviews and focus groups with stakeholders of
springs in Coconino National Forest (CNIRdaKaibab National Forest (KNF) and a national

survey aimed towards public perceptions. We analyze the human perceptions of springs to
understand variations between stakeholders and how perceptions of stakeholders and the public
vary.Our results indicatdifferences between human perceptions and current management

practices. The main competing interests of springs management are cattle grazing, recreation,

and I ndigenous Nationsd cultural significance
perc¢t i ons, indicate springs management for |1 nd
important. We see positive correlation between concern for threats to springs from grazing and
management to prioritize cultural significance indicating respondents ppefegs to be

managed for cultural significance. Cattle grazing and other high impact humareisesved

|l ess favorably than other management -scenario
Indigenous stakeholders suggested management shoulddoedoasiultiple uses and

management focused on specific attributes of springs valuable to humans. Our results of

thesur vey r eaqemiondfermanagement of Indigenous culture and some support

from stakeholders show a joimanagement concept mighe beneficial for springmanagement



in the CNF and KNF. Using the information we collected on the perceptions of spring

ecosystems management, we discuss mechanisms for springs management to increase the ability
for springs to provide cultural signifinae values to Indigenous Nations by potentially limiting

high impact and degrading uses of springs. We provide results and examples of how all

stakeholders can have the ability to benefit from the resources springs provide.
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PREFACE

This thesis is structured to meet Northern Arizbimaversity standardsChapter 1 is an
introduction sectiomprovidingcontexton the importance of human perceptions in ecosystem
management angresens methods used to obtain our resuithapter 2 is atandalone
manuscript submittefibr peer review t@sroundwater for Sustainable Developm@aebruary
15, 2023. The manuscripgntit | éddmari Perceptions of Competing Interests in Springs
Ecosystem Management on Public Land in Southwestearidf&rmatted for that journ&
standards and may differ in format from the specifitversity requirements that the restiod
thesisadheres tol'he manuscript il€hapter 2 contains all substantial results, discussions, and
conclusions. The manuscript has its own introduction, methods, results, and conclusion and
reflects théocus ofthethesis research. Chapter 3 offers addaloasults, discussion,
conclusionsanda call for future research. While repetition was kept to a minimum, due to

universityformattingstandardsiepetitionof somematerialis expected.

Xi



Chapter 1: Introduction

1.1 Purpose and Objectives

We analyzequalitative and quantitative results from a national survey of the public and
interviews and focus groups with stakeholders of springs i@tieeninoNational Forest (CNF)

and Kaibab National Foref{NF) located in Northern Arizona, US# provide context and
evidence that land managersiie CNF and KNFand forests around the country can use to align
human perceptions with managempalicy-making We present the results from attitudinal
guestions, part of a national survey, and textual evidence from the interviews and focus groups
through tables, figures, and actual phragés.analyze human perceptions for springs

management in the CNF aKdF to answer the research questions:

1. What are the human perceptions of spring ecosystem management in the CNF and KNF
2. How do human perceptions vary between stakehobltets
3. How do perceived threats and human perceptions of managemebetagen survey

responses from the public and stakeholders?

The discussion and conclusion section®.5 and 2.6provideregional, national, and global
exampla of how our results on the humperception®f springs can benplementednto public

land management.

1.2 Introduction to Spring Ecosystems
Springs are essential ecosystem in the arid regidfodhern Arizona. The main competing
interests for spring ecosystem manageraeeimanagement for cattle grazing, recreation, and

|l ndi genous Nat i on imdortbeunArizanaaad surmundjng thé GNE and ¢ e .



KNF there are 22 federally recognized Indigenous Matiall of whom have cultural
significancetoward springs okUSFS land. The over 3nillion acres of public lanavithin the
CNF and KNF ardlivided into 66cattlegrazing allotmentswhich are not only economically
significart to the region but also support the way of life for the ranchers who rely springs
for water sources for cattlEurthermore, @creational activity is high, causiegvironmental

degradationln addition, springs argtal hydrologic refuges fathe nativeflora and fauna

1.3 Literature review

1.3.1Humanperceptionsand ecosystem services

Springs in the Coconino and Kaibab National Forests are negatively affeatexdflzyent
managemenf livestock and recreational activities, however changes in management and
reduction in some of these activities can lead to bettéthhiea the spring ecosystems (Paffett et
al., 2018). Livestock grazing and recreation are examples of how dominaratarss,
environment values based on human use, are the driving force behind management policies
(Manfredo et al., 2017). Eliminating dominance structures can be achieved by using human
perceptiongrom all stakeholders to encourage adaptive change, wlalkieed policy-making,
innovation, and value from the entire diverse group of stakeholders (Manfredo et al., 2017).
Incorporatinghumanperceptiona | so | eads to adaptive managemen
ofgovernanc® whi ch ¢ an fmolicy-neakingéogtheecdsyptem (Kay et Al.,
1999).0ne challenge with traditional ways of analyzing hurparceptiongor ecosystem
services i s t-bht-nléckinginformatien agh why pespbervalue certain
attributes over others (Batter et al., 20210'Neill, 2013).0Our qualitative datand subsequent
analysisof stakeholders in the region provgdevidence for the reasons why there is support or

lack of support for different springs attributes.



1.32 Climate change and ecosystems

Due to climate change, landscape simplification for agriculture, and other externalities associated
with human develament, mitigating human caused impacts to ecosystems are becoming even
more prevalent (Riechers et al., 202 calized environmental issues are now proving to be of
national concern as they become part of the fteggale climate issues (Tang et al., 2010).

Adapting the localized, situational, and specific knowledge of IndigeNatiens, through
blendecknowledge, cameinformative for climatehange mitigation policies because

management tends to be more adaptBregnachet al.,2017). Understanding how humans

perceive threat ecosysteis) react tgpoliciesmitigatingthreatsandmaychange their own

behavior to prevent further ecosystem damage is an important tool for policymakers
(Leiserowitz, 2006).Undersandingperceptions cahelp policymakers manage for aspects of
ecosystems that peomed stakeholdersare about.

1.33 Humanperceptiongproviding improved springs ecosystem stewardship on public land

Few studies examine the human preferences of springs management. Nearly all existing studies
use stated preference methods and are focused on estimating nonmarket valsptiogof
Non-market valuation provides a monetary economic estimate of goods or services not traded on
an open market (e.g. Mueller et al., 2017). While a useful tool to estimate societal benefits,
neoclassical methods involved in Rovarket valuation magerive incomplete estimates because
they do not take into consideration cultural values and human perceptions (Thordbylr200
addition, stronger acknowledgement of cultural and spiritual existence values may present a
more complete picture of the beitethat humans derive from nature (Schroter et al.,

2014). Faccioli et al. (2020) state that traditional CE studies often cannot reveal the complex

psychological and sociological factors that are the reasons beilindness to pay (WTP)



estimates. Theomplex relationships and reasdehindWTP estimates are often missing from
traditional economic approaches (Costanza et al., 28hdéther challenge with nemarket

valuation is that participants may not consider some ecosystem services, suchras cultu

significance, purchasable by money or time (Farber et al., 2002). A purely economic approach to
valuing ecosystem services may not consider all intrinsic characteristics of sBpniggsmay

include values such as spiritual values (Heal, 208fjitual values, such as ceremonies or oral
traditions cannot be valued using dollar amounts bedhegezalue comes from experiences

and meaningful connections which can be more valuable than money.

We providea differentcontextregardings t a k e h ol d e r s attdudes angbdroeptignsl b | i ¢ 0 ¢
toward springs to complement the existing smoarket valuation literature. The mission of the

U.S. Forest ServicUSFS)i s t o fASustain the heal tNm,t i dinwesr s i
forests and grasslands to meet tDA20IDeweds of p
documentaind analyzéhe humarperception®f springs managemeoh USFS landOur

research can provide the USFS with data to help support their mission.

1.34 Understanding Research through an Indigenous lens

Incorporating perspectives of Indigenduationsthrough monetary estimates using traditional

nortmarket valuation methods presents unigue challenges. Poelina et al., 2019 & Adamowicz et
al.,(200dar gue that I ndigenous Peoplesd perception
estimates because natural resources are seen as living entities and their value comes from
relationships. Therefore, little research exists addressing the values enlogylationsand
underrepresented populations. My knowledge only one previous study, Mueller et al. (2017),

incorporates values of cultural significance int/&P studyregarding springdMuelleret al,



(2017)find that US respondents have indicated support for restoration of springs of Indigenous
cultural value. However, little information about Indigenous springs management and cultural
valueshasbeen incorporated by western research projects. Collaboratiotngigenous groups

for the incorporation of Indigenolsowledge iurrently underutilized in most public land
managemeniThis research project deliberately includes a diverse stakeholder group, including
IndigenousNations. Our resultprovideland managers with useful information to make well
informedpolicy-makingabout springs management.

The coproduction of knowledge using stakeholder analysis helps to eliminate some of the
problemsof one grougbeing the single source kowledgeduringthe environmental
managemenpolicy-making (Kauffman & Arico, 2014)ncorporating Indigenous stakaders

of springs in the region, we have the ability to build knowledge rooted inllatigenous
knowledge, history, traditionperceptions, livelihoods, and cultgr@here is a lack of

meaningful communication and consultation between Indigenmugpg and land managers due

to differences in both the attitudesvardsvalues from springand the processegth which

both groupgry to achieve environmental management. Prior to colonizdtidigenousations
managed land and springsfore being pushed out of the western systems of land management
through removal, relocation, and exterminatiGooperation between stakeholdersotigh
communication of researdimdingsthat connect these groups, is one way to help btiuege

gars (Lewis & Sheppard, 2006). By buildirgcomprehensiviease of knowledgeve contribute
analysis that will aim to fill those gaps and create data that land managers can use-in policy
making.

Indigenous communities adeeplyknowledgeable about the environment which they have lived

in and managetbr thousands of yeathevast array ofndigenousknowledge on ecological



systensis starting to be more widehgcognized and incorporatess we face global

environmental issugdlcGregor, 2004). Methods which buildespectful relationshgbetween
western interviewers arlddigenous interviewegrecognizevariousp ar t i es 6 r ol es an
responsibilities, and foster an environment which leads to reciprocal growth and learning are
essential when gaining meaningful insights (Wilson, 2008).

Culture, andvariousindigenousN a t i aulture,dsoften seen as purely mythical and a black

box outside the dimension of life that western cultures perceive the world (Head et al., 2005).
Deep engagement and proper respect for Indigecmmuasnunitiess necessary for understanding

and adopting these prams of land management (Robinson et al., 2021). Through our deliberate
engagement with Indigenodationsaround the Coconino National Forest (CNF) and Kaibab
National Forest (KNF) we document the knowledge, values, beliefs, and management practices
that can be used in to create more equitable decisions for policies related to springs management.
Previous research supports owethodslndiana Summit, in the Glass Mountains of California
Slaton et al., (2019) showed that involyilndigenous stakeholders and adoptimdjgenous

forest management practices led to better ecological conditions post fire, creating an overall
heathier forest while protecting and managing for the culturally significant species of plants and
animals thatndigenousNationsrelied on.Similarly, cooperatiorbetween divergent methods of

land management can be applied to springs in the CNF and KNP. Our resgaeshs

frameworkfor land managero betterunderstandndigenousN a t i valnesa@d incorporate
Indigenous knowledge into managempalicy-making Charnley et al., (200highlightedthe

benefits of integrating knowledge from both Indigenous stakeholders andtaicaholders

Similarly, ourresearch directly involves both graupf stakeholders with the goal to foster

partnership and cooperation in land management.



1.35 The Importance of Stakeholder Analysis

Managing and governing ecosystems with a variety of different stakeholder groups requires
balancing the competing values, interests, and preferences (Kooiman et al., 2005). Implementing
and linking theperceptionsand the choices people articulate to depgdolicies is an essential
component when managing based on human values (Litina et al. 2016). Stresses on ecosystems
due to human population growth emphasize the need for a more holistic approach to ecosystem
management (Pavlikakis & Tsihrintzis, 2000je use human preferences and dialogue from
stakeholders and marginalized groups to significasdimplemenbther analyses used in

environment management. Including all stakeholders in the process is an essential component of
policy-makingrelated to environmental management (Mowrer, 1996). We deliberately include

all stakeholders of springs in the study areas to foster equity in our comprehensive analysis of
human preferences.

1.4 Methods

1.4.1 Northern Arizona University Internal Review Bibar

Thefocusgroups nt er vi ews and nati onal !feoomtheNertherwer e al
ArizonaUniversity (NAU) InternaReview Board (IRBYAppendix A). Once the project was
deemedexemptwe were able to reach out to potential focus group/interview partisjpant

schedule the meetings, and conductftioeis groups/interviewd.herole of the IRB isfia

university committee that performs ethical review of proposed research involving human

suljects and monitors continuing researdte IRB is also responsible for providing training on

the protection of human subjects in researtRB 20132020 Strategic Plan

1IRB Number: 180415b



Forthis research to be exempt we had to clearly demonstrate that interview asdrimap
participants were speaking on behalf of their organizationexpressing personal beligdsd
that the national survey data we collected would be properly stored in a secure loithtaih

identifiers from respondentsmoved or coded

All teammembes on this project had to complete the Human Research Social, Behavioral, &
Education Research basic course through the Collaborative Institutional Training Initiative

(CITI). This trainingprogram is offered through NAU. All participants also had to upload their
resumes or Bio sketches to the IRB portal. In addition to those team member specific documents
to be exempt from the IRB regulations we also had to submit the following documeitesl tel

the project:

1 Project Narrative

1 Project Proposal

1 3Year Project Budget

1 DataManagemenbDocument

9 List of ProjectPersonal

1 Approval of Funding Source (NIFA award letter)
1 Recruitment Material

1 Consent Form

1 FocusGroup and Interview Questions

1 Complete Draft of the National Survey

Every timea change was madetteeresearch an amendment had to be made and the project had

to againbe approved for the exemption. We made two amendments to the projefirsThe



amendment was to add Drs. Stefanie Kunze and Mohammad Mashiur Rahimafist of
project personnel. The second amendment was to get the national survey approved for
disseminatin. While the initial exemption toakearly fourmonthsthe amendments took only
weeks to be deemed exemPncethe final amendment was approvad July 1,2022,by the

IRB we tested the survey and disseminated ity 14, 202.

1.4.2Focusgroups with Stakeholders

We recruited focus group participants by local network recruiting, meaning we reached out to
connections and people from previous working relationships to idgratificipants Local
networking works well when some connectiongadly exist, (Casey & Krueger, 1994). We held
two focus groupghefirst focus groupvas on November £022,and the second focus group
was on November 9, 202Zable 1). During these focus groups we provided refreshments from

Sodexo including pogghips, cookies, water, and mixed fruit.

Projects valuing ecosystem services typically start off with identifying the important natural
elements of the system (De Groot et al., 2002). The main goal of focus groups was to determine
attributes of spring ecostems most important to the stakehold&tre focus groupkasted 60
minutesandconsisted of three types of questions; engage(@grexploration(2), and exit

guestion(1) (Thomas Jefferson University, 2017). First, the engagement questions were used to
pique the interest of the group and introduce them to the ®pennd, exploration questions

asked who the participants thought constituents of springs were, what attributes of springs are
important, how to level or measure those attributes, and aacidaroncise definition of those
attributes. Third, exiuestionsvere the last set of questions, giving participants the opportunity

to make any last comments anduires We had one main moderator for the focus groups

(Andrew Lewis), two note takers (Katelyn LaPine and Dr. Abraham Springer), and one assistant



moderator (Dr. Ryan Fitch) who clarified questions anduredhe focus groups ended on time.
The minutes or notesllected by theotetakersvere taken individually and shared on a

projector for the participants to se&ppendixesB & C).

1.4.3Stakeholder Categorization

Grouping stakeholders by culture, economic outlook, and livelihood is a method to condense
individual groups of stakeholders into broader categories which makes for clearer analysis (King

et al., 2015)Categorizing stakeholders into groups is an essestéiplbefore analysis begins

(Reed et al. 2009). The A4Rs0O0 tool i's a syste
into groups and analyzing the relationships between groups that have rights, responsibilities, and
revenue from the natural resoarTekwe & Percy, 2001). Similarly, we categorize stakeholders

of springs in the CNF and KNF into three groups: Stakeholders of Responsibility, Stakeholders

of Investment, and Stakeholders of Interest.

1.4.4 Interviews with Stakeholders

Before interviewingoegan we had &vo-hourtraining session with the members from the Spring
Stewardship Institute on how to preform interviews with people from Indigenous Nations.
During the training session we weeeightphrases or words that would not be appropriasayo
during the interviews and we were also given advice as how to respond to certain questions or

concerns that participants might have.

1.4.4.1 NVivo
We performed three types of textual analysis on the interview data usivig, il qualitative
data analysis software by QSR International: thematic content analysis (Q#)frequency,

andsentiment.

1C



The analysis and the final reporting of the focumugrand interview data is compiled using an

inductive approach which involves analyzing data that has no predetermined theory, structure, or
framework. Through this method the data derive the structure of analysis (Anderson, 2007).

Through the inductive ntleod a thematic content analysis (TCA) approach is ushis

approach aims to connect common themes from textual data such as transcripts from interviews

and focus groups (Anderson, 200M.he basi s for TCA is that #Aint
minimumand the goal is present themes that reflect the actual phrases and ideas of the

participant (Anderson, 2007 his theory of categorizing textual evidence presents trends,

relationships, structures, and discourse to be used in analysis (Mayring, 2000).

To determine the themes and use the TCA method we wiNl\g®, a qualitative analysis
software. This software will allow us to detect themes and common insight from the meeting
notes (Leech & Onwuegbuzie, 2011yhen analyzing qualitative data there is da¢a corpus
which is the entire body of data collected and there igalte set which is a subset or section of

thedata corpusvhich can be used for more narrow analyses (Braun & Clark, 2006).

Braun &Clark (2006) outline methods and best practice for using TCA and define a theme as

Al capturing] something i mportant about the da
represents some | evel of patternedaccommsophonse o
used method across disciplines to understand preferences for different groups (Hamel et al.,

2021, Thomas, 2003, Braun et al., 2016, Chapman et al.,.20&8&natic content analysis is

useful in many ways including understanding what the paaints feels is important,

categorizing perceptions, and understanding what attitudes they hold and how they relate to other

groups (Herzog et al., 2019).

11



TCA can be used to test the predictions of stakeholder preferences relating to environmental
issueqLavallee & Suedfeld, 1997). Using themes to understand what the stakeholder groups
value we can understand which policies and management at springs they might prefer. For
example, consistent themes that support the biological habitat quality of therapyingdicate
support for management that limits the ability of human to use the spring for activities such as

recreation and ranching in order for the native flora and fauna to have dominant access.

One step of TCA that is often overlooked is the docuatem of the proces3horough
documentation of the different stages in the process leads to a more reflective and transparent
process (Herzog et al., 2019). We extracted and coded tlaesaescribed in the tables that

highlight the different themg€&hapter 2, Table ).

We use thattributes determined during the focus groups to create nodes in NVivo. Creating
nodes allowed us to separate each attribute for analysis. We also use the word frequencies code
to categorize each stakehol der 6sachitenepponses.
respondent mentioned a particular word related to springs management. The display of these
results allowdor us to see the relationships, commonalities, and differences between

stakeholders.

Coding in NVivoisolatescertain questionthat wil illicit results to answer the hypothesis
(Castleberry & Nolen, 2018). Using nodes to identify certain words or phrases means NVivo has
little to no influence on the research design making it a compatible method to use for TCA. To
find the association b&een different groups in the dataset the relationships code in NVivo can
be used (Dhakal, 2022). The sentiments code in NVivo can be used to detect or tag positive or

negative word or phrases that the respondents indicated (Dhakal, 2022). Using NViso we a
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use sentiment analysis to identify the feelings [positive or negative] of different attributes related
to springs, those feelings can be interpreted as the opinion of the stakeholder groups (Saura et al.,

2018).

We use NVivo to answer several questions, including:

I. How do perceptions of springs vary between stakeholder groups?

To answer question (i), we broke down the data corpus into stakeholder groups, ranchers,
environmental advocadgroups (EAG), Indigenous gups,governmenagencies, and

municipal representatives. We use three different types of analysis; one to detect the themes,
another to detect word frequency, and the last one to understand the sentiments of the different
stakeholder groups. We also deténe what each group perceives the most important
constituents of springs to be by analyzing the results from the interview where the interviewee

was asked that specific question.

