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ABSTRACT
MAPPING BENEFITS AND CONDITIONS OF SPRINGS ECOSYSTEMS TO INFORM

PUBLIC LAND MANAGEMENT

KATELYN LAPINE

The influence of human activities of springs in the Coconino and Kaibab National Forests is an
issue of growing concern and presents several problems not only for ecosystems, but for society.
Springs provide cultural significance, recreational use, ranching, and other goods and services
that have not been extensively researched. Considerable data exist categorizing the ecological
characteristics of springs. However, limited information exists regarding human preferences for
attributes of spring ecosystems. Using a combination of in-depth ecological data with
information on human preferences from a choice experiment (CE) survey, we can enable
informed grazing management decisions on the Coconino and Kaibab National Forests. A CE
survey provided willingness to pay (WTP) estimates for six attributes of springs ecosystems: (1)
Cultural Significant, (2) Municipal Use, (3) Biological Habitat Quality, (4) Recreational Use, (5)
Ranching, and (6) Flow. GIS tools were used to calculate, analyze, and visualize the benefit of
each spring ecosystem and produce a mean benefit value for grazing allotments in the study area.
Findings shows that grazing exclusion results in an increase in economic value to allotments.
The results from this study will better inform management decisions for springs in the Coconino

and Kaibab National Forests.



ACKNOWLEDGEMENTS

First and foremost, | would like to thank my mentor and advisor, Abraham E. Springer.
Abe, thank you for investing in me and getting me to the finish line. Even in times of hardship,
you were still patient, kind, and the most supportive advisor | could have asked for. | will cherish
all those long car rides together with you being our personal tour guide and narrator for Arizona
geology. You have given me once in a lifetime experiences and opportunities, and advice that |

will forever apply to my professional and personal life. I cannot thank you enough.

Next, I’d like to thank my committee members, Julie M. Mueller and Ryan A. Fitch.

Julie, thank you for always believing in me and pushing me to get out of my comfort zone. Your
energy and outlook on life has made such an impression on me. It has empowered me take up
space, speak my mind in intimidating situations, and even run a few miles every now and then.
Ryan, thank you for being the best environmental economics teacher out there! You never failed
to make this stressful process enjoyable with constant laughs and jokes. | appreciate how you
encouraged me to take my research techniques a step further and were patient with me as I grew.
You three have provided me with an invaluable support system that | could turn to in times of
academic and personal stress. | know a lot of graduate students do not have that privilege, and |

am beyond grateful.

Next, I’d like to thank my research group and cohort for their valuable comments on my

posters, writing, and presentations. Thank you all for not only being a great group of peers, but



genuine friends. | needed a community of people who were going through the same process as

me, and to remind me that | was not alone in my imposter syndrome.

I’d like to give a special thanks to the Spring Stewardship Institute (SSI), Jeri Ledbetter,
Larry Stevens, and Jeff Jenness. To SSI, thank you for emphasizing the importance of springs
ecosystems and working hard to make sure that these ecosystems are not overlooked. Larry,
thank you for your passion and insight on spring ecosystem management, as well as data
collection. Jeri, thank you for your GIS expertise and providing me with a database that was the
backbone of this study. Jeff, thank you for being a wonderful GIS teacher and guiding me when |
felt stuck in the GIS portion of my research. Navigating the methods and techniques of a thesis
project is challenging, but it was possible with the guidance, knowledge, and support from these

organizations and individuals.

I would also like to thank my family. Without your unconditional love and support, |
would not have been able to move across the country and attend this school. Thank you for
pushing me to travel and experience life to the fullest, and always being just one phone call
away. This thesis would not have been possible without the support and guidance from every

single one of these individuals. Thank you all, we did it!



Table of Contents

F N = I I ¥ O PRSP i
ACKNOWLEDGEMENTS ... .ottt sttt ettt te st estesaesteenenreanaanaeneas i
LIS OF TADIES ...t bbbttt ettt bt sbe b vii

[ o) T TN =PTSRS viii
LISE OF APPENAIX ...ttt bbb bbbttt ettt nre s X

e ] = Tol USSP TSP PSPPSR Xi
Chapter 1 — INtrOQUCTION .......viiiii it e e ba e s e e baeann e e nreeanes 1
1.1 Purpose of Study and ODJECTIVES .........ccciiiiiiiiiiiiieie s 1
I = 7 ot | o U Vo USSR 2
1.3 Significance of Spring Ecosystems in Semi-Arid ECOSYStEMS........ccccevveiiiiiiee i, 4
1.4 ANAIYSIS OF SPITNGS ...ttt bbb sr bbb 5
I I T ] (o] o= PSSR 18
I T Tod 1= o ST P PR ROPRUR 21
I B o ] o3 £ PSSR 23

I 0 1 o Tod =T T USRS 25
145 HaNQING GAIUEN .....veiiiieiie ettt e b e e et e e anraenreeanes 27
G T TS -] PR S 29
LLA.7 CAVE .t h et b et 29
R AN 011 T (0] 1o o[ o oSS SUPPR 30
Chapter 2 — IMANUSCIIP. ...ttt bbbt nb e bbbt 33
2.1 ADSEIACE ...ttt bbb et r et bbb reens 33
P [ o1 oo (0ol o] o PSPPSR 34
2.2. 1 STUAY AT ...ttt bbbttt bbbt bbbt e bbb 37
2.3 Methods and IMALErIAlS..........c.oiiiiiiiieiee e 40
2.3.1 Choice EXperiment SUINVEY ValUES ..........cccviiiiiiiieiii e 40
2.3.2 Spring Ecosystem and Assessment ProtoCol ...........cooeveiiiiiiniiiniieecec e 45
2.3.3 ATITDULE ANAIYSIS ...ttt 47
2.3.4 Geographic Information Systems ANAIYSIS ........cccvviiiieiiiiiiccc e 53

\Y



2.3.5 Rangeland Management...........ccocoiiieiieieiie e 55

2.8 RESUILS ...ttt et e e e e et e e e e be e e e ta e reenbeeabe e reeanra e 56
2.4.1 Benefit ESHIMALES ......ceeivieiiiie ettt e e nneeneeene e 56
2.4.2 MaNagemMENT SCENAIITOS ....veeiviieiieiie et e sie et e st et e e e e et e et e s e e saeeabe et e anseenreeanes 63

2.5 Limitations and FULUIrE WOTK..........cceiiiiiiic ettt 77

pZL G T o3 Tod [1ES] o] 1 OSSR 78

Chapter 3 — CONCIUSION.......cuuiiiii et e e et e e sae e saeesnbeesraesrneens 82

3.1 Recommendations for FULUIE AULNOIS.........cccueiiiiiiiiiiec s 82

I o 4 Tod 11151 o] o 1SR 83

3.3 AAAILIONAL FIQUIES ..ttt be e s reeesaeeanbe e reesnnaens 85

By (=] =T 1= PPPP 91

Vi



List of Tables

Table 1. Mean benefit estimate and average natural resource SEAP condition score by sphere of
discharge for the 157 SEleCted SPIiNGS. ......cveiiiiiieieiesier e 31
Table 2. Choice experiment WTP attribute estimates, definitions and criteria used in analyses . 42
Table 3. SEAP subcategory condition score criteria for the attributes: biological habitat,

FANCNING, AN TIOW ..o et este e e e nreeneens 52
Table 4. SEAP subcategory condition score criteria for the attributes: recreational use, city water
security, and cultural SIGNITICANCE..........c.ciieieie e 53
Table 5. Number of acres, aggregate benefits, number and percent of allotments restricted, and
the number and percent of springs restricted for each SCENArio.........c.ccccevvveveiieiicce s, 65
Table 6. Table showing the benefit gain from excluding grazing from allotments under high,
moderate, and IOW MaNAGEIMENT .........coiiiiiciie e 81
Table 7. Mean benefit estimate and average natural resource SEAP condition score by sphere of
discharge for the 157 SElECted SPIINGS .....ocivviiiieiie it sae e 82

vii



List of Figures

Figure 1. A map showing the location of the Coconino and Kaibab National Forests................... 4
Figure 2. Benefit Estimates for the 157 springs of the Coconino and Kaibab National Forests. ... 7
Figure 3. A scatter plot comparing the Human Influences Risk SEAP Score to Mean Natural

Resource Condition SEAP Score of the 157 SPriNgS. .....ccvevveieiieiicie e 8
Figure 4. Human Influences Risk Score for the 157 SPrings. ......cccccvevvieeveeiesieese e 8
Figure 5. Natural Resource Condition Score for the 157 SPrings. ........ccccevvvevevieerveiiesieesesie e 9
Figure 6. Histogram showing the Spheres of Discharge for 157 Springs. .........ccccccevvveveiieesnenens 11
Figure 7. Box and Whisker plot showing benefit estimates for each Sphere of Discharge.......... 12
Figure 8. Box and Whisker plot showing Natural Resource Condition Score for each Sphere of

DISCRNAIGR. .. ettt e et a e e e nreeanes 13

Figure 9. Box and Whisker plot showing Microhabitat Quality for each Sphere of Discharge. .. 14
Figure 10. Box and Whisker plot showing Fencing Condition for each Sphere of Discharge..... 15
Figure 11. Box and Whisker plot showing Recreational Effects for each Sphere of Discharge. . 16

Figure 12. Box and Whisker plot showing Flow Persistence for each Sphere of Discharge. ...... 17
Figure 13. Box and Whisker plot showing Flow Regulation for each Sphere of Discharge........ 18
Figure 14. Natural Resource Condition Score for all 67 Hillslope Springs..........ccccceeeveivnennnn 20
Figure 15. Benefit Estimates for all 67 HillSIope SPrings ..o 20
Figure 16. Natural Resource Condition Score for all 33 Rheocrene Springs........cccocceeeviveiennnns 22
Figure 17. Natural Resource Condition Score for all 33 Rheocrene Springs........ccccccevevveiennns 22
Figure 18. Natural Resource Condition Score for all 27 Helocrene Springs.........cccocevevviennne 24
Figure 19. Benefit Estimate for all 27 Holocrene Springs.........ccccoeieieieniiinieieenese e 24
Figure 20. Natural Resource Condition Score for all 14 Limnocrene Springs.........ccoceeeeerenune 26
Figure 21. Benefit Estimates for all 14 LiImnNOCrene SPrings........ccoceoerereririenesiesieenese e 26
Figure 22. Natural Resource Condition Score for all 11 Hanging Garden Springs............c.c....... 28
Figure 23. Benefit Estimates for all 11 Hanging Garden SPrings ..........cccooveveeveiiieveevieseesieenens 28
Figure 24. Sketch of a HillSIOPE SPriNg........civeiiiiiiieiecc e 32
Figure 25. Sketch of a LIMNOCIENe SPriNg ......ccveiieiieiiiee it ese et 32
Figure 26. Sketch of @ RNEOCIENE SPIiNG .....ccvveiiiieieiciece st 32
Figure 27. Sketch of @ HElOCIeNe SPriNg ......ccveviiieiiciecc st 32
Figure 28. Sketch 0f @ GUSNEL SPIING ....c..ociiiieeieiic et 32
Figure 29. Sketch of a Hanging Garden SPring........ccceocieiieeiieciie e 32
Figure 30. SKetCh 0f @ CaVE SPIING ...ocvieiiieiiee ettt 32
Figure 31. Map of Coconino and Kaibab National Forest showing boundaries with locations of

springs, ranger districts, and allotments. Data were retrieved from SSI and USDA USFS. ........ 39

Figure 32. Natural Resource Condition Score versus Human Risk Score for allotments, with high
priority allotments selected: Mud Springs, Pickett Lake/Padre Canyon, Apache Maid, Hat, Big

