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recommendation for use by the U.S. Government.

Printed copies of reports in these series may be produced in a limited quantity and they are only
available as long as the supply lasts. This report is available from the Northern Colorado Plateau
1&M Network website (http://www.nature.nps.gov/im/units/ncpn/) or the Natural Resource
Publications Management Web site (http://www.nature.nps.gov/publications/nrpm/) on the
Internet.

Please cite this publication as:

Tendick, A., B. Friesen, G. Kittel, P. Williams, J. Coles, A. Wight, G. Wakefield, and A.
Evenden. 2011. Vegetation classification and mapping project report, Cedar Breaks National
Monument. Natural Resource Technical Report NPS/NCPN/NRTR—2011/470. National Park
Service, Fort Collins, Colorado.

NPS 154/108321, July 2011

il



Contents

Page

FIGUICS ...ttt ettt ettt e et e et e et e e s st e e sbeeeseeeaseeeabeenbeeesbeeabeeenbeenbeeenseenseas vii
TADLES ...ttt ettt et s a e e b et e bt e nat e e bt e at e e beenaeeenne X
A PPEIAICES....ceieiieeiiteeiie ettt et et e et e e st e e beestee e bt esee e bt e e saeeabeeseeeabeeasaeeabe e seeenbeeseeenteenseeenbeenseenn xi
SUINIMATY ...ttt et e e ettt e e e et e e e e ettt eeeesasbeeeeassseeesansseeeeeansaeeesanssaeesansseeennns X1il
ACKNOWIEAZIMENLS. .....eeiiieiieiii ettt ettt ettt et et e sabe e taesebeeseeesbeenseeenseenseasnseenseas XV
Acronyms and ADDTEVIATIONS ......cccuviiruieeiiieesieeesieeeeieeerteeetteeeaeeeeaeeesreeesseeessseeessseeensseeenssens XVi
INEEOAUCTION ...ttt ettt sttt et sb et eatesbe et e it e sbeeteeanens 1
Vegetation Classification and Mapping Project, Cedar Breaks National Monument ............. 1

The USGS-NPS Vegetation Mapping Program ............ccoeeceeeiieriieniiiniieiieeeesieeiee e 1
Northern Colorado Plateau Network Inventory and Monitoring Program..............ccccceuveee..e. 2
Vegetation Mapping Program Standards...........cccoevveeiiiiieiiiiiiieeieeee e 2
National Vegetation Classification Standard............ccceccvieriiieniiieniieeiee e 3
Other StANAATAS ......cooviiiiiieiee et ettt et sttt et st 3
Project AT€a DESCIIPLION ... ..iiiiiiieeiiieetieeeieeeetee et e ettt e e tteeeteeeesteeessaeeessseeessseeesseeensseesnsseesnseeennses 5
Location and SEHNG ........cccuiiiiiiiiiiiie ettt ettt be et e et e et e et e et esnbeenbeeenaeenseeenne 5
Topography and GeologiC HiStOTY .....cccuviiiiiiiiiiieciie ettt eaee e 5
CLIMALE. ...ttt et b et et b et e a e s bt et st e sb e et e eatesae e bt eatesbeebeenees 8
Ge0logy and VEEELAtION ....cueeeeiiieeiiieeiieeciee ettt ettt e et e et e e e aaeeetaeeetaeesnsseesnsaeesnseeennseens 9
SOIIS ettt ettt et b et ettt nae e 18
Hydrology and Water RESOUICES ........ccccuiiiiiiiiiiieeiieecee ettt e 18
Land Use and Settlement HiStOTY .......cccuiiiiiiiieiiieiie ettt 19
Previous Vegetation StUAIES ......c.eieivieiiiieeeiie ettt e e e e tae e e aae e s e enes 21
Exotic Plant Management..........cc.eeeuiiriireiienieeiieeiie et eeiie ettt site bt esieeeteessbeesbeesnseeneeas 22

il



Contents (continued)

Page

PrOJECT OVEIVIEW ..ouviiiiiiiieeiiieiie ettt ettt ettt e et et e et e e s st e esbeesaeeessaesaseenbeessseenseesnseenseansseenseas 23
General Approach and TIMeElNe..........cccveeeiuiieiiiiieciieee e 23
Primary Partners and Project ROIES .........ccueeviiiiiiiiiiiieiecee e 24
Digital OrthOpPhOTOS........vciciiece et ae e nneas 27
Project Boundary and Map EXtent...........ccoeviieiiiiiiiiiiienie et 29
Minimum Mapping Unit.........ooocuiieiiiiiiiieeiiee ettt see st e et e s e e seaeesaaeesnneeeennes 29
Ecological System ClassifiCation .............ceeeiieiiieriieiiienieeiieeee ettt 29
Vegetation Classification and DeSCIIPtiON..........cccuieeriiiiiiieeiiieeie e eeee e e esvee e e saeeesree e 31
Pre-Field MEhOMS ......ooiiiiiieciieiie ettt ettt et e e esaseeneeas 31
Preliminary Classification LiSt..........cccvoviiieiiiie e 31
Legacy Data REVIEW ........c.oiieiiiieiiiesie ettt sttt s be e nneas 31
FIEIA MELNOGS ... bbb 31
Field Sampling APProach ..o 31
P1ot Data COIECTION ..o e 32
Data Processing and ANGIYSIS .......c.uoiiiiiiieiieie ettt 34
ODSEIVALION POINTS......uiiiiiiieiiiesie sttt bbbt 34
Classification Data ANALYSIS........ccccuierieriiieriieniieiie et erteeteerteeete et e sreeaeesbeebeessseeseesaseens 37
Classification RESUILS........ccciiiiiiiiiiiiecie et et e e e e e etae e s e e enreeeenns 39
Plant Community DeSCIIPIONS ......ccviiruiieiieriieeiieeiieeiteeiteeteeeite et e seteebeeseeeeteesseeenseessseeneeas 45
Upland FOrest ASSOCIALIONS.........ueiueiiieieiiesie et seeste e e e e ste et s e e te e este e e sreesaeaneesneas 45
Upland Woodland ASSOCIATIONS..........cciiiiiieiiaie ettt neeas 46
Upland Shrubland ASSOCIALIONS..........cuiieiierieeieseeie e se e e saa e nneas 46
Upland Herbaceous ASSOCIALIONS ..........cuiiirrieiiesieiiee ettt 47

v



Contents (continued)

Page

Riparian and Wetland Forest and Woodland ASSOCIAtIONS...........cccceerverieneenienie e 47
Riparian and Wetland Shrubland ASSOCIAtIONS ..........ccccviveiieieiie e 47
Riparian and Wetland Herbaceous ASSOCIAtIONS ............cceveieiieienienene e 48

Field Key Preparation ..........cuieiuiieiiiieciie ettt et e et e e e e tae e enaeeseveeeenns 48
Assessment Of GIobal RATItY .......c.cooiiiiiiiiiiiieiicie e 48
Fuels Data CollECtION. .....cccuiiiiiieeiiee ettt ettt et e e te e e tee e st e e ssbeeessaaeesaeeessseeesseesnsneessseeens 51
VEZEtationN IMAPPINE...ccuvieiieeiieeiieiieetteeiteette st e et eetteebeesteeeebeesseeenseessaesnseenseessseenseesnseenseessseensens 53
1\ 111 1 e (USRS 53
Field RECONNAISSANCE ......c.viiiieieiiieiiiesie ettt sttt et sb e nneas 53

Map Class and Polygon Attribute Development..........cccoovveieiieiiieie e 54

1Y/ E=T o) o1 o SRR PRSP 56
Physiognomic Class Image ANAIYSIS ........cccueiveieiieiieie e 56
ATCGIS PrOCEAUIES ...ttt sttt sttt st et s e be e beeneenreas 56
ERDAS IMaging PrOCESSING ...eveivieiieeiieieiiesieeie e este e e see e estessaesaeasaesseesseensesseesseaneesnens 56
Spatial Database DeVelOPMENT.........c.coiiiiiieiieiee e e 57
RESUILS. ... et e e e e et e e st e e s ste e e abeeenseeensaeeennaeeenreeennnes 59
VAP CISSES ...ttt sttt b ettt st b ettt e bt e nbe e st e be e beeneenneas 59

Map Class DESCIIPLIONS ......ccuueiieiieiieiieeieeee st et seese e ste et ra e teesaesreesteeneessaesaeaneenneas 59

IMAP POIYGONS ...t ettt b et ne et e b e e e nneas 59
DISCUSSION ....utiieiiie ettt ettt ett e ettt e et e ettt e et eeeteeeeaaeeeaseeessseeeassaeenssaeessaeansseeensseesssseennseeensses 71
ACCUTACY ASSESSITIENL .....eeiiiiieiiieiiiieeeiteeeritee ettt e et e e et e e satteessteeesabeeeabeeeaseeesseesnsseesnseeesnseeenaseens 73
1\ 111 1 e (USSR 73
INEFOTUCTION. ... ettt sttt b et e ere e beenbesreenee e 73



Contents (continued)

Page

SAMPIING DESIGN ...ttt b et se e beebe st sreeeeenes 73
Results and DISCUSSION .....c..eeiuiiiiiiiiiiiie ettt et e s e 78
RETETEICES ...ttt et b et et b ettt sb et e esaeenee 81