To detect the themes from each of different stakeholders we hand codeasth@dmmonly

used phrases and ideas that each of the interviewees was stating. Using that hand coded
information, we determine the most important themes. Beforehand coding, a document with all
the meeting notes for each stakeholder group is createdoEdeise documents is analyzed in
NVivo by highlighting statements that each of the interviewees said most often or stated most
important to them. To summarize by each stakeholder, group the highlighted data that is
overlapping from each of the intervieggeis highlighted in a different color. Those overlapping
themes are determined to be most important and prevailing themes for the entire stakeholder

group. This process is repeated for each of the five different stakeholder groups.
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To analyze word frequeey, we again separate the data by stakeholder group. Using the NVivo
word frequency tool we analyzed each group. To obtain the most accurate and relevant results
from the word frequency tool, we set the parameter of the tool to output the 15 most wdsed wor

A parameter is also set to only output words with a minimum length of three characters, to avoid
words that were not the subject of the sentence. To ensure that important words are not left out of

the analysis, words with the following structures wareped together:

1]

T Exact matches (e.g. tal ko)

T With stemmed words (e.g. dAtalkingo)

1)

T With synonyms (e.g. speako)

Words that are not meaningful for analyses such as prepositions or conjunctions are removed
from the frequency list and replaced with the worthwie next highest count that is most

relevant.

The last analysis tool used to answer question (i) is sentiment analysis. Using NVivo we perform
an automated sentiment analysis. During the automated sentiment analysis NVivo detects when
positive, negatie, and neutral words are being used. NVivo outputs a chart showing which

words and phrases are deemed to be positive, negative, neutral, or mixed. It is essential to
delineate what the stakeholder is talking about before performing the sentiment analysis.
understand what the stakeholders are talking about we create a node in each stakeholder group
file for each of the following topics: recreation, ranching, cultural significance. Every time the
stakeholder mentioned one of those subjects that entiensens added to the node with that

same subiject title. Once each node is created by hand coding, we used the automated sentiment

analysis tool to obtain the results.
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After analysis of the references from the automated sentiment analysis output, wedoak

the references that NVivo made to ensure that the results are correct, accurate, and sentiments are
coded correctlyWe were unbale to preform sentiment analysis fonibaicipal stakeholder's

because there is only one municipal stakeholdeCityeof Flagstaff NVivo was unable to

detect any sentiments from a smaller set of Hatause there was minimal data collected and
there was not data collected for each attribu

significance, or recreation

The rancher stakehol derds sentiment anal ysi s
analysis and then also hand coded to correct the many irregularities. After reviewing the

references that the automated sentiment analys$igit,we notice that many statements that the
ranchers made about springs and management for ranching at sptigsaswnegative

sentiments. After further analysis of the text and context of the statements, we determine the
ranchers spoke about ranching at springs in a positive way, while using negative connotations to
make the positive statement. For example, theye quent | y use words such
A wo u b dhilédnaking positive expressions. One of the many pieces of textual evidence to
support this cl ai m lfinametofrranchffdmn't use and capturesaéthe e n c e :
springwateritwul d run in the nearby canyon and di s aj
that if they did not use the spring water it would not have any other value, therefore their use

does not degrade or diminish use for any other constituents. That contextlséypWwaue a

positive sentiment about management for ranching at springs, but it could not be automatically

detected by NVivo because of how it was phrased.

il In what ways do these perceptions differ, are Indigenous perceptions

different?
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iii. What is theoverlap between Indigenous views and other stakeholders?

To answer questions (ii) and (iii), We broke down the data corpus into two different groups:
Indigenous and nemdigenous. The neindigenous groups contain the EAGSs, ranchers,
municipal agency, and federal agencies. The analysis to answer these qisedtoershrough
three methods: preferences for the attributes ranching, cultural significance, recreation, flow,

biological habitation quality, and municipal water supply of each of the two g(@dapke 3)

The preferences r e laadeterminet loy highbghtinghkgyécencepts t r i but e
throughout the interviews noted related to each attribute. The preferences to come up the most
frequentlyareused foreachgroup.Furtherdetailsrelated to interview recruitment and procedure

are found ir2.2.3

1.4.5National Survey

The national survey was createdQualtrics The surveyonsisted of an introduction secti@%
attitudinal questiong choice experiment questiorih demographic questions, ana@ptional
comment boxAppendix F). We used the results from the attitudinal questions and the
demographics section. The results friivachoice experiment part of the surweil be
published aRRahman et al(2023. Results mapping the Willingness to Restimates from the

surveywill be pubishedin LaPineet al.,(2023.

First, we introduce the project, grant, and project team in the beginning of the survey. Section 1
of the survey was created to inform the survey participants #iGbconino and Kaibab

National Forests including where it was located inllge Section2 of the survey provided
information about springformation on the different attributes of springs, aséledquestions

about perceived threats and level of concern related to springs. Section 3 of the survey
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introduced the 6 attribute¥vater Secunit, Water Flow, Ranching, Recreation, Biological
Habitat Quality, and Cultural Significante the participants including detailed definitions and
levels for measuring the attribut&section 4 was the choice experiment part of the survey and
asked partici@ntsto choose between hypothetical springs management optesslts from
section 4 were not useal this thesis or manuscript research. Section 5 of the national survey
asked demographics question such as income, gender, highest level of education etc.

Demographicguestionsvere developed using the same questions asked by th€é&h&us.

The attitudinal questions of the national survey were developed using the information gathered

from the focus groups. We documented the attributes of spwinigh were important to the

stakeholders and subsequently formulated survey questions related to those attributes. We also
gained information from the focus groups about the threats associated with apdnged that

information to formulate questionshere survey respondents can indicatér tlegel of concern

about those threats on a Likert scaléb)1Forexamplewe asked survey responds to indicate

their level of concern that cattle grazing has on springs. Respondents choogelfrbom i not al |
conce ned o, (2) Aslightly concernedo, (3) fAmoder

Aextremely concernedo.

Because cultural significance, biological habitat quality, and recreationfregresntly

mentionedn the focus groupsve also asked survegspondents if they were willing to restrict

their own recreation at springs for the sprin
cultural significance. Cattle grazing was dismuently mentioneth the focus groups.

Thereforewe formulated gestions asking respondents their level of concern with a reduction in

cattle grazing at springs and we asked them to indicate their level of concern with the

degradation that grazing can cause at springs.
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We employed tmsr Design Delivery LLC as a graphartist to illustrate images of springs for

the six attributes we develop€ebhey created illustrations for springs for different attributes or

uses and different levels of those uses. They also created icons to be used in the choice
experiment section of the survey. We had several rounds of revisions from the graphical artist to

ensure the pictures were both accurate for springs in the CNF and KNF as well unbiased.

Before the national survey was disseminatesltestedt with random participantsom around

the country(students, family, friendghroughtwo online zoom focusm@ups.

1 SurveyTesting Focus Group May 16, 2022

1 SurveyTesting Focus Group: May 17, 2022

After conductingparticipantfocus groupswe correctedsome of thessueghat were in the

coding of the Qualtrics survey as well as clarified some of the language that the participants were
confused abouflhe results from those focus growp®l an explanation on how each comment

was addressed can be found\ppendix E. The rational survey was officially disseminated to

the public onuly 14" 2022 Documenationon how the surveparticipantsvererecruitedcan

be found in DiSogra et al., 2011 andAppendix G. Further methods related to survey

recruitment and dissemination are foundaction2.2.4

To analyze the results from -tgeanatdi andl Cs ame
test for significanceWe preform three hypothesiest to test theelationships about grazing,

cultural significance, and recreation to further understand complexity of survey respondents and
provide evidence for reasonsrtain attributes of springs management are preferred. Further

methods and results relating to th&én be seen in secti@¥.2.
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Highlights

1 We conduct sermstructured intenaws with stakeholders of springs in the Coconino and
Kaibab National Forests and disseminate a national survey to understand public
perceptions of springsd management

T I'ndigenous NationsoO® perspectives are not
springecosystems in the Coconino and Kaibab National Forests

1 Survey responses from the public indicate a perceived importance for springs to be
managed for I ndigenous Nationso cul tural

1 Joint management and targeted management for exclusiortashderman activities is a

possible management solution

This work is supported by Agricultural Economics and Rural Communities: Environment, grant
no. 20266702333262/ project accession n0.1024576, from the USDA National Institute of

Food and Agriculture
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interpretation, or dissemination of results.
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Abstract

Spring ecosystems provide vital services to humans and wildlife in northern

Arizona. Management of springs presents unique challenges due to the diversity of stakeholders
and the multiple uses of springs. We employ two methods of data collection to understand the
perceptions of springs ecosystem management: interviews and focus grougtsketiolders of

springs in Coconino National Forest (CNF) and Kaibab National Forest (KNF) and a national
survey aimed towards public perceptions. We analyze the human perceptions of springs to
understand variations between stakeholders and how pereeptistakeholders and the public
vary.Our results indicate differences between human perceptions and current management
practices. The main competing interests of springs management are cattle grazing, recreation,
and I ndi genous Naahce.dhesudveyaasgondents adpresentagive df publc
perceptions, indicate springs management for
important. We see positive correlation between concern for threats to springs from grazing and
management to faritize cultural significance indicating respondents prefer springs to be

managed for cultural significance. Cattle grazing and other high impact humareisesved

|l ess favorably than other managementnscenario
Indigenous stakeholders suggested management should be based on multiple uses and
management focused on specific attributes of springs valuable to humans. Our results of
thesur vey r eaqmondfermanagiement of Indigenous culture and sgopersu

from stakeholders show a joint management concept might be beneficial for springs management
in the CNF and KNF. Using the information we collected on the perceptions of spring

ecosystems management, we discuss mechanisms for springs manageroezdde the ability

for springs to provide cultural significance values to Indigenous Nations by potentially limiting

21



high impact and degrading uses of springs. We provide results and examples of how all

stakeholders can have the ability to benefit fromréseurces springs provide.

Key Words

Human perceptions, cultural significance, springs ecosystems
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Human Perceptions of Competing Interestsin Springs Ecosystem
Management on Public Land in Southwestern U.S.

Background

A Our results provide context for
public land managersto use in
combination with the existing
literature on the ecological
importance of springs.

A What are the human
perceptions of spring
ecosystem management in
the Coconino and Kaibab
National Forests,

A how do perceptions vary
between stakeholders,

A and how do perceived
threats and perceptions of

management vary between

survey responses from the
public and stakeholders?

We discuss several mechanisms
for springs management to
increase the ability for springsto
provide cultural significance values
to Indigenous Nations. Potentially
limiting high impact and
degrading uses of springs can
ensure all stakeholders can benefit
from the resources springs
provide.
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2.1Introduction

Springs are essential sources of water for impoverished regions and Indigenous peoples around
theworld (Cantonati et al 2020, Khadka & Pathak, 2021, Kumar, 2022, Gowling et al., 2020). A
reduction in springs discharge, due to human causes, has been observed in the communities that
heavily rely on the fresh water springs provide (Jeelani et al., 208drent literature on springs

and other sources of groundwater on a global scale primarily examines indicators of water
guality to be used in managemehagkar et al., 2022, Taloor et al., 2020, Ansari et al., 2015,
Chandrajith & Dissanayake, 20R0anaggement of spring ecosystems as essential water sources

is important as springs provide a reliable flow of water in the face of climate chagge(a,

2022. However, analyses into the human dimensions of springs can provide further context to
better mange these systems. Understanding threats and documenting the human perspectives of
springs management can lead to capacity developi8eheihing et al., 2032enhancing the

sustainability of these groundwater systems by connecting it to human interactions

The United Nations (UN) outlines 17 goals for sustainable development (United Nations, 2023).

The sixth goal iClean Water and Sanitatiomhich directly relates to research we present.

Speci fically, target 6-relatediesosystams,ingudiogmountainsa nd r
forests, wetlands, rivers, aquifers and | akes
unique interdsciplinary research directly related to protecting groundwater dependent

ecosystems. The global sustainability goals which the UN has deemed important places our
research in a global context and our methods can be a framework for future research around th

world to ensure the protection of groundwater dependent ecosystems.

Incorporating human perceptions into environmental management is crucial for effective and

equitable policy making on public land (Bremer et al., 2015). The US Forest Service (USFS)
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manaes 781,043 square kilometers of land across the United States for various uses and
purposes (USDA, 2013). nACaring for the |l and a
protecting the natural resources of the land and promoting research omeso@ste utilization

(USDA, 2019). The main competing interests that springs can be managed for in the Coconino

and Kaibab National Forests are Indigenous Na
ranching. Our objective is to understand the hunengptions of those interests to inform

policy decision making on these public land& analyze human perceptions for springs

management in the Coconino National Forest (CNF) and Kaibab National Forest (KNF) located

in Northern Arizona, USA, to answer thesearch questions:

1. What are the human perceptions of spring ecosystem management in the CNF and KNF?
2. How do human perceptions vary between stakeholders?
3. How do perceived threats and human perceptions of management vary between survey

responses from éhpublic and stakeholders?

Our research contributes to the literature by examining diverse perspectives on the driving forces
behind springs management, <cattle grazing, re
significance By comparing stakeholder drsurvey respondent perspectives, we highlight

differing attitudes towards springs ecosystem management. Specificatbxawene the

divergence between management for cattle grazing, recreation, and cultural signiiéance.

engage broad community repretaion in targeted discussions on the perceptions of springs
ecosystem services. In addition, we developed and disseminated a survey examining human
perceptions of springs ecosystem management in the CNF and KNF. We create a framework that
includes a widevariety of data from different demographics and levels of interest in springs

ecosystem management. Information gathered from diverse stakeholders provides an ethical
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perspective, enhances inclusive decision making, promotes equity, and builds saeikl capi
(Mathur et al., 2008Y0Our methods can be adopted to other management challenges across the

globe to promote the sustainable development of groundwater resources.

2.1.1 Human perceptions and ecosystem services

Ecosystems can be managed forgbevices they provide to humans; however, human uses can
compete (Felipd.ucia et al., 2018, Spangenberg et al., 2014). Adequately integrating humans

into the management of ecosystems instead of treating them as external factors is important for
effectiveland management (Waltrdroews et al ., 2003). Gaining p
to better management by considering humans and the environment together (Camberlain et al.,
2021, Bowonder, 1987) . Humansd usehemamyn negat.
benefits they provide; therefore, merging the social and natural sciences creates a framework for
understanding human dominated ecosystétize(ti et al., 2003 We create a base of

knowledge on the human perceptions of spring ecosystems taatet@gth the existing

literature on the ecological functions and management of sff&tggens et al., 2021,

Cartwright et al., 2020, Stevens et al., 2020, Freed et al., 2019, Paffett et al., 2018, Springer &

Stevens, 2009, Perla & Stevens, 2008)

Engagng stakeholders is one way to equitably manage an ecosystem for the economic, cultural,
human wellbeing, and biophysical values that ecosystems provide (Maftames et al., 2015).
Increasing the synergy between ecosystem uses and stakeholders cafibalbehen

managing a system with competing interests (Howe et al., 2014). We present management

strategies aimed at limiting use and promoting joint management that can be beneficial for
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protection of spring ecosyditgmaodoubi dlhbgobaab
significance CBS News, 2005, Haun, 2020, Diver, 2016, Lawrence 1996, Stevens et al., 2016,
Linge, 1999, Freeman, 2007, NPS 2021, Morse et al., Z#tjan et al., 2012Developing

research through stakeholder engagementia@al component for increasing equitable access

to natural resources for human uses. Our research in the CNF and KNF provides context to the

larger global issue of equitable access to groundwater resources.

Mitigating human caused impacts on ecosystismsore important than ever as degradation

from humans increases with landscape simplification and climate change (Riechers et al., 2020).
Understanding human perceptions of threats, reactions to the policies aimed at mitigating them,
and knowing if constuents are willing to change their own behavior to prevent further

ecosystem damage, is important information for policymakers (Leiserowitz, 2006). We examine

]

humanodés perceived threats to springs and gain

activity. Using human perceptions promotes equity in management of ecosystems (Khan et al.,
2019, Bertram & Rehdanz, 2015, Kooiman et al., 2005, and Mowrer, 1996). We examine human
perceptions to aid in policy making and equitable governing of sprirgystems through a

mixed method approach.

| mpl ementing and | inking peoplebs perceptions

essential component when managing resources based on human values (Litina et al. 2016). One
way to link perceptions to chaes is through economic nanarket valuation (Mueller et al.,
2017). Currently, nomarket valuation methods used for springs primarily focus on

understanding human values through choice experiments (Mueller et al., 2017). While choice
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experiments are aseful tool to estimate societal benefits, the methods may derive incomplete
estimates by not taking cultural values and human perceptions into consideration (Thorsby,
2001) and estimates can be fAreason bthermisio ( Sc
no explanation as to why those perceptions are held. Our combination of qualitative and

guantitative data allows for an-adepth approach and can provide reasons for why certain

perceptions of springs management are held.

I n this article, we provide context for peopl
Coconino National Forest (CNF) and Kaibab National Forest (KNF) complementing the existing
nortmarket valuation literature and offering suggestions on howgggosystem management

can be improvedOur results provide valuable information regarding diverse perceptions for

spring ecosystem management which can be translated to other environmental management
challenges across forests nationwide. Our researtifefsrthe understanding of human

perceptions for springs ecosystem management through analysis of:

T Qualitative data from focus groups and interviews with stakeholders of spring ecosystems
in the CNF and KNF, and
T Quantitative analysis of attitudinal quests from a survey nationally distributed and

representative of the U.S. population.
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2.1.2 Study Area

Located in Northern Arizona, US, the Coconino National Forest and Kaibab National Forest
comprise approximately 13,759 square kilometers (USIDA3). The CNF and KNF consist of
ponderosa pine, mixed conifer, netks, and alpine tundradhe KNFborders the north and

south rims of Grand Canyon National Park, while the CNF stretches across Flagstaff and Sedona
southeast to Camp Verde, AFigure 1). Several federally recognized Indigenous Nations have
heritage connected to and live around the CNF and KNF, including the Navajo, Hopi, Zuni
Pueblo, Hualapai, Kaibab Band of Paiute Indians, Havasupai, Ya&ppahe, and White

Mountain Apache (Inter Tioial Council of Arizona).

The USFS oversees 37 cattle grazing allotments in the KNF across three different districts
(USDA, Range Management, 2023). The CNF has 29 allotments across three districts (USDA,
Grazing Allotment Documents). Livestock grazingpemitted on 299,467 square kilometers of

the 781,043 square kilometers of USFS land within the US (USDA, 2020). The fees associated
with grazing on USFS land are $1.35 per animal unit per month. An animal unit includes either a
bull, steer, heifer, or cowith a calf (USDA, 2022). Out of the 1.2 million cattle (USDA, 2020)
grazing on USFS rangeland around the country and the nearly 9.2 million (USDA, 2022) total
cattle grazing in the United States there are 111,487 authorized animal units of cattlena Ariz
grazing on USFS land between 367 permittees (USDA, 2020). Because of the unique four season
climate of CNF and KNF, compared to the rest of the state, recreation is also very prevalent in
these National Forests. Both areas are tourist destinatiothefsouthwestern U.S. and highly
trafficked. Popular recreational activities in the forests and therefore around springs include

hiking, mountain biking, swimming, fishing, camping, birding, and boating. To Indigenous

29



peoples, these forests and springssies of significance for traditional and spiritual practices,

including the collection of herbs and medicines, origin stories, as well as teachings.

The CNF and KNF are home to nearly 700 springs, many of which are directly threatened due to
human actins (Paffett et al., 2018). Extensive data documents the important ecological and
hydrologic functions of springs and threats to them (Stevens et al., 2021, Springer & Stevens,
2009, Paffett et al., 2018, Stevens et al., 2020). For example, human cayraelatiten of

springs includes overgrazing of cattle, overuse and trampling by recreationists, stream channel
disturbances causing increased erosion and decreased water quality, spring habitat destruction
from human caused wildfires, and decreased flomtdwimate change and groundwater

pumping (Cartwright et al., 2020, Donovan et al. 2022, Perla & Stevens, 2008). To date, little
research has focused on the human perceptions for springs in the CNF and KNF and the threats
that raise the highest level ofraern from stakeholders and the public. Some of the threats

include groundwater pumping, high impact recreation, cattle grazing, increased development,
and drought. These issues are similar to issues effecting groundwater systems around the globe.
Ensuringsustainable groundwater development in tandem with social and economically sound
human development is an essential component of our research which takes into consideration the

value humans receive from spring ecosystems.
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2.1.3Spring Management in the Coconino and Kaibab National Forest

Today, springs in the CNF and KNF are negatively affected by poor management of livestock, as
well as recreational activities (Paffett et al., 2018). However, changes in management and
reductionin recreation and cattle grazing can lead to better health of the spring ecosystems
(Paffett, 2014). Overgrazing has a been adstagding issue in the western U.S. To prevent

further overgrazing and better manage grazeland, western ranchers requesteddistricts

which led to Congress passing the Taylor Grazing Act of 1934. The Taylor Grazing Act of 1934
regulated and restricted grazing on public la®&tb(t, 197). Today111,487 cattle animal units

are grazing in Arizona (USDA, 2020). Recreatioal® prevalent with 15,244,000 visits in the
southwestern region of US National Forests alteA, 202). Our data collection and
analysis provide evidence for the reasons for
from both the survey respdents representative of the U.S. population and stakeholders of

springs in Northern Arizona.