Springs, and Central SUMMET. ... Error! Bookmark not defined.
Figure 33.Surveyed spring selection for use in the management SCENAIOS .........ccccceverereriennnn 47

viii


file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097646
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097651
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097661
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097662
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097663
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097664
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097665
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097666
file:///S:/CEFNS/SESES/GLG/Open/LaPine,Katelyn/Thesis/Drafts/Thesis_LaPine2023.docx%23_Toc134097667

Figure 34. A map showing the location of the highest (Crystal) and lowest (Kelly Seep) valued
AlOtMENTS AN SPIINTS...e.vieieeie ettt esbe et e e e e s be e tearaesreesbeeneesteeteeneesreenas 59
Figure 35. Photo of Castle Spring with split rail cattle fence that allows visitor access and
excludes cattle. Partial flow is diverted from the spring to a cattle drinker outside of the fenced
area to Provide HVESTOCK WALET. ..........coiiiiiiiiieieie et 60
Figure 36. Crystal Spring showing degraded fence to exclude cattle and unmaintained spring box
to divert flow for supply. This spring is an important backcountry water supply adjacent to a

MAJOr rECrEAtIONAL TFAIL .......oeiiiiiie e 61
Figure 37. Photo of Kelly Seep Spring (photo by Kyle Paffett)............cccvviiiiniviiniiciie 62
Figure 38. Maps showing benefit estimates with (A) and without (B) grazing under a high
MANAGEMENT SCENAITO ... cvveuvereteite st eteeteeseesee e stestesteste s e aseeseeseessetesaessestesteeseasaessessensessensessensensens 67
Figure 39. Histogram showing the Spheres of Discharge distribution under the high management
1001 0= 0TSSR 68
Figure 40. Maps showing benefit estimates with (A) and without (B) grazing under a moderate
MANAJEMENT SCENAIIO ......veiveeieeeeeiteeteestesteesteeseesteeteasaesseeeesseesteesseaseesseesseaseesseessesseesseaneesseenseaneens 70
Figure 41. Histogram showing the sphere of discharge distribution for the moderate management
o0 0T g o TSROSO ST P TP 71
Figure 42. Maps showing benefit estimates with (A) and without (B) grazing under a low
MANAYEMENT SCEMAIIO......veveeteeeeeiteeteestesteesteeseesteesteaseesseeaeaseesseesseaseesseesseaseesseessesseesseaneesseenseaneens 73
Figure 43. Histogram showing the sphere of discharge distribution for the low management
KTl 0 T o TSP P TR 74
Figure 44. Map showing the condition scores of all allotments in the Coconino and Kaibab
INALIONAT FOTESES ...ttt et b et e st e e be et e sb e e nbe e st e sbeenbeenee s 85
Figure 45. A map showing the Human Influences Risk Score of all allotments.......................... 86
Figure 46. A map showing High Priority allotments in the Coconino and Kaibab National Forest
....................................................................................................................................................... 87
Figure 47. Benefit estimate versus Natural Resource Condition Score for Hillslope springs...... 88
Figure 48. Benefit estimate versus Natural Resource Condition Score for Hanging Garden

RS 0] 100 PSP U RSP P UU TP PPRPRORON 88

Figure 49. Benefit estimate versus Natural Resource Condition Score for Rheocrene springs. .. 89
Figure 50. Benefit estimate versus Natural Resource Condition Score for Limnocrene springs . 89
Figure 51. Benefit estimate versus Natural Resource Condition Score for Helocrene springs.... 90



List of Appendices

A - Master List of selected springs in study with SEAP score, estimated benefit with ranching,
estimated benefit without ranching, and estimated benefit with cultural value included

B - List of allotments with metadata and estimated benefit (with and without ranching) under
high management

C - List of allotments with metadata and estimated benefit (with and without ranching) under
moderate management

D - List of allotments with metadata and estimated benefit (with and without ranching) under
low management



Preface

Chapter 2 of this thesis is written as a separate manuscript for submission to a peer-

reviewed journal and contains material that is previously presented in Chapter 1.
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Chapter 1 — Introduction

1.1 Purpose of Study and Objectives
Purpose of Study
The purpose of this study was to create a visualization tool to enhance the understanding
of tradeoffs between grazing decisions and their effects on benefit estimates for spring
ecosystems on public lands.
Objectives
The specific objectives of the study were to:

1) Determine the relationship between Spring Ecosystem and Assessment Protocol (SEAP)
condition scores and choice experiment survey attribute levels to spatially correlate the
two,

2) Develop maps using geospatial display tools to visualize and aggregate springs
ecosystem benefit estimates into grazing allotments, and

3) Compare relative benefits for grazing allotments and create realistic management

scenarios that incorporate the values of spring ecosystem services.



1.2 Background

Springs are defined as surface-linked groundwater-dependent ecosystems where groundwater
emerges and often flows from the Earth’s surface (Springer & Stevens, 2009). The Coconino and
Kaibab National Forests (Figure 1) (CNF and KNF) are home to around 700 of these complex
systems (SSI, 2012), with approximately 70% of those being suitable for grazing (Paffett et al.,
2018). Due to the arid to semi-arid climate in the region, these springs are an important source of
water for terrestrial animals, such as cattle and elk. However, of the springs used as water
sources, 77% are ecologically degraded to some degree (Paffett et al., 2018). Springs provide
ecosystem services such as water use, cultural significance, recreational use, ranching, and other
goods and services that have not been researched thoroughly. Non-market goods and services are
defined as goods and services that people consume but are not bought or sold in traditional
markets (Scitovsky, 1954). These environmental goods and services do not have a quantifiable
value unless estimated using economic valuation methods, making it difficult to use them as a
consideration factor for management. Using the economic valuation method of choice
experiment (CE) surveys, we explored benefit estimates from willingness to pay (WTP) values
for spring ecosystem service attributes listed in the survey. Utilizing WTP estimates as a tool for
policy decision of these services bridges the gap between those who benefit from non-market
goods and those who implement decisions by using a common unit. The results were visualized
and spatially analyzed in Geographic Information Systems (GIS). Using a variety of ESRI tools,
benefit estimates for each spring in the study area were found, as well as benefit estimates for
grazing allotments. 157 springs on 36 grazing allotments were carefully selected for this study

and potential management scenarios were created to allow for efficient grazing while



maintaining the integrity of springs and ecosystem services. The goal of this project is to provide
policy makers with a tool to enhance the understanding of tradeoffs between policy decisions and
their effects on the benefit estimates provided by non-market goods and services. The
information allows us to incorporate benefit estimates into management scenarios to promote
sustainable rangeland management. Additionally, analysis was done using the spheres of
discharge of the selected springs to develop grazing allotment management scenarios. This
analysis gives insight into the relationship between spheres of discharge and the SEAP, as well
as the relationship between spheres of discharge and

economic benefit.
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Figure 1. A map showing the location of the Coconino and Kaibab National Forests.

1.3 Significance of Spring Ecosystems in Semi-Arid Ecosystems

Spring ecosystems provide an abundance of ecological and economic functions and have
historically been the center for human development (Stevens and Meretsky, 2008, Cuthbert and
Ashley 2014). Due to these functions, the preservation, protection, and research of spring
ecosystems has been increasingly prioritized in recent years. Research shows that riparian
habitats provide crucial soil moisture, a buffer for flood and erosion control, and water-quality
protection (Olokeogun et al., 2020). Additionally, these ecosystems are home to an abundance of

threatened and endangered species, including the western yellow-billed cuckoo, Gila chub, Gila

4



topminnow, desert pupfish, loach minnow and spikedace (Center for Biological Diversity, 2022).
Not only do springs contribute to the survival of plants and animals, but humans also utilize
these bodies of water. Mueller et al. (2017) identified a positive economic value associated with
many functions related to springs of Grand Canyon National Park including: habitat for
endangered species, places of cultural significance, and backcountry sources of water. Multiple
studies have mapped the location potentiality of spring ecosystems using techniques such as data
mining methods (Chen et al., 2019), bivariate and multivariate statistical models (Moghaddam et
al., 2015, Nhu et al., 2020), and support vector regression with genetic algorithm (Al-Fugara et
al., 2022). Although attempts to find and map the geographic location of these valuable
ecosystems have been made, most springs remain unmapped (Junghans et al. 2015). In arid
lands, springs cover less than 0.01% of the landscape (Sinclair, 2018), making efforts to locate
these ecosystems increasingly more difficult. Despite the wide variety of ecological and
economic functions that springs provide, they are threatened globally with livestock grazing,
aquifer depletion, and contamination (Cantonati et al. 2021). Due to these threats and challenges,
the need for better management along with a more comprehensive knowledge of spring
ecosystems is critical if we wish to protect these ecosystems and the ecological services they

provide.

1.4 Analysis of Springs

The condition, discharge type, and benefit estimates vary drastically for the 157 springs
selected in this study. Data were collected from the Spring Stewardship Institute (SSI) open
database, Springs Online (SSI, 2021). This database provided a Spring Ecosystem and

Assessment Protocol (SEAP) condition and risk score for all springs, and included the count and



discharge type used in this analysis. Assessment data were collected by surveyors who ranked
the assessed spring for natural resource condition and risk from human activities as well as other
attributes, such as discharge type and added additional comments (refer to section 2.2.2 of the
manuscript for more information about SEAP scoring). A choice experiment survey was sent out
nationwide to collect data on the public willingness to pay for spring ecosystem management
(Rahman et al., 2023). The survey consists of questions about six attributes with varying levels.
The results from the CE show that the public has the highest WTP for springs that are partially
diverted for city water security, at $1086.77, and the lowest willingness to pay for springs that
are being utilized for grazing, at $-701.26. Using the nine different willingness to pay values,
each spring has a unique benefit estimate given their varying level of ecosystem services.

The mean benefit estimate for all springs is $67.08 (Figure 2). The equation for this
estimate is in chapter 2 (Equation 1). The natural resource condition score was also analyzed,
which looks at the mean value of four SEAP categories: aquifer and water quality,
geomorphology, habitat, and biota. The majority of the springs have an above average (>3)
natural resource condition score and a lower than average human influences risk score (< 3)
(Figure 3, 4, and 5). The average natural resource condition score for all springs is 3.19. A
master list all 157 springs along with their SEAP scores, allotments, discharge types, and

benefits estimate is in Appendix A.
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Spheres of discharge are a classification system for spring ecosystems that describe how
the spring source emerges to the surface (Springer & Stevens, 2009). Each sphere type has a
unique set of geomorphic and hydrogeological properties that provide habitat for key indicator
species (Sinclair, 2018). Out of the twelve spheres of discharge types that exist for classifying
springs (Springer & Stevens 2009), seven are found in this study, along with one anthropogenic
spring. The sphere of discharge types of the 157 springs include: Hillslope (43%), Rheocrene
(21%), Helocrene (17%), Limnocrene (8.8%), Hanging Garden (7%), Gushet (1.3%), Cave
(1.3%), and Anthropogenic (0.6%) (Figure 6). Sketches showing how each discharge type
emerges from the ground can be found in Figures 24-30. There is no existing literature that
analyzes spheres of discharge in relation to economic benefit, and very few studies that analyze
spheres of discharge to SEAP scores. Sinclair (2018) analyzed 352 springs, which included 47

hanging gardens, 49 Helocrene springs, 147 hillslope springs, and 99 Rheocrene springs. He
9



found that Hanging Garden springs had the highest ecological integrity, Rheocrene springs had
the highest flow naturalness, and Helocrene springs had a significantly lower ecological
condition (Sinclair, 2018). The SEAP categories that were analyzed for the CE survey were also
analyzed for the spheres of discharge, which include: microhabitat quality (Figure 9), fencing
condition (Figure 10), recreational effects (Figure 11), flow persistence (Figure 12), and flow
regulation (Figure 13). Economic benefit (Figure 7) and mean natural resource condition scores
(Figure 8) were also analyzed across all spheres of discharge. Cultural significance will not be
included in the SEAP analyses due to all spheres having a value of 6. Analysis and discussion are
separated by sphere of discharge and can be found in the following sections.