Vi



Figures

Page
Figure 1. Location of CEBR on the Colorado Plateau...............ccccceeveiuieniieiecieieceeeeeeeeeee. 6
Figure 2. Map of the CEBR vegetation mapping project area boundary showing
adjacent 1and OWNETSHIP.......cooiiiiiiie e e e e et e e et e e eesae e snraeeenreeennnes 7
Figure 3. Climate data for CEBR (WRCC 2009). .....ccoiiiiiriiiiiiieieieiesieseeieeeeeeeeee e 8
Figure 4. Summer thunderstorm at CEBR. ............cooioiiiiiiiiiicececeeeeeeee e 9
Figure 5. A diagram of the Markagunt Plateau showing the Hurricane Fault Zone...................... 9
Figure 6. Pinyon — juniper woodland and ponderosa pine — (Douglas-fir) woodland on
the Straight Cliffs Formation in CEBR...........cccooiiiiiiiiiiiic et 11
Figure 7. Ponderosa pine woodland and blue spruce / manzanita woodland on the
Wahweep Formation in CEBR. ........ccciiiiiiiiiii ettt 11
Figure 8. Sparse bristlecone pine woodlands on the Pink Claron Formation in CEBR. ............. 12
Figure 9. Bristlecone pine woodland and sulfur-flower buckwheat forbland on the
White Claron Formation in CEBR ..o 13
Figure 10. Mixed herbaceous meadow with oneflower Helianthella blooming and
subalpine fir — Englemann spruce (dead) forest on the Brian Head Formation in CEBR............. 14
Figure 11. Subalpine grassland and subalpine fir — Englemann spruce / gooseberry
currant forest on the Markagunt Megabreccia Formation in CEBR.............ccccooooiiiiiiiniieinns 14
Figure 12. Ditch reedgrass (a) and gooseberry currant (b) on colluvial deposits. Aeolian
deposits above the rim with Panguitch buckwheat (c) and alluvial (peat) deposits
supporting water sedge herbaceous vegetation (d). Alluvial deposits in tributary
drainages below the rim supporting blue spruce forests (e) and narrowleaf cottonwood
WOOAIANAS (£). 1.evieeieiie et ettt e et e e et e e et e e e e ata e e e abae e taee e tbeeeaaeeenaeeeraeans 16
Figure 13. Geology map of CEBR and VICINILY..........cccoevviiuieiiieieciieieeeccieeie et 17
Figure 14. Perennial flow in AShAOWN CIEeK. ......c..covieiviiiuiiiiiieii et 19
Figure 15. The most common weed species in CEBR is smooth brome (Bromus
INEIIMIES ). 1.ttt ettt ettt e e et e et e eteeeaaeeeteeeeaeeeaeeeaeeeaseeabeeeaseeaseeesseenseeesseeaseesaseenseeenseenseeanns 22
Figure 16. Flight lines for the 2002 stereo aerial photograph coverage of CEBR....................... 27

vii



Figures (continued)

Page
Figure 17. Example of a 9” x 9” stereo aerial photograph taken for the CEBR
vegetation classification and MaPPING PrOJECT. ...eeevrreerurieriireeeiieeeiieerieeerreeeraeeeeeeeeereesreeesareees 28
Figure 18. Vegetation plot and observation point locations in the CEBR mapping
PTOJECT ATCA. ..veeeueieeeeereeeiieeeieeeeteeeesteeeaateeessseeesseeessseeassseeansseasssaeeassaeenssseenssaeanssaeensseesnsseesnsseenssees 36
Figure 19. Ordination of the entire 580 plots from Bryce Canyon and Cedar Breaks................. 38
Figure 20. The globally imperiled Populus tremuloides / Ribes montigenum Forest
ass0CIation at CEBR. ....c...oiiiiiiiii ettt st 49
Figure 21. A typical fuel’s plot on the plateau in CEBR. ..........ccccoeeiiiiiiiiiiceeceeeeee e 52
Figure 22. Structure of the CEBR geodatabase. ............cccuevieiiieienieiiieieciecieeeseeie e 58
Figure 23. The CEBR VEeZEtation Map. ........ccceccuieuieiuieiiieeieetieieeeeete et eteeeteeveeeeeveeseeeesaeeneennens 61
Figure 24. Location of accuracy assessment points sampled within CEBR. The
accuracy of the map outside of the park boundary was not assessed. .........cccceeeeieeriiiercieencniennns 76

viii



Tables

Page
Table 1. National Vegetation Classification System hierarchy for terrestrial vegetation
(FGDIC T997). ettt et b ettt b ettt e bt et e e bt e bt et e s bt e beentenaeenee 4
Table 2. Timeline for CEBR vegetation mapping project tasks. .........cccoevveveeveevieeieseeerecieeneene, 23
Table 3. Plot sizes used for vegetation classification sampling at CEBR..............ccccccvevvieienennn. 32
Table 4. General plot data categories and specific data components collected at each
vegetation Classification PLOt.........cc.iiriiiiiiiiiiiiecie ettt 33
Table 5. Vegetation cover and height classes used in the CEBR vegetation mapping
PLOJECL. o ntieiieette et et ettt et e et e eteeetee e bt e aee et eesseeeaseesaeeabeeseeenbeenseeenseensaeeabeenseeenbeenseeenbeenneeenseenseas 33
Table 6. Classified plant associations for the Cedar Breaks National Monument
vegetation mapping project area, arranged by ecological system within each
PhYSIOZNOMIC GIOUP™ ... .iiiiiiiiieiiieeetieeeteeeeteeerteeestteeeeaeesteeesssaeesssaeessseeessaeesseeensseessssaesnsseesnseens 40
Table 7. Physiognomic attributes of polygons. In some cases, these attributes were
assigned to individual polygons. Otherwise, they were assigned to an entire map class. ............ 55
Table 8. Modifiers used to provide additional information for map polygons in the
CEBR vegetation Mapping ProOJECt QICA........ccueeerureeerrreerireeesreeesreeesseeessseesssaeesssseessseessseeesseeenns 55
Table 9. Map classes used in the final (post-AA) CEBR vegetation map, with map class
number, code and name, crosswalk to NVC association, and the relationship of map
class to plant associations. CEBR vegetation map classes are arranged using the
NatureServe ecological systems ClassifiCatioN. .........cccveeeiiieeiiiieiiie et 62
Table 10. Summary statistics for polygons of each map class developed for the CEBR
VEZetation MAPPING PIOJECE. ..veerurieerrieeeteeeiteeesteeesteeeereesstreessaeesseeesseeasssaeassseeessseessssesssssessssees 67
Table 11. Final contingency table for CEBR. This table represents the 22 polygon map
classes retained following accuracy assessment and revision whose accuracy was
ASSCSSEU. -ttt h bttt eh bt st eh e bt et eh e bt et e e bt e bt et e et e b eanes 77
Table 12. Final CEBR vegetation map classes that met or exceeded the 80% program
standard for both user’s and producer’s aCCUTACY........ccuevuieruieriieriieiieeiie et eie et ens 78
Table 13. CEBR vegetation map classes where either the user’s or producer’s accuracy
did not meet the 80% program standard. ..............ceocuiiiieriiieiieiie e 79
Table 14. CEBR vegetation map classes where neither the user’s or producer’s
accuracy met the 80% program standard. ..........c..coceeieriiiiiiiniie e 79

X






Appendices

Page
Appendix A. Ecological Systems of Cedar Breaks National Monument..............cccccecevvenuennnene 85
Appendix B. Plot, Observation Point, Accuracy Assessment Point Instructions and Data
FOTIIIS ..ttt et ettt b e et e e sat e et e sat e e b et eeneeneee 103
B.1. Plot and Observation Point Field Sampling Manual.............ccccooeiieiiieiiiieeieceiees 104
B.2. Accuracy Assessment Point Field Sampling Manual .............ccccoviiiiiniiiinienieeenne 138
B.3. Example of a Vegetation Plot Data FOrm ...........cccccoeviiiiiiiiiiiieeeeeeeee e, 156
B.4. Example of an Observation Point Data FOrm ...........cocceeviniiiiniiniininicnceeeeeeee, 161
B.5. Example of an Accuracy Assessment Data FOrm..........ccccoeveiieiiiieiieiieeeieceee, 163
Appendix C. Database DOCUMENTATION.......cc..eecvieriieiiieriieeiieeie et eteeite e ereeseeeaeesaeenseesaeaens 165
C.1 Plots Database DOCUMENTAtION .......cc.eeiuiiriiiiiiiiieeieeiie ettt 165
C.2 Geodatabase DOCUMENTALION. .....c...evuiirtiriiriierieiieritee ettt st 185
Appendix D. Plant Species List and Crosswalk..........c.ccocvuveeiiieiiiieniiiecieeeee e 195
Appendix E. Field Plot Crosswalk to NVC ASSOCIAtIONS......cccceeruierieeriieriieniienieeiee e enieesaeeens 207
Appendix F. Plant Association Descriptions for Cedar Breaks National Monument................. 215
Appendix G. Illustrated Keys to the Plant Associations of Cedar Breaks National
IMIOTIUITIENE ¢ttt ettt ettt e ettt e sttt esab e e e bt e e esbeesbteeeabteesabaeenareeas 357
Appendix H. Modified Anderson Land Use/Land Cover Classification............cccevceevvereennenee. 407
Appendix I. Accuracy Assessment Analysis ReSults .........cccccvevviiiiiiiiieniieeciiecee e 417
Appendix J. Map Class Descriptions for Cedar Breaks National Monument ...........c...cccccuee... 423

X1






Summary

The Northern Colorado Plateau Inventory and Monitoring Network cooperated with the U.S.
Geological Survey - National Park Service Vegetation Mapping Program to describe and map
vegetation at Cedar Breaks National Monument (CEBR). This collaborative effort involved
many project partners, particularly the Rocky Mountain Geographic Science Center of the U.S.
Geological Survey, the Western Region office of NatureServe, engineering-environmental
Management, Inc., and their cooperators.

The mapping area includes approximately 4,840 hectares (11,960 acres), encompassing the entire
monument as well as an environs of adjacent public and private lands. Ecologists and photo
interpreters identified plant associations within CEBR and determined an effective mapping
approach using 1:12,000-scale, true color aerial photography and digital orthophotography. Field
crews collected vegetation and environmental data from 172 vegetation classification plots and
110 observation points in 2006 to prepare the initial classification and vegetation map. During
July 24-27, 2007, the primary photo interpreter conducted a vegetation map verification trip and
updated the draft map using the resultant recommendations prior to full-scale accuracy
assessment. Assessment of CEBR vegetation map accuracy entailed random selection and
sampling an additional 303 data plots in the late summer of 2007.

Analysis of the classification plot and accuracy assessment plot data revealed 71 National
Vegetation Classification plant associations, vegetation alliances, or park special vegetation
types within CEBR and environs. Sixteen plant associations were documented exclusively from
accuracy assessment data, the remainder from vegetation classification plots and observation
points.