2.1.4Indigenous Cultural Significance and Environmental Management

Incorporating the perspectives of Indigenous Nations continues to present cimtjarges to
western researchers. |l ndi genous Nationsd® perc
dominant western economic valuation estimates because natural resources are seen as living
entities and their value rooted in relationships (Poelirs. £2019 & Adamowicz et al., 2004).

As such, Indigenous and western approaches and world views are often at odds with one another.
Existence values, which are naee values motivated by the morality of knowing the values

exi sts for Dbatidsan,r2818)ardmtperdhasabke with money or time (Farber et

al., 2002). Their significance is derived from culture and spirituality, creating-gangible
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challenge to western research management approaches. Culture in the framework of
environmentamanagement is defined as spiritual enrichment, aesthetic experience, maintenance
of social relations, and other nomaterial benefits derived from the ecosystem (Satterfield et al.,
2013, Lee & Diop, 2009). Environmental challenges, including areduction s pri ngs 6 hab
guality, cause very tangible cultural losses to Indigenous Nations. Diverging from western
methods of economic and natural resource valuation and ensuring adequate participation of
Indigenous Nations, significantly prevents problemmatiequate valuation and cultural

insensitivity Gregory & Trousdale, 2009We pursue a coproduction of knowledge by inviting
and incorporating Indigenous stakehol dersoé vi
western actors dominating the emrimental management decision making process distinctly
different from Indigenous management practices (Kauffman & Arico, 2014, King et al., 2015,
Lewis & Sheppard, 2006, Slaton et al., 2019, and Charnley et al., 20@73gement methods
considerate of gxression of cultural perceptions or experiences can lead to a culturally
appropriate and inclusive option for environmental management (Satterfield et al., 2013). There
are significant ontological differences in how Indigenous stewards of the land appabaic)

the environment, and natural resources, as compared to dominant-bzesd@tapproaches
commonly pursued in economics and resource management. Deep engagement and respect for
Indigenous Nations is necessary for understanding and adopting mdigtievaod sustainable
practices of land management (Robinson et al., 2021). Through our deliberate engagement with
individuals from various Indigenous Nations around the CNF and KNF, we document

knowledge, values, beliefs, and management practices, wéuiche used to create more

equitable decisions and policymaking related to springs management.
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2.1.5The Importance of Springs

Springs in CNF and KNF are particularly important because they recharge aquifers which

provide resilience againdtought and aridification of the droughtiden southwestern US

(Vaux, 2010). The recharge of aquifers is related to the hydrogeology of the area and not directly
correlated to precipitation alone, giving springs resilience for when extremely low prtemipita

years lead to water shortages (Vaux, 20T@g discharge of springs can vary significantly due

to the distance between drainage and recharge areas, the hydrology of the area, the climate, and
|l andcover and | and managey&ski pf20hb8, rgaopn ¢
While snowmelt and precipitation events can increase discharge, that increase can be delayed by
years due to sediment and depth of the aquifer, making some springs more resilient to extreme
drought per i odski208}) Bhé delayekilovBrasponsge G springs may

obfuscate the impacts climate change has on springs, as the impacts of droughts would be
delayed as well. Examining stakeholder management and survey respondents perceptions
provides an opportunity torsify springs management based on human needs and ecosystem

functionality, making management of springs more inclusive and dynamic.

2.2 Materials and Methods

We implement two types of qualitative data collection, focus groups and interviews, and one
type of quantitative analysis, a national survey. Focus groups and interviews were conducted
with stakeholders who work, live, and rely on springs in the CNF arfe. KMNfocus group and

interview participants spoke on behalf of their respective organizations or Indigenous Nation.

33



The goal of the interviews was to reach stakeholders who fit under the categories of:
Environmental Advocacy Groups (EAG), Ranchers, Fadggencies, Municipal Water

Suppliers, and Indigenous Nations. The goal of the survey was to reach survey respondents who
were representative of the broader U.S. population. The Northern Arizona University (NAU)
Institutional Review Board (IRB) deemed thational survey, focus groups, and interviews

iexempt 0

Analyzing qualitative [interviews] and quantitative [national survey] results together allows us to
understand some of the reasons why certain preferences are held. Similarly, in other fields of
study, qualitative and quantitative results have been used in combination to answer the same
research question; this method is often referred to as triangulation (Morse, 1991). One common
model for integrating qualitative and quantitative results, is todtata hypothesizes with

gualitative methods and test hypothesizes using quantitative methods (Kelle & Erzberger, 2004).
Our methodology is similar, the qualitative and quantitative results complement each other in the

following ways:

1) We use the results fnothe focus groups to determine the attributes springs can be
managed for and subsequently formulate the national survey based on those results

2) We formulate hypothesis tests based on the interviews with stakeholders and use the
results from the national survey to test our hypotheses

3) We use the textual evidence from the interviews with stakeholders to provide further

explanation of the Likert scalresults we received from the national survey

2|RB Number: 1804155
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2.2.1 Stakeholder analysis

It is essential to understand the perceptions of stakeholders for effective multiuse land
managementSeppelt et al2011). We define stakeholders as separate from the publithesel

who rely on springs for economic incentives, have the authority to manage springs, contribute to
springs restoration, have cultural ties to springs, or advocate for different uses of springs.
Stakeholders contribute critical and distinctive insidgigsause of their utilization of and

reliance on springs. For example, ranchers graze at springs on USFS allotments because of the

availability of water and grasses which are less abundant in other parts of the forest.

Policymaking is complex and oftengrens in rapidly changing contexts. Stakeholder analysis is
a beneficial tool (Brugha & Zsuzsa, 2000) to include marginalized groups and can complement
other approaches for policy makingurrent methods of stakeholder analysis and participation

are ofterdeficient in their ability to reach marginalized groups because of lack of information
regarding who those stakeholders are and how to effectively involve them in the research
process, leading to missing substantial and important contributions to taritieeand

policymaking (Johnson et al., 200@ur study offers unique and inclusive approaches to current
studies on springs through implementing targeted sampling, outreach, and building off existing
relationships to deliberately seek out and includegimalized groups ensuring equitable
representation. Our policy recommendations in CNF and KNF springs ecosystem management

are based on diverse stakehol dersd perception

Considerable diversity exists within Indigenous Nations in northern Arizona. Hovwewéris
analysis our goal to understand how Indigenous perceptions for springs management varies

bet ween other stakeholders and the pubi c, not
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between each other. In our stakeholder interviews, we found no egidénompeting views on
springs management between different Indigenous Nations and therefore discuss the perceptions

of Indigenous Nations together.

2.22 Focus Groups

We recruited focus group participants through local network recruiting, meaning we reached out
to contacts and people from previous working relationships to identify possible participants.
Local networking is effective when some connections already &asiefy & Krueger, 1994).
Previous years of field work, research and relationship building among team members facilitated
connections. We held two focus groups with four participants each. Stakeholders included
ranchers, government agencies, environmental@ty groups, and Indigenous peoples

(Appendix A). Generally, projects valuing ecosystem services tend to begin with identifying the
most important natural elements of the system (De Groot et al., 2002). In our study, our main
goal for focus groups was tietermine the attributes of spring ecosystems most important to the

participating stakeholders.

The focus groups consisted of various stakeholder representatives who were asked three types of
guestions: engagement, exploration, and exit questions (Thiafiasson University, 2017).

First, the engagement questions were used to pique the interest of the group and introduce them
to the topicSecond, exploration questions asked who the participants thought constituents of
springs were, what attributes of ss are important, how to level or measure those attributes,

and a clear and concise definition of those attributes. Third, exit questions gave participants the
opportunity to make last comments and ask questiotis groups took place in a conference

room on the Northern Arizona University campus, lasted 60 minutes, and consisted of six open

ended questions. The minutes or notes collected by the moderators were taken individually and
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shared on a projector for the participants to ¥ée used the resulfsom the focus groups to

develop the national survey.

2.2.3 Semi Structured Interviews

We use local networking and snowball sampling methods for interview participant recruitment.
The snowball method is especially useful for reaching vulnerable andmal@&gd groups who

may be less willing to participate in research studies without a personal connection to the
interviewers (Sadler et al., 2010). The snowball method is considered culturally sensitive and
fosters a trusting environment based on a commanextion, such as a shared contact, between
the participant and the interviewee (Sader et al., 2@&10nterview participants were offered

lunch as an incentive. However, some patrticipants preferred a video conference, in person office
meeting, or coffe instead. The fourteen sestiuctured interviews lasted 60 minutes, the

guestions for the interviews were the same as for the focus grdpipsn(dix B).

During each of the interviews we rinewiew,ahe d t he
a description of the setting\ppendix A). The setting of the interview could potentially
influence the respondentsdéd answer s. However,
and of the choosing of the interview participant. Theriiew data were collected by written

notation. When a respondent was not answering a question directly, their response was still
recorded to ensure all possible data was collected. We did notragdial, as respondents feel

more comfortable and are marpen and honest with their responses when they are not being
audiorecorded (Byron, 1993, Harvey, 2011). Our approach fostered a more trusting and casual

environment

37



Indigenous culture is not singular and is different among various Indigenous Nations however
for the purpose of the study we examine the differences between perceptions of springs
ecosystem management of Indigenous Nations, other stakeholder groupg, Antktltan

public. Indigenous Nations in our study have cultural significance toward springs although the

various traditions and culture surrounding springs varies.

Our methods deliberately engage broad community representation, including Indigenous
Nations, to understand the various perceptions for springs management in the CNF and KNF.
The data we collect on the human perceptions is used to make policy recommendations that
promote equity in the decisianaking process. Incorporating Indigenous knowleal

integrating Indigenous people in this process has proven to be successful and promote equity
(Winter et al., 2023, Simpson, 2017). We present and examine data which supports policy

recommendations that have been shown to work in other sustainablepteset challenges.

Spirituality is very important to I ndigenous
(Turner et al., 2000). Through specifically asking questions on how springs can be measured we
were able to understand how the spiritualitg@rtain medical plants and ceremonies can be
indicators for springs cultural significand&e do not intend to speak on Indigenous spirituality

as outsiders, as we do not have the knowledge, nor have the right to share it ifQue did.

methods and redslattempt to document the significance of spirituality that has been stated by

the Indigenous interview participants.

2.2.4 National Survey

.4 National Survey
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We disseminated a national survey designed to analyze the attitudes of the general public

towards springs ecosystems in the CNF and KNF to complement the interview data of the
perspectives of stakeholders familiar with the region, measure the perceived threats to springs,

and the importance of springs. We used Marketing Systems Group (MSGib seorey

participants that are representative of the U.S. population through probability and non

probability panels (DiSogra et al., 2011). Survey panels are @&ffestive way to obtain a large

guantity of complete responses from diverse groups ponekents (Hays & Kapteyn, 2015).

Analyzing data from both interviews and surveys together is most effective when the survey
guestions are focused on the respondentsd att
designed the national survey to enconsgargviously recorded attitudes from the focus groups

and interviews.

2.3 Calculations

2.3.1Qualitative Analysis

Following the interviews, we performed three types of textual analysis on the interview data
using NVivo, a qualitative da@nalysis software by QSR International: thematic content

analysis (TCA), word frequency, and sentiment.

TCA automatically identifies common themes in textual data collected from the interviews
(Anderson, 2007)TCA allows for categorization of textual eeidce presenting trends,

relationships, structures, and discourse (Mayring, 2@Xfpre performing TCA, we hand

coded what the respondent indicated was most important and the most commonly used phrases
and ideas each of the interviewees stated. Nextawéhe automated TCA to identify common

themes and concepiBrough TCA we report the actual phrases and ideas of the participant
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(Anderson, 2007)The phrases were kept intact to preserve their meah®Wy.data were
separated into different files orgaad by stakeholderQur approach allowed us to extract the

main differences between each of the stakehol

Next, we used word frequency analysis to document and report the most stated words by each of

the stakeholders. Fregncy analysis results justified the themes from the TCA. The results

provided context for the most important attributes of springs given the repeated use of a word

and phrase and provided indicators for 1) defensive word use and 2) different usesdgr spri
important to stakeholders.h e NVi vo word frequency tool was
recorded responses. To obtain the most accurate and relevant results from the word frequency

tool, we set the parameter of the tool to output the 15 most used.Wtnd allowed for a

number great enough to display a meaningful range of results while not having too many words

convoluting the results.

Lastly, automated sentiment analysis in NVivo was used to detect positive, negative, or neutral
phrases in the respses (Dhakal, 2022). A sentiment is an attitude or opinion toward something

(e.g., an opinion on the management for recreation at sprivigg)\a, 2009. Those sentiments

can be interpreted as the opinion of the stakeholders (8aaka2018)In our analysis, they

represented feeling towards management of springs for recreation, ranching, and Indigenous
Nationsd cultural significance. F which imdécateno r e ,
that a certain passage belongs specific topic (Wong, 2008). For sentiment analysis, we

created a node in each stakeholders file for each of the following topics: recreation, ranching,

and I ndigenous Nationsd cul tur al significance

showng shared sentiments for each of the stakeholders by topic.
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2.32 Quantitative Analysis

We tested relationships between variables fro
squared test, a commonly used method when comparing categorical varialitest @e@005).

The Chisquared distribution is determined by the degrees of freedom and differs for various

degrees of freedom (Turney, 2022). The-Gdniared distribution describes the sum of squared

random variables and the distribution starts at geuoney, 2022). The Cksquared test

compares expected frequency (no association between variables) with the actual frequency to
determine a relationship. The null hypothesisforaChiuar ed test iis Ano sig
bet ween t hSharpe®01ph 8hb dltersative lypothesis is a relationship between

variables. The Chsquared coefficient is a sum of all the differences betweeactnal data and

the expected data if there is no difference (Sharpe, 2015). THqudied equation is:

o ©
(&

Where:

O D Ahel QQ

O 0 i QiluEHD Q
T QORQdEAG 0

The Chisquared test is two tailed and does not explicitly state the direction of the relationship
(Tallarida, & Murray, 198). The Chisquare test in combination with frequency counts from
crosstabulation tables determines a positive or inverse relationship. In other words, we can look

to see i f the relationship is with théeoiAYESO
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of the four numbers in the cross tabulations table have the relationship. For example, we look at
the frequency for the two YES variables and determine that their frequencies are proportional

determining the relationship the Gguared test detected.

We al so use Cramerodés V equation to understand
categorical variables. Cramero6és V statistical
results achieved throughthe @hiqu ar ed t est . CrbutakengtbesChedquaies c al c
value, and then dividing that number by the sample size, and taking the square root of that value

(Field, 2013).

The numeric value of Cramerd6s V allows wus to

variables in the fédwing way (Field, 2013):

1 >0.25=Very Strong
1 >0.15 = Strong

1 >0.10 = Moderate

1 >0.05=Weak

1 >0=no orvery weak

UsingtheChisquared test for significance and Cr ame|

following relationships:

1 Concern with threats from grazing and prioritizing management for cultural significance

1 Concern with human caused threats to springsystem and willingness to restrict
recreation to preserve cultural significance

1 Concern with threats from recreation and a willingness to restrict recreation for the

protection of spring ecosystems
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2.4Results

2.4.1Qualitative

The results from the national survey were use
stakehol der 6 s per c eResultsdransthefinterviews shiove theirefatioaship,i e w s
contrasting opinions, and differences in management percefrioomshe different stakeholders.

The following results are from the stakeholder interviews conducted after the focus groups and in

tandem with the national survey:

24.1.1 Rancher Stakeholders

Ranchers consistently defend their ability to acepaags and their need to use it. For example,

one of their most frequently used words from
to how impossible or prohibitively costly ranching wouldvwdghoutspring water access, how

their ranch would ot be located where it ithouta spring on it, and how different The City of
Flagstaff would bavithoutranching. Ranching was one of the early industries of the

EuroAmerican settlement of Flagstaff (circa 1881), ranches expressed it was a founditrg indu

and integral to the local economy.

The way in which other stakeholders perceive ranching as a degrading to the ecosystems appears
to lead ranchers to be more outspoken. Ranchers defend their commitment to the environment, to
the public land they uséhe wildlife, protection of forest health, including springs, and
ranchingbés ability to enhance other stakehol d
ACattl emen are not the enemy of Ideprewaeds, t o s
To justify their position and defend their ability to ranch on public lands and springs, ranchers

often mentioned the immense benefits ranching has on the community, such as providing food
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for families, land conservation through setting up-gorernmental organizations (NGO), and

bringing in tax revenue to the city and state from the cattle industry.

Textual evidence from the interviews shows r a
called into question by other stakeholders. Wadenomic incentives and means of supporting

their |ivelihood are reasons behind ranchersbod
a persistent preference to protect ranching lifestyle brtessiewee 11described iti c o wb o y
culturedo. Ranchers solidified their stance on
stewardship goals, emphasizing a choice to run less cattle, below USFS limits, to ensure they are

not overgrazing, thus taking forest managementinto theo wn hands. One r anche
good cattl eman i s e Xrdeowieweg 4). Aable shows thedhemes froma | | st

the stakehol dersod6 interviews.

Based on automated sentiment analysis, ranchers had mixed (10%) sentiments regarding
ranching asprings Figure 3). Ranchers highlighted a noticeable difference in ranching on

USFS land versus land they are deeded to. For instance, one rancher stated other ranchers often
show less stewardship on USFS land compared to land they own. Even thoughsraholw

less stewardship on the USFS land, there are a lot of benefits associated with having these
grazing allotments. By grazing on USFS allotments during the summer, ranchers are able to
produce more cattle than they otherwise would be able to, letdpasitive (54%) sentiment
results. The ranchersd responses indicate a s
springs is importaninterviewee 7stated that 65% of their water for cattle comes from springs.
Grazing rotations are based andwspring meadows and sprifed cattle tanks are essential as

Ano one can make a | iving const ktertidwge?dr unni ng

Interviewee 7stated springs provide resilience to the ranch; having to drill a well for water
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could cost upwards of $200,000, be costly to maintain, and put a significant financial strain on

the ranch.

Our analysis highlights that ranchersodé value
than the cost of the technological inputs necedsargplace the water flow attribute function of
the spring. Additionally, valuing springs in terms of replacement value is an underestimate
because of the intrinsic valwue springs bring

ranchers strivéor the springs they graze at.

Ranchers were persistent in emphasizing the importance for springs on public lands to be
managed for ranching. The word frequency anal
Aproduceo (20) as t he whichexpresdedmreegforepnirtgwater st at e d

access t@roducecattle.

Interestingly, the way ranchers expressed their views of spring water use and resulting threats
triggered from other stakehol derds mi smanagem
sentimats. The errors needed to be corrected because some ranchers expressed concern and had
negative sentiments relating to other stakeho
relevant to the topic of springs themselves. For example, ranchers statstthioreng projects

degrade the springs more than ranching, which, looking at the context, would incorrectly output

a negative sentiment. Examples of poorly managed and executed forest thinning operations exist

in the CNF and KNF. In the CNF timber accesads built near or through springs and spring
meadows negatively impact springsé condition
al., 2018). To ranchers, poorly executed management strategies are the perceived threats to

springs.
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Ranchers perceived other stakeholders should also have the right to use springs including
wildlife and municipal water supplierdost interviewed ranchers perceived recreationists as
constituents who should have access to springs even though rancherepereationists as

causing more degradation at springs than ranchers do. For example, the trampling of plants, litter

left behind, and overuse by recreationists is a perceived threat of ranchers.