The results from this analysis could help managers improve the management and
restoration of spring ecosystems in addition to, or separately, from the three existing scenarios
outlined in Chapter 2. Land managers could choose to prioritize rare spheres of discharge, or
spheres that offer a higher economic benefit. Additionally, sufficient data on Gushet, Cave, and
Anthropogenic Springs are needed to justify the relationship shown between these individual

spheres of discharge and SEAP scores.

10
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Figure 9. Box and Whisker plot showing Microhabitat Quality for each Sphere of Discharge.
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Figure 12. Box and Whisker plot showing Flow Persistence for each Sphere of Discharge.
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Figure 13. Box and Whisker plot showing Flow Regulation for each Sphere of Discharge.

1.4.1 Hillslope

The most common sphere of discharge type found in this study is a hillslope (Figure 24),
with 67 springs. Hillslope springs are defined as springs that emerge from a confined or
unconfined aquifer on non-vertical hillslopes at 30-60°, and usually have indistinct or multiple
sources (Springer & Stevens 2009). These springs are identified as unique discharge types
because of the wide variety of microhabitats they support. Springer & Stevens (2009) found that
this discharge type supports 12 of the 13 common microhabitat types. The hillslope springs in the
study have an average benefit estimate of $50.99, and an average natural resource condition
score of 3.15 (Table 1). When comparing the average estimates to the overall sample size,

hillslope springs have a mean value that is $16.09 less than the average overall sample size and a
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mean condition score that is 0.048 less than all springs. When analyzing SEAP scores hillslope
springs were found to have the highest mean fencing condition score, of 5.58 (Figure 10). This
indicates that from the hillslope springs analyzed, most did not have a fence. This lack of fencing
could be explained by the angle at which hillslope springs occur. If cattle cannot access the

spring, a fence to protect the area would not be needed.
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Figure 14. Natural Resource Condition Score for all 67 Hillslope Springs
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Figure 15. Benefit Estimates for all 67 Hillslope Springs
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1.4.2 Rheocrene

There are 33 Rheocrene springs found in this study. Rheocrene springs are defined as
spheres of discharge of springs that have a flowing stream where discharge emerges (Springer &
Stevens 2009) (Figure 27). Spring-flow dominated systems may offer stable habitats for
evolutionary micro adaptation, whereas surface-flow dominated systems do not (Springer &
Stevens 2009). This sphere of discharge classification type has a mean benefit value of $ -
222.82, and a mean natural resource condition score of 3.17 (Table 1). Rheocrene springs are the
only discharge type to have a negative willingness to pay value, due to most of the springs falling
below zero value. Springs that flow into streams tend to be utilized for grazing due to their
accessible nature, and this is shown with 25 out of the 33 springs having a negative value for
grazing ($-701.26). This negative value means that the spring is not fenced and is most likely
being used as a water source for cattle and is what caused the downturn in benefit average. When
analyzing SEAP scores rheocrene springs were also found to have the highest mean fencing
condition score (5.58), highest mean flow regulation (4.7), and the lowest mean flow persistence
score, with 2.48. Unlike hillslope springs, fencing is most likely not constructed because of its
accessibility and frequent use. A low flow persistence score indicates that this sphere of
discharge commonly has intermittent or seasonal flow. The high flow regulation score also
indicates that rheocrene springs are commonly partially diverted, or not diverted, for use by

municipalities.
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1.4.3 Helocrene

There are 27 Helocrene springs found in this study. Helocrene springs are defined as
spheres of discharge of springs that emerge from low gradient wetlands and often have indistinct
or multiple sources seeping from shallow, unconfined aquifers (Figure 25) (Springer & Stevens
2009). A study done in the Czech Republic found that Helocrene springs are likely a major
contributor to the amount of nutrients found in downstream headwater systems (Ticha et al.,
2020). These nutrients are considered a resource that provides food to organisms in spring
habitats and organic matter to downstream areas. This discharge classification type has a benefit
average of $216.09, which is $149.01 above the average for all springs, and a mean natural
resource condition score of 2.88, which is 0.32 lower than the condition score for all springs
(Table 1). When analyzing SEAP scores, helocrene springs were found to be the least significant.
Of the springs analyzed, helocrene springs had the lowest mean scores for microhabitat quality
(2.44), fencing condition (4.93), and flow regulation (2.41). Sinclair (2018) found that helocrene
springs had the lowest aquifer condition and water quality, which could contribute to the low
microhabitat score. Sinclair (2018) also found that helocrene springs had the lowest fencing
condition, which indicates that constructing a fence could negatively impact this discharge type
more than the others. Since this discharge type often emerges in the form of a shallow wet
meadow, diverting the spring to be used as a water source for municipalities is not likely,

explaining the low flow regulation score.
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Figure 19. Benefit Estimate for all 27 Holocrene Springs
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1.4.4 Limnocrene

There are 14 Limnocrene springs found in this study. Limnocrene springs are defined as
spheres of discharge of springs that emerge from confined or unconfined aquifers into a pool or
multiple pools (Figure 29) (Springer & Stevens 2009). Limnocrene springs have a relatively
uniform temperature and chemistry, which provides a stable habitat for many
species. Montezuma Well is a Limnocrene pool in a collapsed carbonate mound spring, located
in Central Arizona, with the highest concentration of endemic species (n=5) in North America
(Stevens, 2007). This discharge classification type has a benefit average of $35.72, which is
$31.36 below the average for all springs, and a mean natural resource condition score of 3.45,
which is 0.25 less than the average for all springs (Table 1). When analyzing SEAP scores,
limnocrene springs were found to have the lowest mean value for recreational effects, with 4.07.
A lower recreation effect score indicates that recreational activities have a greater impact on the
spring. The recreational use and impact could be explained due to the nature of this discharge
type to form pools, which makes it more likely to be utilized for hiking, fishing, camping, and

other activities.
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Figure 21. Benefit Estimates for all 14 Limnocrene Springs
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1.4.5 Hanging Garden

There are 11 Hanging Garden springs found in this study. Hanging Garden springs are
defined as springs that emerge along a geologic contact of a perched, unconfined aquifer and
have dripping flow (Figure 28) (Springer & Stevens 2009). The hydrogeologic process that
forms Hanging Gardens also control the geomorphologic processes that shape rock walls and
canyons when found in sandstone units in the Southwestern United States (SSI, 2023). This
discharge classification type has a benefit average of $528.23, which is $461.15 dollars higher
than the average for all springs and the highest overall for discharge types (Table 1). Hanging
Gardens also have the highest mean natural resource condition score of 4.05, which is 0.86
higher than the average for all springs. When analyzing SEAP scores, hanging garden springs
were found to be incredibly significant. This discharge type had the highest mean score for
microhabitat quality (4.27), recreational effect (5.36), and flow persistence (4.7). The results
from this analysis align with the results outlined in Sinclair (2018), with hanging gardens having
the highest score for aquifer condition, geomorphic functionality, biological condition, water
quality, and largest number of key indicator species. Hanging Garden springs are typically
vertical wall ecosystems, leaving them isolated and less at risk for anthropogenic disturbances,
which could explain the relatively high scores compared to other spheres of discharge. But,

hanging garden springs are subject to frequent natural disturbances, such as rock fall.
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1.4.6 Gushet

There are two Gushet springs found in this study. Gushet springs are defined as springs
having a discrete source of flow, usually gushing, along a cliff wall from a perched, unconfined
aquifer and have dripping flow (Figure 37) (Springer & Stevens 2009). Due to the lack of data
for Gushet Springs, and only considering two springs for this analysis, histograms were not
made. The two springs, Mangum Springs and Mangum 4 Springs, have relatively high benefit
estimates at $445.75 and $598.47 (Table 1). The natural resource scores fall below average for
both of these springs, with values of 2.96 and 2.46. This discharge classification type has an
average of $522.11, which is $455.03 more than the average for all springs, and a mean natural
resource condition score of 3.78, which is 0.58 higher than the average for all springs. Gushet
springs were included in SEAP score analysis, but due to the lack of data, a probable conclusion

and relationship cannot be made (Figures 9-13).

1.4.7 Cave

There are two Cave springs found in this study. Cave springs are defined as springs that
emerge in a cave in mature to extreme karst with large conduits (Figure 26) (Springer & Stevens
2009). Due to the lack of data for Cave Springs, and only considering two springs for this
analysis, histograms were not made. The two springs, both named Warm Springs, have a total of
$445.75 and $601.3. These springs also have a moderate mean condition score of 3.15 and 2.73.
This discharge classification type has a benefit mean of $523.53, which is $456.44 more than the
average for all springs, and a mean natural resource condition score of 2.94 which is 0.25 lower
than the average for all springs (Table 1). Cave springs were included in SEAP score analysis,

but due to the lack of data, a probable conclusion and relationship cannot be made (Figures 9-
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13). If land managers choose to use spheres of discharge as a prioritization technique, focusing
on remediating those that are rare to uncommon, such as Gushets and Caves, would be

beneficial.

1.4.8 Anthropogenic

There is one Anthropogenic spring found in this study. Anthropogenic springs use the
modifier “anthropogenic” to describe other spring types that were altered or created by human
actions (Stevens et al 2021). The spring in this category is defined as an anthropogenic hillslope.
These springs are considered most at threat due to their condition. One anthropogenic spring was
found in this study with a benefit estimate of $232.79, and a natural resource condition score of
2.36 (Table 1). This spring, the West Elk Spring, located in the KNF, also has the lowest mean
natural condition score of all seven classification types. It is important to note that this spring
does not have the lowest condition score out of all 157 springs, only the lowest mean value,
which can be attributed to the single spring being used in the anthropogenic discharge analysis.
The Anthropogenic spring was included in SEAP score analysis, but due to the lack of data, a

probable conclusion and relationship cannot be made (Figures 9-13).
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Table 1. Mean benefit estimate and average natural resource SEAP condition score by sphere of
discharge for the 157 selected springs.

Sphere of Number Mean Benefit Mean Natural
discharge Estimate (3$) Condition SEAP
Hillslope 67 50.99 3.15

Rheocrene 33 -222.82 3.17

Helocrene 27 216.09 2.88
Limnocrene 14 35.72 3.45

Hanging Garden 11 528.23 4.05

Gushet 2 522.11 3.78

Cave 2 523.53 2.94

Anthro 1 232.79 2.36
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Figure 25. Sketch of a Limnocrene Spring

Figure 28. Sketch of a Gushet Spring
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Chapter 2 — Manuscript

2.1 Abstract

Springs provide an abundance of ecological and societal benefits. Considerable data
exists categorizing the ecological characteristics of springs, however, limited information exists
regarding human preferences for attributes of spring ecosystems. Using a combination of in-
depth ecological data with information on human preferences from a choice experiment (CE)
survey, we provide three potential management scenarios and a sphere of discharge scenario for
the Coconino and Kaibab National Forests (CNF and KNF). The influence of riparian grazing on
springs in the CNF and KNF is an issue of growing concern and presents several threats not only
for the ecosystems, but for society. The choice experiment survey provided willingness to pay
(WTP) estimates for six springs ecosystems attributes: (1) Cultural Significance, (2) City Water
Security, (3) Biological Habitat Quality, (4) Recreational Use, (5) Ranching, and (6) Flow.
Geographic information system tools were used to calculate, analyze, and visualize the benefit
estimates for 157 springs on 36 grazing allotments in the study area. Three hypothetical
management scenarios were created to model the potential benefits of excluding cattle grazing
from targeted areas. The scenarios show that there are positive potential benefits associated with
the exclusion of grazing. The results presented in this study show the competing uses of spring
ecosystems and can help promote efficient grazing in a way that will preserve these springs’
ecosystem services. The methods are transferable to similar lands to help guide grazing

management decisions.
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2.2 Introduction

In already water-scarce landscapes, such as semi-arid ecosystems, springs play a critical
role in the development and quality of ecological processes (Davis et al., 2017). Compared to
springs in non-arid lands, these relatively small ecosystems have a large-scale impact on
biodiversity, geomorphology, and on-going scientific research (Work, 2023. Burns et al., 2017.,
Beal et al., 2020). Springs are groundwater dependent ecosystems, meaning that the underlying
aquifer’s condition is directly correlated to the spring. Because of drought, anthropogenic
development, and the increasing need for groundwater extraction, aquifers are consistently being
depleted (Stevens et al.,2021). A study found that 13 out of 37 of the world’s largest aquifers are
being depleted faster than they can recharge by rain or runoff (Richey et al., 2015). Disturbances
to springs, such as aquifer dewatering, presents a problem, because the habitat and species that
spring ecosystems support are at risk. External human activities also pose a threat to springs,
such as overgrazing, recreation, and water-use diversion (Poff et al., 2012). Even though spring
ecosystems are highly sensitive and susceptible to human influences, they have proven to be
resilient. Cartwright et al., (2020) suggests that springs are likely to serve as a future hydrologic
refugia in times of drier climate, due to their persistence in the past.