Vegetation and land use mapping units were interpreted to as detailed a level as possible from
high-resolution, 9” x 9” stereo pairs of 1:12,000-scale true color aerial photography. A
combination of methods was used to delineate and interpret vegetation polygons for the mapping
component of the CEBR project area, including the use of ERDAS Imagine software facilitated
by heads-up (on-screen) digitizing. The project used the program standard minimum mapping
unit of 0.5 ha (1.24 acres) with few exceptions.

Twenty-six map classes were developed and interpreted for CEBR, resulting in 1,253 polygons.
A total of 1,195 polygons represent 20 natural or semi-natural vegetation map classes covering
82% of the mapping project area. Six land use/land cover and geologic map classes describe 58
polygons (5% of polygons and 18% of the area). Average polygon size across all map classes is
4.7 ha (11.6 acres). Lands within CEBR make up 2,481 ha (6,130 acres) or 51% of the total
project area. The most common map class is Subalpine fir - Engelmann Spruce Forest Complex
with 240 polygons covering 25.6% of the mapping area.

Map accuracy was assessed within the CEBR boundary only. Primary analyses of the field data
were presented and evaluated at an accuracy assessment meeting held from December 4-5, 2007.

Results from a thematic accuracy assessment of 20 vegetation map classes remaining after
accuracy assessment analysis indicated an estimate of 88.1% overall map accuracy (Kappa
statistic = 87.1%). Six map classes did not meet the 80% standard for either producer’s or user’s
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accuracy, but were retained because of their relative rarity and/or value to park managers. These
map classes are described in the Accuracy Assessment section of this report, as is the
justification for retaining them.

Products resulting from the CEBR vegetation mapping project include:

Available in this report:

project summary of methods and results

illustrated dichotomous field key to the vegetation associations
illustrated guide to the vegetation map classes

detailed descriptions of vegetation associations

samples of completed field forms

field manual used to guide plot and observation point data collection

Available elsewhere:

geodatabase containing map polygon attribute, land use, aerial photography flight lines,
plot data and monument and project boundaries

ground photography of vegetation plots, observation points, and accuracy assessment
points in hard copy and digital formats

all field data (plot, observation point, and accuracy assessment point) stored in a
Microsoft Access database

hard copy vegetation maps
metadata for all digital products

Geospatial products are in Universal Transverse Mercator (UTM) projection, Zone 12, using the
North American Datum of 1983.

' This document and most of the digital products are available on the internet at: http://biology.usgs.gov/npsveg/.
Hard copies of the orthophotos, stereo photos, and original data forms are retained by NCPN and the monument.
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USGS-NPS Vegetation Mapping Program
Cedar Breaks National Monument

Introduction

Vegetation Classification and Mapping Project, Cedar Breaks National Monument
The Cedar Breaks National Monument (CEBR) Vegetation Mapping Project was organized and
coordinated by the Northern Colorado Plateau Network (NCPN) Inventory and Monitoring
(I&M) Program between 2002 and 2011, with assistance from several project cooperators. The
purpose of this project was to classify, describe and map existing plant associations on 4,840
hectares (11,960 acres) within CEBR and its environs, and to provide this information in written,
tabular, digital, and spatial formats useful to park resource managers, the NCPN I&M Program,
and other users. The basic project components include a classification and description of CEBR
vegetation and land cover/land use, and a spatial database providing an interpretation of the plant
communities from aerial imagery.

In 2001, the NCPN I&M Program launched a multi-year project to complete vegetation
classifications and maps for network park units. Funding was provided by the U.S. Geological
Survey (USGS) — National Park Service (NPS) Vegetation Mapping Program and the Northern
Colorado Plateau Network. The CEBR Vegetation Classification and Mapping Project was
initiated by the NCPN, the Bureau of Reclamation Remote Sensing and Geographic Information
Group (RSGIG), CEBR natural resources staff, NatureServe, and private contractors. Project
tasks were coordinated with the USGS-NPS Vegetation Mapping Program. Vegetation
classification plot and observation point data collection occurred in 2006. Map accuracy
assessment was completed in 2007.

Project methods, results, and products are documented in this report. This introductory section
summarizes the NPS I&M Program and the USGS-NPS Vegetation Mapping Program and the
CEBR mapping project area. Following sections document the methods and results for each of
the major tasks in the project: scoping, vegetation classification and description, vegetation
mapping, and map accuracy assessment.

The USGS-NPS Vegetation Mapping Program

The National Vegetation Mapping Program is a cooperative project between the USGS and the
NPS to inventory, classify, describe, and map vegetation in more than 270 national park units
within the United States. Consistent vegetation classification, mapping, and accuracy assessment
protocols and standards are applied across projects supported by this program. The National
Vegetation Mapping Program is administered by the USGS Center for Biological Informatics in
cooperation with the NPS I&M Program. Through implementation of the NPS Natural Resource
Challenge (NPS 1999), significant funding became available for completing important natural
resource baseline inventories in park units, including vegetation classification and mapping. This
support provided the NPS with the opportunity to move forward with dozens of new park unit
vegetation classification and mapping projects, including CEBR. Vegetation classification and
mapping products produced by this program are incorporated into the USGS National Biological
Information Infrastructure Program, which serves as an information-sharing network
(http://biology.usgs.gov/npsveg/).
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Northern Colorado Plateau Network Inventory and Monitoring Program

The National Park Service developed an inventory and long-term monitoring program for park
natural resources over the last two decades of the twentieth century. This effort was enhanced by
the NPS Natural Resource Challenge (NPS 1999); as a part of this initiative, the NCPN was
formed in 2000 to develop an integrated inventory and monitoring program for 16 park units in
Utah, Colorado, Arizona, and Wyoming.

A goal of the NPS I&M Program is to complete baseline inventories of biological and
geophysical resources for each park unit. These inventories cover 12 basic data sets needed by
park staff to guide resource management. Vegetation classification and mapping constitute one
of these data sets. Early in the development of its I&M program, the NCPN made completing
vegetation maps for each network park unit a priority. In addition to assisting park management,
vegetation maps and classification information were seen as contributing significantly to NCPN
long-term monitoring efforts. In 2001, the network began implementation of a strategy to
complete vegetation mapping in all network park units. The CEBR vegetation mapping project is
the twelfth of the network-coordinated projects to be completed.

Vegetation Mapping Program Standards
The NPS 1&M Program established guidance and standards for all vegetation mapping projects
in a series of documents:

Protocols

e National Vegetation Classification System (TNC and ESRI 1994a, NatureServe 2003a)
¢ Field methods and mapping procedures (TNC and ESRI 1994b)

e Statistically rigorous and consistent accuracy assessment procedures (ESRI and TNC
1994)

e QGuidelines for using existing vegetation data (TNC 1996)
Standards

e National Vegetation Classification Standard (FGDC 1997)

e Spatial Data Transfer Standard (FGDC 1998b)

e Content Standard for Digital Geospatial Metadata (FGDC 1998a)
e United States National Map Accuracy Standards (USGS 1999)

e Integrated Taxonomic Information System

e Program-defined standards for map attribute accuracy and minimum mapping unit

These documents are available on the USGS-NPS Vegetation Program Web site
(http://biology.usgs.gov/npsveg/standards.html).
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National Vegetation Classification Standard

The National Vegetation Classification (NVC) is the system used in NCPN vegetation mapping
projects (TNC and ESRI 1994a), and is based on the National Vegetation Classification Standard
adopted by the Federal Geographic Data Committee (FGDC 1997). The NVC evolved from
work conducted primarily by The Nature Conservancy (TNC), NatureServe, and the Natural
Heritage Program network over more than two decades (Grossman et al. 1998). The structure of
the NVC is based in part on an earlier international vegetation classification developed by the
United Nations Educational, Cultural, and Scientific Organization (UNESCO 1973, Driscoll et
al. 1984). Use of a standardized classification system helps to ensure data compatibility
throughout the NPS and other agencies. The FGDC Vegetation Subcommittee provides oversight
to keep this standard current and relevant. The substantial revisions to the upper levels of the
NVC hierarchy adopted by the Vegetation Subcommittee as Version 2 (FGDC 2008) are not
used in this project.

Vegetation classification systems attempt to recognize and describe repeating assemblages of
plants in similar habitats. The NVC is a hierarchical system that incorporates physiognomic
characters and floristic data to define seven levels of terrestrial vegetation classification. The five
upper levels (class, subclass, group, subgroup, and formation) are based on physiognomic
features. The two lower levels (alliance and association) are distinguished by differences in
floristic composition. The physiognomic units have a broad geographic perspective and the
floristic units have utility in local and site-specific applications (Grossman et al. 1998). The
physiognomic levels of the NVC are based on physical, structural, and environmental
characteristics identifiable from satellite imagery, aerial photography, or ground observations
(Table 1). Specific criteria defining these physiognomic units are based on ecologic
characteristics that vary among major vegetation groups (FGDC 1997).

The vegetation alliance and plant association levels form the base of the NVC hierarchy and are
determined by the most abundant or diagnostic species comprising the various layers of a
homogenous vegetation community. An association is here defined as a plant community type
with a consistent species composition, uniform physiognomy, and similar habitat conditions
(Flahault and Schroter 1910). Species composition differentiates associations (TNC and ERSI
1994a). An alliance is "a physiognomically uniform group of plant associations sharing one or
more dominant or diagnostic species which, as a rule, are found in the uppermost strata of the
vegetation" (Reid and Comer 1998). NatureServe coordinates plant association data for the
NCPN vegetation mapping projects. Associations are added to the NVC and older concepts are
refined as new data become available.

Other Standards

In addition to vegetation classification, the FGDC sets standards for map spatial accuracy and for
metadata employed in NPS vegetation mapping projects. Standards for map products stipulate
map scales of 1:24,000 or finer, and minimum polygon size of 0.5 ha (1.24 acres). Positional
accuracy for vegetation maps must meet National Map Accuracy Standards, which specify
horizontal errors of less than 10.2 m (33.5 ft.) on the ground for 1:12,000-scale maps.

All digital vegetation products resulting from this project are accompanied by FGDC-compliant
metadata. Metadata are “data about the data,” and describe the content, quality, condition, and
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other characteristics of the spatial dataset. Metadata are critical elements that expedite the
interpretation and exchange of information among users.

Table 1. National Vegetation Classification System hierarchy for terrestrial vegetation (FGDC 1997).