2.4.1.2 Environmental Advocacy GroGpakeholders

Through the TCA we identified themes from Environmental Advocacy Groups (EAG)

perceiving the importance of springs management for wildlife and that wildlife should be

managed for human benefits (i.e., creating opportunities for wildlife viewing, huntidg, a

fishing). EAG is a broad category and can include stakeholders with differing goals. For

example, EAGs include organizations advocating for wildlife, hunting rights, and volunteer
organizations whose goals align with the USFS. EAGs perceived ranclartgrast to springs.
EAGsperceiveranching as a tradition in the area and economically important to the local

economy however ranchers need to pay sufficient prices for their grazing permits to account for

the degradation grazing causes. Inourworddfregn cy anal ysi s, Acul tural o
of the most frequently used words by EAGgerviewee 8 stated that cultural significance

values are often invisible when looking through a standard management lens, which makes them
harder to manage. Theoeé,Interviewee 8supported prioritizing cultural significance in
management . EAG6s sentiment analysis supports
stakeholders. EAGs show positive (60%) sentiments toward management for cultural

significance, negative (50&and positive (60%) sentiments for management for recreation, and

positive (20%) and negative (40%) sentiments for ranchiigu(es 2, 3 and 4)One
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explanation for both positive and negative sentiments for ranching and recreation is because the

stakehatlers categorized under EAG are very diverse.

2.4.1.3Municipal Water Providers and Federal Agency Stakeholders

Municipal stakeholders and government agencies show similar themes. Both stakeholders state
the economic gains springs provide @aadognize springs as essential components that
contribute to the health of the watersheds and foréatd€ 1). Both stakeholders have

responsibility to manage springs and show similar perceptions.

The sentiment analysis of government stakeholders sinms8y negative (46%) and neutral

(46%) sentiments on ranching and only (6%) positive sentimeigsré 3). The textual

evidence from the interview notes highlights that while the USFS receives revenue from ranchers
buying permits, the revenue does naally compensate for the degradation they perceive.
Government agencies perceived concern about some of the poorly managed livestock operations.
Government stakeholders stated springs can negatively affect stream morphology and lead to
more erosion probles In addition, overgrazing is also leading to more remediation work the

government agencies must do.

2.4.1.4 Indigenous Stakeholders

Sentiment analysis from interviewees from Indigenous Nations showed positive (80%) and
neutral (20%entiments for cultural significancEigure 4). Recreation and ranching at springs

leads to not only degradation at the springs, but also less availability for use by Indigenous
peoples for ceremonies and other culturally significant practices. Thengsse negative

sentiments relating to both recreation and ranching from Indigenous respondents. In addition to
the negative (25%) sentiments, there are some positive (16%) sentiments regarding management

for ranching at springs. Some Indigenous farmestain small herds of cattle and rely on
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springs to support their livestock. Furthermore, some Indigenous Nations also lease out grazing

rights on USFS land to ranchers.

Responses from interviewees from Indigenous Nations differed from the other stakehold

that they perceived livestock watering and management for wildlife as areas of interest and

perceived concern shown by the overlapping word frequency reRaltte 2 shows the

normalized (frequency count divided by number of stakeholders intejewants of each of

15 most stated words for Indigenous and-mahigenous stakeholders, red indicates a difference

in the top stated words while green highlighted words that are underlined indicate the same 15

most stated word. However major differenees i se i n perceptions of spr
economic benefits such as largmale cattle production dependent on-owst water supply.

Indigenous Nations rely on spring water for subsistence agriculture and the water flow (2) is an
important culturat e sour ce compared to other stakehol der
water supply focused on economic value (5.4). The discrepancies highlight a stark difference in

the perceptions for spring ecosystem management between stakeholders.

Interviewees fom Indigenous Nations preferred springs management that does not separate
management for wildlife, water flow, and culture. Most other-maligenous stakeholders

viewed spring management more like an equation which controlled for each attribute and

prioritized human economic values. The Indigenous interviewees perceived a holistic method for
spring management considering the entire ecosystem together as one unit as most important. The
holistic outlook differs from the perceptions of nimligenous respondés, who expressed

tradeoffs between attributes. Differences in perceptions can be summarized with one quote;
Aspring water is |ifed. This phrase was state

emphasizes that spring water and spring ecosystemsmsehess are more important than the

48



specific attributes that they can be managed for. The phrase itself is deeply rooted in Indigenous
peoplesd interactions with settler society an
a fundamental partfandigenous culture (Robison et al., 2018). Spring water is an essential and
integral part of all spring attributes and to life itself so choosing one or some of the attributes for

preferred management plan is not synchronous with traditional cultunaldachge.

Another major difference between the Indigenous andindigenous stakeholders was the

concept of culture. While neimdigenous stakeholders mentioned Indigenous cultural
significance, they also consi s whichéncompassesnt i one
cattle grazing, hunting, recreation, and the overall western lifestyle that the forests and the

springs within them afford. From a sett@ylonial perspective, components of culture have

strong economic t i es nce®ruhe battl@isdustryhaad tre imbern gs 6 i m
industry, founding EuroAmerican industries of the area. Perceptions dhdigenous

stakeholders for cowboy culture in comparison to Indigenous culture significance values again

show disconnect between stakelawidabout perceptions of springs managenieatilé 1).

Differences between Indigenous and +ietigenous stakeholders mainly stem from cultural

value and perceived importance of what spring ecosystems provide. Undertraining perceptions

from all stakeholderis extremely important to categorize because the relationships they have

with springs are derived from different means such as necessity, economic benefit, culture, and

enjoyment.
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2.4.2 Quantitative

24.2.1 Survey data

We are interested in understanding the public's perceptions of springs ecosystem management.
To incorporate quantitative analysis of survey data into our mixed methods approach, we
disseminated a quantitative survey to a total of 1,038 individuals thidadteting Systems

Group (MSG)We received 751 completed responses from agnohbability panel and 287
completed surveys from a probability par@ut of those 1,038 observations 58% were female,
40% were male, 5% were residents of Arizona, and 64% fakehéis white. The median time it

took the respondents to complete the survey was 11.5 minutes.

24.2.2. Respondent attitudes

All survey respondents rated their level of concern for threats to springs on a scalesfr@hy 1

not at all concerned, (2) slightly concerned, (3) moderately concerned, (4) very concerned, or (5)
extremely concerned. Over 80% of survey respondentsaitedi¢chey were moderately, very, or
extremely concerned with the threats to springs from grazing. In addition, 62% of survey
respondents indicated they were not at all to moderately concerned with a reduction in grazing.
Our results indicate survey respents generally perceived grazing at springs to be degrading to

the ecosystem and were not concerned with the reduced use of springs for cattle grazing.

When survey respondents wer e @vareoceedtionoi Ar e you
NationalFores s t o reduce environment al degradati on
indicated YES. We also asked respondents to select the recreational activities they are willing to
restrict to reduce the environmental degradation at springs. The top fiviedelaswers were to

restrict off road vehicle (ORV) riding (52%), hunting (47%), boating (37%), fishing (37%), and
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camping (36%). The responses highlight a willingness to reduce high impact recreational activity

to benefit spring ecosystem health.

Weasked espondent s, AAr e yownurecrgationlon Natipnat Forestséos t r i c t
preserve springs with cultural significance f
respondents said YES. Indicating the survey respondents are willing to changeitheir o

behavior to support management of springs for Indigenous Nations.

2.4.2.3. Hypothesis tests

Results from the survey responses show perceptions of springs management supported by a
willingness of respondents to adjust behaviors. We test three refagisadout grazing, cultural
significance, and recreation to further understand complexity of survey respondents and provide

evidence for reasons certain attributes of springs management are prdfableds).

To test the publicdés per cutyd sigoifitancamn relatisngor i ng 6 s
perceiving threats to springse asked survey respondents to indicate their level of concern on a
scale of 1 to 5 where leRitsemetyatoaktkbroedoef
statement, APrioritizing management to protec
Peoples. 0 52% indicated they wer. elVefalseaskgd conc e
respondents to indicate théwel of concern for threats to springs from grazing. 50% of
respondents indicated they were fAvery concern
springs from grazing. We code the level of concern variable = 1 if "very concerned" or
"extremelyconcemd 0 and O ot hesguares gest at We% levsl ef significarice

to determine if a relationship exists between the nominal variabttgxamine the nature of the

relationship using the crosstabulation taflakle 3). We find a statisticallyignificant
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relationship between concern with threats from grazing and concern with prioritizing

management for the preservation of cultural significan2e=(178.728, df = 1, p <0.001). The
Cramer6s V value was 0. 415 etweahvariables. Thgpostivev er y
correlation indicates respondents who are concerned about grazing as a threat are also more
likely to be concerned about prioritizing management to protect springs with cultural

significance to Indigenous peoples.

We are alsanterested in whether respondetsicern for threat$o springs is related to
potential behavioral responses to support springs management. On a scale of 1 to 5, survey
respondents indicated they were fAveodlgwingoncern

threats: pollution (71%), increased development (64%), and groundwater pumping (53%). We

al so ask respondent s, owhAreageatiooan Nationdl Forestgto t o r e s
preserve springs with cultural significance f
code the | evel of concern variable = 1 if "ve

otherwise. YES variables are indicatgdabl and NO variables are indicated by 0.

WeuseaChs quared test with a 5% | evel of signific
YES or NO question individually for each of the threats: pollutaih< 88.132, df = 1,

p<0.001), increased developméo2 = 55.274, df = 1, p<0.001), and groundwater pumpsag (

=44.164, df = 1, p<0.001). Results from the-€huiared tests show a relationship and the
Cramerdos V statistical measur eTasldl3pTssurreyst r ong
respondats perceive threats to springs from human caused activities and there is a relationship
between perceiving those threats and being willing to restrict their activity for preservation of

Indigenous culture. Again, highlighting the perception that spriregsagement for cultural
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significance is important, especially when human caused threats to springs are perceived. We
find a positive correlation between willingness to restrict recreation to preserve springs with
cultural significance for Indigenous Peopéesl perceived threats to springs. Therefore, our

results show respondents who are more concerned with threats to springs may be more likely to

change their behavior to support management changes.

To test the perceivetbncerns from recreatioto springs and how that relates to the survey
respondents willingness to restrict recreation, we asked survey respondents the following
guestion, AAr e vy oownvecréation endNational Forests to reducet y our
environmental degradation grings from recreation?" 84% responded YES indicated by a 1

and 16% responded NO indicated by a 0. We also asked respondents to indicate their level of
concern from threats to springs from recreation. 45% of the respondents indicated they were

Averyrco®ceeor extremely concernedo. Again, we

very concerned" or extremely concernedo and
usingtheChs quared test and Cramer 6s V peroeptionsdfer st ar
threats from recreation made them more willing to reduce their own recreation. Results show a
significant relationship between perceiving threats to springs from recreation and a willingness to
reduce own recreatia@n=f@3.9pRi,ngdgd =prlot Et0i. ® O

value of .153 indicates a strong associafibable 3).Results show survey respondents

perceiving threats to springs from recreation may be more willing to restrict their own recreation.
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2.5 Discussion

Our study examines the human perceptions of spring ecosystems in the CNF and KNF. We
collected, compiled, and analyzed data from stakeholder interviews, focus groups, and a broadly
disseminated national study to further understand how perneptaoy between stakeholders

and analyze differences between shievey respondentsd stakeholders. Results from focus

groups indicate three competing interests for springs management in the CNF and KNF are
cultural significance, recreation, and catttazyng. We incorporated results from focus groups

into a national survey to understand public perceptions of springs management. Analyzing the
results from both interviews with stakeholders and the national survey of the public we see
perceptions do varydiween stakeholders and the public. The variation and differences in
perceptions shed light on what different stakeholders and the public perceive as important. Our
results provide insight on the structure of springs ecosystem management and can be used by
USFS land managers to use to align human perceptions with springs management while meeting
the mission of health, diversity, and productivity for present and future generations (USDA,

2019).

2.5.1 Ranching

Thesurvey respondentnd ranching stakeholdehad different perceptions of grazing.

Ranching on public land has been shown to provide rural communities with economic stability
and sustainability (Pearce et al., 1999), which ranchers adamantly stated during the interviews.
Similar to results from o#tr studies\(Vhittlesey et al., 1993 other stakeholders and the public
showed perceived concern about grazing on public land. The many competing interests that
public land can be managed for create conflict when activities such as grazing and recreation

overlap (Lewin et al., 2019Rublic perceptiomf threats from cattle grazing has led to a decline
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in grazing permit allocation (Pearce et al., 1999, Lewin et al., 2019). Past examples show
ranchers have perceived high levels of concern from overgraziestewd ranchers requested
regulations and restrictions for grazing on public land which eventually led to the Taylor Grazing

Act of 1935(Stout, 197).

Other studies we found support evidence for only one of the following 1) the market value of
grazing (Lewin et al., 2019,orell & Doll, 1991) or 2) the concern for environmental

degradation caused by grazing on public lavidr{ley et al., 1995, Hess & Hathek, 199p

Our study contributes perceptions incorporating evidence from both sides of the competing
interests of multiuse public land management in a single study. The inclusion of the competing
interests around grazing provides crucial evidencedbcymaking because it incorporates

diverse perspectives for the multiple interests and uses the springs can be managed for. Our
results show concern for the threats to springs and potential support for management of springs
to preserve cultural significae to Indigenous peoples. Management solutions to limit the

number of grazing units include buyout options or conservation permits available on USFS
grazing allotmentsSteinbach & Thomas, 20Q07Pne example of successful grazing limitations

on public lands Big Brow Bench ranch on the Colorado Plateau. The Grand Canyon Trust, an
environmental organization, purchased Big Brown Bench Ranch in 2005. After acquiring the
ranch, Grand Canyon Trust destroyed a pipelin
livestock operation. The Grand Canyon Trust does not permit nor graze on the allotment.
Allotments must be grazed at least every six out of ten years (CBS News, 2005 and Haun, 2020).
Regulations allowing other environmental organizations to purchasegragints and let them

go unused could be a possible maith@bed solution to springs management. Our finding

supports prior studies showing the public perceives grazing not reflecting the full cost of the

55



externalities associated with it, which is onealaf reasons for lack of public support for grazing
permits on public landWhittlesey et al., 1993 Raising the price of grazing permits to account
for externalities could increase positive public sentiment without specifically limiting the

allowed numbeof animal units in a particular allotment.

2.5.2 Cultural significance

Most stakeholders and survey respondents perc
significance as important. However, one of the major differences is that while survey

respondentp er cei ve springsd6 management for cultura
demonstrate a willingness to restrict their own use of springs to preserve Indigenous cultural
significance. While stakeholders indicate cultural significance as an impottémitatin our

focus groups and interviews, we found little evidence of willingness from stakeholders to reduce

their access or use of springs for Indigenous Nations. However, in contrast, Indigenous
stakehol dersd percepti onwi tfhort hsep rpi unbglsi cnbasn apgeernt

importance of springs management for cultural significance.

Stakeholders perceive springs management for cultural significance as important in combination

with the strong support from the survey respondents. Jointgearent occurs when relevant

stakeholders, such as government agencies and Indigenous Nations, collectively manage an area
with shared rights, interests, and obligations (Smyth, 2001). Joint management in the CNF and

KNF would provide Indigenous Nations thbility to manage for attributes of springs aligned

with Indigenous traditional knowledge and tradit{®woelina et al., 2019 & Adamowicz et al.,

2004). The USFS has successfully implemented joint management in other areas. For example,

the USFSandKarukr i be have fAcoll aborate agreementso ¢

increased access to their ancestorial territory (Diver, 2016) in Six Rivers National Forest in
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Northern California. Joint management of preserved land is also successful in Australia, where
Aboriginal owned protected areas are managed in cooperation with governments to promote
fisocial justice, community development and the preservation of cultural idebh&fyrence,

1996. Castle springs in the KNF is an example of collaborated manageetemten the USFS

and Indigenous Nations in Northern Arizona. Members of the USFS, Hopi Tribe, the North
Kaibab Piute Band, Grand Canyon Trust, and the Spring Stewardship Institute rehabilitated

Castle Springs, KNF, to preserve Indigenous culture and irectbasiological habitat quality of

the spring. Stakeholders of the spring worked together to accomplish goals to cooperatively plan

springs restoration, directly implement a plan with collaborators, and provide education and

outreach about spring restaoat to develop closer working relationships between different

stakeholders (Stevens et al., 2016). Monitoring of joint management frameworks has shown to be

successful, allowing for traditional ecological knowledge to be implemented in management, and

supporting Indigenous culture identity while meeting conservation g&écey & lzurieta,

2010).

Implementing joint management between Indigenous Nations and the USFS is a possible
solution to address the perceived importance that we found for managersgenngs$ for

|l ndi genous Nationds cul t survayresgondgniserdeptiona forc e .
management of Indigenous culture and some support from stakeholders show a joint

management concept might be beneficial for springs managentaet@NF and KNF.

An example of prioritizing management of sites with conflicting interests for Indigenous cultural
significance is Devils Tower National Monument, Wyoming a site of cultural significance to the
surrounding Indigenous tribes and habitaitrfany important plant and animal species (Linge,

1999). To the Arapahoe, Cheyenne, Crow, Ki
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Houseo, fABears Lodgeo, fABears Peako is part o
place (Freeman, 2@0. In 1995, the national monument voluntarily implemented a management

plan to restrict climbing of the tower for the month of June, the most sacred month for

ceremonies by Indigenous Nations. Similar management plans can be implemented by the CNF

and KNFin coordination with the surrounding Indigenous Nations to prioritize springs sites
harboring high cultural significance. Our ana
perceptions provides evidence indicating strong support for springs tonageasfor cultural

significance. Implementing similar management strategies could be a possible solution to

management for I ndigenous Nationds cultural s

2.5.3 Recreation

Recreation on USFS | and i s si gedlaridsrecaived 168 | n 20
million visits (US Forest Servicebds National
important attribute of public land. Ensuring recreational activities are available while protecting

the ecosystems within them, such asrgs, is crucial for not only the ecosystems health but

also for continued recreational activities. Stakeholders rely on springs and can be tasked with
management making them stewards of springs. Using survey respondent perceptions to reduce
certain type®f high impact recreation can be used in policy decision making to promote less
degrading recreational activities without severely limiting the uses and benefishiieand
stakeholders perceive. Stakeholders and survey respondents both recogreee fioe access to
recreation on public land and demonstrate concern for the degradation that recreation causes. The
survey respondents, representative of the public, indicated a willingness to restrict what they
perceive as highly degrading types of retiogaat springs such as ORV riding (52%), hunting

(47%), and boating (37%) for springs protection. Human perceptions are a valuable resource to
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use when making policy decisions around recreation. For instance, Zion National Park in Utah
allows for public omment on pilot programs which would require visitors to have permits for
certain hikes such as Angels Landing and Lava Point Campground (NPS, 2021). Springs can be
managed the same way, where stakeholders and the public can be given opportunitiestdo indic
their level of concern on specific springs in the CNF and KNF being closed off for recreation.
Responses could be used to build off the data we present to further protect spring ecosystem

based off human perceptions.

Problems with management of redrea include issues of scale such as the number of visitors,

size of area, and incongruent boundaries (Morse et al., 2009). Similar problems can be seen in
the CNF and KNF, where recreation activity is very high and cities, neighborhoods, and other
high trafficked areas are scattered around the forests. Springs tend to be, in some cases, in more
remote areas compared to popular hiking trails or other activities. Studies have shown evidence
of public support for reduced recreation for ecosystem protectabfoamigher quality

recreation activitiesgchneller et al., 2021

Over 449,201 square kil ometers of |l and is des
established with the Wilderness Act of 1964. The goal of the Wilderness Act of 1964 is to

pregrve and protect the natural conditions of specific areas against the threats of increased
settlement and increasing populations by limiting or restricting activities. Similarly, the USFS
manages for protected sites by creating Protected Activity CeR®&E) for California spotted

owl habitat. Nest sites, roost location, and foraging areas are used as indicators for PACs to be
implementedBerigan et al., 2002 One potential management option is to create a cultural
significance indicator into PACs for springs. National Heritage Areas, designated by congress,

protect cultural resources on public land and form cohesive management for areas with cultural,
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naturd, historic, and recreational importance (Laven et al., 2010). Similar management strategies

can promote joint management of cultural resources in the CNF and KNF.