Because of the ability of these ecosystems to maintain perennial flow, springs are
commonly the primary source of water for livestock grazing in the Southwest (Parsons et
al.,2003). It has been argued for decades that livestock grazing poses a severe threat to the health
of spring ecosystems in the Southwest, so it is crucial to incorporate strategies that limit grazing
when discussing spring management (Gustin, 2022). The lack of water resource management has

been of concern for more than 100 years. In 1897, the Organic Act was established to set aside
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‘forest reserves,” now known as National Forests, to "secure favorable conditions of water flows
and produce a continuous supply of timber to meet the needs of U.S. citizens” (Organic Act of
1897, 2021). The United States Forest Service (USFS) mission statement includes a recognition
that spring ecosystems are highly sensitive, but critical, features and has developed best
management practices that minimize impacts to riparian areas. Federal agencies have
acknowledged the importance of spring ecosystems, and management strategies that maintain
and operate structures to exclude livestock from riparian ecosystems have become more
prevalent. For example, the USFS has made an effort to incorporate eco-friendly designs that
retain the hydrologic conditions of spring habitats in various developments has been made
through maintaining a shallow water table, maintaining continuous flow throughout a spring
channel, and preventing overflow in troughs (Gurrieri et al., 2020). More recently in Arizona, an
agreement was signed that requires the Bureau of Land Management to monitor the Gila Box
Riparian National Conservation Area. Monitoring requirements include fence maintenance and
the exclusion and removal of trespassing cattle in the conservation area that covers 6 grazing
allotments (Grosskopf, 2022). These management plans, however, prioritize springs based only
on their ecological quality and fail to incorporate the various ecosystem services that springs
provide.

The valuation of ecosystem services and the goods they provide to the public and
landscape has gained significant traction in recent years. The results from these valuation studies
reveal public preference for varying levels of environmental attributes and have the power to
influence policy changes. Ecosystem service valuation also has the potential to advance

hydrologic models by providing additional information and can better inform decision making
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(Guswa et al., 2014). Czajkowski et al. (2014) used a choice experiment to determine willingness
to pay values for tree species and access to recreational services to help inform a management
plan in Poland. A study in Costa Rica used a combination of valuation methods, including choice
experiments, to estimate households” WTP for gray and green interventions to increase water
supply (Tavarez et al., 2021).

Although gaining popularity, there are a lack of studies that use a visualization tool to
incorporate ecosystem service valuation directly into decision making. This lack of visualization
tools has been acknowledged, as the following studies have mapped ecosystem services using the
spatial visualization tool ArcGIS. Soder et al. (2022) used ArcGIS and publicly available data to
visualize dollar estimates for forest restoration attributes in Arizona. Souza et al. (2021) also
prioritized forest restoration in ArcGIS by combining geoprocessing techniques and multicriteria
evaluation for a case study in Brazil. Although there are an abundance of ecosystem service
valuation studies, there is a gap in the literature that analyzes spring ecosystems across multiple
attributes. A study done in Florida analyzed four popular springs and found that the total
recreational value was approximately $25 million (Wu et al, 2018). This study, however, only
focused on the recreational benefit and not other goods and services, such as cultural significance
and biodiversity. More similar to this study, Mueller et al (2017) found that households’
willingness to pay was $32.60 for springs that provide habitat for species, a backcountry water
source, scenic beauty, cultural significance, and accessibility in the Grand Canyon. Our study
adds to the previous economic research done on springs in Northern Arizona by focusing on a
different set of attributes, mainly the presence of grazing, which is not applicable for springs

inside the wilderness of Grand Canyon National Park.
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Although efforts have been made, there is a significant lack of spring management plans
that prioritize the exclusion of livestock from springs and allotments based on ecological,
economic, and spatial components. Even though water-related management has been encouraged
to use an ecosystem services approach (Vollmer et al., 2022), there has not been a study that
incorporates all three of the previously mentioned variables into management. This paper adds to
the existing literature by utilizing the public's willingness to pay for spring ecosystem services
under varying levels of management, and connects these values to pre-existing ecosystem and
assessment survey data to visualize results spatially in Geographic Information Systems (GIS).
The results from this study not only provide previously unknown benefit estimates for springs in
the CNF and KNF, but focus on the exclusion of grazing on allotments to analyze how benefit

estimates increase across space.

2.2.1 Study Area

This study focuses on two semi-arid U.S. National Forests: the Coconino National Forest
(CNF) and Kaibab National Forest (KNF) (Figure 31). The CNF and KNF encompass
approximately 3.6 million acres (1.446 x 10'° m?) in northern-central Arizona (USDA, 2021),
and range from 2,600 feet (792m) to 12,633 feet (3851m) in elevation. Due to the range of
elevation and topography, a diverse amount of vegetation is present. Lower elevations are home
to desert and riparian vegetation, such as cottonwoods and willows, while the higher elevations
support an alpine tundra (USDA, 2018). The area in between these two elevations is mostly
dominated by ponderosa pine, pinyon juniper, and mixed conifer forests. The riparian vegetation
in these forests is supported by both intermittent and perennial springs. The average precipitation

in the CNF is 599.4 mm, with an average temperature of 8 degrees Celsius (Weatherbase, 2023).
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The KNF is drier, with an average precipitation of 325.12 mm, and an average temperature of 5
degrees Celsius (Weatherbase, 2023). The two forests have six ranger districts (Figure 31). The
CNF has three ranger districts: the Flagstaff ranger district, the Red Rock ranger district, and
Mollogon Rim ranger district. The KNF also has three ranger districts, which include: the North
Kaibab ranger district (north of the Grand Canyon), the Williams ranger district, and the Tusayan
ranger district. The Tusayan ranger district does not have surveyed spring data, so it was not
included in further analysis, interpretations, and management recommendations. There are over
500 known springs in the CNF and KNF, and likely thousands of springs in Arizona. Most
remain either unmapped or unsurveyed (Springer et al., 2008). This study assessed 157 surveyed
springs located on 36 grazing allotments in the five ranger districts of the two national forests

(Figure 31).
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Figure 31. Map of Coconino and Kaibab National Forest showing boundaries with locations of

springs, ranger districts, and allotments. Data were retrieved from SSI and USDA USFS.
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2.3 Methods and Materials

2.3.1 Choice Experiment Survey Values

The results from this study use the public willingness to pay estimates from a choice
experiment (CE) survey to analyze benefit estimates spatially. CE surveys are a method of
stated-preference valuation used in economics to obtain the public’s preferences for policy
adjustments of goods and services (Johnston et al., 2017). This form of valuation is often costly,
complex, and challenging (Hammond & Zank, 2014), and many research teams lack the
necessary knowledge and resources to properly implement a CE survey. In the CE survey,
respondents were asked to choose their preferred management scenario of a spring that includes

differing levels of ecosystem services, and each scenario was associated with a one-time fee.

From this survey, a willingness to pay value was estimated for each survey attribute,
along with the varying levels of the attributes. WTP estimates represent how much an average
citizen would be willing to pay for the inclusion of an attribute in a spring management plan. The
survey used in this study was sent out to 1,000 adult participants in the United States using an
online program called Qualtrics (Rahman et al, 2023). The survey resulted in nine willingness to
pay estimates derived from six attributes. Because of the wide variety of ecosystem services that
springs provide, the attributes were narrowed down with the help and communication of a
diverse group of stakeholders that utilize springs. The results from the CE survey produced nine
statistically significant (p < 0.01) WTP estimates for the ecosystem services attributes: (1)
Cultural Significance, (2) City Water Security, (3) Biological Habitat Quality, (4) Recreational
Use, (5) Ranching, and (6) Flow. Each attribute is assigned levels, which correlates to the

varying levels of ecosystem services provided by individual springs. The levels in the survey are



formed either in a gradient format, with “high, medium, and low”, or a “yes or no” format,
depending on the attribute. The attributes of flow, ranching, and cultural significance all have
“yes, no” levels, meaning that the spring will have the presence or absence of that attribute in a
management plan, and one willingness to pay estimate aside from baseline. The attributes of
recreation use, biological habitat quality, and city water security all have three gradient levels,

and have two willingness to pay estimates in addition to a baseline willingness to pay estimate.

The highest WTP value was for partial water security, at $1086.77, meaning that in a
spring management scenario, the respondents would pay $1086.77 for a spring to be partially
diverted and used as a water source (Table 2). The lowest WTP value is ranching, at $ -701.26,
meaning that the average respondent does not value grazing, and rather would avoid having this
attribute in a management scenario. Negative willingness to pay values typically imply that the
survey respondents value the potential policy in a spring’s management scenario less than the
baseline. Attribute levels that were assigned the value of $0 are assumed to have the baseline
condition. Average biological habitat quality and high recreational impact also had negative
WTP values of $-155.55 and $- 316.32. The concept and existence of negative willingness to pay
values has been debated in economic literature (Haab and McConnell, 1997). However, negative
values are common when analyzing environmental goods, and numerous valuation studies have
found evidence that they are beneficial to avoid a biased estimate (Bass et al, 2021., Hanley et al.
2009., Campbell et al., 2014). Hanley et al, 2009 found that ignoring negative values caused an
upward estimate of 44%. The survey had nine WTP values for the six survey attributes (Table

2).
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Table 2. Choice experiment WTP attribute estimates, definitions and criteria used in analyses.