Level Criteria Delineating Level Example
Class Structure (height, cover) of dominant vegetation strata ~ Woodland
Growth form characters including leaf type (evergreen,
Subclass deciduous) for woody plants and persistence Evergreen woodland
(perennial, annual) for herbaceous species
Leaf morphology (broad-leaf, microphyllous, Temperate or subpolar needle-leaved
Group . N .
xeromorphic), leaf phenology, and climatic conditions evergreen woodland
Subgroup Relative degree of human disturbance Natural/Semi-natural temperate or subpolar
needle-leaved evergreen woodland
. Add_ltlonal physmgn(_)_mlc chara_cterlstlcs, general - Rounded-crowned temperate or subpolar
Formation environmental conditions, relative landscape position,
. . needle-leaved evergreen woodland
and hydrologic regimes
. Dominant or diagnostic species of uppermost or Pinus edulis — (Juniperus spp.) Woodland
Alliance - .
dominant stratum Alliance
Association Other dominant or diagnostic species from any stratum Pinus edulis — Juniperus spp. / Quercus

gambelii Woodland
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Project Area Description

Location and Setting

Cedar Breaks National Monument (CEBR) was created on August 22, 1933, by proclamation of
President Franklin D. Roosevelt. The monument was established “for the preservation of
spectacular cliffs, canyons, and features of scenic, scientific, and educational interest contained
therein." The purpose of CEBR, as described in the Strategic Plan for FY2001-FY2005 is to
“preserve the geology, vistas, natural and ecological processes, and other features of scenic,
scientific, and education interest” and “to provide opportunities for research, public enjoyment,
inspiration, and appreciation of the resources of Cedar Breaks National Monument through
interpretation and other educational endeavors.” The monument is currently administered by
Zion National Park (O’Dell 2005). Over the past decade, annual visitation averages about
543,000 visitors (NPS 2010).

CEBR is located in southwest Utah, approximately 29 km (18 miles) east of Cedar City, Utah, in
Iron County (Figure 1). The nearest municipality is Brian Head, approximately 4.8 km (3 miles)
north of the CEBR entrance. Parowan is the Iron County seat and had a population of 2,565,
nearly 7.6% of the population of Iron County (33,779) in 2000. Iron County has a population
density of 10.2 people per square mile. CEBR is accessible via UT 143 (approaching from the
east) and UT 148 (approaching from the north or south). Most lands adjacent to CEBR are
administered by Dixie National Forest, including the Ashdown Gorge Wilderness Area on the
western boundary of the monument. Recently, Iron County commissioners have proposed
expanding the boundaries of the monument to include the Ashdown Gorge Wilderness Area
(Fertig 2009). There are also some areas of private ownership adjacent to the northeast
boundaries of the monument (Figure 2).

CEBR encompasses 2,481 ha (6,130 acres) within the monument boundary, as well as 2,630
hectares (5,831 acres) of adjacent, primarily USFS lands in the environs for a total mapped
project area of 4,840 hectares (11,960 acres).

Topography and Geologic History

CEBR lies on the western rim of the Markagunt Plateau, in the High Plateaus section of the
Colorado Plateau physiographic province. The High Plateaus represent a transitional tectonic
region between the Colorado Plateau to the east and the Basin and Range physiographic province
to the west. While a visitor at one of the rim overlooks is standing on a high plateau of relatively
horizontal strata characteristic of the Colorado Plateau, the spectacular views to the west are
some of the finest in southern Utah of a Basin and Range landscape (Hatfield et al. 2000).

The Markagunt Plateau within CEBR is flat to gently rolling terrain, covered by interspersed
stands of spruce-fir forest and wet subalpine meadows. The top of the Markagunt Plateau tilts
gently eastward, and water from the meadows generally drains in this direction, away from the
dramatic amphitheaters (or “breaks”) created by the headward erosion of the west-flowing
Ashdown Creek. A series of tributary drainage heads have scalloped a 5 km (3 miles)-wide
section of the plateau rim. Elevations in CEBR range from 3,250 meters (10,662 feet) in the
northeastern section above the amphitheater rim, to 2,469 meters (8,100 feet) on Ashdown Creek
on the western boundary (O’Dell 2005). The terrain below the rim is precipitous and sparsely
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vegetated. Although easily viewed from the many scenic overlooks along the rim, the

amphitheater cliffs and the gorges below them that make up the majority of CEBR are difficult to
access and rarely visited.
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Figure 1. Location of CEBR on the Colorado Plateau.
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Figure 2. Map of the CEBR vegetation mapping project area boundary showing adjacent land ownership.
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Climate

The climate of CEBR is influenced by tropical Gulf and Pacific, and polar Pacific air masses.
The high elevation of the Markagunt Plateau results in short, cool summers and relatively long,
cold winters. Deep, drifting snow typically closes automobile access to the rim overlooks from
November to mid-May (O’Dell 2005). Residual snow drifts last into the early summer and
contribute substantially to the hydrology of the meadows and cliff-face seeps.

Records of climatic conditions collected at the town of Brian Head, Utah (WRCC 2009) during
the period 1991 to 2009 show an annual average precipitation of 87 cm (34.3 inches), most of
which falls in the form of winter snows (Figure 3). The town of Brian Head is roughly 275 m
(900 feet) lower in elevation than the rim areas of CEBR, but weather data collected at the
Blowhard Mountain Radar station, just south of the park and at a slightly higher elevation, show
similar conditions. May and June have the lowest average monthly precipitation, but July and
August bring regular monsoonal thunderstorms and higher monthly precipitation (Figure 4).
Precipitation in the form of snow averages 917 cm (361.1 inches) annually, with only July and
August having zero average snowfall. Snow depths in March and April generally exceed 178 cm
(70 inches). The average minimum temperature in January is -12° C (10° F), while the average
maximum temperature in July reaches 21.3° C (70.4° F).
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Figure 3. Climate data for CEBR (WRCC 2009).
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Figure 4. Summer thunderstorm at CEBR.

Geology and Vegetation

Uplift of the Markagunt Plateau began along the Hurricane Fault zone during the last of the
major Basin and Range deformational events in the region (Figure 5). Uplift began in relatively
recent times, approximately 10 million years ago, and the erosion of the breaks at CEBR could
begin only after this uplift had established the westward gradient of Ashdown Creek (Hatfield et
al. 2000).
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Figure 5. A diagram of the Markagunt Plateau showing the Hurricane Fault Zone.
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While CEBR is much higher in elevation than Bryce Canyon National Park (BRCA), 64 km (40
miles) to the east, the two parks share a common geology and many similar erosional features.
The most striking similarity is the dominance of the Claron Formation in the scenery of each
park. However, subtle variations in the rock layers and the much higher elevation of the
Markagunt Plateau have produced significant local differences, especially in vegetation. The
lowest elevations of CEBR lie within the same Montane Forest Belt that Buchanan (1992)
described for the highest elevations at BRCA; the vegetation at CEBR is characterized by the
Subalpine Forest Belt on the plateau top. The amphitheaters at CEBR are much deeper than those
at BRCA, but tend to have fewer concentrations of the hoodoos, fins, alcoves and arches for
which BRCA is known. The top of the Markagunt Plateau also shows a much greater influence
by glacial and periglacial processes than is seen on the Paunsaugunt (Hatfield et al. 2000). The
geology and related vegetation communities within CEBR are discussed below to provide
context for the vegetation map units.

The Claron Formation at CEBR is eroding eastward as a result of physical weathering and mass
wasting processes. It has been estimated that the rim of the Claron Formation recedes 24-120 cm
(9.5-47 inches) per century (Fertig 2009). Freeze-thaw cycles and chemical weathering loosen
the surface material, while sheet and gully erosion rapidly remove the debris. The steep gradient
results in rapid erosion and the removal of large quantities of material. Protective soils and
vegetation cannot develop on the steep slopes, further enhancing the erosive power of wind and
water. The result is an environment that is not conducive to soil development. Established
vegetation exhibits pedestaling and may be buried or eroded downslope.

Straight Cliffs Formation (Upper Cretaceous, approximately 85 million years ago). The oldest
geologic stratum exposed within CEBR is the Late Cretaceous Straight Cliffs Formation, rocks
that represent gradual transition from shallow marine conditions to coastal swamps, lagoons and
fluvial environments. This formation is poorly exposed in CEBR, but outcrops occur along
Ashdown Creek on the western boundary of the monument at the lowest elevations. Exposures
are characterized by lagoonal and marine gray and brownish mudstones and sandstones
deposited as the great Cretaceous Sea retreated from the region. These substrates typically
support woodlands or forests of white fir (Abies concolor), ponderosa pine (Pinus ponderosa),
Douglas-fir (Pseudotsuga menziesii), Rocky Mountain juniper (Juniperus scopulorum), quaking
aspen (Populus tremuloides), two-needle pinyon pine (Pinus edulis) and/or curl-leaf mountain
mahogany (Cercocarpus ledifolius) with a variety of understory shrub and herbaceous species
including greenleaf manzanita (Arctostaphylos patula), common juniper (Juniperus communis),
creeping barberry (Mahonia repens), Gambel oak (Quercus gambelii), mountain snowberry
(Symphoricarpos oreophilus), and muttongrass (Poa fendleriana) (Figure 6) .

Wahweap / Grand Castle Formation (Upper Cretaceous, approximately 80 million years ago).
This formation is approximately 300 m (1,000 feet) thick, and characterized by exposures of
mostly fluvial mud-, sand- and siltstones, variously identified as the Wahweap, the Wahweap
with overlying Kaiparowits, or the Grand Castle Formation. Hatfield et al. (2000) has designated
this stratum the Wahweap/Grand Castle Formation, and this report follows that taxonomy.
Deposited in an environment of swampy ponds, where water from the Cretaceous inland sea was
slowly retreating, this formation preserved contains fossils of many plants and animals, including
dinosaurs. In CEBR, exposures of the formation form the majority of land downslope from the
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Claron breaks in the Ashdown Creek drainage basin and represent steep to very steep, mid- to
high-elevation slopes. Wahweap/Grand Castle Formation substrates typically support woodlands
or forests of white fir, ponderosa pine, Douglas-fir, blue spruce (Picea pungens), Rocky
Mountain juniper, quaking aspen, and/or curl-leaf mountain mahogany with a variety of
understory species including greenleaf manzanita, common juniper, and creeping barberry

(Figure 7).