2.6 Conclusion

Stakeholders are intimately involved in management and have a stronge@iasprings.
Indigenous perspectives are not equally represented in the management of springs, however
survey respondenfeerceived cultural significance as being of importance. We saw support from
survey respondentsr management of springs for culilisignificance, as well as a marked
perception of threats to springs from cattle grazing and recreation. Spring ecosystem health is
essential for the three uses of springs we tested across: recreation, ranching, and Indigenous
Nati onsd Cu lce. Managekmef focused dnipreseming the ecosystem health and
subsequently allocating the management of springs can reduce threats and ensure equal
opportunities for spring users. Our research aligns the perceptions of stakeholders and the public,
which can be used to create or formulate management solutions to protect the health of

ecosystems without significantly limiting the use of springs.

As aridification continues across the western United States (Mankin et al., 2021) protection and
equitable manageamt of springs becomes even more imperative. Anthropogenic externalities
from groundwater pumping, high impact recreation, pollution, climate change, and cattle grazing
significantly and negatively impact springs ecosystems which have immense social and
ewmlogical benefits. Our comparison of the perceptions between stakeholders and survey
respondents on springs in the 13,759 square kilometers of land between the CNF and KNF
provide valuable insight for forest management across the 781,043 square Kil@hg®iFSs

land around the county. Our results provide land managers information on land management

policies that may be wefleceived by the public. Our stakeholder results provide understanding
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regarding which stakeholders may not support policies. Oultsesalude the valuable and less
often incorporated perspectives of Indigenous Nations. Including diverse perspectives in policy
decision making promotes equity (Hill et al., 2012) ensuring management is rooted in human

dimension.

Stakeholders posses®tability to translate the work they have done in other areas of the forests
and integrate it into springs management. Babbitt Ranches, located in northern Arizona,
established the Environmental Monitoring and Assessment Foundation, a framework for
organiations, landowners, government agencies to collect data on important environmental
features of the landscape and improve issues relating to soil science. Babbitt Ranches donated
the Foundation along with a &@re parcel land to Northern Arizona Univergi§AU)

(Frederick, 2002). Babbitt Ranches also demonstrates a commitment to conservation and donated
one of the largest conservation easements in the country (¥6ttkithe Nature Conservancy
(Williams News, 2021). Babbitt Ranchégjzona Game and Fishdpartment, and the Arizona

State Land Department created the SP Crater Golden Eagle Conservation Complex which
protects areas around the nesting sites of eagldsafns News, 202 The Diablo Trust also
partnered with researchers from Northern Arizoma/ersity to research the effects that cattle
grazing has on grasslands to better manage and protect grassland ecdtypssan®t al.,
2001).Similar programs can be adopted and used to monitor and protect springs on grazing
allotments throughout therests. Such initiatives can increase the positive perceptions of

grazing on public land by diversifying use of springs ecosystem which provide immense benefits
to multiple users all while protecting the use of springs for recreationists, ranchers, and
Indigenous Nations. Programs similar to the Castle Springs example mentioned earlier shows the

possibility of cooperative efforts between Indigenous Nations and other stakeholders.
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Our research provides insight on the unique differences between stakeholder perceptions, the
domi nance structures that guide management,
of different attributes that affect springs. Understanding reldtipasand differences can help

better manage springs and other ecosystem types across the county. We contribute
comprehensive mixed methods results that can be applicable to other publicly managed lands
with multiple stakeholderd.o ensure Indigenous Natis have the ability to play a role in policy
making on public land capacity building frameworks may need to be developed and applied (Van
der Voorn, 2008, Van der Voorn et al., 2017). When capacity building frameworks are adopted,
Indigenous voices can bepresented stronger and have a seat at the table which promotes

equity.

While our research aims to contribute significant human perception data from a wide variety of
perspectives for increased equity in policy decision making on public lands, théneitateons

to the mixedmethods approach. A limitation to mixed methods research is that it can often be
complex requiring an interdisciplinary team to adequately collect and interpret the results. In
addition, mixed methods research can be more costlyalthe extra resources required.
Significance tests such as the Ghuared method can be sensitive to sample size. While
collecting data from all stakeholders is possible, reaching all individual stakeholders in the
Coconino and Kaibab National Forestould be prohibitively difficult, yet may introduce

perspectives we were not able to capture.

A notable contribution of this study is the purposeful incorporation of Indigenous perspectives,
which have been historically overlooked and marginalized by academia and in research. This

particular aspect might also be somewhat challenging to replicateyer, our outreach to
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Indigenous communities will likely allow future researchers to create comparable representation

of marginalized groups, such as Indigenous voices

The authors acknowledge there is significant cultural diversity amongst humansef\\amodn,

2008) including Indigenous Nations, however our analysis examines the stark differences of
Indigenous Nations views on springs management versus other stakeholder groups and the
public. Views from Indigenous Nations are challenging to incorptiateigh a western lens

Our research team leveraged considerable connections, experience, and community knowledge
to recruit focus group participanté/hile we tried to mitigate any misinterpretations from
Indigenous interviewees, it is difficult to capttthe essence of Indigenous views through

methods of western academia and the English language. More research on the perceptions of
stakeholders and the public together is needed to ensure equitable management of springs in the
CNF and KNFAnother limitdion to the study is cultural bias. The authors of this research are

all European American and European and are cultural outsiders to Indigenous Nations. We do
not intend to infer or describe any cultural practices not our own. For the purpose of this stud
we examine the differences between Indigenous Nations as a whole, other stakeholder groups,
and the American public. However, Indigenous cultures are diverse and vary between nations,
which we are unable to account for in the scope of this study. Fuetfearch and analyses on

the differences in the perceptions of Indigenous Nations would be beneficial and ideally

conducted by Indigenous researchers. Such varied approaches would complement our research

While differences in perceptions of managempatticularly management for Indigenous
Nations cultural significance, vary between stakeholders and the survey respondents, we outline
mechanisms for management solutions. We provide examples of successful diversified

management which can be applied torggs in the CNF and KNF. Stakeholders in the CNF and
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KNF demonstrate an ability to adapt and implement unique solutions. Our results of the human
perceptions are a tool stakeholders can use to manage springs while ensuring benefits to all

stakeholders angrotected.
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Figure 1 Map of Coconino and Kaibab National Forests
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Table 1 Thematic content analysis of stakeholders analyzed from interviews

EAG Ranchers Indigenous Municipal Government
Agency Agencies
Stewardship is th¢ Springs have a | Springs value Water is the most| Without the
#1 goal. ripple effect on | come from their | important ability to
the rest of the existence value. | characteristiof lease federal
They focus on the environment springs land and
altruistic value of Springs are the without the
springs. Ther e wo|veins and arteries The reason they | use of
a livestock of the earth want to capture | springs
The main priority | industry in the water is ranching
is managing the | Flagstaff wihout | Springs should bg because they havfwo u |l d n
springs for the springs. respected, the right to it cost efficient
wildlife so the honored, and
wildlife can be Wildlife and taken care of Spring water is | Forest
used for human | livestock should the cheapest springs
benefits be considered as | Water is life. source should be
much as human managed for
Ranching is a uses. Spring water is | Main Priorities their own
tradition in this more spiritual are watershed health, there
landscape but thal The spring does | than other water | health, and ability| is room and
does not justify | provide for their | because it comes| to provide water | if there is the
thedegradation | way of life, aka | right from the and maintain ability to
they cause cowboy culture. | earth ecosystem health| manage for
social good
Ranchers and Spring water as well then
other uses need t provides the @y | you can do
pay sufficient of Flagstaff with | that
prices for permits water that
in order to contributes to its | Management
account for their water security must include
degrading costs the
Indigenous
values
It is
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Figure 2 Sentiment analysis of stakeholders on management of springs for recreation
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Figure 3 Sentiment analysis of stakeholders on management of springs for ranching
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Figure 4 Sentiment analysis of stakeholders on management of springs for Indigerso

Nationsd cultural significance
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Table 2 Indigenous versus notindigenous word frequency results. Green and underlined
means same words while red and no underline means different word

Non-Indigenous Normalized Indigenous Normalized
Stakeholders Count Stakeholders Count

Springs 20.3| Springs 23.75
Water 13 | Water 15.5
Capture 7.6 | Use 12
Use 6.7 | Produce 6
Land 6 | Life 5.5
Value 5.4 | Important 5.25
Beneficial 4.7 | Wildlife 3.75
Important 4.3 | Plants 3.75
Wildlife 4 | Right 2.75
Management 3.1| Crops 2
Animals 2.8 | Flow 2
Need 2.7 | Cultural 2
Ranch 2.5 | Livestock 1.75
Cattle 2.2 | Travel 1.5
Forest 2 | People 15
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Table 3 Hypothesis Tests

# | Ho Ha P Chi-squared | Cramer V Result Relationship
value | coefficient Type
1| Thereisno | Thereisa | <0.001|178.728 415 We reject Positive
significant relationship the null
relationship | between hypothesis
between concern and
concern with | with threats conclude a
threats from | from very strong
grazing and | grazing and statistically
concern with| concern significant
prioritizing | with relationship
springs prioritizing between
management springs concern
for managemen with threats
Indigenous | for from
nat i on|lIndigenous grazing and
cultural nati on prioritizing
significance | cultural managemen
significance for
Indigenous
Peopl e
cultural
significance.
2| Thereisno | Thereisa | <0.001| Pollution Pollution We reject Positive
significant relationship 88.132 .294 the null
relaionship | between the hypothesis
between public Increased Increased and
willingness | willingness development development | conclude a
to restrict to restrict 55.274 232 strong
recreation recreation relationship
for the for the Ground Ground water| between
preservation | preservation water pumping willingness
of of pumping .208 to restrict
Indigenous | Indigenous 44.164 recreation
culture and | culture and for the
perceiving perceiving preservation
human human of
caused caused indigenous
threats to threats to cultural and
spring spring concern for
ecosystems | ecosystems human
cause
threats to
spring
ecosystems.
3| Thereisno | Thereisa | <0.001| 23.952 .153 We reject Positive
significant relationship the null
relationdip | between a hypothesis
between a | willingness and
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willingness
to reduce
recreation
for the
spring's
health and
perceiving
recreation as
a significant
threat to
springs

to reduce
recreation
for the
spring's
health and
perceiving
recreation as
asignificant
threat to
springs

conclude a
strong
relationship
between
willingness
to reduce
own
recreation
and
perceiving
recreation aq
a threat.
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Appendix A: Dates, stakeholder type, and setting for focus groups and interviews

Type Date Stakeholder Setting
Focus Group 1 EAG NAU Conference
Thursday, November 4, Room with
2021 refreshments
Focus Group 1 Indigenous NAU Conference
Thursday, November 4, Room with
2021 refreshments
Focus Group 1 Government Agency | NAU Conference
Thursday, November 4, Room with
2021 refreshments
Focus Group 1 Rancher NAU Conference
Thursday, November 4, Room with
2021 refreshments
Focus Group 2 Government Agency | NAU Conference
Room with
Tuesday, November 9, 202] refreshments
Focus Group 2 Government Agency | NAU Conference
Room with
Tuesday, November 9, 202 refreshments
Focus Group 2 Government Agency | NAU Conference
Room with
Tuesday, November 9, 202 refreshments
Focus Group 2 EAG NAU Conference
Room with
Tuesday, November 9, 202 refreshments
Interview 1 Friday, February 11, 2022 | Indigenous Lunch
Interview 2 Wednesday, February 16, | Indigenous Zoom
2022
Interview 3 Wednesday, February 16, | EAG Zoom
2022
Interview 4 Thursday, February 24, 204 Rancher Lunch
Interview 5 Thursday, March 3, 2022 | Indigenous In person meeting
Interview 6 Monday, March 7, 2022 Municipal In person meeting
Interview 7 WednesdayMarch 23, 2022 Rancher Lunch
Interview 8 Wednesday, April 6, 2022 | EAG Coffee
Interview 9 Thursday, April 7, 2022 Indigenous Lunch
Interview 10 Friday April 15, 2022 GovernmeniAgency | Lunch
Interview 11 Wednesday June 22, 2022| Rancher In persormeeting
Interview 12 Friday June 24, 2022 GovernmeniAgency | Coffee
Interview 13 Thursday, July 21, 2022 EAG Coffee
Interview 14 Thursday, July 28, 2022 GovernmeniAgency | Coffee
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Appendix B Focus Group and Interview Questions
Discussion Objectives
1 Clearly define the project decision space
1 Identify and discuss critical details of the survey question:
o potential project attributes
o attribute descriptions
o attribute levels
Introduction and summary of research

1. Introductions of NAU team
2. Discussion of Choice Experiment methodology

Define decision space

1. Who has standing in this study?
2. Do any groups warrant targeted samphng

Attribute list brainstorming session

1. What characteristics of spring ecosystem services are important?

2. Ranking of characteristics by perceived importance
Describing attributes

1. What is a clear and concise definition of the attribute?
2. How can the attribute be represented in different levels?

Concluding remarks and plans moving forward

Thank you for your time and valuable contributions.
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Appendix C Chi-Squared results from theanalysis of the survey data

Hypothesis Test 1

Management for cultural significance is important High concern with grazing
NO YES TOTAL

Yes 351 234 | 985

NO 168 285 | 498

TOTAL 519 519 | 1,038

P value <0.001

Cramer 6s V 0.415

P e ar s o-8gdaed Eokfiicient 178.728

Hypothesis Test 2

Willing to restrict recreation for Indigenous culture

High concern with GWP

NO YES TOTAL
YES 116 48 | 164
NO 363 492 | 855
TOTAL 479 540 1,019
P value <0.001
Cramerds V 0.2082
Pe ar s o-8ghared Cokfiicient 44,164

Willing to restrict recreation for Indigenous culture

High concern with pollution

NO YES TOTAL
YES 97 67 | 164
NO 196 659 | 855
TOTAL 193 726 1,019
P value <0.001
Cramer 6s V 0.2941
P e ar s o-8ghaed Eokfiicient 88.132

Willing to restrict recreation for Indigenous culture

High concerned with increased
development

NO YES TOTAL
YES 100 64 | 164
NO 262 593 | 855
TOTAL 362 657 | 1,019
P value <0.001
Cramerds V 0.2329
P e ar s o-8qghaed Eokfiicient 55.274

Hypothesis Test 3

Willing to restrict own recreation for a springs protection

High concern with recreation

NO

YES

TOTAL
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YES

116 43| 159
NO 443 410 853
Frequency 559 453 1,012
P value <0.001
Cramer 6s V 0.1538
Pe ar s o-8qghared Cokfiicient 23.952
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Chapter 3: Additional Results,Discussion Conclusions and Call for Future Research
3.1 Results

3.1.1Results from focus groups

Based off the focus groupdiscussion and knowledge of springs in the aneadividel the
stakeholders into five groufvironmental advocacy groups (EA&overnment agencies
Municipal water providerRanchersandindigenous NationdNe then categorized those
stakeholdesinto threedifferenttypes of stakeholders for spring ecosystem in the CNF and KNF

based off their roles and responsibilit{@sble 2).

The focus groups allowed us to identifie six most important attributes of spring ecosystems in
the CNFand KNF: Municipal Water Security, Water Flow, Ranching, Recreation, Biological
Habitat Quality, and Cultural Significance.

concise definitions for the attributéBable 3).

3.1.2Results froninterviews
We ran three types of analysis for the intervaata:thematic content analysis (TCA), sentiment
analysis, and word frequency analysigyures 9-13 show the word frequency analysis for each

of the stakeholder&urther results from the interviews areSaction2.4.1

3.1.3 Perceived threats to sprindgom the National Survey

Most ofthesignificantresults gained from the attitudinal questions from the national survey are
presented irsection2.4.2 In addition to those results we also have several figiigarges 1-8)
showng specific results from individual questions asked. Thigggesshowthe level of

concern participants felt toward different threats to springble 4 shows the summary

87



statistics from the demographic section of the national sulabtes9-13 are thefrequency

table results from each of the hypothesis tests.

3.2Final Discussion and Conclusion

Thesignificant discussion and conclusisectionscan be found irfsectiors 2.5 and 2.6

Through the focus groups, interviews, and national survey we present evidence from local and
national perspectives on springs ecosystems in the CNF andW@lfvere able to learn a
significant amount of information from the focus groups and interviétwse results are

important for equitable springs management because they include the perceptions of all

stakeholders involved including the public who are the beneficiaries of public land.

Recreation isnimportantuseof public land.Managing for recrationin away that does not
degradehe ecosystem it takes place in is important for the quality of use and the future ability
for use Our results, which outline the threats perceived around certain recreation activities, can
be used to limit the recreéanh activities perceived as highly degradifRgr example, 52%f
surveyrespondents thought that off road vehicle riding (ORV) should be restricted from use at
springs. Land managers in the Coconino and Kaibab National Forests can implement policies

that aim at reducing the use of ORVs on public land and specifically springs.

Cattle grazing was one of the mestarizingattributesof springs management that we

uncoveredn this research. Rancher stakeholdgatamantlysupported the right to manage

springs for cattle grazing. Howeveave did not see that same support fromrde of the
stakeholdersr the survey respondentor example, over 80% of survey respondents indicated
they were moderately, very, or extremely concerned with the threats to springs from grazing. In

addition, 62% of survey respondents indicated thengwet at all to moderately concerned with
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a reduction in grazin@ur data showa distinct disconnect with the perceived threats the public
has versus the ranchavho areactually grazing at the springs. These results are very important
as they show aoid in preferences between a single stakeholder group and all other groups
reached in the thesis researdfe provide examples of local stakeholders and ranchers in
northern Arizona taking conservation effoofsecosysterminto their own hands Section

2.5.1 Howevermuch work remains to be done to thoughtfully and accurately represent

Indigenous voices in land management policies.

| ndi g e n o wudturdisgnificamce sva@s a kegomponentn this thesis research. We
deliberatelyandintentionallysough feedback and insights frémadigenousstakeholderso

ensure their perceptions and voices were included. The results from the focus groups and

interviews wereemphasized bthe significantsupport fomanagemerfor culturalsignificane

we saw from the survey respondei@sur vey respondents were asked
your own recreation on National Forests to preserve springs with cultural significance for

|l ndi genous Peopl e sRedults8ranthernatienpl siey dfacub gryupssand

interviews all showsignificant support to manage springs for Indigenous Nations cultural
significanceThe i mportance the public shows toward I
is an imperative outcome of this research ataiaching point for further research equitabé

managenent of public land

Research involving diverse stakeholdersigcate. Properly integrating diverse perspectives
must beintentional andespedul. By meeting the standards of the IREjning on the
appropriate ways to communicated display resultsve contribute this thesis as a framework

for equitablehuman perceptions research for ecosystems on public land
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3.2.1 Meeting the grai@ objectives

This thesis isunded byAgricultural Economics and Rural Communities: Environment, grant

no. 20206702333262/ project accession no0.1024576, from the USDA National Institute of

Food and AgricultureAccording to the grant proposal, Objectives1Estimate the non

market values of springgcosystem services across the Coconino and Kaibab National

Forests in Northern Arizond his thesis contributes Objective lands uppor t s NI FAO& s
program priorities of understanding an ecological approach to agriculture and advancing
economicapplications embracing production and sustainable resource management

simultaneously in the following ways

1 Answering research questions about springs management in the CNF and KNF using
mixed methods

1 Reporting interview and survey data explainipgpviding contextandcontributing
anunderstanding on the human perceptions of the ecological components of spring
ecosystenmanagement.

1 Usingthe results of the research to provide possible management solutions for
springs in our study area to simultansigumanage for productivity of the land and
other attributes of springs such as cultural resources.

T Contributing evidence supporting stakehol

management for Indigenous Nationso Cul tur

3.2.2 Limitations
In addition to the limitatioafound inSection 2.6we also acknowledge a weakness in the
appl i cat i on-SquaredMestVs distorfedthe Gistribution of the Likert scale

results whenweana n a |l y s e @) VerymConcérmed fi aid)Extremely concerned
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variables instead of including all 5 of the variables. While we find it important to report this

limitation, we feel it has no significant impact on the validity of our results.

3.3 Call for future research
Further research of the human perceptions of springs management is Wéededsidethe

two main calls for further research:

1. Analysisof how the responses of the attitudinal question from the natranaby
demographics using regression analysis.
2. Development and dissemination of another national suse&ing respondents about

preferredmechanisms for springs managemeanspecific springs management policies.

3.3.1Analyzing how human perceptions vary by demographics

Race (Borg et al., 2011), income (Khan & Zhao, 2018), education (Khan & Zhao, 2018), and
gender (Bord et al., 1997) can also play a role in how different groups of people may prefer
certain attributes of environmental features over others. Mohai & Brya88j found that

African Americans showed greater concern for local issues due to the inequitable burden of the
environmental issues and environmental racism. Slimak & Dietz (2006) found that ethnicity did
not affect level of perceived ecological risk, pebple who were more educated and had higher

income had less concern for risks.