Ecosystem Service and Definition Level of Attribute SEAP category | SEAP Condition | WTP # of
Scores for levels | ($) Springs
City Water Security Mostly - Spring is mostly diverted Flow regulation Mostly - 0, 1,2 232.79 |60
for the city’s water security
Springs contribute to a city's water security,
including providing water for residential, Partial- Spring is partially diverted Partial - 3,4 1086.77 |26
commercial and public use. Springs can be fully for the city’s water security
diverted, partially diverted or not used for city
water security. None- Spring is not diverted for the Not- 5,6 0 71
city’s water security
Cultural Significance Yes — culturally significant springs | Indigenous Yes-2,3,4,5,6 939.82 [157
are preserved within the Significance
All springs are important to Indigenous Nations. management scenario
However, any spring referred to directly in oral No-0,1 0 0
histories, used in ceremonies, or serving as No—culturally significant springs
primary water sources will be considered are not preserved within the
culturally significant for the purposes of this management scenario
study. Landscapes can be managed to preserve
springs with cultural significance.
Ranching Yes —Ranching is permitted at Fencing Yes—6 -701.26 [103
springs within the management
Springs provide support for ranching scenario
activities. Livestock graze and use spring water No-0,1,2,3,4,5 0 54
for drinking, which is a clean and free source of No - ranching is not permitted at
water especially in drought years. Springs springs within the management
promote the cowboy culture and lifestyle. scenario
Ranching is permitted at some springs and not at
others.
Flow Yes- Springs within the Flow Yes-3,45,6 368.51 103
management scenario have year- Persistence
The amount of water discharging, or flowing round flow even during extreme
from springs, can vary depending upon the drought No-0,1,2 0 52
landscape or environmental conditions. The flow
of springs provides a sense of resilience to the No -- springs within the
ecosystems supported by springs. management scenario have
intermittent or seasonal flow
Recreational Use High impact recreation — Managed | Recreational High-0,1,2 -316.32 |4
for ORV, mountain biking Effects
Springs are the source of many recreational
activities including: hiking, camping, boating, Moderate impact- managed for Moderate - 3,4 169.34 |55
fishing, hunting, ORV use and wildlife viewing. camping, boating, fishing, hunting
The landscape surrounding springs can be
managed for different human impacts of Low impact — managed for hiking, Low - 5,6 0 98
recreation. wildlife viewing
Biological Habitat Quality Excellent - Spring provides a Microhabitat Excellent — 6 520.08 |12
biological habitat to an abundance | Quality
Springs provide a habitat for various types of of plants and animals
fauna and flora and contribute to the landscape Average - 3,4,5 -155.55 |80
surrounding the springs. Spring is managed for Average - Minimal human impact,
the protection of the fauna and flora that live in it. which allows habitat for some
Vegetation of the spring ecosystem supports species Low-0,1,2 0 65

many different species and increases with size
of springs.

Degraded - Spring supports little to
no wildlife
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2.3.1.1 Benefit Estimation Calculation

Using the results from the CE survey, benefit estimates for 157 springs and 36 allotments
in the CNF and KNF were calculated. The benefit estimate was calculated twice, with and
without the value of grazing, to determine the potential benefits that grazing exclusion would
provide.

The calculation of individual springs’ benefit estimate was done in Excel by summing
WTP estimates that were associated with the attributes each spring possessed (Equation 1). The
benefits estimates assigned to individual springs were based on SEAP scoring. Using the
preexisting scores, we can associate each spring with an attribute level, and therefore, give it a
total benefit estimate by summing the WTP values from all attributes. By looking at springs’ that
have the condition defined by each attribute level, we can see the total estimate of that spring
based on the benefits estimates for the management of those attributes. It is important to note that
when summing the values for individual springs, the cultural value of $939.82 was not included
in the benefits estimate. This is because the cultural value was scalar, or constant, for all
observations according to the SEAP data used. Since all springs are considered culturally
significant in this study, the value would not be beneficial during analysis and comparison.

We calculate the WTP values for each attribute by first determining attribute levels for
each spring (Table 2), determining the WTP for the attribute levels, and then aggregating the
WTP values (Equation 1). For example, if a spring has a flow regulation SEAP condition score
of 1, then it is assigned the value of $232.79 for the attribute of flow. This process is then
repeated with all other attributes and summed together. If an attribute is at baseline or not present

for spring i the WTP for the attribute = 0. An example of this process for spring i is shown in
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Equation 1. To reflect the impact that grazing exclusion would have under three hypothetical
management scenarios, the benefit estimate was calculated twice for each spring. One calculation
included the original SEAP score data, as seen in the Springs Online Database. The other
equation targets springs that have a SEAP fencing condition score of ‘6’, or a level ‘yes’, and
flips it to a level ‘no.” This process takes out the original $-701.26 grazing value for springs that
are assumed to be grazed upon and shows what the benefit estimate would be if that spring was

hypothetically not being grazed on.

6
(1) Spring Benefit Estimate; = Z WTP;(k)
j=1

Where:
I =spring i
J = attribute

k = attribute level based upon SEAP scores

Benefit estimates for 36 allotments were also calculated using the values of the two
spring benefit estimate values (Equation 1). The allotment values were calculated through the
“aggregate point” tool in ArcGIS Pro. This tool was used to sum the benefit estimates of springs
within each allotment and divide that number by the amount of springs present (Equation 2). The

amount of springs present in each allotment, and used for data aggregation ranged from 1 spring
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to 39. This process was done twice, once with the benefit estimates that included grazing and
once with the estimates that excluded grazing. The two mean values show the benefit estimate

for each allotment, with the change of exclusion of grazing from that allotment.

. . Sum of Spring Benefit Estimates in Allotment
(2) Allotment Benefit Estimate =

Number of Springs in Allotment

2.3.2 Spring Ecosystem and Assessment Protocol

One goal of this study was to spatially locate and analyze springs in the CNF and KNF
that had available data for the six attributes listed in the CE survey. Spring Stewardship
Institute’s (SSI) database “Springs Online,” (SSI, 2022) offers a spring ecosystem inventory and
assessment protocol for springs within the study area, and is used to define the criteria for
attributes within the survey. The information utilized for this study from SSI’s database are
Springs Ecosystem Assessment Protocol (SEAP) condition and risk scores in six categories,
sphere of discharge, site name, longitude and latitude, and forest location for all surveyed springs

in the CNF and KNF (SSI, 2022).

Many assessment protocols exist for assessing the condition of a spring, but few use an
approach that can turn qualitative data into quantitative data. The United States Forest Service
has multiple approaches for analyzing and assessing spring ecosystems. The National Riparian
Core Protocol (NRCP), for example, is a basic protocol designed for sampling ecologically
important characteristics of riparian areas, including: (1) species composition, (2) vertical
structure of vegetation, (3) size-class structure of trees, and (4) physical channel characteristics

(Merritt et al, 2017). This approach does not directly account for the influences of recreational
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use or livestock grazing, but rather identifies and accounts for these physical disturbances prior
to monitoring. The United States Forest Service uses the Management Indicator Tool (MIT) to
assess individual spring ecosystems. The MIT is part of the Level 1 Groundwater Dependent
Ecosystem (GDE) Survey Protocol, and uses 25 qualitative questions (USFS, 2022). The
questions are divided into five different categories: hydrology, geomorphology and soils,
biology, disturbances, and administrative context. This method was not used because a more
holistic approach of spring ecosystems was desired for this study, along with a scaling system to

directly link survey data to the assessment protocol scores.

SEAP (Springs Stewardship Institute, 2023) offers a detailed quantitative assessment of
springs in the CNF and KNF. Scoring was performed by trained field workers in this study and
would best be replicated by those who are familiar with this method. The SEAP method of
spring ecosystem assessment differs from other qualitative assessments by using 42 questions
within six categories to qualitatively rank the assessed spring. The six SEAP categories are:
aquifer and water quality, geomorphology, habitat, biota, human influences, and administrative
context. Each of these categories includes five to nine subcategory variables. All subcategory
variables are scored for natural resource condition from 0 (low condition) to 6 (pristine

condition), and for risk from human activities from 0 (no risk) to 6 (high risk).

The condition scores of the springs were used to correlate to the differing levels of
attributes in the survey. The SEAP natural condition subcategories were chosen by the authors to
best match each survey attribute. The criteria for each attribute level and its corresponding SEAP
category are shown in Table 2. The natural resource condition subcategories used in this study

are: water flow regulation, indigenous person significance, fencing effects, water flow
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persistence, recreational effects, and microhabitat quality. Tables 3 and 4 outline the criteria for
each of the subcategories SEAP score. The average condition score for the first four categories,
aquifer and water quality, geomorphology, habitat, and biota, were used to determine the mean
natural resource condition and the average freedom from human impact risk score to determine

the human impacts risk in this study.

2.3.2.1 Data Selection

402 springs in the CNF and KNF were provided through the Springs Online database
(http://springsdata.org). Of those springs, 157 were selected for further analysis. The criteria for
spring selection included 1) the presence of all targeted SEAP condition scores in the database
and 2) known location of the spring on a grazing allotment (Figure 33). There are 86 grazing
allotments in the CNF and KNF. Of these 86, 36 contained the presence of springs that met the

criteria discussed above and were used for further analysis.

223 springs after filtering

402 springs in the for survey scores in 157 springs on grazing
original data base subcategories and allotments
removing null

Figure 32.Surveyed spring selection for use in the management scenarios

2.3.3 Attribute Analysis
There are 157 springs used in these data that vary in condition and services provided
among the 6 attributes. To explain these differences, there are 15 levels within six attributes in

the CE survey. The levels are not only able to provide results about the public preferences
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regarding spring ecosystem management, but they more accurately link the CE results to existing
springs with SEAP condition scores. The attribute definitions and levels were created with the
intention to correlate all values to SEAP scoring criteria (Table 2). We connected these levels to
existing springs with the numerical ranking scale of SEAP to determine which real-world springs
provide the attributes that the public either value or do not. All SEAP category variables and
ranking criteria are discussed below and can be found in Tables 3 and 4. Although we focused on
the variable of ranching, we argue that the exclusion of grazing would increase the quality of the
spring, and therefore increase the benefits provided by the remaining five variables. Other
environmental attributes that are not included in this study could also benefit. Research shows
that riparian habitats provide crucial soil moisture, a buffer for flood and erosion control, and
water-quality protection (Olokeogun et al., 2020). This section analyzes the CE attributes, their
levels, how SEAP was used to correlate these attributes spatially, and the quantity of springs that

provide each level of ecosystem service in the study area.

Recreational Use

The attribute of ‘Recreational Use’ is associated with the SEAP subcategory of
“Recreational Effects” within the larger category “Freedom from Human Influences.” Recreation
has “High”, “Medium”, and “Low” levels in the survey. These levels indicate the amount of
degradation that the spring will be permitted to withstand under a management scenario. Springs
with a recreational effect score of 0-2 represent a “high” level of recreational effect, meaning that
recreational influences has either completely eliminated the spring or had an extensive negative
effect. This score can occur from heavy public use, like riding off-road vehicles through the area.

Springs with a recreational effect score of 3-4 represent a “moderate” level of recreational
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influences, with moderate to limited negative effects. An example of this score would include
activities such as camping and biking. Lastly, springs with a recreational effect score of 5-6
represent the “low” level of recreation with very limited or no negative influences of recreation
on the spring. Activities that result in low impact include hiking and bird watching. During
analysis, 4 springs in this study had evidence of high recreational impact, 55 were considered

moderately impacted, and 98 had low recreational impact at the time of the survey.

Ranching

The attribute of ‘Ranching’ is associated with the SEAP subcategory of “Fencing
Effects” within the larger category “Freedom from Human Influences.” Ranching has “Yes” and
“No” levels in the Choice Experiment survey, which indicate that the spring will be permitted for
livestock grazing or not in a management scenario. To correlate the survey level with existing
springs, fencing was used to indicate if an individual spring was being utilized for livestock
grazing purposes or not. This subcategory analyzes the effects that fencing has on the spring as
well as the presence or absence of a fence. Since all springs in this study are located on grazing
allotments, it is assumed that if a spring is not fenced off, then it can freely be trampled on, used
as a water source, and defecated in by livestock on the allotment. A fencing effects score of 6
means that there was no fencing present at the time the surveyor visited the site. A fencing effect
score of 5 or lower means that there was a fence in place at the time of the SEAP survey. It is
noted that “Fencing Effects” subcategory does not include descriptors for the type of fencing
installed, which means that fencing could have been put in place for the purpose of excluding
other animals such as elk, sheep, or deer. No analysis was done on the potentiality of other

animals to bypass or be excluded from the area was done, but SEAP vertebrate inventory data

49



exists and could be analyzed for future studies. Figure 35 shows the common fencing practices
that are implemented in the CNF and KNF (Figure 35). 103 out of 157 spring, had a score of 6
and were not fenced off to livestock, while 54 had some form of fencing in place at the time of

the SEAP survey.