Figure 6. Pinyon — juniper woodland and ponderosa pine — (Douglas-fir) woodland on the Straight Cliffs
Formation in CEBR.
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Figure 7. Ponderosa pine woodland and blue spruce / manzanita woodland on the Wahweep Formation
in CEBR.

Pink Member of the Claron Formation (Eocene, approximately 50-60 million years ago). Above
the Wahweap/Grand Castle Formation, the terrain is formed in the Eocene and Paleocene Claron
Formation, divided into the Pink (lower, sometimes called Red) and White (upper) members. In
general, the Claron Formation defines the spectacular scenery of CEBR, eroding into multi-hued
cliffs and barren badlands dotted with hoodoos and fins. Of fluvial and lacustrine origin, the
formation records a transition from fluvial environments to one of broad deltas and shallow
lakes. The Pink Claron Formation is approximately 396 m (1,300 feet) thick, and composed of
alternating beds of sandy limestone, calcareous sand- and mudstones, and minor conglomerates.
(Hatfield et al. 2000). A significant bed of limestone at the base of the Pink Claron forms a cliff
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band, and a similar bed of limestone at the top of the White Claron provides a contrasting
caprock to the adjacent badland slopes.

The Pink Claron breaks vegetation community includes sparse woodlands of bristlecone pine
(Pinus longaeva) and/or ponderosa pine with associated shrubs such as greenleaf manzanita,
common juniper, and creeping barberry, as well as nearly homogenous shrublands of greenleaf
manzanita. Limited areas of soil development occur on the Pink Claron, particularly on north-
facing slopes. These soils support stands of various mixes of conifers in low to moderate cover,
including bristlecone pine, limber pine (Pinus flexilis) and ponderosa pine, as well as blue
spruce, Engelmann spruce (Picea engelmannii), Douglas-fir, and subalpine fir (Abies
lasiocarpa), with the particular species combination dependent on elevation. A large flat area on
top of the plateau in the southeast corner of CEBR with underlying geology of Pink Claron
formation supports grasslands, forblands, or shrub-herbaceous stands dominated by one or more
of the following species: Kentucky bluegrass (Poa pratensis), slender wheatgrass (Elymus
trachycaulus), smooth brome (Bromus inermis), little desertparsley (Lomatium minimum),
gooseberry currant (Ribes montigenum), and whitestem goldenbush (Ericameria discoidea)

(Figure 8).

Figure 8. Sparse bristlecone pine woodlands on the Pink Claron Formation in CEBR.

White Member of the Claron Formation (Eocene, approximately 50-60 million years ago).
Above the Pink Member of the Claron Formation, the White Member is approximately 110 m
(360 feet) thick in CEBR (Hatfield et al. 2000). Composed of limestones interbedded with thin
purplish-gray mudstones and siltstones, it was deposited in an environment of broad shallow
lakes and preserved fossils of freshwater gastropods. In CEBR, the White Member of the Claron
Formation is exposed along the entire rim as steep high slopes or as moderately-sloping areas of
caprock.

Both the White Claron and the Pink Claron provide habitat for most of the rare endemic plant
species of the monument. Many of these are cushion plants, including the Panguitch buckwheat
(Eriogonum panguicense) on calcareous environments along the White Claron rims (Fertig
2009). The characteristic tree species of the Claron barrens is the bristlecone pine, or
occasionally limber pine. In certain areas, subalpine forest communities more characteristic of
the plateau top can extend downslope from the plateau rim; these communities include subalpine
fir, Engelmann spruce, quaking aspen, white fir, and blue spruce trees, subalpine grassland
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communities of Letterman’s needlegrass (Achnatherum lettermanii), Sandberg bluegrass (Poa
secunda), Kentucky bluegrass, smooth brome, and/or western wheatgrass (Pascopyrum smithii),
or shrublands of whitestem goldenbush and sulphur-flower buckwheat (Eriogonum umbellatum)
more characteristic of the plateau top can extend quite far downslope from the plateau rim

(Figure 9).

Figure 9. Bristlecone pine woodland and sulfur-flower buckwheat forbland on the White Claron Formation
in CEBR.

Brian Head Formation (Oligocene and Eocene, approximately 35 to 23 million years ago). The
geology of the top of the Markagunt Plateau is complex, and includes a mix of poorly understood
strata. The Brian Head Formation consists of soft sandstones (of fluvial, eolian and volcanic
derivation), ash-flow and airfall tuff, and a few limestone beds. Some of the Brian Head
sediments were derived from tuff deposited by extensive volcanic fields to the north and west of
the Markagunt Plateau. These soft volcanic clay rocks are prone to landslides (Hatfield et al.
2000). Covering a large part of the plateau above the rim, particularly in the northern portion of
the CEBR, the Brian Head Formation supports a variety of grasslands dominated by slender
wheatgrass, Kentucky bluegrass, smooth brome, Letterman’s needlegrass, or tufted hairgrass
(Deschampsia caespitosa), forblands characterized by Eggleston's sedge (Carex egglestonii),
Rocky Mountain goldenrod (Solidago multiradiata), Porter's licorice-root (Ligusticum porteri),
American bistort (Polygonum bistortoides), and silvery lupine (Lupinus argenteus), shrublands
of Arizona willow (Salix arizonica) or gooseberry currant, and occasional small stands of
woodlands or forests dominated by subalpine fir, Engelmann spruce and/or quaking aspen
(Figure 10).

Markagunt Megabreccia (Miocene, approximately 22 to 20 million years ago). Overtopping the
Brian Head Formation are two named formations of volcanic ash-flow tuffs (the Isom and Leach
Canyon formations, of Oligocene and Miocene age), capped by the Markagunt Megabreccia
(Miocene). The Markagunt Megabreccia contains a chaotic assemblage of angular clasts and
enormous blocks of older formations, including the Brian Head, Isom and Leach Canyon
formations, as well as other formations not included in the CEBR stratigraphy. Its history is
poorly understood, but it appears to be the result of massive “gravity slides” of these structurally
unstable formations, possibly as a result of the continuing uplift of the Markagunt Plateau. The
result is a landscape with many house- to city-block-size fragments completely out of
stratigraphic context. The Megabreccia slides were followed in the Pleistocene by various
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icefield processes, possibly including small glaciers, which further rearranged rocks of the
plateau top. Quaternary-age eolian deposits and landslides (such as the one that created Alpine
Pond) then added to the modern landscape (Hatfield et al. 2000). A few small pockets of
Markagunt Megabreccia occur in the central portion of CEBR above the rim and support forests
of Subalpine fir — Engelmann spruce / gooseberry currant and Quaking aspen — subalpine fir /
Tall Forbs as well as herbaceous stands dominated by Kentucky bluegrass, sulfur-flower
buckwheat, or Rocky Mountain goldenrod (Figure 11).

Figure 10. Mixed herbaceous meadow with oneflower Helianthella blooming and subalpine fir —
Engelmann spruce forest (dead stand) on the Brian Head Formation in CEBR.

Figure 11. Subalpine grassland and subalpine fir — Engelmann spruce / gooseberry currant forest on the
Markagunt Megabreccia Formation in CEBR.

Subalpine plant communities established above the rim in CEBR form an open landscape of
forests and meadows. Subalpine fir and Engelmann spruce trees dominate, although in the past
two decades an estimated 80-90 percent of the mature Engelmann spruce trees have been killed
by spruce bark beetles (Dendroctonus rufipennis). This appears to be the stand-replacing event
that studies have shown occurs every 300 to 500 years in the process of forest succession (O’Dell
2005). Small stands of quaking aspen (often decadent), as well as Douglas-fir, limber pine, or
bristlecone pine also occur on the plateau top. Understory species can include aspen bluebells
(Mertensia arizonica) on mesic soils, and gooseberry currant, creeping barberry, common
juniper, and Ross’ sedge (Carex rossii) on dry sites. These forests are associated with rocky clay
loams derived from weathered volcanics and limestones (Fertig 2009).
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Subalpine meadows in CEBR often provide a tremendous display of wildflowers from late June
to early August. Buchanan (1992) divides these meadows into “semi-moist” and “marshy” types
and mentions that the division between the two can be quite distinct, a function of their different
soils. Dry meadows are characterized by forbs such as the Markagunt penstemon (Penstemon
leiophyllus), oneflower helianthella (Helianthella uniflora), elkweed (Swertia radiata), and giant
red Indian paintbrush (Castilleja miniata) (Fertig 2009). Marshy meadows support brilliant
displays of darkthroat shooting star (Dodecatheon pulchellum), Parry primrose (Primula parryi),
monkshood (Aconitum columbianum), elephanthead lousewort (Pedicularis groenlandica) and
fringed gentian (Gentianopsis detonsa) (Buchanan 1992).

Surficial Deposits (Pleistocene and Holocene, approximately one million years ago to present):
Surficial deposits are common on the mesas and ridges, slopes, and along tributary drainages
within CEBR. The processes of weathering, erosion, and sedimentation contribute to the
formation of soil, new alluvium, talus, colluvium, and landslide deposits. Surficial deposits may
be devoid of vegetation and delineated as rock slides, channel bottoms, barrens, or other
unvegetated land cover mapping units.

Alluvial and colluvial fan deposits at the base of Red Claron slopes and along the heads of
tributary drainages support woodlands or forests of blue spruce, white fir, subalpine fir, quaking
aspen, ponderosa pine, and curl leaf mountain mahogany with understories of greenleaf
manzanita, common juniper or creeping barberry. Sparse shrublands of Rocky Mountain maple
(Acer glabrum) also occur here. Small landslide or talus deposits located above the rim support
forests of subalpine fir — Engelmann spruce / current spp. (Figure 12a and b).

Small, narrow bands of wind-blown, aeolian deposists along the rim in the White Claron
Formation support sparse whitestem goldenbush dwarf-shrublands and forblands of Panguitch
buckwheat (Figure 12c¢).

Small alluvial deposits above the rim (including several small pockets of peat) support mesic
meadows dominated by water sedge (Carex aquatilis), tufted hairgrass — American bistort, or
Arizona willow (Figure 12d).