Figures 14 shows the results dfie level of concern to springs from recreation by survey
respondents who identified as whikégure 15 shows the level of concern to springs from
recreation by survesespondents who identified as rahite. The levels of concern do not

appear to vary between groups howeweethods such as regression analysis may be able to
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detect difference in perceptisof springs by this demographic variable or other demographic

variables.

3.3.2Survey analyzing preferred mechanisms for sygsmganagement

Our analysis examines what stakeholders and survey respondents perceived as important for
springstobenanaged for (recreation, ranchinWde, | ndig
then provide examples of different management options thdtecasedo align those

perceptions with managemaeptlicy-making(Section2.5). Instead of inferring on what

mechanisns might align those perceptions best we can deliberately ask survey respondents if

they prefer joint management, markeatsed solutions, or reductions in grazing or recreation.

This further research would contribute valuable informatiaumigerstad what management

policies people might prefer and to build off the reswkspresent in this paper.
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Table 1 Stakeholder Focus Groups Date and Times

Type

Date

Stakeholder type

Focus Group 1
Focus Group 1
Focus Group 1
Focus Group 1
Focus Group 2
Focus Group 2
Focus Group 2
Focus Group 2

Thursday, November 4, 2021
Thursday, November 4, 2021
Thursday, November 4, 2021
Thursday, November 4, 2021
Tuesday, November 9, 2021
TuesdayNovember 9, 2021

Tuesday, November 9, 2021
Tuesday, November 9, 2021

EAG

Indigenous
Government Agency
Rancher
Government Agency
Government Agency
Government Agency
EAG
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Table 2 Stakeholdertypes definitions, and groups

Definition Groups

Stakeholders of This type of stakeholder has 9 Forest Service

Responsibility authority to manage, make 1 Arizona Department
policies and regulate the of Game and Fish
spring systems.

Stakeholders of Investment | This type of stakeholders 1 Ranchers
invests or pays into the 1 Hunters
system. The rely on the f Backpackers
system for some type of - 1 Friends of Northern
economic incentive or gain Arizona Forests
some tangible value fromth¢ ¢ | gcal Indigenous
spring system. tribes

Stakeholder of Interest This type of stakeholder only i Bird watchers
invests time into the springs 9 Mountain bikers
system for their own benefit. M Hikers
Their investment into the 1 General public

system only includes their
own time and investment int
their own gear which allows
for them to gain value from

the spring system
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Table 3 Spring Attribute Definitions and Levels

Attribute Definition
City Water Spring contributes to a city's water security, including residential public and
security commercial buildings
Cultural For the purpose of this study a spring is considered culturally significant if it h
significance traditional, religious/spiritual, or existence value to Indigenous Nations
Springs are the source of many recreational activitidading: hiking, camping,
Recreation boating, fishing, hunting and wildlife viewing.
Springs provide support for ranching activitiesvestock graze and use spring
water for drinking, which is a clean and free source of water especiaipught
years. Spring promotes the cowboy culture and lifestyle. Ranching is permitt
Ranching  some springs and not at others.
Springs amount of water discharge can vary for many reasons such on the g
or the seasonThe flow of springs also pvides a sense of resilience to the
Flow ecosystem
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Table 4 summary statistics from the demographic section of the national survey

Count Percent
Gender
Male 401 40.79%
Female 571 58.09%
Non-Binary / third gender 8 0.81%
Prefer not to say 3 0.31%
Income
Less than $10,000 94 9.56%
$10,000 - $14,999 74 7.53%
$15,000 - $19,999 55 5.60%
$20,000 - $24,999 70 7.12%
$25,000 - $29,999 64 6.51%
$30,000 - $34,999 60 6.10%
$35,000 - $39,999 59 6%
$40,000 - $44,999 32 3.26%
$45,000 - $49,999 59 6%
$50,000 - $59,999 72 7.32%
$60,000 - $74,999 96 9.77%
$75,000 - $99,999 99 10.07%
$100,000 - $124,999 56 5.70%
$125,000 - $149,999 43 4.37%
$150,000 - $199,999 25 2.54%
$200,000 or more 25 2.54%
Ethnicity
White / non-Hispanic 620 64.12%
Hispanic 168 17.37%
Prefer not to say 45 4.65%
other 134 13.86%
Education
No high school diploma 48 4.89%
High school graduate, or GED 387 39.41%
Some college but no degree 199 20.26%
Associates degree (2-year program) 58 5.91%
Bachel or 6 syeadmagname)e ( ¢ 188 19.14%
Master6s Degree an 102 10.39%
Employment
Fulltime 344 33.05%
Employed part time 118 11.34%
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Unemployed looking for work 59 5.67%
Unemployed not looking for work 32 3.07%
Retired 243 23.34%
Student 22 2.11%
Disabled 82 7.88%
Self Employed 39 3.75%
Military 3 0.29%
Homemaker 70 6.72%
Unable to work 21 2.02%
Prefer not to say 8 0.77%
Age
18-25 104 10.59%
26-35 167 17.01%
36-45 183 18.64%
46-55 150 15.27%
56-65 170 17.31%
66-75 165 16.80%
Above 75 43 4.38%
Race
White 681 71.23%
Black or African American 158 16.53%
American Indian or Alaska Native Asian 28 2.93%
Asian 68 7.11%
Native Hawaiian or Pacific Islander 5 0.52%
Prefer not to say 16 1.67%
Political Affiliation
Democrat 335 34.08%
Republican 276 28.08%
Independent 278 28.28%
Prefer not to say 94 9.56%
Arizona Resident
YES 49 5.02%
NO 928 94.98%
Member of an Environmental Organization
NO 851 87.19%
YES 125 12.81%
Visited a spring
YES 443 43.26%
NO 581 56.74%

Visited CNF or KNF




YES

NO
Visited a spring in CNF or KNF

YES

NO

106
922

65
42

10.31%
89.69%

60.75%
39.25%
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Figurel

Perceived Threats from Drought to Springs
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Figure2

Perceived Threats from Increased Developement to Springs
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Figure3

Perceived threats from Groundwater Pumping to Springs
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Figure4

Perceived Threats from Deforestation to Springs
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Figure5

Perceived threats from Pollution to Springs
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Figure6

Concern with Degradation from Grazing
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Figure 7

Concern with a reduction in grazing
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Figure8

Preferences for Restricted Recreation at Springs
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Figure9

Environmental Advocacy Group Word Frequency Normalized
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FigurelO

Municipal Water Manager Word Frequency Normalized
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Figurell

Springs

Indigenous Word Frequency Normalized
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Figurel2

Rancher Word Frequency Normalized
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Figurel3

Government Agency Word Frequency Normalized
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Figurel4d

White Respondents: Perceived Threats to Springs from Recreation
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Figurel5

Non- White Respondents: Perceived Threats to Springs from Recreation
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Appendix B: Focus Group 1 Notes

Focus Group #1
11-4-22

Government Agency Stakeholder :
1 livelihood :people who visit, existence value, from wildlife: hunters, game
populations rely osprings, wildlife watchers, 995% of wildlife depend on springs
at some time in their life,
T Recreationalise, Nationawildlife report (USFW), permits, tags, boating, wildlife
viewers, hunters, anglers, backpackers (rely on spring for aesthetics aryd wate
T People who use the springs recreationally, private land owners, fisherman,
hatcheries
1 People connected to spring either through livelihood or existence
Recreationist of springs emerging in streams (wet beaver, sycamore)
Private land owners withirhé forest
Fishing, anglers, fish hatcheries
USFWS does regular national recreational report, ~$5M / year in county

=A =4 =4 =

Indigenous Stakeholder :

T Indigenous cultures view springs as sentient beings. Tribes use springs for
agriculture, economic usspiritual/religious use,
T cultural values, creation stories, medicinal, traditions, story telling, springs have
native names and trade routes are closely tied to springs, water is taken as well as
minerals, tobacco found near springs, link between bévslity and cultural value?
1 tribal members, specifically members working closely with the springs, wants to
raise awareness of the value
1 Tribes categorically consider springs sacred
1 Places of spiritual or economic use
T  Some springs tied into migrati@md creation stories
1 Hualapai people still visit some springs on the peaks to translate stories
1 Hopi have the Kachinas tied specifically to the Peaks or the snow on the
mountain
1 Kachinas actually take water from the peaks to the people for agriculture
1 Many springs have native names
T Some trade routes tied specifically to springs
T Non-use, existence values
T Look to engage tribal interests stronger in the next part of the project process

1 Raising awareness of the values of springs would be one ofasieimportant things.
il
T Wild tobacco collecting, wild sumac made for baskets
1 Diversity is highly prized as symbol of a healthy system

EAG Stakeholder:
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1 Research value, Direct use, Biodiversity: role springs plays in the landscape and
role ofecosystems, protect endangered species, points of hope, springs dependent
species versus distribution of species at the springs, Landscape contributes to
surrounding springs

T springs produce water for ranching/wildlife, aesthetics, biodiversity increaes w
springs, hunting (ambush site), recreation (hiking), springs provide water for cattle in
times of drought, stable water resource during times of fire, mineral collecsgggs
areworldwide, shadings linked to biodiversity, antiquities act

T Produe about ¥2 M adt water that goes back into the ground and other local

uses

1 Basic aesthetics

1 Assurance from climate change

1 Biodiversity value, higher species density and diversity

1 Recreational value of hiking

T Springs used as ambush sites for preyhtorters (both humans and nativear)

1 Protection of lifeways (ranching), especially in drought and dry periods

1 Potable water use by ranches

1 City of Flagstaff usemterbrainsprings

T Resilience of springs in landscapes (such as fieggneration points

1 Pigment gathering at some springs

T Water may be used for ceremoni al pur pos
1 Lifeway protections that springs provide (ranching)

T Many rare plants and other species are springs dependent

1 Theseissuesaregloballp@ | i cabl e! Note: broader 1 mpl
global paper.

1 Migratory species

1 Research value for ecological processes, but intertwined with value on landscape
1 Springs are points of hope on the landscape

T  Number and importance of springs dependgecies, likely not plants

Rancling Stakeholder
1 Migratory link, 2 springs on ranch, cattle drink from spring, link with cowboy
lifestyle
1 General population, judicial groups
T New management framework (opportunity), art, looke&dtionship
1 Thinks the municipalities might be more interested since the city is using a lot of
water
Adjudication of water rights is the highest level need and want
The opportunity to redefine what management means for springs.
Biological diversity and the social intersection of people and policy relationship
Cited Babbitt Ranches philosophies. Talk to a philosopher.
Value of art
1 Regenerative ecological process framework leads to better management of
springs.
T Dondét be af withinaltetninolayy. Hedps pepple change their
frame of reference and think about your terms, instead of existing retreaded terms.

=A =4 =4 =4 4
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f Crenonomics fAWaterodds invisible valueso,
1
T How do our valuation approaches address climate change?
1 Make sure all of our vaks and attributes are inclusive, not exclusive



Appendix C: Focus Group 2 Notes

Focus Group #2
11-9-22

EAG Stakeholder:
T Animals deer elk, logging was developed around springs
1 Flow, temperature, biodiversity, existence vaheereation, habitat for
unique/spring dependent species/vegetation
1 Level of human disturbance

Government Agency Stakeholder :
1 Domestic use, direct use, habitat for species, tourist destination, hunters, ranching,
cultural value, volunteer group®reg service specificallylivestock operations,
domestic use, residentiase, campingrounds, hunting and fishinglimbers,
ecosystemsupported, wildlife watchers, geologist, industrial(some springs were
developed for mining), cow tank/stock ponds amngs

9 Recreation (hunters, hikers, dAplayo, UT
programs

§ Sustainable use, sustainable functional condition

1 Fishing

T Naturalists

T Industrial, some developed for mining interests (more important to forests in
SouthermArizona)

1 Logging efforts

Government Agency Stakeholder:

T Sustainable use for muitise management.
1 Existence value

Government Agency Stakeholder:
1 Park service study, sampling specific regions (eight)
T Historic flow rates, wettedreas
T Passive vs direct use, geology, maintenance for others, cultural (value of the
process/outcome)
1 Flow/wetted area, bio habitat, vegetation, cultural ecosystem services
T - Limited # of springs in the area, springs are perceived differently around the
u.s.
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Appendix D: Interview 1-14 Notes

Interview #14 Government Agency Stakeholder 28-22

T

= =4 4 4 = =4 4 2 = = =4 =4 A

= =

=

28,400 aces postage stamp land
Owned by the army and Department of Defense .
Leased from the army to the Army National Guard.
They are tasked with thmanagement .
The facility stores commaodities for other Department of Defense entities such as the air
force and navy.
They donét have all the funding the forest
manage.
The land is situated between feconino and Kaibab National forest .
In 1942 they took of the land from the Coconino and the other half from the Kaibab.
They also had to purchase some private land that was there .
There was a time where the land could have gone back to the forest seuntithey
decided to make Camp Navajo permanent .
In the lease they are responsible for the land management .
There main goal is to provide conditions for the Military to train .
They manage the land for military training.
They manage the land to .
0 Set p military camps.
o All different types of training .
They manage the natural resources such as springs for military missions .
They really protect their springs, they do
Soldiers are good at taking orders so wtingy ask them not to mess with the springs
they usually listen .
No springs are currently being restored.
One springs provided water for the whole base.
Attributes Ranked.
o Flow.
o Wildlife.
0 Recharge.
The reason they care about recharge so much is becaydetre a shallow aquifer an rh
well for the secondary water supply.
One of their springs is completely dried up .
Leveled by
o0 The water treatment plant.
o Cameras to track wildlife at springs .
0 Springs survey like at SSI.
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= =4 4 A

= =4 4 A A

= =4 =4 A

No more grazing on the basice 2002.
There are currently no more signs of grazing.
The habitat is now in good shape.
Reasons for no more grazing .
0 The lease was up.

0 Was expensive and they werenodt really m
o Soldiers were complaining about the effects of the cattle atiteadlegradation
and feces.

0 They rested the land after the lease was up and decided not to renew.

0 Their permit system was model after the forest service permits.

o The fence maintenance was also expensive.
They dondét have any eprikgsor deer encl osures
No NGO come to help and restore the land like on Forest Service land, it becomes a
logistical issues.
Constituents

o Soldiers.

0 Hunters.

0 Recreationists.
They have 300 tags for all the animals on their per season, included turkey elk deer etc.
Game ad Fish Provides the tags and they people are vetted additionally and allowed to
hunt at Camp Navajo.
They allow hunting to control the elk population, hunting is the only tool Game and Fish
really use to control elk herds.
If the military operation is ablto provide recreation opportunities they are obligated too
(Some act passes year back
There are training exercises were they will move water from one spring to another
Hunters camp at springs .
The springs are very well protected, in most area thepad to access.
There is one springs that is not that well
One springs is half diverted to a 1 acres reservoir and the other half is diverted to a
treatment plant to supply the base with water.

The reservoirs used for training .

The reservoir also used as a dip spot for wildfires.

They also train how to dip spotting.

They use to allow fishing at the reservoir
anymore.

This site was picked because of the spridger supply.

0 Also because of the open prairie .
o Away from the ocean.
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0 Close to the railroad.

No one lives on the as full time .

Private that they bought use to be a sheep farm, it was there because of the spring too.

The base was mostly built by the Navajud Hopi workers.

The Hopi and Navajo also was used to more around ammunitions at the base.

The camp has a tribal liaison/ cultural resource manager.

There is a human built infrastructure at each spring, cattle tank, pipe etc.

The cattle tanks are stilhére and used by other wildlife.

None of the springs are free flowing .

There is a landfill for ammunitions in the middle of the base, moved from 2000 acres to

700.

1 We feel springs are important, we protect them, we have no plans for them to receive any
less attention.
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Interview #13 EAG Stakeholder #21-22
1 Constituents
0 Anybody who assigns use.
Indigenous culture.
Tribal entities.
Anyone who is educated and made aware.
Anyone who gets benefits from using the spring.
Livestock producers/ cattfgroducers.
Anyone who values wildlife.
Game animals and nagame animals.
People that value the aesthetics of springs.
People who reap the benefits of public land .
Municipalities who use ground water pumping because springs are related to
aquifer health.
1 Attributes
o The importance of springs to wildlife .
o Wildlife brings value to flagstaff, springs support and are important and bring
value to the wildlife.
o If they are important to wildlife, then they are important to their organization.
0 Aesthetics are imptant, but some springs have large fences around them because
they have to be protected from ungulates and then that diminish the aesthetic
value.

O O 0O 0O O O Oo0OOoO oo

1 Butfences can also exclude other wildlife other than ungulates who need the water and
do not damage the spg ecosystems
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Springs are being manipulated by ranchers
Cattle growers need to pay for the water like we pay for tap water, cattle growers have
minimal responsibility.
Vegetation is a very important part of springs.
When springs are free flowing, theg\ue wetlands and provide for riparian ecosystems.
The springs vegetation also provides for pollinators, ducks and geese which attract other
wildlife for food and habitat.
The vegetation of a spring gives it values and makes it more favorable then adker are
for the wildlife.
$1.35 per animal unit per month on federal land for grazing permits. This includes a
mother and her calf as one unit.
0 Levels/ measuring .
o They dondét really measure; they depend
o They work with people who cadentify the springs which need the restoration
.and the ones that needs the priority for restoration.
They work that organization does.
0 At places like Hoxworth they maintain the fences.
They play a stewardship role .
They build and maintain exclusion fences, there area bout 50 which are at springs.
They visit the cites about twice a year.
Their goal is top keep ungulates out .
They work with silviculturists.
They remove hazards such as trees away from the fencekamtbten trees that
have fallen.
They also make aspen enclosures .
0 They do some minor erosion control work and build Zuni bowls and do minor
channel redesign.
o The gap they fill is maintenance that the forest service is unable to do .
o They work with organiz#ons such as .

O O 0O o0 o o

o

A AZ game and fish.

A Grand Canyon trust.

A US Forest Service .

A AZ department of water resources.

A Forest foundation.
Biggest frustration is that there i s not e
groundo, too manykstudies not enough wor
Create a management framework for the three stakeholder groups.
There is a frustration that there are some
biker etc.
Excise tax .



These groups [stakeholders of interest] do not have money on the table.

The touists have a lack of respect for the wildlife and leave garage everywhere .

One way to get them to care more is to relate springs to something like care about.

The way to solve these problems is through
have thébudget for enforcement.

1 Water for wildlife is the priority .

= =4 4 A

Interview #12 Rancher Stakeholder 628-22

1 Stakeholders are disjointed

1 There are stakeholders with accountability and without accountability.

1 Stakeholders who have impact needs to have responsibility for their impact .

1 Policies needs to be based off of stakeholders who have responsibility not just ones who
have interests.

1 There are value differences.

1 Stakeholders needs to be separated and defined differently .

1 Ranchers who lease are only responsible for their livestock and not for the land .

1 Babbitts have more stewardship and show more sustainability then other rancher.

1 If ranchers are causing harm they needs to be removed.

1 Just using one term for all stakeholders is taking too large of bite out of an apple.

1 You have to have input from all different types of stakeholders.

1 Create a stakeholders web or framework for policy ngakitound springs [model].

1 You need to include the science in policy making but the social side is just as important

and needs to be used more because the science is already incorporated in social part
because it is coming from the stakeholders who ussdience .
1 They regularly meet with .
o Forest Service .
AZ state land department
AZ game and fish.
US Fish and wildlife.
Bureau of land management..
Wapitki National Monument .
Navajo Nation.
o Coconino National Forest.
They believe at their ranch therelues and the values of the nearby tribes are the same.
They are going to be a dark sky reservation.
The Forest service is responsible the land and there ranching supports the FS values.
They want to maintain the integrity of the spring .

O O O O O O
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Springs have dpple effect on the rest of the environment .

Areas miles away from the springs still rely on it .

Ecosystem of the springs really important .

There is a lot of interconnectedness of springs .

The flow of the water is very important as well.

All of their springs are altered they are all piped for drinking .

They have a spring at cedar ranch which is a conservation easement and the easement
was given to the fish and wildlife .

Water is life.

Water is the essence of everything that is here .

There is asthetic value .

The volume of the water can increase the spirituality.

He believes in a vertical integration conservation framework.

He doesndot | i ke the word protection, he be
health of the spring.

Springs & very important to cowboy essence.

You donét want to just know and control th
deliberately so that its impacts count.

135 years ago when the ranch started springs were the only source of water .