Flow Persistence

The attribute of ‘Flow’ is associated with the SEAP subcategory of “Flow Persistence”
within the larger category “Aquifer and Water Quality.” Flow has “Yes” and “No” levels in the
Choice Experiment survey. The “Yes” level indicates that the spring has perennial or year-round
flow, and the “No” level indicates that the spring has intermittent or seasonal flow. Surveyors
used current conditions, as well as historic records and additional information to score the
selected spring. Springs that have a flow persistence score of 0-2, represent springs that were
ephemeral or not flowing at the time of the survey. Springs that have a flow persistence score of
3-6 represent springs that had persistent flow at the time of the survey. 52 springs in the study

area were found to have intermittent or seasonal flow, while 105 had persistent flow.

Biological Habitat Quality

The attribute of ‘Biological Habitat Quality’ is associated with the SEAP subcategory of
“Microhabitat Quality” within the larger category “Habitat.” Biological Habitat has “Excellent”,
“Average”, and “Low” levels in the CE survey. These levels indicate the quality of flora and
fauna present at a spring, and the varying levels that can be present and managed at a spring.
Sinclair (2018) found that microhabitat was positively associated (p<<0.00001) with the spring’s

biodiversity. Springs that have a microhabitat score of 6 are assumed to have pristine
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microhabitat at the time of the survey. Springs that scored a microhabitat score of 3-5 are
considered to have average biological habitat quality. Lastly, springs that scored less than 3 in
the microhabitat quality were considered to have low biological habitat. During analysis, 12
springs were found to have excellent biological habitat, 80 springs had average biological habitat

quality, and 65 were considered to have low biological habitat at the time of the SEAP survey.

City Water Security

The attribute of ‘City Water Security’ is associated with the SEAP subcategory of “Flow
Regulation” within the larger category “Freedom from Human Influences” City Water Security
has “Mostly Diverted”, “Partially Diverted”, and “Not Diverted” levels in the survey, which
indicate how much the spring water is being diverted for municipalities in a management
scenario. The amount of flow diversion can limit other ecosystem services provided by the
spring, and can also degrade the spring itself. The SEAP subcategory of ‘Flow Regulation’
assesses how extensive the diversion affects are to the spring itself, with the assumption that as
the quantity of water being diverted rises, so does degradation. Springs that have a flow
regulation condition score of 0-2, have extreme to very extensive effects from flow regulation
and are considered ‘Mostly Diverted.” Springs that have a flow regulation condition score of 3 or
4 have moderate to limited effects from flow regulation, and are considered ‘Partially Diverted.’
Lastly, springs that have a flow regulation condition score of 5 or 6 have no to very limited
effects from flow regulation, and are considered within the level ‘Not Diverted.” During analysis,
60 springs were found to be mostly diverted, 26 springs were considered partially diverted, and

71 were not diverted at the time of the SEAP survey.

Cultural Significance
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The attribute of ‘Cultural Significance’ is associated with the SEAP subcategory of
“Indigenous Significance” within the larger category “Administrative Context.” Springs can be
utilized for many cultural traditions and practices such as in ceremonies, oral history telling, and
direct water use. Cultural Significance has “Yes” and “No” levels in the Choice Experiment
survey. The “Yes” level indicates that the spring has significance to indigenous peoples and will
be preserved in the management scenario, and the “No” level indicates that the spring has no
cultural significance and this attribute will not be preserved in management. The SEAP
subcategory ‘Indigenous Significance’ analyzes the quantity of features or resources present at
the spring. If there was one feature or resource present, meaning the Indigenous Significance
score was greater than 1, then the spring was considered culturally significant under the “Yes”
level. If the spring had the Indigenous Significance score of 0-1, then it was considered not
culturally significant, and was classified as the “No” level. All 157 springs in this study were

found to be culturally significant by surveyors.

Table 3. SEAP subcategory condition score criteria for the attributes: biological habitat,

ranching, and flow

SEAP Condition Score

Microhabitat Quality

Fencing Effects

Flow Persistence

6 Pristine microhabitat quality No negative influences of Flow since mid-Pleistocene or
fencing earlier
5 Very good microhabitat quality, Very limited negative Flow continuous since late
but past impairment suspected influences of fencing Pleistocene
4 Good microhabitat quality with Limited negative influences of Flow apparent during Holocene
some indication of impairment fencing
3 Moderate microhabitat quality =~ Moderate negative influences of Flow recently persistent
fencing
2 Low microhabitat quality Extensive negative influences Flow rarely ephemeral
of fencing
1 Very low microhabitat quality Very extensive negative Flow ephemeral, less than 50%
influences of fencing of time
0 No microhabitats exist or Negative influences of fencing No springs flow

remain

have eliminated the springs, or
no site exists
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Table 4. SEAP subcategory condition score criteria for the attributes: recreational use, city water
security, and cultural significance

SEAP Condition Score Recreation Flow Regulation Indigenous Significance
6 No negative recreational No flow regulation effects Cultural significance essential for
influences the well- being of one or more
Indigenous cultures
5 Very limited negative Very limited flow regulation Numerous Indigenous culturally
recreational influences influences significant features or resources
4 Limited negative recreational Limited flow regulation Several culturally significant
influences influences features or resources
3 Moderate negative recreational Moderate flow regulation Two or more culturally significant
influences influences features or resources
2 Extensive negative recreational Extensive flow regulation One culturally significant feature or
influences influences resource
1 Very extensive negative Very extensive flow regulation Virtually no evidence of
recreational influences influences Indigenous cultural
features or resources
0 Recreation influences have Flow regulation influences No significance as an Indigenous

eliminated the springs have eliminated or destroyed

cultural site

the spring, or no site exists
2.3.4 Geographic Information Systems Analysis

Without visualization and analysis, ecosystem service valuation studies are often left
open to interpretation among land managers. Utilizing GIS to spatially analyze benefit estimates
offers a user-friendly method for incorporating nonmarket values into the ecological restoration
decision-making process (Schégner et al., 2013). We used ArcGIS Pro 3.0.0 a Geographic
Information System software (ESRI, 2022), to spatially represent monetary nonmarket values
across the study area that are estimated for attributes, or outcomes, of proposed management
scenarios. Several techniques exist for the spatial analysis of non-market values, including Social
Values of Ecosystem Services (SolVES) and benefit transfer. SolIVES is a GIS application that is
specifically designed to quantify the perceived social values of a series of ES through a
quantitative, 10-point social-values metric, called the Value Index (Sherrouse et al., 2011). For
example, Codato et al (2017) used this approach to assess and map social values of landscape ES
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through participatory mapping methods to promote the incorporation of these social values in
decision-making and territory planning. SolVES, however, does not estimate a WTP value, but
rather an index value that is difficult to translate to stakeholders. Our approach differs from these
techniques because the attributes in our survey are designed to be correlated with SEAP

condition scoring, which allows results to be mapped directly.

This study used the ‘Aggregate points’ tool in ArcGIS Pro to find distribution patterns,
hot spots, and cold spots of each allotment’s benefit estimate. The Aggregate points feature uses
a layer of point features (springs) and a layer of polygon features (allotments) to determine
which points fall within each polygon's area. After determining this point-in-polygon spatial
relationship, the average benefit estimate of all points in the polygon were calculated and
assigned to the allotment area (ESRI, 2022). Data aggregation is often not used in environmental
studies because each feature, whether that is a forest, watershed, or spring, has a unique set of
issues that should be addressed. This approach targets entire allotments for management, and
data aggregation proves to be beneficial in this case. There are 157 springs within the study area,
and 36 allotments of the 86 are populated with one or more of these surveyed springs. The
aggregate point tool was calculated twice (Equation 1), once using the spring’s benefit estimate
with grazing and once without. The ‘select by attribute’ tool was then used to select allotments
for each management scenario. All maps were created using a combination of publicly available
data from the USFS and SSI, as well as survey data. Because we designed these methods to use
publicly available data, the methods are transferable to other management units who collect
similar natural resource data on springs. Six maps were created to display three different

management scenarios. Figures 30, 31 and 33 have five bin values ranging from < $0 to $950 to
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show the distribution of benefit estimates for each allotment. These maps also have the number
of allotments in each bin placed next to the label to quantify the shift in benefit estimate values
under each management scenario. This method of analysis effectively communicates the results

of our study and can be transferable to other forests and other regions.

2.3.5 Rangeland Management

The author proposes to manage springs on an grazing allotment basis to eliminate the
time and cost of maintaining and installing diversion structures, such as fencing, on each
individual spring within the allotment. Without consideration of the nonmarket value of
environmental goods and services, ecological restoration is commonly undervalued and not
optimally implemented (Daugherty and Snider, 2003). Springs in the CNF and KNF are
currently not individually managed, but management is lumped in with the general forest
management plan. Regarding livestock grazing, approximately 3.5 million acres (1.4 x 10° m?)
of land within the CNF and KNF are populated with grazing allotments. Although around 84%
of the forest is considered potentially capable and suitable for livestock grazing, revenues don’t
necessarily exceed costs. The USDA Forest Service states that it costs $1.35 per animal head
month to graze on national forests in Western States. Most Annual Management plans (AMP)
per Annual Operating Instructions (AOI) do not prohibit grazing at or mention the preservation
of riparian areas, but rather provide information on how much livestock are allowed to graze on
riparian vegetation. For example, an AOI for Beaver Creek Allotment (within CNF), issued in
2020, prohibits grazing on 40% of key grass species and 20% of key woody species (USDA
Forest Service, 2018). The forest plans for both the CNF and KNF mention the improvement or

restoration of riparian habitats, with mentions of springs specifically. The CNF plans to “Restore

55



riparian function to at least 25 springs identified as not in proper functioning condition to provide
water quantity and aquatic habitat for the recovery of plant and animal species during each 10-
year period during the life of the plan” (USDA Forest Service, 2018c). From 2018-2020, the
CNF has restored or improved three springs, working towards their goal of 25 by the end of
2028.

The KNF’s Forest Plan, however, is outdated and a monitoring report has not been
provided since the year 2017. An objective in the original forest plan is to “Protect and/or restore
at least 10 individual springs within 5 years of plan approval.” From 2014-2017, four springs
have been either restored or improved. No information was found about the current status of
spring restoration in the KNF. These management plans for the most part do not account for the
competing uses of springs and the benefits derived from those uses, and without visualization
and analysis, benefit estimates for ecosystem services are often left up for interpretation among
land managers.

2.4 Results

2.4.1 Benefit Estimates

Willingness to pay estimates were calculated for the 36 grazing allotments containing all
157 springs using results from a nationwide CE survey (Equation 1). When summing the benefit
estimate for each individual spring, the cultural value of $939.82 was not included. This
calculation is because the cultural value was scalar, or constant, for all observations according to
the SEAP data used. Since all springs are considered culturally significant in this study, the value

would not be beneficial during analysis and comparison.
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Using the remaining five attributes, the estimated benefits for the analyzed spring
ecosystem services with the presence of grazing range in value from $-856.81 to $1624.62, with
an average of $67.40. Nine springs were found to have the lowest value, while only one, was
found to have the highest benefit estimate. Crystal Spring was found to have the highest benefit
estimate at $1624.62. This spring is located in the Central Summer allotment in the North Kaibab
ranger district of the KNF (Figure 34). Crystal Spring has the following attribute levels:
moderate recreational effects, no ranching, degraded biological habitat, partially diverted city
water, and year-round flow (Figure 36). Crystal Spring is also classified as having a Helocrene
sphere of discharge. Helocrene springs are defined as water emerging from low gradient
wetlands with indistinct or multiple sources seeping from a shallow, unconfined aquifer
(Springer and Stevens, 2009). Nine springs were found to have the benefits estimates of $-
856.81. These springs are: Wild Horse Upper Spring, Wild Horse Spring, Hunter Spring,
Quinamptewa Spring, Homestead Spring, Kelly Seep (Figure 37), Willow Spring, Indian Spring,
and Turkey Seep. All nine had the following levels of attributes: permitted ranching, degraded
biological habitat quality, intermittent or seasonal flow, not diverted for city water supply, and
low levels of recreational impact. All benefit estimates were recalculated without the presence of
the grazing attribute. The value of springs benefit estimates range in value from $-155.55 to
$1624.62, with a mean value of $527.1, which is significantly higher than the mean value with
grazing included. The same nine springs, as mentioned previously, had the lowest benefit
estimate. However, one additional spring has the highest benefit estimate without grazing,

Double Springs (West). This spring has the same attribute levels as Crystal Spring, but is being
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grazed upon. It is located in the CNF, in the Flagstaff ranger district, within the Tinny Springs

allotment.