Below the rim, substantial Quaternary age alluvial terraces and colluvial slope deposits bury the
Late Cretaceous strata along the Ashdown Creek tributary drainages. Older alluvial deposits
support a variety of mixed conifer/quaking aspen forests of the Montane Forest Belt described by
Buchanan (1992). White fir and blue spruce are characteristic of this belt, although quaking
aspen stands are also common (Figure 12¢). Understories include creeping barberry or common
juniper in mesic areas, while more xeric areas trend toward understories of greenleaf manzanita,
Rocky Mountain maple, or curl leaf mountain mahogany. Newer alluvial deposits occurring in
small spring areas, on alluvial terraces and sloping banks along the bottom of Ashdown Gorge
also support scattered numbers of narrow-leaved cottonwood (Populus angustifolia) trees with
sparse or undeveloped understories (Figure 12f).
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rim with Panguitch buckwheat (c) and alluvial (peat) deposits supporting water sedge herbaceous vegetation
(d). Alluvial deposits in tributary drainages below the rim supporting blue spruce forests (e) and narrowleaf
cottonwood woodlands (f).
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| Geology types:

- af - artificial fill

Qal - alluvium

Qat1 - alluvial-terrace deposits
Qac - sheetwash alluvium
Qc - colluvium

Qev - Volcanic gravel colluvium

- Qo - peat

! Qes - eolian deposits

- Qms - landslide deposits
- Qf - alluvial fan deposits
- Qmit2 - older talus and colluvium
- Qa - older alluvium

- Qb - basalt

Qbf1 - olivine-plagioclase mafic volcanic rock

- QTI - older landslide deposits

- Tm - Markagunt Megabreccia

- Tl - Leach Canyon Formation
- Ti - Isom Formation

. Tbh - Brian Head Formation

Tew - Claron Formation, White Member

- Ter - Claron Formation, Red Member

- TKce - Formation of Cedar Canyon

- Kscu - Straight Cliffs Formation

d F Kilometer m Vegetation Mapping Project boundary
) 0.5 1

Mile G Cedar Breaks boundary

Figure 13. Geology map of CEBR and vicinity.
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Soils
The following soils information is summarized from the USDA Forest Service (1996).

The most common and widespread soil map unit below the breaks in CEBR is the Studebaker -
Rodell families - Rock outcrop complex, occurring on moderately steep to very steep rocky
canyon sideslopes and formed in colluviums and residuum derived from sandstones. These soils
are shallow and excessively drained with occasional outcrops of limestone bedrock and some
exposures of soft shale.

The Claron breaks are represented by the Badland - Elve family - Rock outcrop complex soil
map unit, occurring on steep or very steep barren areas of shale that are dissected by many
intermittent drainages. Runoff is high and erosion is active. Shallow gullies and severe rills in the
surface are common. These excessively-drained, moderately deep soils are residuum and
colluvium derived from strongly-calcareous sandstones. Rock outcrop consists of barren or
nearly barren exposures of interbedded limestone, sandstone and shale, and occurs mainly as
nearly vertical cliffs and ledges.

Woodlands and forests above the rim are represented by a variety of soil map units; three of the
most common are described herein. Areas closest to the rim and some forested slopes on the
upper breaks are characterized by the Amesmont-Vandamore-Starman soil families complex,
occurring on steep to very steep, southern and western sideslopes. Formed in residuum and
colluvium derived from limestone, these soils are deep to very deep and well-drained. On
undulating to rolling high elevation areas above the rim are pockets of the soil map unit
Scandard, cool-Quazar, warm families complex, occurring on level to moderately steep slopes.
Formed in residuum and colluvium derived from basalt, andesite, and tertiary volcanic rocks,
these are very deep, well-drained soils. Gravels and cobbles cover 10-85% of the surface. In
areas above the rim where the Claron rock formation extends are pockets of soil map unit
Rogert-Rogert, dry families complex, occurring on level to moderately sloping sites. Formed in
residuum derived from limestone, these are shallow and somewhat excessively-drained soils.
Rock fragments (mostly gravels) cover 40 to 70 percent of the surface.

Unforested meadows above the rim are represented by two common soil map units. The first is
the Wildcow-Venable families association, occurring on level to moderately sloping valleys and
open, rolling slopes. Formed in alluvium and colluvium derived from basalt and tertiary volcanic
rocks, these soils are very deep, and very poorly to very well-drained; the water table is at or near
the surface for most of the year. The other common soil map unit is the Clayburn-Menbar
families association, occurring on level to moderately steep slopes of valley bottoms and fans,
and often occurring adjacent to perennial streams. Formed in mixed alluvium and residuum
derived from calcareous limestone, these soils are very deep and are somewhat poorly drained to
well-drained; a fluctuating groundwater table occurs below 0.5 meters (21 inches).

Hydrology and Water Resources

The heavy snowpacks and cool summer climate of the plateau-top areas of CEBR insure that
melting snow provides a fairly dependable supply of soil moisture to the subalpine vegetation
communities, particularly the meadow basins. However, standing water is limited on the
Markagunt Plateau in CEBR, with the exception of the small Alpine Pond near the rim. Alpine
Pond supports a small population of exotic brook trout (Salvelinus fontinalis) (O’Dell 2005).
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The long spring snowmelt also helps maintain the many bedrock seeps and springs emerging in
the Claron Formation below the rim. These springs are typically low in volume, and supply
many of the minor drainage heads with localized flows. Bedrock seeps also contribute to cave
and sinkhole formations in the limestone layers of the Claron Formation (Hatfield et al. 2000).
Ashdown Creek is the only perennial stream in CEBR. Summer rainstorms, particularly local
monsoonal thunderstorms, can quickly cause flash floods in the branches of Ashdown Creek, and
the lower sections of the gorge undergo frequent summer high water events. Much of the water
used to supply CEBR facilities is pumped from wells drawing from aquifers in the Claron,
Wahweap/Grand Castle and Straight Cliffs formations (Thornberry-Ehrlich 2006).

Figure 14. Perennial flow in Ashdown Creek. The bare soil in the foreground, as well as the
incised nature of the stream both illustrate the tendency to extreme flash floods.

Land Use and Settlement History

Excavations of ancient campsites have shown that Desert Archaic peoples visited the CEBR area
as approximately 9,000 years ago, principally to collect chert from the lower slopes of Brian
Head Peak. Chert was used for tool making, but archaeological evidence suggests that it was
collected here primarily for trade (NPS 2009a). To Native Americans, the multi-colored badlands
of CEBR were known as “the circle of painted cliffs,” or the “place where the rocks are sliding
down all the time” (Evenden et al. 2002).

European visitation to the area began after the town of Parowan was established in 1851. The
early settlers built a wagon road in Parowan Canyon in order to harvest timber, and the road was
eventually extended south to the plateau top in the vicinity of the breaks (Hinton 2009). By 1868,
demand for the resources available on the Markagunt Plateau was great enough that another
settlement was established below what was then known as Monument Peak. The name of the
peak was changed to Brian Head sometime after the settlement was established, and the town is
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now known by that name. In its early days, Brian Head was a seasonal community, used by
Parowan residents who logged and grazed cattle in the CEBR area during the summer (NPS
2009a). Buchanan (1992) reported that much of the Markagunt Plateau received a “high level of
grazing pressure from domestic livestock for approximately 100 years,” and the area within
present-day CEBR would have experienced some of the earliest impacts from this grazing.
Heavy use by both sheep and cattle continued on areas within CEBR until 1906, after which
livestock numbers were greatly reduced. Some degree of grazing within the Monument
boundaries continued even after it was established in 1933 (Skabelund 1965). Trespass grazing
by sheep occasionally occurs and adjacent lands are still heavily grazed. Boundary fence
maintenance is an ongoing challenge due to windthrow and other forms of toppling dead trees, as
well as heavy snowpack (Robinson 2004).

Early settlers named the area Cedar Breaks after the abundance of juniper (locally known as
“cedar”) trees and the abrupt cliffs or breaks (Evenden et al. 2002). Recognition of Cedar Breaks
as a scenic attraction began to grow after World War I, and by 1919 a movement had begun to
transfer the breaks and the surrounding rim areas from the Dixie National Forest to the NPS. In
the same year the first automobile was driven up the Parowan Canyon wagon road by S.A
Halterman. By 1921 Mr. Halterman was shuttling visitors by automobile to the top of the breaks
on a weekly basis (Hinton 2009). Around the same time Minnie Adams Burton built a tourist
lodge known as “Minnie’s Mansion” on land now inside the northern perimeter of the
monument. Minnie’s Mansion had a short life, but in its heyday it was famous for the July 24th
Utah Pioneer Day celebrations held there (NPS 2009a). Dixie National Forest responded to the
increasing tourist trade by building a rim road, campgrounds and toilet facilities (Hinton 2009).

Automobile access to the rim from the south became possible after the highway connecting
Cedar City to Utah 89 in Long Valley was completed in 1923. A short spur road was built north
to connect this highway to the developments along the rim. In the same year the Union Pacific
Railroad completed a spur railroad from Lund, Utah, to Cedar City, with the intention creating a
“loop tour” with stops at Cedar Breaks as well as Zion, Bryce Canyon and the north rim of the
Grand Canyon. Utah Parks Company, a subsidiary of the railroad, was set up to provide bus
transportation to and from the Cedar City railhead, and to provide hotel and restaurant support at
each of the destinations. In 1924 the Utah Parks Company completed the Cedar Breaks Lodge
and accompanying cabins near the rim (Hinton 2009). Utah Parks ran the Cedar Breaks Lodge
until 1970, when ownership of all the UP lodges was transferred to the NPS. The Cedar Breaks
Lodge was subsequently determined to be uneconomical to maintain and was demolished in
1972 (NPS 2009a).

Cedar Breaks National Monument was finally established under federal legislation in 1933. In
1937 the Civilian Conservation Corps sent a detail from Zion National Park to build the CEBR
Visitor Center and Ranger Cabin, both of which are now on the national register of historic
places (NPS 2009a). Park visitation began to increase substantially after World War II, and has
consistently stayed at about 550,000 to 600,000 visitors annually for the past decade (NPS
2009b). Increased visitation has brought more impacts to the CEBR environment, although the
inaccessibility of the slopes below the rim has limited anthropogenic disturbance in those areas.
Campsites and parking areas are frequently full during the summer, increasing the incidence of
off-trail hiking, off-road parking and driving, and out-of-bounds camping (O’Dell 2005). Park
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visitation provides a significant vector for exotic plant introduction, especially along roadsides
and trails. On the other hand, Buchanan (1992) observed that the exclusion of grazing from the
monument’s meadows since the 1930s resulted in a rejuvenation of the native meadow flora.