All ranches and everyig started where springs are .

I f there was no water then there wouldnot
They have replaces many of the functions of springs with artificial sources of water such
dirt tanks that collect surface water.

They pipe 100 miles of water arourgetranch.
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1 There use to be a lot less deer now there are lot more because they have this piped water
that they can use instead of only relying on springs (not saying this is a good thing).

1T Babbitts would not be foundsed were it is i

T There woul dnét be a |Ilivestock industry her

1 Antelope springs was the original name of Flagstaff.

1 Constituents

o Land owners and management entities because they are actually responsible .
o Wildlife and the livestock.
o Domestic.
o Recreation spiritual .
1 Livestock and wildlife should be in the category because they both influence the springs
and the wildlife are pretty domesticated for example elk are and introduced species and
managed very tightly .

Interview #11 Government AgencyStakeholder 624-22
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Municipal provides water in times when other resources were limited. Prevents a city
from needing to develop other resources to obtain water
Ranching established the ability to produce cow on federal land, without springs it
woul dndot be cost efficient.
Recreationdirect use of springs for backpackers, fishing, boating.
Cultural significancebenefits derived from springs that are related to indigenous culture.
Biological habitat qualitysupports ecosystem services for plaartd animals .
Flow- magnitude of services provides support for other attributes. Gives the spring the
ability to provided services to the other constituents and attributes.
Constituents
o Tribes.
Ranchers.
Recreationist.
Backpackers.
Hikers.
General public
0 Municipal industries.
Can be leveled by:
o Volume of water is important.
o Water quality.
o0 Biodiversity.
o Utility that the livestock get from the water including industrial use .
Access to swimming is important .
Cultural benefits are important .
City aquifer health is important .
Optimized bundles include.
0 economic values.
0 Social directions .
0 cultural values.
0 social goods.
Forest springs should be managed for their own health, there is room and if there is the
ability to manage for social good as wiken you can do that .
Recreation.
There are values relating to economic and-@conomic .
There are altruistic values.
There are passive uses .
There are economic gains to support community .
The forest service has relationships wieneral public
The major barrier to communication between the stakeholders.

O O O O O
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1 The relationship between the federal and NGO. Jurisdictional and interest group.

1 There is an interesting relationship between those to have jurisdiction and those that
donot .

1 The economic logicse ms t o break down when we | ook at
seem to protect them because they seem like a free resource. But we economics might ell
you that you should protect them the most because they are the cheapest source of water.

1 You can valughe spring through the economics benefits receives, agricultural use,
municipal drinking water use, and the market value of water.

1 Non economic values can be seen by seeing if you are meeting the target population
viability and meeting the management plan.

1 Management has to include the indigenous values.

Is the management in line with the stakeholders.

1 Quantity and quality of the water is a measure .

=

Interview #10 Government Stakeholder4-15-2022
Definition: Groundwater emerges due to geolalifterences, permanent or temporary, includes
ecosystems.
T Springs are life
T Giving life from underworld to surface world
T Itis delicious water
1 Constituents
o Wildlife
o Ranchers
o Tribal partners use them and restore them
o Recreationists

T lItsrare to find water in this region so when you see it springs in makes an
impression on people

1 Essential source of water

1 Backpacking trips are based and routed around springs

1  Water is connected to everything

1 If you don't treat a spring well it showWwrbughout the entire ecosystem

T  What do you expect, of course there will be drought if you don't support the
ecosystem

T Springs are destination points

ORV users use springs to fill up there drinking water

Jacob lake and their lodge use spring water

US forest service uses the spring water at big springs

Springs are used at a meeting place for FS

Fire crews the springs as a water source

Cattle tanks at built at springs

A lot of the springs in the KNF have trough for the cattle

Characteristics

=A =4 =4 =8 4 -4 -4 A
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How permanent the flow is
Visuals such as the lush vegetation
Water quality
Location is important
Municipal use
The amount of water
Bio diversity
Amount of endemic species
Recreational uses
Wildlife view
Hunting
o Drinking water
T There have been studies on the long term effects of uranium mining
T If the spring water is built into their[permit holders] management plan then they
have access to it.
1 There are archeological resources at springs such as petroglyphs
T Levels
o NEPA planning tools can be used to quantify the changes in the spring
o That can be a standard way to understand the scenic beauty
o The site density of archeological components can be used to determine
value (components per human or area)
o Species composition and abundance
o Qualitive assessment to describe the spring site
1 Ruining once part of the springs can affect the others
T What values can they bring in:
o Biodiversity
o Sacred to indigenous communities more than others
o Flowamounts
1 Resilience to climate change
o lItisimportant to preserve the spring for the native wildlife who have
evolved with that water source
o Fencing the natural water source to keep out the cattle and buffalo is
important
o As surface water dries wgprings become even more important
o Springs create micro climates cooling effects
o There is a research value to springs
1 Threats
o Ground water pumping
The uncertainly of the effects of pumping
Unmanaged or poorly managed livestock
Invasive spices
Over use by recreationists
Grazing effects the stream morphology and erosion which lowers the
water table
o Severe burns leads to severe erosion an d can threaten the springs
1 Thinning and light burring are good for the springs

O O OO OO oo oo o
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T Fossil Creek is the nst popular spring in the KNF, there is swimming, camping,
picnicking, and fishing

T Springs have unique geologic features which have proven its resilience. Example
travertine springs have kept out or gotten rid of crawfish which is a very damaging
invasivespecies

Interview #9 Indigenous Stakeholder4-7-2022

1 Most of the native American ruins that we see are related to springs, relic of when

the Europeans and later the BIA came in

1 Springs were pristine until the introduction of livestock whemtie/e

Americans did not have

1 There are many cultural uses

T A few springs are used for flood irrigation farming

T Livestock producers use springs

o Some of those springs are destroyed

1 If the spring has cultural significance they would still use thmggor livestock

or farming but they would make sure to protect the source if it was a very sacred one

1 Attributes:

o Cajole Willow
Cat talls
New Mexico Olive tree
Sumac
All those are only found at springs besides sumac
They do prayeofferings at springs to connect with the water and ask for rain
Ask the [spring] water for [rain] water
Almost all ceremonies are geared toward rain
Water is so important that even if they go to the ocean they will cup the ocean
water in their hands artdss it toward their home to encourage or ask for the more
water at springs or for rain
1 Spiders bugs and Minos rely on springs
1 The organic matter that settles in the bottom of spring stream beds also has
cultural significance
1 They have namespnnections, and stories for springs in the Coconino national
forest even though they do not have access to them
T Biodiversity and species count can be used to level the springs
1 They have put a lot of work into getting rid of the Russian olive which was
brought in as an ornamental plant
1 Working on fighting off invasive weeds at springs
1 Tames, was brought in to combat erosion at springs built has dried up on lot of
springs
1 Because of climate change flow has really dropped invasive trees are syezking
the water , the effects of severe drought might take a while to show up at springs
because the of the time lag of how long it takes for the water to travel
T Limited
o Recreation, too many people
o Extensive recreation at the fragdeosystems

O O O O
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o Farming irrigation

o Livestock
Excluded

o Swimming, pollutes the water r

o Livestock grazing at SOME sites

o ORV
Some daily drinking water use
Ranked

o Cultural/daily use

o Recreation

o Livestock
Drought and climate change are the biggeseats to spring ecosystems
The amount of groundwater on the Hopi is a huge threat
The pumping that is done on the Coconino and Kaibab is a huge threat
Light grazing or a light burn will be better for the spring ecosystem
There should be eombination of management for human and-haman uses
Threats

o Noxious weeds

o Livestock
Feralhorses do a lot of damage right at springs

o It's the only resource they have for their water
They try to contain the wild horses

Interview #8 EAG Stakeholder 4-6-2022

f
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Constituents for springs

o Everybody
Ranchers hikers backpackers
Hunters
Deer, elk, turkey
Microscopic organisms
Cultural resources

O O O O O

Some people see the value and some don't

Some people see the value but never gptings

Some people just appreciate them

Cattle significantly damage the springs

Cattle can be beneficial to the springs

Through aeration of the soil cattle grazing can increase the diversity of the grass

species, there are plots that snedying that on the diablo trust

f
f

Springs are very significant to the Hopi, many of which are on the peaks
You can see that through bushes full of prayer flowers which apiags athe

peaks

|l

Target sampling
o Hopi, Navajo, other indigenous groups
o AZ game and fish
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T They have banned uranium mines around the Grand Canyon and the springs there
in order to protect the water
T Characteristics
o Biodiversity of the ecosystem
o Clean water, quality
o Cultural resources, historic and prehistoric
1 There is irinsic value of the spring
1 Definition: Quality of the WaterPotable being able to drink the water is the
highest quality . No cows, and the water can sustain wildlife
1 Spring water has turned blue from copper mining on the boarders of AZ and
Mexico. His dogs were in in and he tried to get them out, it made him think of the
wildlife that depend on that spring water and unhealthy it is for them and potentially
there only water source.
1 Biggest threats to springs
o Climate change
o Groundwater pumping
o Mining
1 He has seen a decline in spring water at cattle tank and at the spring themselves
T Large farm are moving in and drilling deep we#lad taking water from small
farmsodé springs.
1 The absence of springs is so defining, it fortexHopi to farm the way they do,
with no irrigation
1 Septic system are effecting springs
T Veit springs on the Peaks have both significant cultural and recreation value
1 Level for water quality
o Combination of the chemistry of the water
T Leveled recreabin
o Flow
o Biodiversity around the spring
o Only optical for the scenic value
T Cultural
o Non-renewable resource
o archeological value
o These cultural values are the totally invisible so they should be most
valuable or most consideration fmrotection
o Just because a minority [indigenous groups] uses it [springs] doesn't mean
they should get the minority voice
o Indigenous cultural is way more important than ranching
T Just because something is traditional, doesn't make it right
1 Ranching$ a tradition in this landscape but that does not justify the degradation
they cause
T Springs are harder to value and get people to care about because its values or
attributes are less visible compared to something like an archeological site. Springs
areharder to value and manage
1 Attributes ranked
o Wildlife
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o Cultural
o Recreation
o Ranching
1 Should any activity be excluded from springs?
o Yesimining
o Maybe ranching
o Yes future Development
Ranchers need to pay more, increase their fees
Thereshould be limited grazing on US forest service land
And we should in return pay more for beef
Ferrellhorses and burros are a big problem at springs they runoff cattle and
wildlife

il
f
1
f

Interview #7 Rancher Stakeholder3-23-22

1 Constituents:

o Ranchers

Wildlife
Wildlife Managers
Tribes
Recreationists
Cattle
The spring on flying M is almost all captures
Water is transferred 6 miles to HQ
They use it for domestic purposes
Irrigation commercial garden and they sell the produce from it
It is the only water they have in dry years where is no snow melt
They are in fideep doo dooo without the
Flying M has one spring for all there uses
Bar T Bar has more
They do not the use the spring water to irrigate any land for gragsafong
When settlers first came over anywhere the spring water was the people were
there
T All homesteads were founded on springs
T Most of the springs on the diablo Trust land cannot be lived near or at because
they are in difficult and hardship locations
T Most of the springs are hard to get to
T There are usually very small amount of grazing land around the Diablo Trust
springs because they are coming out of canyons etc.
not much wildlife could survive on the springs
1 If Flying M didn't use and captuthe spring water it would run in the nearby
canyon and fAdisappear o
T #1 use it the domestic supply for the houses (7 in total) aka HQ
1  #2 use is for the cattle
1 They are able to water way more animals by piping the spring
1 Due to the pipe they are able tavie 12 square miles of usable land compared to
1 squaramile they would be able to use without piping

O O O O O
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1 The spring does provide for their way of life, aka cowboy culture
1 The spring wouldn't have value if they didn't use it or pipe it
T Their springcomes out of the side of the rim of the canyon an then they pip it to

HQ

T HQis:
Corrals
Ranch staff houses
Main house

All cattle go through HQ
7 houses total
T The ranch would not be located there if it wasn't for the spring
1 The springdidn't go far until they piped it
T Without they string they would have to pay $200,000 for a well and have the cost
of pumping and storing the water
T Without the spring the Flying M Ranch and the Diablo Trust would not be here
and they would not be able teach their goals of land conservation and stewardship
T If it wasn't for the ranch the land would have been developed and that would lead
to more degradation then the ranch does
T 80% of the money that is earned from the ranch goes directly back tdythe ci
(getting the point across that they are better for the city)
1 They care about the viability of the aquifer
They can tell by the growth of the trees that the spring use to flow more
Forest management can increase the flow of the spring
More importanto wildlife then to them
They value the spring attracting wildlife for hikers
The spring provided seasonal hunting on trust land
The spring pipe was first build by sheep herders
There is significant economic value because they don't have to drilycind
truck in water
1 The spring on Flying M went from 80 gallons per minute to 30 gallons per
minute
T HQ and ranch would be in a different location
T Awater is for fighting over and whisky
1 Flying M yearly supply of beef to 800 familiper year (when families ate 72
pounds per year)
T Livestock and lumber is the reason that Flagstaff is here (taking credit)
T This is a natural resource based city/economy
1 Flying M ranch spring wouldn't be able to supply a large housing community
T If there is fast snow melt the spring box may over flow and go into the
canyon, but it is rare
1 Spring provides resilience to the ranch
T Kitdés grandparents ranched this | and si
1 There cattle compacting the ground seals the water into the ground
T Randing on this land started with sheep because they need less water

o Sheep are often stepping stone to raising beef

o Flying M raises there cattle until abouB/months and they sell them

O O O O O

=A =4 =4 4 -4 -8 A



o Candét fatten up cattle i n AZ

Interview #6 Municipal water manager 37-22
T Coconino Plateau Watershed Partnership, TAC technical advisory committee
meeting dates

o March 24
o April 28
o May 26

1 Constituents
o Local population
o Wildlife
o The local environment such a flora and fauna
1 Water is the mostnportant characteristic of springs
1 The discharge area of the spring so that it infiltrates to the water system so the city
can capture it
T The over watershed health is important
1 The natural flow regime is important
1 Thehealthof the spring is important so ti can continue to provide and infiltrate
into the city catchment basins
T The natural infiltration into the cities pipelines is important
1 The reason they want the water is because they have the right to it
1 They have spéfic rights water for springs
T 20% of the summer water supply, for the avg snow year, comes from springs
1 They have underground perforated pipes/ infiltration galleries that catch the
water
T Itis piped down Shultz pass and treated for turbidity andJNadisinfection
1 They allow the water the water to naturally flow out the springs and then they
capture once it starts to infiltrate the ground
T Springs they have water rights to are on forest service land and in wilderness
areas
T DEFI NI Tl ON; pravides thencgy oiflagstaffrwith water that
contributes to its water securityo
1 The spring water offsets the groundwater pumping need/demand
1 Gore and the hospital all us the city water supply (industrial demand)
1 Hospital likely gets some of the spgimvater because of its location
T In the winter there is 0% spring water used
o Don't know where it goes
o Sometimes it is diverted from the water treatment plant to the Rio de
Flag
1 In May they start using the spring water again
1 Spring water is 5% of thenaual water budget
)l

T Itis mor expensive to pump groundwater, spring water use can offset cost and

make the water cheaper to residents
1 During the 1800s spring water was 100% of the water use
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1 They are currently investing all their money igrmundwater pumping
1 The reason they are getting less spring water could be because of the poor and
unmaintained infrastructure that they have or it could be less discharge or could be both

1
1 Developing the spring water in the inner basin, where gia¢yearly all their
water, preserves it because it would be infiltrating all the way down to the C aquifer
1 They springs that they are capturing are in the inner basin and off of Shultz pass
rd.
1 Not every spring that they have a water right t is beamgwred
1
1 The water emerges from the eaithen infiltrates the ground and then they
capture the water
1 They don't measure each induvial spring
T How it can be leveled
o But it could be leveled and the total spring water is leveled in gallons per
minute, @llons per day.
o The amount they have water right to (paper water)
o Relative cost to produce the water
T $13 per acre foot to produce water with wells AND springs in the inner basin
1 Target sampling: Tribes connected to the springs to see if the citideplaeat
is offense to them
1 Because they collect water after it infiltrates the ground you may not even know
the spring water is being captured and the ecosystem remain intact
1 They charge costumers based on the cost of servicetnaiemission : to break
even
1 Ranked:
o Watershed health
o Providing water
o Ecosystem health
T Spring water is the cheapest water they use
1 Spring are important to the aquifer health which enables them to do groundwater
pumping especially duringmergencies

Interview #5 Indigenous Stakeholder3-3-22
1 Springs used for campsites when traveling
1 Some people purposely don't camp right at springs in order for wildlife to be able
to access the spring.
T They may only from a spring when the seaslbanges
1 Springs feed the rivers which they also use
1 Water is used for prayers, sometimes when pollen isn't available ( pollen would
traditional be used in the prayer but spring water would be a substitute)
1 Climate change has made pollen harder to fonthey have to use spring water
more often for prayers




T Spring water is used for baptism when they are babies, done by Catholics and
Lutherans

T They have a belief that fAwater is al way
1 Leveled by:

o the importance of thstory or tradition associated with it. Some springs
are more important than others
o Could also be leveled by leveled by how much water they can use from
the spring
Water is life, but especially in the desert because it is so desolate
Spring water is aving entity
Creator made the water and he put himself into it therefore the water is living too
Wells are destroying springs
When a spring dries up it is desolate and there is no more life
The focus of spring should not just be for human beings
Told me stories that when they have prayed over springs more water comes
ut. First just a couple drips and as they pray more water has come out
They use it for food, farm use, and for life in general
Life and respect of the spring is the most important
Springs are at the top of the list when it comes to water
By age 10 you would know where every spring was because you needed to
Some springs have more living power then other due to their healing properties
Sprigs should be respected, honored,takdn care of
Paths to springs are used as travel routes (you would go from one spring to
another)
1 Barbara learned how to work with springs from her grandfather
1 Her grandmother would always say that is water all around you and she would dig
in thegrourd and it would fill with water
T Springs are increasingly less available
Some springs are more important
There are specific stores attached with springs
Springs are the veins and arteries of the earth
They are used for daily life but especially wheaveling
Springs value comes from not just what you can consume but also their existence
value
They eat some plants found at springs such as water cress
Reeds
Willows for basket making
Certain plants and herbs are found at springs
Used for cleansm
1 They would use the springs for sweaild a little sweat lodge right at the
spring
1 Sacred water plants such as cat tails are found at springs, they use that pollen for
ceremonies and prayers
1 She use to take her weekly bath in the spring whemabke child
T Use for wildlife around the springs, used for cattle tanks
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T Use the herbs to make medicine from springs
1 Who springs matter to

o Elders within the native community

o Few young people
They would bring back jugs of spring water becausgentore pure
It more spiritual because it comes right from the earth
When the water comes right from the earth it shows more power
Water is life
1 They would dam up the spring with a ring of rocks to make a little pool and wash
their hair in it. Then maksure to put all the rocks back and let the spring go back to
its natural flow
T Theirmajor crops; squash, corn, beans, tobacco, can be grown at spring sites
1 The Apache or nomads so traditionally they travel from one spring to another

=A =4 =4 =4

Interview #4 Rancher Stakeholder2-24-22

T Their grazing rotations are based around spring meadows

1 There is 6 months of grazing that would not be possible without springs

T 65% of their water comes from springs

1 There ranch is Hopi owned, he runs all the ranch fent@n the reservation

T He said they could survive without their grazing allotments from the forest but

they would have to scale back, some ranches would not be able to survive. Some of

their land they own some if forest land

T Mot ranchers go to summenést land allotments
There goals are sustainable management of the land and to make money
Afcattle is my currency, but | and i s my
There #1 inert is land stewardship
No one can make constantly Arunningo [t
They run lss cattle then allowed in order to be more sustainable

They don't run the cattle when the land is in bad shape due to the drought
They rude head counts before they are mandated by the forest service that way
they can sustain the land agentually go back
1 Never leave a ranch worse off than before, increase profits without increase head
9 His reason for wanting a sustainable ra
1 Constituents of springs
o Cattleman
General public, population of the area, toairist
Recreationists i.e. bird watchers
Animal rights groups
Game and Fish
o Environmentalists
1 Forest thinners are doing more damage to springs then ranchers are

=A =4 =4 =4 4 -4 -4 -

O O O O

1 They have been asked to bring cattle back to areas they were asked to leave and
graze to protect the springs. There were kicked-ewtecreationists ruined 4t->
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ranchers werasked to come back to either exclude recreationists or being the
meadows back to an environment that made recreation possible.