The individual spring benefits estimates were aggregated into each respected polygon
allotment to find the mean value of that allotment (Equation 2). The aggregate values of those
allotments range from $ -856.81 to $770.6, with an average value of $-80.07. The highest
benefits estimate for an allotment is Anderson Springs allotment at $770.64. This allotment
encompasses one spring, the Ashurst Run (Unnamed) Spring. This spring is in the Flagstaff
ranger district of the CNF, is actively grazing cattle, and is 46,304 acres (1.879 x 108 m?) in size.
The lowest valued allotment is the Casner Park/Kelly Seep allotment, valued at $ -856.81. This
allotment is also actively grazing cattle and located in the CNF Flagstaff ranger district. It
encompasses one spring, the Kelly Seep Spring, and is 28,967 acres (1.172 x 108 m?). Figure 26
shows the highest and lowest valued allotments and springs mentioned previously. The
aggregated values with the exclusion of grazing range in each allotment value from $-155.55 to
$928.71, with an average of $417.7, which is again, significantly higher than the average with
grazing present. The highest valued allotment, with the exclusion of grazing, is Windmill West
allotment. This allotment 120,135 acres (4.862 x 10® m?), located in the Flagstaff ranger district
within the CNF, is currently grazing cattle, and contains two springs (Paterson Spring and
Lockwood Spring). The lowest valued allotment is still the Casner Park/Kelly Seep allotment,

now valued at -$155.55.
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Figure 33. A map showing the location of the highest (Crystal) and lowest (Kelly Seep) valued
allotments and springs.
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Figure 34. Photo of Castle Spring with split rail cattle fence that allows visitor access and
excludes cattle. Partial flow is diverted from the spring to a cattle drinker outside of the fenced

area to provide livestock water.

60



Figure 35. Crystal Spring showing degraded fence to exclude cattle and unmaintained spring box

to divert flow for supply. This spring is an important backcountry water supply adjacent to a

major recreational trail.
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Figure 36. Photo of Kelly Seep Spring (photo by Kyle Paffett).
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2.4.2 Management Scenarios

Realistic management scenarios were created with the intention of high, moderate, and
low reduction to grazing allotments in the study area. The reduction policy entails complete
grazing exclusion from entire allotments. The literature showing the long-term impacts that
grazing has on riparian habitats is extensive and shows that complete grazing exclusion has
proven to be an effective way to restore spring ecosystems and the habitats they provide
(Ohmart, 1996., Belsky et al. 1999). There is an abundant amount of literature that exists and
outlines the proper management of individual spring ecosystems to exclude cattle, but few exist
analyzing the management of allotments as a whole. A few common riparian management
options for individual springs include: fencing, off-stream water supplementation, and physical
barriers (Figure 35). Fencing, in particular, has been proven to have positive impacts on riparian
areas (Grudzinski et al., 2020). Stevens et al. (2021) analyzed springs in 78 countries, and found
that agriculture, particularly livestock watering, was the most frequent threat to the ecological
integrity of springs. The method of complete exclusion for spring management results in less
bare ground and more native vegetation in arid regions, as outlined by the results of a recent
study in Australia (Jones et al.,2022). Cover of native species, as well as potential exotic or
invasive species, may increase as a result from complete exclusion (Clary & Webster, 1989.,
Porensky et al., 2020).

This study excludes one variable, grazing, to model the positive economic benefits that
exclusion would provide to an allotment. Not only are these policies economically beneficial, but
livestock exclusion could benefit the ecosystem as a whole (Filazzola et al., 2020). This study

presents three potential management strategies that exclude grazing to improve the condition of
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spring. The first is high grazing reduction, where we calculate the potential benefits of
completely restricting grazing from all 36 allotments. The next is a moderate grazing reduction,
where we target grazing reduction based on prioritization of resource condition and human
impact. The final management scenario is a low grazing reduction, where we restrict grazing on
allotments with one spring. Although fencing is an option in the low reduction scenario, studies
have shown that complete grazing exclusion from enclosures has improved overall biological
diversity, habitat, and soil moisture (Herbst et al., 2012, Zhu et al., 2016). Refer to Table 3 for a
detailed summary of the benefits under the three proposed management scenarios. Each
management scenario uses the two aggregate benefit estimates for allotments (Equation 2), one
with grazing and one without seeing the benefits that exclusion would provide. This novel
approach can inform land managers on where to focus management attention based on benefit
estimates.

To ensure long term success, riparian management plans require constant monitoring to
report trends (Devine et al.,2022). Due to the growth of all vegetation, land managers should
monitor after grazing plan implementation to track the net-benefit of the management scenario
and decide whether to continue with grazing exclusion. An attempt to analyze the initial
condition of each allotment was made, but the data were not available to the author. If complete
exclusion is not a viable option, spring season grazing could be an effective alternative for cattle

within these areas (DelCurto et al., 2005).
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Table 5. Number of acres, aggregate benefits, number and percent of allotments restricted, and
the number and percent of springs restricted for each scenario.

High Management

Scenario
Acres and m?in 2,096,782 acres
scenario (8.485 x 10° m?)

Aggregate Benefit ~ $18,080.23

# of Allotments 36
Restricted

Percent (%) of 60.0%
Allotments

Restricted

# of Springs 157
Targeted

Percent (%) of 100%

Springs Targeted

Moderate Management
Scenario

622,447 acres
(2.512 x 10° m?)

$2,955.00
6

17.8%

60

38.2%

Low Management
Scenario

383,472 acres
(1.552 x 10° m?)

$9,817.64
17

10.9%

17

10.8%

65



2.4.2.1 High Grazing Reduction

The high grazing reduction management scenario excludes grazing from all 36 allotments
and the 157 springs within them. This area encompasses 2,096,782 total acres (8.485 x 10° m?)
of national forest land and has a total summed benefit value of $3041.40. There are 103 out of
157, or 65.6 %, of springs in this scenario that are not fenced off, and therefore are considered
suitable and utilized for grazing. If grazing was potentially excluded from all 36 allotments, this
change would result in the total benefit estimate increase of $18,080.23 (Figure 38). As shown in
Figure 38 (B), a total of 18 allotments would move from having a benefit estimate of <0, to a
positive value. Additionally, five allotments moved into the highest bin value of $750-$950.The
high reduction scenario would require the most time, effort, and funds to implement, as it would
entail grazing exclusion from 60% of the allotments in the study area. But, even with 60% of the
area targeted, there is still a substantial amount of area surrounding the targeted allotments that is
open and available for grazing. This management scenario would target and potentially benefit 7

of the 12 spring discharge types within these two forests (Figure 39).
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2.4.2.2 Moderate Grazing Reduction

The moderate grazing reduction management scenario uses a prioritization method to
target which allotments will be excluded from grazing. As discussed in the ‘Spring Ecosystem
and Assessment’ section, high priority allotments are those that are likely to respond to
management attention. High priority allotments use the aggregate value of the springs within the

allotment and have a relatively high natural resource condition score (3-5), and moderate
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freedom from human influences risk score (2-4). The natural resource condition score and human
influences risk score for allotments was calculated using the aggregate point tool in ArcGIS Pro,
which is the same method used for the allotment’s benefit estimates. Targeting high priority
allotments allows for land managers to see which areas will likely have the greatest net benefit
after exclusion is implemented. Six allotments, using 60 springs, are considered high priority in
this study, and were targeted for grazing exclusion in the moderate management scenario. The
allotments cover 622,447 acres (2.512 x 10° m?) of the national forest land and have a summed
benefit estimate of $634.6. There are 35 out of 60, or 58.33 %, of springs in this scenario that are
not fenced off, and therefore are considered suitable and utilized for grazing. With the exclusion
of grazing and moderate management scenario implemented, the benefit estimate value would
increase by $2,955, making the new total benefit estimate $3,590 (Figure 40). As shown in
Figure 40 (B), 4 allotments were moved from a lower bin to the highest and second highest binds
of $750-$950 and $550-$750. In terms of spheres of discharge, this management scenario does
not target cave springs, but targets the other six out of seven discharge types. A histogram
showing the counts and discharge types in the moderate management scenario can be found in

Figure 41.
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2.4.2.3 Low Grazing Reduction

The low grazing management scenario targets allotments that only encompass a single
spring in each allotment. Therefore, benefit estimate of the allotment reflects that of the
individual spring, since there are no other springs in the allotment to calculate a mean value
from. This scenario targets 17 springs within 17 allotment and covers 383,472 acres (1.552 x 10°
m?) of national forest land. There are 14 out of 17, or 82.35% of springs in this scenario are not
fenced off, and therefore are considered suitable and utilized for grazing. With the exclusion of
grazing and low management scenario implemented, the estimated benefit would increase by
$9,817.64 (Figure 42). As shown in Figure 42 (B), a total of 12 allotments would move from
having a benefit estimate of < 0, to a positive value. Additionally, one allotment moved into the
highest bin value of $750-$950.There are four spheres of discharge targeted in this scenario,

which does not include cave, gushet, or hanging garden springs (Figure 43).
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2.4.2.4 Prioritization with SEAP

A similar study using SEAP scores in the CNF and KNF determined that springs with a
natural resource condition score of 3 to 5 and a freedom from human impact risk score of 2 to 4
are most likely to respond to stewardship (Paffett et al., 2018). A similar approach was taken in
this study, but the analysis was conducted on a livestock grazing allotment basis. The grazing
allotments that met these criteria, using the aggregated value of the springs within them, were
considered high priority for this study and were targeted for the moderate grazing reduction
scenario (Figure 32). Allotments with a high risk (> 4) and/or low condition (< 3) require
extensive management attention and funds that are not typically available by land managers.
High priority allotments offer insight to areas that provide increasing benefits and offer a method

of prioritization during the creation of management scenarios.
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2.5 Limitations and Future Work

We acknowledge the potential limitations of our novel approach that could prevent others
from replicating this study. Although the USFS has adopted the SSI SEAP method and the SSI
Springs Online database, SEAP scoring is a time and labor intensive process that surveyors
should to be educated on before assessing the condition and risk of a spring. Furthermore, the
springs in our study were assessed with SEAP over the years 2000-2016, not in one year or one
season. So the SEAP data might not reflect the current condition of the springs. Efforts to
monitor and collect spring assessment should continue, as most springs in Arizona have not been
surveyed. Because the SEAP is designed to be a monitoring tool, springs conditions could be
reassessed after changes in grazing practices to evaluate the success of the grazing management
changes.

There are many avenues for future research. Some recommendations include bi-yearly
SEAP surveys to reflect the current conditions of springs in the database. Additionally, the
values from this study can be used in other spring prioritization plans in the southwest, or
potential benefit-transfer studies, since the respondents are made up of a randomly selected
nationwide sample to eliminate bias. Future research would also benefit from analyzing the long
term effects of grazing exclusion on a subset of allotments to see how this manipulation would
impact the spring ecosystems SEAP scores and benefit estimate. Factors such as weather data
and prior condition need to be taken into account prior to long-term monitoring. This exclusion
could result in an increase of other attributes such as biological habitat quality, and thus

increasing the overall benefit estimate. The critical status of springs in arid lands, as well as their
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ecologic and economic significance affirm the need for increased scientific attention and for

these unique and threatened ecosystems (Stevens et al., 2021).