The death of large stands of Engelmann spruce during the recent spruce beetle epidemic has
increased concerns about wildfire, visitor safety, and the potential for damage to structures from
falling trees. Hazardous tree removal has accelerated in recent years, and a major fuels reduction
project was conducted in 2003 on 40.5 ha (100 acres) of dead spruce trees. Approximately 5,000
standing dead trees totaling one million board-feet were removed from the park. No prescribed
broadcast burning of forests or meadows has been conducted within the monument, although the
brush piles from the fuels reduction project were burned (O’Dell 2005, Fields 2009).

CEBR may be affected by developments outside the boundary where commercial logging,
hunting and grazing occur up to the monument boundary on both private and Forest Service
lands, potentially impacting CEBR resources and in some cases visually impacting the scenic
values of the monument. The naturalness of CEBR vistas has been degraded by the installation
of a large FAA radar dome and a NOAA Nexrad radar dome on Blowhard Mountain and the
expanding suburbs of Cedar City visible on the western horizon. (O’Dell 2005)

Previous Vegetation Studies

Fertig (2009) provides a detailed, comprehensive discussion and chronology of botanic studies
and collections within CEBR, and the interested reader is referred there. The following section
summarizes information from this source.

Botanic studies prior to the establishment of the monument are poorly documented, but began at
least as early as the mid-1920s, and the earliest confirmed specimens in the CEBR herbarium
were collected by Angus Woodbury in 1925 and 1926. At least two more collections were made
in 1929, and in 1930 George Goodman and C. Leo Hitchcock collected a number of specimens
for the New York Botanical Garden, including holotypes of Draba subalpina and Eriogonum
panguicense var. alpestre. During the late 1930s, after the establishment of the monument, G.Y.
Croft began collecting for the CEBR herbarium. Many prominent taxonomists also visited Cedar
Breaks, including Ralph Gierisch, Alice Eastwood, and John T. Howell. Another 48 new species
were added to the list of known species in CEBR in this period, bringing the total to more than
60 taxa. Collecting was less frequent in succeeding decades, with just 36 species added to the
flora during the 1940s and another 45 in the 1950s. The 1960s and early 1970s saw the addition
of just 16 new taxa.

Since 1977, a number of botanical surveys were completed. Hayle Buchanan and S. Dickman
added 17 new species to the monument flora between 1977 and 1979, and added 120 collections
to the herbarium. In 1981, Brent Palmer collected more than 220 specimens for the CEBR
herbarium and documented 76 new taxa. Palmer’s work resulted in an unpublished monument
checklist containing 245 species. In 1988 and 1989, Cathie Jean added 49 new species to the
Cedar Breaks flora during the course of her vegetation mapping project. In the last decade, Walt
Fertig and D.N. Reynolds located at least 30 new taxa during a rare plant survey of CEBR, while
other investigators added seven more. As of 2007, 345 taxa were confirmed or reliably reported
for CEBR. None of the species documented for the park is federally listed as threatened or
endangered, although 14 species have previously been candidates for federal listing, 8 species
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are currently managed as sensitive by the USFS and BLM, and 17 species (5 percent of the total
flora) are defined as locally endemic.

The Vegetation Mapping section of this report provides information regarding two previous
attempts to map the vegetation of CEBR that were incorporated into this project. The vintage of
these data and any additional metadata is unknown. The polygons were more general than
current NPS standards and were only used as a guide for this project.

Exotic Plant Management

Of the 345 vascular plant species documented for CEBR, 18 species (5.2 percent) are non-native,
but none are on the Utah noxious weed list. A survey of non-native plants was conducted in
CEBR by a team from Zion National Park in 1997. A second survey was conducted in 2004 by
Utah State University, under the direction of the NCPN. During the summer of 2004,
approximately 21 percent of CEBR was surveyed, all above the rim of the breaks. Species of
concern were absent in 96.8 percent of the areas inventoried, and only six exotic species were
documented: smooth brome, cheatgrass (Bromus tectorum), lambsquarters (Chenopodium
album), orchardgrass (Dactylis glomerata), timothy (Phleum pratense), and yellow salsify
(Tragopogon dubius). With the exception of a few patches of cheat grass along the northern
boundary of CEBR, all weed infestations were close to roadways. Of the approximately 17 ha
(42 acres) of exotic plant species documented, smooth brome dominated roughly 16 ha (40
acres) or 94.3% of the total area. Smooth brome was originally introduced into CEBR for
roadside revegetation, and has begun to spread into campsites and meadow edges (Dewey and
Anderson 2005).

USU Weeds Survey Crew

Figure 15. The most common exotic plant species in CEBR is smooth brome (Bromus
inermis).
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Project Overview

General Approach and Timeline

The goals of this project were to inventory, describe, and map the existing vegetation at CEBR
and its environs. The CEBR project is part of a larger effort undertaken by the NCPN to classify
and map vegetation in all 16 network parks. In order to facilitate coordination among network
mapping projects, the NCPN developed standardized databases, mapping conventions, reporting
standards, and naming conventions.

The NCPN vegetation classification and mapping program was launched in July 2001 at a
scoping meeting among network park staff, NCPN staff, and potential project cooperators.
Following this meeting, the NCPN prepared a multi-year, multi-park project proposal to the
USGS/NPS Vegetation Characterization Program to cost-share network 1&M funding with the
National Vegetation Characterization Program funding to complete vegetation maps for all
network parks (Evenden 2001). A meeting to determine the CEBR project boundary and plot
sampling needs, discuss photointerpretation approaches, and define additional park special data
was held June 22-23, 2004. Table 2 is a timeline for the completion of major project
components.

The NCPN negotiated interagency agreements with the USDA Aerial Photo Field Office and the
USDI Bureau of Reclamation Remote Sensing and Geographic Information Group to acquire
aerial photography for each park, including CEBR. Stereo aerial photography and
orthophotography for CEBR were flown on June 26, 2002.

Table 2. Timeline for CEBR vegetation mapping project tasks.

TASK DESCRIPTION 2002  2003-2004 2005-2006 2007 2008 2009 2010-2011

Planning and Scoping -

Acquire Aerial Imagery -

Field Data Collection -

Photo Interpretation —

Vegetation Classification — —

Local & Global Descriptions — — —

Field Key to Plant

Associations — —
Accuracy Assessment —
Final Report and Products —

Vegetation classification plot and observation point data for CEBR were collected by ¢*M and
NCPN ecologists during July and August of 2006. Because of the park size and access
limitations, field sampling strategy was not guided by a gradsect polygon or biophysical unit
coverage, but was instead guided by an interview with CEBR staff, evaluation of the preliminary
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vegetation map, unique aerial photograph signatures, geology/soils maps, slope, aspect, and by
accessibility.

Vegetation plot data were entered into a MS Access database developed for the project and were
analyzed during the fall of 2006 by ecologists contracted by e*M; the analysis was reviewed by
NatureServe ecologists. The final assignment of CEBR classification plots to plant associations
of the National Vegetation Classification and the local and global plant association descriptions
based on the classification were completed by NatureServe ecologists in 2007, with minor
revisions through October 2010. An illustrated field key to CEBR plant associations was
developed and tested prior to map accuracy assessment (AA) in 2007, and revised and finalized
in 2010.

Aerial photointerpretation (PI) for the CEBR vegetation map was completed by the USGS PI
staff between the spring and summer of 2007. Map units or classes were defined for the project
by the primary photointerpreter with input from NCPN staff and an e*M ecologist. A
combination of methods was used to delineate and interpret vegetation polygons for the mapping
component of the CEBR project area. The spatial layer of vegetation physiognomy was
developed through image analysis using ERDAS Imagine software. Rare vegetation classes were
delineated through on-screen digitizing and attributed manually. Polygon attribution was
completed by the primary photointerpreter, following standards developed by NCPN for all
network park mapping projects (Evenden 2004). A guide to the map classes was drafted in May
2009, with final revisions made through the winter of 2010-2011.

The draft vegetation map and associated spatial database were completed for CEBR in early
2007. Accuracy assessment (AA) data collection was completed by NCPN and ¢’M ecologists
during the late summer of 2007. AA data were entered into the CEBR project database and then
analyzed, with results tabulated into a contingency matrix. An AA meeting for CEBR was held
December 4-5, 2007 at the NatureServe office in Boulder, Colorado with project cooperators
from NPS, NatureServe, USGS, and €M to recommend which map classes should be retained
and which could be combined because they failed to meet the 80% accuracy standard. A final
AA meeting for CEBR was held February 28, 2008 in Cedar City, UT with project cooperators
and CEBR staff to decide which map classes should be retained and which should be combined.
Final revisions were made to the vegetation classification, field keys, vegetation map, and spatial
database from fall 2010 to winter 2011. All geospatial products associated with this project are in
the UTM projection, Zone 12, NADS83 datum.