T Awe | ease the grasso

T Cattle are not the enemy of the spring, to say that is offensive and foolish

1 There are being sustainable by building spring boxes to entice more water from
the spring and encourage more wildlife

1

T Most <cattl emen have ft hiasdwhichthayyontt ancho
really own

1 Ranchers have less stewardship on forest service land compared to land that they
own

1 All ranches have a finite amount of head [cattle] that they can support during ALL
time (available spring be could be one of thoserdeteng factors)

o Add more cattle on good years

o Keep baseline to make money and sustain the land
1 Good land management is your ranches legacy and reputation, they want to
uphold that
1 There gals are to keep up with the times and keep getting better
1 Tech and science makes ranching easier and more efficient (specifically his
iphone)
1 These springs are beautiful because we ranch them

1 They need to be accessible to all wildlife

Levels

o A less assessable spring [to the public] is better for ranching
o Volume of water it produced PERPETUALLY
o Size of meadow area that the spring supports
o Amount of retained water

1 All ranches were founded on springs 100% [in this area]

1 Good cattleman is exactly an environmentalist

He wore a bandana, cowboy hat, vest had one eye

| asked how the food was and he sai
He worked on John Wayéeranch

He wrote a book, and yes | just ordered

He ordered the most cowboy meal ever

He al ways had a fAcute storyo

O O O O O o

Interview #3 EAG Stakeholder2-16-22

1 Simply the presence of water is a value

1 It supports wildlife

T Springs can be life or death it can be the only source of water for miles
1 The presence of water equals the presence of wildlife

1 Spring bring in tourisndollars for hunting
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1 He believes connecting the value of the $ the hunters spend to the value of a
spring
T Ranchers and animals will perish without springs
1 Stock tanks are an important use of springs
T Simply having the ability to sit by the water/sggiis an important characteristic
T Artists and writers appreciating and wo
important
1 There are natural history and environmental ethics values related to springs
Springs can be used as a hunting ambush site
The trails to springs can be used as a hunting tool
Target sampling should be for; recreationists, artists, and hunters
He talked about how the larger the distance between springs makes them more
valuable
1 Seems like ranchers and hunters are verysedwn how the water is of human
use
1  Attribute levels could be flow, size of spring, how good the huntingasy big
of an area a hunter will cover around the spriagg municipal use
1 Some people only want to live in an area because of a spring
T Springs can be used for backpackers and to water horses when riding
T Hunters will prefer wet meadows over rocky pools unless they are bighorn sheep
hunting
Ranked importance
1. Hunting value
2. Abundance up springs on the landscape
3. Vegetation of the springcesystem that supports wildlife and draws in
wildlife for hunting
4. Ranching, which can be leveled as simply a yes or no
1 He believes Target sampling is warranted for anyone or any Community who
100% relies on springs for their water use

f
1
f
1

Interview #2 Indigenous Stakeholder2-16-22
1 They maintain the springs for taaimals.
T Significant to all life on the Kaibab plateau
1 Drink and to grow certain crops when water with scare it was used for
everything.
1 Used for personal use and for the animals not for development
T never claimed ownership, all springs are tsbhared.
1 They value the simplicity of water
T Water is a saed element that can take and gife.
T ANo other use besides what we use it fo
il
)l
I
)l

No ownership of springs
What is the importance of Springs?Do you want to live or do you not want to
iveo
Irrelevant to some of their beliefs some springs are used by Ranchers who pipe
into thesprings.
1 They believe water is a living thing
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T They water gardens and they have community gardens that use springs, also
water cattle and horses also use it

T Spiing water is used while hunting and gathering to give them some sort of
subsistence to get back home

T No one ONLY uses spring water for daily use in their tribe

1 One way to level a spring flow is to use a stick, if the water does not come up
high on thestick they would not use itTherefore it would be available for wildlife.

1 | asked if there was anything that separates spring water from other water and he
said no

1 The number one thing that these springs matter to is wildlife

T They believe that thepring is breathing and moving, the flow of the spring is

like blood

T Ifit's not flowing it gets sick just like us

1 They do use some of the plants and harvest some of the animals that are around
springs

1 They make cultural items out of sorpkants that are grown at springs, some of
those plants have medicinal use

1 their goal is to not influence any ecosystems if they have a willow at one spring
and not at another they would not transplant it even though they might make baskets
out of the wilow and be able to make more baskets with more willow trees

1 All life warrantstarget sampling

Interview #1 Indigenous Stakeholder2-11-22

1 Water is life, Tu is the word for water

T Holy is used to describe spring water because sacred anvessed

1 Springs are holy, they are at the top of the pyramid of water

T Water from springs is thought to be alive
T Cowboy culture hurts springs
Al
)l
Al

Some of uses related to springs are water flow, bugs, plants, drinking water
spring water is put intavater bottles and used as medicine
Old ladies will wash their hair with spring water to show it is of greater
importance than other one
T Holy men use it for healing specifically from a certain spring, some specif
springso6 wat er vainerts, holgmen areatso Knmvnasc er t ai n
medicine man
1 They measure the water in CFS
T They make baskets with willows that grow near the springs and then wash those
baskets in the spring water
1 The water is leveled as regular or big/cho
1 Big is a relativescale because they see something like the Verde as a big river
even though it is notlt is only big for the region, they have a localized interpretation
of the word big or cho.
1 He emphasized that people follow the water and springs were especidlin use
cases of drought, sometimes that was the only place that they can live
1 Water is connected to everything: math, science, culture, religion, the indigenous
people do not think in compartmentalized ways like we do.
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T One reason Springs are importarbéxause they are untouched from animals and
people; they are the most important of all water.
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Appendix E: FocusGroup Notes from National SurveyTrial

Focus Group #1
5-16-2022

Average time 16 minutes (6)

Longest time: 26 minutes (1)

Feedback/ participant
comment

How we incorporated it/ our comment

Completed

Participant was confused wik
they saw a choice set with a
fully diverted stream and hig
biological habitat quality

We need to change the language fifaity
divertedto mostly diverted

There was no back arrow to
get out the choice set sectio

Fixed

Participants wanted to see
text and more bullet points

We did not accept this feedback

Participant wanted less bus)
looking screen

We are adding icons and removing some of th
illustrations

Participant took the survey ¢
their phone and did not like
that they had to scroll to see
the whole question

\We are considering suggestions to fix this; grid
lines will help aswell

Participant was confused
about payment vehicle

Definition of cost added with hover over feature

Add in question about being
an AZ resident

\We think this is a good idea, we can add in a
dummy variable for this and see the difference
WTP for AZ residents

Add in question asking if the
are more likely to visit the
Coconino and Kaibab after
taking this survey or ask if
they are more willing to
recreate at springs in generg

We feel this would be useful for stakeholder
engagement ondle project is completed

Add in zip code

MSG said this is intrusive, Mohammad believe
we can get latitude and longitude from Qualtric

Still confused about the May

Make the US map bigger and get rid of Mexico
and Canada

Participants wanted to see t|
Abi g pictured

We can add in another sentence about how thi
be applied to other forests or National Forests

Misspelling of the word
Aconcernedo

Corrected

Participants wanted to see

Makesthe survey biased, we are not incorporat

pictures

this feedback
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Focus Group #2
5-17-2022
Average time 14 minutes (6)

Feedback/ participant
comment

How we incorporated it/ our comment

Completed

Hard to keep track of all the
different attributes and levels
during the choice sets,
recommends grid lines

We are adding grid lines and icons

Graphics were too small

\We are replacing some illustrations with
icons

Participants said they were

attributes not the price

choosing based on ttheindle o

This is a problem

Graphics were too small and
illustrations were distracting

\We are adding icons to the CE and
definitions

Not Support

For the choice sets change Y
to Supports and change NO t

Does nofit management scenario

Participant wanted clearer
language, i.e. what is HIGH
recreation?

We can make the language clearer

the hang of it

Participant said the survey w;i
confusing at first, but they gof

Clearer language added in theginning of
the survey

Line spacing in the CE was

to compare the bundles

weird and thought it was haro

We are adding in grid lines for the CE
section

came up with the definitions

They want citations for how w

We can add in a sentensaying that these
definitions came from many rounds of foct
groups

They thought some definition
seemed bias

We can change some of the language

employment question, the
guestions said check all the

military and full time employe
but he could not indicate that

For the demographics sectior

apply but they cdd only checl
one of the answers i.e. he wa

We need to fix that

The participants thought that
that there were too many

and less options for high
income rangs

options for low income range

| think this was taken from the census and
don't need to change




For the question about intern{We can change the language to screen tin
use the participant was instead ofnternet use, but | don't know if
confused if that included screMSG wants us to change the calibration
time and social media use |guestions

Participant recommended we|We can change that
bold the definition or the
important parts of the
definitions to help them
remember

14¢€



Appendix F: National Survey

NA NORTHERN ARIZONA
UNIVERSITY

Default Question Block

Dear Respondent:

You are invited to participate in a research survey titled “Non-Market Valuation of Spring Ecosystems
in the Coconino and Kaibab National Forests.” This work is supported by the USDA National Institute
of Food and Agriculture [grant no. 2020-67023-33262] . The research is conducted by Dr. Julie
Mueller, Dr. Abe Springer, Dr. Ryan Fitch, and Dr. Mochmmad Mashiur Rahman along with Master's of
Science candidates Andrew Lewis and Katelyn LaPine of Northern Arizona University (NAU). The
purpose of the research is to help policy makers understand public preferences for springs
ecosystem services and management across the Coconino and Kaibab National Forests in Northern
Arizona. The study results will be used to inform development of incentive-based forest management
plans that simultaneously promote efficient grazing use and springs conservation. The results
produced from this study are also intended to inform land resources management in other forest

areas.

We truly value your input, and pledge to keep all results strictly anonymous. Completing the survey
involves minimal risks and should take no more than 20 minutes of your time. You may not directly
benefit from this research; however, your input will be used to inform research that may impact

decisions regarding the springs of the Coconino and Kaibab National Forests.

If you decide not to complete the survey, there are no penalties. If you choose to withdraw or skip a
question, there are also no penalties or loss of services. Whether or not you participate in this

project, your decision will have no impact on your relationship with NAU, now or in the future.

If you have questions about this project, you may contact the Principal Investigator, Dr. Julie Mueller,

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_6x3LYzVblq97E6W&ContextLibrarylD=UR_2... 1/38



6/6/22, 9:25 AM Qualtrics Survey Software
at (928) 523-6612 or Julie.Mueller@nau.edu. If you have any questions concerning your rights as a
research subject, you may contact the NAU Institutional Review Board (IRB) Office at irb@nau.edu

or (928) 523-9551. This research project is exempt per NAU IRB.
By clicking the forward arrow button and beginning this survey, you affirm that you are over 18 years

of age, have read and understood the information presented, and agree that your responses may be

used in the research project described above.

Block 25

Overview of the survey

The survey has five sections. The survey is based on information obtained from experts and tested

with focus groups.

« Section 1 is an overview of the Coconino and Kaibab National Forests

« Section 2 provides general information about springs

« Section 3 describes characteristics of springs management

« Section 4 asks you to choose between hypothetical springs management options, and

* Section 5 requests information about you and members of your household.

Block 1

Section 1: The Coconino and Kaibab National Forests

https:/inau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=8SV_6x3LYzVblq97E6W&ContexiLibrarylD=UR_2... 2/38
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6/6/22, 9:25 AM
The Coconino and Kaibab National Forests are located in Northern Arizona (see map). The Kaibab
National Forest borders the North and South Rims of Grand Canyon National Park. The Coconino

National Forest stretches across Flagstaff and Sedona southeast past Camp Verde, AZ.
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Block 2

Section 2: Springs on the Coconino and Kaibab National Forests
A spring in the Coconino and Kaibab National Forests is defined as a surface-linked groundwater-

dependent ecosystem where groundwater emerges and often flows from the Earth’s surface or

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_6x3LYzVblq97E6W&ContextLibrarylD=UR_2
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groundwater emerging into a meadow/stream bed.

Springs are essential to water supplies in the Coconino and Kaibab National Forests because of the

semi-arid climate and relatively low humidity. The Coconino and Kaibab National Forests are home to

approximately 700 springs. The springs and the ecosystems that they support are vital for

biodiversity, wildlife, and habitat for threatened and endangered species in this region.

Have you ever visited a spring?

() Yes
() No

Have you ever visited the Coconino or Kaibab National Forests in Northern Arizona?

) Yes
() No

Have you ever visited a spring in the Coconino or Kaibab National Forest?

() Yes
() No

https:/Inau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurvey|ID=SV_6x3LYzVblq97E6W&ContextLibrarylD=UR_2...
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Block 3

Threats to Ecosystems

Several factors threaten spring ecosystems. Human use, including recreation, can lead
to pollution and degradation of spring ecosystems. Increased groundwater pumping for
municipal and agricultural use from groundwater aquifers reduces the surface flow of
springs. Drought also decreases water flow and threatens spring ecosystems.
Moreover, deforestation and increased development can have an adverse impact on

spring ecosystems.

On a scale of 1 to 5 where 1 is "Not at all concerned" and 5 is "Extremely concerned",

please state your concern for each potential threat to springs.

Not at all Slightly Moderately Very Extremely
concerned concerned conrcerned concerned concerned
Recreational use O O O O O
Groundwater
pumping O
Drought O O O O O
Deforestation O O O O O
Pollution O O O O O
Increased
O O @ O O

development

Block 4

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=SV_6x3LYzVblg97E6W&ContextLibrarylD=UR_2...
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Threats to Ecosystems

Within the Coconino and Kaibab National Forests, 77% of the springs are ecologically
degraded with much of the degradation occurring as a result of grazing practices.
Approximately 70% percent of the land within the Coconino and Kaibab National

Forests is considered suitable for grazing.

Ranchers with grazing permits in the Coconino and Kaibab National Forests use
springs as vital water supplies for their cattle. The water can also be used to grow feed
for cattle. Springs allow ranchers to save money that would have to be spent hauling

water and therefore support the cattle ranching industry.

However, grazing can substantially reduce the quality of the spring ecosystems for the

native wildlife that rely on the spring. For example:

® Excessive grazing of native vegetation can make soil prone to erosion and
trampling through the stream bed can cause muddy water
® Overuse of the spring water can diminish habitat quality and reduce water
availability for native wildlife, and

® Pollution from cattle feces can impact water quality.

On a scale of 1to 5 where 1is "Not at all concerned” and 5 is "Extremely

concerned’, please state your concern for each issue listed below:

Not at all Slightly Moderately Very Extremely
concerned concerned concerned concerned concerned

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=8V_6x3LYzVblq97E6W&ContexiLibrarylD=UR_2... 6/38
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Not at all Slightly Moderately Very Extremely
concerned concerned concerned concerned concerned

Degradation of

springs ecosystems O O O O O
from grazing

Reduction of ranching

because of restricted O O O O O

grazing permits

Block 5

Your Recreation Activity

National Forests provide abundant opportunities for recreational activities. Please indicate which, if
any, recreational activities you have participated on National Forest or other public lands. Check all

that apply:

OJ Hunting

OJ Hiking

] Mountain Biking

O Camping

O Boating

O Fishing

L] wildlife Viewing

] off-road Vehicle (ORV) Riding

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=SV_6x3LYzVblq97E6W&ContextLibrarylD=UR_2... 7/38
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O Others, please specify

Recreational activities can lead to environmental degradation of springs resulting in loss of
species habitat, decreased flow from springs, and less availability of water and surrounding

vegetation to be utilized by native wildlife.

Which of the following activities are you willing to restrict to reduce environmental degradation of

springs from recreation? Check all that apply:

] Hunting

U] Hiking

] Mountain Biking

L) camping

O] Boating

O Fishing

] wildlife Viewing

] off-road Vehicle (ORV) Riding

O Others, please specify

Are you willing to restrict your own recreation on National Forests to reduce environmental

degradation of springs from recreation?

O No
O Yes

On a scale of 1 to 5 where 1 is "Not at all concerned" and 5 is "Extremely concerned",

please state your concern for the degradation of springs from each recreation activity

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=SV_6x3LYzVblq97E6WS&ContextLibrarylD=UR_2...

15€



6/6/22, 9:25 AM Qualtrics Survey Software

listed below:
Not at all Slightly Moderately Very Extremely
concerned concerned concerned concerned concerned
Hunting O o O O O
Hiking O O O O O
Mountain Biking O O O O O
Camping O O O O O
Boatting O O O O O
Wildlife Viewing O O O O O
Off Road Vehicle
(oRrv) Riding O O @) @) O
Block 12

Cultural Significance of Springs

Springs in the Coconino and Kaibab National Forests are culturally significant to Indigenous Peoples.
Indigenous Peoples have historically lived on the lands of the Coconino and Kaibab National Forests
and still reside across these traditional landscapes. In Indigenous belief systems and ways of life,
springs are often considered sacred as water is life and it comes directly from the earth. Therefore,
the springs in the Coconino and Kaibab are culturally and religiously significant to Indigenous
Peoples across tribal nations. Some springs are the sites for traditional, religious, and ceremonial

gatherings.

https:/fnau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=SV_6x3LYzVblg97E6W&ContextLibrarylD=UR_2... 9/38
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Before taking this survey, were you familiar with the cultural significance of springs to Indigenous

Peoples?

() Yes
() No

On a scale of 1 to 5 where 1 is "Not at all concerned” and 5 is "Extremely concerned”,
how concerned are you about prioritizing management of springs on National Forests

to protect springs with cultural significance to Indigenous Peoples?

Not at all Slightly Moderately Very Extremely
concermned concerned concerned concerned concerned
Prioritizing
management to
protect springs with O O O O O

cultural significance
to Indigenous Peoples

Are you willing to restrict your own recreation on National Forests to preserve springs with cultural

significance for Indigenous Peoples?

O No
O Yes

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=8V_6x3LYzVblg97E6W&ContextLibrarylD=UR_...
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Block 20

Section 3: Attributes of Springs

Spring can be managed based on several attributes/characteristics. Each attribute can be managed
at different levels. In this section, you will see the description of the following spring management

attributes/characteristics and their respective levels:

¢ City Water Security

e Cultural Significance

* Recreational Activities

* Ranching

¢ Biological Habitat Quality

* Flow

Block 2

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=SV_6x3LYzVblq97E6W&ContextLibrarylD=UR_... 11/38
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Section 3.1. City Water Security

Springs contribute to a city's water security, including providing water for residential, commercial, and
public use. Springs can be mostly to fully diverted, partially diverted, or not used for city water

security.

Mostly Diverted

Springs can be Mostly Diverted for a city's water security, potentially limiting other uses

Partially Diverted
Springs can be Partially Diverted for a city’s water security, leaving some water for

lother uses

Not Diverted

2
-
-

Springs can be Not Diverted and left free-flowing for other uses

Block 3

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview? ContextSurveylD=SV_6x3LYzVblg97E6W&ContextLibrarylD=UR_... 12/38
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Section 3.2. Cultural Significance

All springs are important to Indigenous Peoples. However, any spring referred to directly in oral
histories, used in ceremonies, or serving as a primary water source will be considered culturally
significant for the purposes of this study. Landscapes can be managed to prioritize the preservation

of springs with cultural significance. For example:

;-%“ Yes - The spring will be managed to preserve its cultural significance

No - The spring will not be managed to preserve its cultural significance

Block 4

https://nau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=8V_6x3LYzVblq97E6Wa&ContextLibrarylD=UR_... 13/38
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Section 3.3. Recreational Activities

Springs are the source of many recreational activities including: hiking, camping, boating, fishing,

hunting, ORV use and wildlife viewing. The landscape surrounding springs can be managed for

different human impacts of recreation. For example:

&

High

Springs can be managed for High Impact recreation such as ORV use

a

Moderate
Springs can be managed for Moderate Impact activities such as camping, boating,

and mountain biking

[

Low

Springs can be managed for Low Impact activities such as hiking and wildlife

viewing

Block 5
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Section 3.4. Ranching

Springs provide support for ranching activities. Livestock graze and use springs as a clean and free
source of water, especially in drought years. Springs promote the cowboy culture and lifestyle.

Ranching is permitted at some springs and not at others. For example:

& 'Yes - The spring will be managed to include ranching

No - The spring will be managed to exclude ranching

Block 6

https:/inau.co1.qualtrics.com/Q/EditSection/Blocks/Ajax/GetSurveyPrintPreview?ContextSurveylD=8V_6x3LYzVblq97E6W&ContextLibrarylD=UR_...
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