2.6 Conclusions

We determined the estimated benefits associated with the exclusion of livestock from
grazing allotments in the arid Southwest. We found significant potential positive benefits for
three grazing management scenarios, including a low grazing restriction option. The results from
this study show that small changes in grazing allotments could result in large increases in

economic benefits, while still maintaining a substantial amount of area available for grazing.

All three scenarios were visualized spatially in ArcGIS Pro to locate allotments with high
potential benefits and to offer guidance for land managers. Utilizing ArcGIS Pro to spatially
analyze benefit estimates offers a way to incorporate estimated benefits of ecosystem services
into the ecological restoration decision-making process (Hauck et al. 2013., Schégner et al.,
2013). Many studies have used ecosystem service values to inform policies (Czajkowski et al.,
2009., Tavarez et al., 2021), but fail to incorporate a visualization tool for prioritization. Of the
studies that use a visualization tool (Campbell et al. 2009., Elsasser et al. 2021), many do not
relate ecosystem services with complex ecological data as it exists in the study area, such as the
SEAP survey. The visualization method used in this study is unique, as it combines willingness
to pay values and SEAP data to successfully visualize our benefits from grazing exclusion.

The high management scenario that targets 36 allotments, has the greatest return value of
the three scenarios, with $18,080.23. Although our results show large potential benefits,
excluding grazing from all allotments is not likely, due to the USFS’s challenges complying

with grazing readjustments in the past. For example, recently the Center for Biological Diversity
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filed an intent to sue the USFS because of grazing, which violated the Endangered Species Act
(Center for Biological Diversity, 2019). The low management scenario has the second highest
return value of $9,817.64. This scenario is the most practical and likely to be implemented since
the exclusion would take place on a small area (383,472 acres), with a high return value,
compared to the other scenarios. The lowest return value is the moderate management scenario,
with an estimated benefit of $2,955.4. Because this scenario requires grazing exclusion from
only six allotments, it is more likely to be implemented than the high management. This scenario
focuses on allotments that are considered high priority, which means that management action
will likely be beneficial and cost efficient (Paffett et al., 2018). A detailed list of all allotments in
each management scenario, as well as estimated benefits for each management scenario, can be
found in Table 4.

Analysis was conducted on benefits and natural resource condition assessment scores of
the sphere of discharge of the springs. Springer and Stevens (2009) classified springs into twelve
spheres of discharge, which is used to describe the geomorphology where a spring’s source
emerges onto a landscape. Some land managers may choose to use spheres of discharge as a
prioritization technique, and we hope these results offer more guidance in the decision making
process. There are seven spheres of discharge found in this study, which include: Hillslope
(43%), Rheocrene (21%), Helocrene (17%), Limnocrene (8.8%), Hanging Garden (7%), Gushet
(1.3%), Cave (1.3%), and one Anthropogenic (0.6%) spring. Sinclair (2018) found that spheres
of discharge represent distinct geomorphic spring types that effect the types of species that occur.
Each discharge type has unique sets of indicator species, and rare discharge types likely host rare

spring-dependent species. Summary statistics of each sphere of discharge, as well as the counts
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of springs can be seen in Table 7. There are eleven Hanging Garden springs within this study and
have the highest mean benefit value with $528.23. Hanging Gardens also has the highest mean
natural resource condition score of 4.05. The sphere of discharge with the only negative mean
benefit value is Rheocrene, with $-222.82, while Anthropogenic has the lowest mean natural
condition score of 2.36. Additionally, analysis was done on the spheres of discharge for the
moderate and low management scenario. The moderate scenario targets six out of the seven
discharge types, with the highest count being hillslope (Figure 32), and the low scenario targets

four out of the seven discharge types (Figure 34), as well as the anthropogenic spring.

A final method of analysis of prioritization of cattle management was based on SEAP
natural resource condition versus freedom from human risk assessment scores. This method
indicated the presence of six grazing allotments that met the criteria of an aggregated value of the

springs within them.

Livestock exclusion under the three management scenarios outlined in this paper appear
to have great potential for allowing grazing while decreasing negative environmental impacts
and increasing economic benefits for spring ecosystems. It is important to understand context
when discussing rangeland management, and some issues presented in this paper might not be
applicable to areas where water is readily available. Our research suggests that some level of
grazing exclusion will increase the economic benefits associated with springs and ensure

efficient allocation of grazing while maintaining the integrity of spring ecosystems.
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Table 6. Benefit gains from excluding grazing from allotments under high, moderate, and low
management scenarios.

Allotment Springs Allotment Allotment Benefit Benefit High Medium Low
within Condition Human Estimate ($) Estimate Scenario  Scenario Scenario
Allotment Score Impact Risk  for allotment  for gain for gain for gain for
Score with allotment  allotment allotment  allotment
Ranching (%) wio
Ranching
MOONEY 1 4.13 1.14 187.33 888.59 701.26 701.26
MOUNTAIN
KENDRICK 1 0.73 3.43 -468.47 232.79 701.26 701.26
MOUNTAIN
WINDMILL WEST 2 2.26 2.50 227.45 928.71 701.26
MUD SPRINGS 1 4.16 2.29 -488.30 21296 701.26 701.26 701.26
PICKETT 3 3.05 2.33 207.13 908.39 701.26 701.26
LAKE/PADRE
CANYON
WOODY 1 2.71 3.86 -255.51 44575 701.26 701.26
MOUNTAIN
BAR T BAR 5 2.99 191 -383.92 177.09 561.01
TINNY SPRINGS 13 2.47 2.73 -3.09 644.23 647.32
WALKER BASIN 1 1.77 2.57 -468.47 232,79 701.26 701.26
APACHE MAID 11 311 2.47 68.93 578.94 510.00 510.00
WINDMILL 4 2.84 2.61 266.79 792.73 525.95
HAT 4 3.69 2.14 389.11 739.74 350.63 350.63
BEAVER CREEK 5 2.43 3.06 -180.45 240.31 420.76
CASNER 1 2.98 3.14 -856.81 -155.55 701.26 701.26
PARK/KELLY
SEEP
PEAKS 7 2.68 2.99 525.19 925.91 400.72
WALNUT 1 0.99 2.71 -468.47 232.79 701.26 701.26
CANYON
DEEP LAKE 1 1.03 2.86 -468.47 232.79 701.26 701.26
MORITZ LAKE 1 1.07 2.71 -468.47 232.79 701.26 701.26
GOVERNMENT 2 2.43 3.75 339.27 339.27 0
PRAIRIE
GARLAND 1 1.80 2.70 -468.47 232,79 701.26 701.26
PRAIRIE
BIG SPRINGS 2 4.02 2.29 63.395 414.03 350.63 350.63
ELK SPRINGS 1 2.36 1.86 232.79 23279 O
ANDERSON 1 2.73 3.71 770.64 770.64 0 0
SPRINGS
HACKBERRY/PIV 17 2.94 2.39 -320.13 257.38 577.50
OT ROCK
CHALENDER 2 2.30 3.31 232.79 23279 0
SLATE 1 2.00 2.86 -163.41 537.85 701.26 701.26
MOUNTAIN
FOSSIL CREEK 2 1.87 2.00 -584.87 116.40 701.26
SITGREAVES 1 1.96 2.00 -531.92 169.34 701.26 701.26
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TULE 10 4.00 1.72 -262.58 158.18 420.76

RYAN 2 2.94 3.25 523.53 52353 0

BELLEMONT 2 2.30 1.50 -468.47 232.79 701.26

CENTRAL 39 3.95 2.31 394.34 735.98 341.64 341.64

SUMMER

GOVERNMENT 1 0.75 2.43 0 0 0 0

MOUNTAIN

SPITZ HILL 1 3.39 1.43 -99.96 60130 701.26 701.26

COWBOY TANK 1 4.30 1.70 -318.96 382.30 701.26 701.26

CENTRAL WINTER 8 4.45 1.11 259.09 609.72 350.63

SUM 157 - -3041.43 | 15038.79 | 18080.2 | 2,9554 | 9,817.64
3

MEAN 2.66 2.49 845 | 417.74 | 502.23 4925 | 57750

VALUE

Table 7. Mean benefit estimate and average natural resource SEAP condition score by sphere of

discharge for the 157 selected springs

Sphere of discharge

Number of springs

Mean Benefit
Estimate ($)

Mean Natural

Condition SEAP

Hillslope
Rheocrene
Helocrene
Limnocrene
Hanging Garden
Gushet

Cave
Anthropogenic

67

50.99
-222.82
216.09
35.72
528.23
522.11
523.53
232.79

3.15
3.17
2.88
3.45
4.05
3.78
2.94
2.36

Chapter 3 — Conclusion

3.1 Recommendations for Future Authors

Because this study uses a novel approach to assess the economic and ecological value of

spring ecosystems, there are many options for future researchers and authors. The application of

SEAP in different geographical locations, with the combination of CE survey values, could be
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beneficial when compared to spring results in a semi-arid ecosystem. As of right now, SEAP
scoring has only been used in North America and some areas of Canada. After undergoing
efficient training on the SEAP scoring criteria and justification, surveyors can use that data to

connect springs to WTP values and compare results across the United Stated.

If research is being done on a small area, the author recommends looking at individual
spring benefit estimates, instead of aggregated benefits in allotments. By looking at individual
spring estimates, one can exclude the attribute(s) that would increase the estimated benefit the
most. So far, no research has been on the relationship between grazing exclusion and the other
attributes listed in the CE survey. This gap in literature is necessary to fill, as it could provide
more insight into the proper management of springs. Increased education on how sensitive and
susceptible spring ecosystems are to human influences, as well as enforced penalties for

deliberate degradation of protected springs are also needed.

3.2 Conclusion

The results from this study incorporate willingness to pay data, ecological data,
management scenarios, and spatial analysis to assess 157 springs in 36 allotments in the CNF
and KNF. It was found that most,103, of the 157 of these springs are likely being grazed on, and
three possible management scenarios were created to reduce grazing from some or all springs
through exclusion of grazing on allotments. Most of these springs natural resource condition
score fall between 2.5 to 4.5, which is a moderate to high condition. This means that with slight
management attention, such as fencing or exclusion of grazing, the condition of these springs
will likely improve. Hanging Garden Springs were the most distinctive in this study, with highest

mean values for microhabitat quality, recreational effects, flow persistence, flow regulation,

83



natural resource condition score, and mean benefit estimate. Helocrene Springs were found to be
the least distinctive, with the lowest mean value for microhabitat quality, fencing condition, and
flow regulation. Helocrene Springs also have a fairly low natural resource condition score and a
moderate benefit estimate. Results from this analysis align with the results from Sinclair (2018),
which indicate that Hanging Garden springs had the highest ecological integrity, Rheocrene
springs had the highest flow naturalness, and Helocrene springs had a significantly lower
ecological condition. Targeting Hanging Garden springs due to their ability to offer high benefits
could be a possibility, but more analysis on a local level would need to be done to aid in
prioritization efforts. To conclude, springs in arid lands are unique and offer varying levels of
ecosystem services that substantially benefit the public, the economy, and varying assemblages
of plants and animals. The need for increased management attention and improved stewardship

of spring’s ecosystems is essential for these threatened riparian areas.
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3.3 Additional Figures
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Figure 47. Benefit estimate versus Natural Resource Condition Score for Hillslope springs.
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Figure 48. Benefit estimate versus Natural Resource Condition Score for Hanging Garden
Springs.
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Figure 49. Benefit estimate versus Natural Resource Condition Score for Rheocrene springs.
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Figure 50. Benefit estimate versus Natural Resource Condition Score for Limnocrene springs
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Figure 51. Benefit estimate versus Natural Resource Condition Score for Helocrene springs
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