Primary Partners and Project Roles
Many individuals working for several agencies and organizations were involved in completing
the CEBR Vegetation Mapping Project. The roles of each contributor are described below.

engineering-environmental Management, Inc.

e Jim Von Loh, Senior Biologist — prepared project work plan, attended kick-off meeting, wrote draft
association local descriptions, collected observation point data, advised PI staff, participated in AA
meeting

e Matthew Smith, Consulting Ecologist — collected plot, observation point, and fuels data

e Buddy Smith, Consulting Ecologist — collected plot, observation point, and fuels data

o Stephanie Shoemaker, Consulting Ecologist — collected plot, observation point, fuels, and AA data
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e Karin Edwards, Consulting Ecologist — collected plot, observation point, and fuels data
o Peter Williams, Consulting Ecologist — collected plot, observation point, fuels, and AA data

Colorado Natural Heritage Program
o Karin Decker, Ecologist — editor of the final report

National Park Service, Northern Colorado Plateau Network

e Angie Evenden, Ph.D., Vegetation Program Manager — set NCPN project standards, organized
project meetings, managed budgets, agreements and contracts

o Janet Coles, Vegetation Ecologist — overall project coordination and management, managed field data
collection, organized project meetings, managed budgets, agreements and contracts

o Amy Tendick, Ecologist — primary author of the final report, coordinated creation of final products,
collected AA data, finalized vegetation map, edited final AA field key and map class guide,
participated in both AA meetings

e Margaret Beer, Data Manager — project database development

e Helen Thomas — project database support, photo database development

e Russ Den Bleyker — project database support and QC

e Liz Ballenger, Biological Technician - led field crew training for plot, observation point, and fuels
data collection, field crew leader for AA data collection, collected AA data

e Bruce Condie, Sarah Topp, Biological Technicians — collected AA data

o Gery Wakefield, GIS Team Leader — provided project boundary coverage, developed target accuracy
assessment plots for field sampling using NVMP standards, generated final accuracy assessment
contingency table

¢ Aneth Wight, GIS Technician — provided support to field sampling crews, produced geodatabase,
provided plots database support, wrote final project metadata

National Park Service, Cedar Breaks National Monument

e Steve Robinson, Senior Ranger —participated in scoping meeting
¢ Paul Roelandt, Superintendent- participated in final AA decision-making meeting

U.S. Department of Agriculture Aerial Photo Field Office

¢ Cindy Sessions, Contracting Officer — procured aerial photography (9" x 9" stereo coverage)
e Mark Cox, Photography Specialist — provided QA/QC of photography, developed photo index

USDI Bureau of Reclamation Remote Sensing and Geographic Information Group

o Alan Bell, Photography Specialist — provided aerial photo contract specifications, subcontracted with
Horizons, Inc. for aerial photography and production of color DOQQs for project area, provided
QA/QC of orthoimagery

USGS Rocky Mountain Geographic Mapping Center
e Tom Owens, Photography Specialist — analyzed aerial photography, PI training, reviewed legacy data,
attended kick-off meeting
o Keith Landgraf, Photointerpreter and Image Processor — conducted PI
e Bev Friesen, Photointerpreter and Image Processor — attended kick-off meeting, conducted PI,
participated in AA meeting.
o Steve Blauer, Photointerpreter and Image Processor —conducted PI, participated in AA meeting.

25



USGS-NPS Vegetation Mapping Program
Cedar Breaks National Monument

NatureServe

e Marion Reid, Senior Regional Ecologist — project manager, reviewed classification, participated in
AA meeting

e Gwen Kittel, Regional Ecologist — prepared preliminary classification, assigned final NVC names,
wrote draft AA field key and draft local descriptions, wrote final global and local descriptions,
participated in AA meeting, contributed to the final report

e Mary Russo, Ecology Data Manager — entered CEBR local and global descriptions into
NatureServe’s Biotics database, formatted descriptions, completed plant species crosswalk

o Kiristin Snow, Assistant Ecologist/Ecological Information Manager — developed format for NCPN
plant association local and global descriptions

U.S. Geological Survey — National Park Service National Vegetation Mapping Program

e Mike Story, NPS Program Leader — provided national level program oversight

o Karl Brown, Ph.D., Vegetation Mapping Program Leader — provided national level program
oversight, attended kick-off meeting

o Tammy Hamer, Vegetation Mapping Program Biologist — facilitated generation of final products

Aerial Photography

High-quality aerial photography of an appropriate scale is an important part of all USGS-NPS
National Vegetation Mapping Program projects. Orthophotography provides a base image for
mapping vegetation in a digital format and is the basis for interpreting vegetation patterns. Stereo
photographs acquired vertically from the air, with adequate overlap, allow three-dimensional,
high-resolution photointerpretation when viewed under a stereoscope (Avery 1978). At the
beginning of the NCPN vegetation mapping program, network staff decided to acquire new
stereo pair aerial photography, as well as orthorectified imagery at a 1:12,000 scale for eleven of
the 16 network park units, including CEBR.

To maximize cost savings, the NCPN acquired aerial photography concurrently for several park
units. In order to minimize shadow effects associated with canyon topography and maximize
vegetative expression, the goal was to minimize the sun angle by flying as close as possible to
noon on or near the summer solstice (June 21). True color aerial photography was chosen
because it minimizes the effects of shadows in deep canyons. It was also determined that true
color photography would best illustrate the vegetation patterns of the park units being mapped.

Stereoscopic Aerial Photo Coverage

NCPN contracted with Horizons, Inc. to acquire new 23 cm x 23 cm (9 in X 9 in) true color aerial
photographs for CEBR. The imagery was acquired on June 26, 2002, by Blue Skies Consulting,
LLC of Albuquerque, New Mexico. The photography was acquired at a nominal elevation of
6,000 ft (1,829 m) above ground level in a Cessna T210N aircraft. A Wild RC10 camera with
15.2 cm (6 in) lens was used with Kodak Aerocolor negative film. The target scale for this
photography was 1:12,000 (1 in = 1,000 ft). The mission was designed with approximately 30%
sidelap between flight lines and 60% overlap between photos. The project encompassed 245
linear km (152 miles) and 250 individual photos (Figure 16).

Figure 17 is an example of the 23 cm x 23 cm aerial stereo photographs for CEBR. These

photographs were used for photo interpretation during the mapping phase of the project, and by
field crews during classification plot and AA point data collection. The film negatives for this
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aerial photo coverage are permanently stored at the APFO in Salt Lake City, Utah. The APFO
made two sets of color prints. One set was distributed to CEBR; the other is retained at the
NCPN offices in Moab, Utah.

Digital Orthophotos

The USBOR Remote Sensing and Geographic Information Group in Denver, Colorado, provided
oversight for production of 1:12,000 scale digital orthophotography for CEBR from new
imagery. This work was subcontracted to Horizons, Inc. of Rapid City, South Dakota. The
photography was flown on June 27, 2002, at a mean above ground level elevation of 6,096 m
(20,000 ft). Sidelap was approximately 40% and overlap about 60%. Airborne global positioning
system (GPS) data were collected for each exposure. A Zeiss RMK 15/23 camera with a 15.2 cm
(6 in) lens was used with AGFA100 film.
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Figure 16. Flight lines for the 2002 stereo aerial photograph coverage of CEBR.
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Figure 17. Example of a 9” x 9” stereo aerial photograph taken for the CEBR vegetation classification and
mapping project.

The original film was scanned at 21 microns to create pixels of approximately 0.84 m. Horizons,
Inc. created a photographic mosaic by extracting the high quality image from the center of each
photograph and stitching them together digitally. The photographic mosaic was then magnified
to the 1:12,000 scale and corrected through a computational process that warps and stretches the
image between known control points. The orthorectification process removes distortion caused
by tilting of the camera and scale variation of the terrain. Control points for the orthorectification
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were obtained from USGS digital elevation model (DEM) 10 m data, aero triangulation data, and
airborne GPS data. The X, Y, Z, omega, phi, and kappa for each photograph were calculated by
Horizons, Inc. Final adjustments to the digital orthophoto database were solved using Erio
Technologies ALBANY software. ALBANY is a simultaneous least squares bundle adjustment,
which is designed for use with airborne GPS. Color adjustment of the final orthophoto coverage
was achieved by visually matching the tone, contrast, and brightness to the original film. Each
scanned image was checked for missing data.

The composite image covering the project area was inspected for tone balance and image
distortion. In areas of image distortion, imagery from a slightly different angle on an adjacent
photo was inserted where possible. The final orthophotos were visually inspected for accuracy
and consistency. Some areas of the final orthophoto imagery remain blurred due to the extreme
terrain and limitations of the USGS DEM data. Film negatives for CEBR 2002 color digital
orthophotos are permanently archived in airtight containers at the USBOR RSGIG offices in
Denver, Colorado.

Project Boundary and Map Extent

A project environs adding a band approximately 0.8 km (0.5 mile) wide outside the park
boundary was chosen by network and CEBR staft at the June, 2004 scoping meeting for the east
and west sides of the Monument (Figure 2). Steve Robinson, Senior Ranger at CEBR, requested
that a larger area to the north of CEBR be included in the project boundary, as the Brian Head ski
area was nearby with a continuous fuel bed from CEBR, and that it was downwind of the
prevailing winds. A slightly larger environs area on the south was also chosen which included a
continuous fuel bed from CEBR and the headwaters of Shooting Star Creek, a main tributary of
Ashdown Creek.

The total project mapping area is 4,840 hectares (11,960 acres). Of this area, 2,481 ha (6,130
acres) are within the CEBR boundary and 2,630 ha (5,831 acres) are in the environs. The
environs were delineated to provide data to support management coordination on adjacent
private and USFS managed lands.

Minimum Mapping Unit

At the request of park staff, the photointerpreters agreed to map features as polygons to the
extent that they could see them, including polygons smaller than the standard 0.5 ha (1.24 acre)
minimum mapping unit (MMU).

Ecological System Classification

The NCPN used the ecological system (ES) classification structure developed by NatureServe
(Comer et al. 2003, NatureServe 2003) as a framework for organizing and presenting plant
community data. An ES is defined as a group of plant associations from two or more alliances
that tend to co-exist in a given landscape due to similar ecologic processes, substrates, and/or
environmental gradients. The ES classification was developed to provide larger scale
classification units for application to resource management, mapping, and conservation. Current
estimates are that Utah contain more than 80 ecological systems (NatureServe 2008). This
approach complements the NVC; the finer-scale associations provide a basis for interpreting
larger-scale ES patterns and concepts. A description of each of ecological system identified in
CEBR appears in Appendix A.
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The ecological system classification addresses natural landscapes. Land-use categories used to
identify developed areas are described elsewhere in this report. Twenty-four ES units are known
to occur within the CEBR vegetation mapping project area (in alphabetic order with NatureServe
identifying codes):

Columbia Plateau Silver Sagebrush Seasonally Flooded Shrub-Steppe (CES304.084)

Colorado Plateau Pinyon-Juniper Woodland (CES304.767)

Great Basin Semi-Desert Chaparral (CES304.001)

Inter-Mountain Basins Aspen-Mixed Conifer Forest and Woodland (CES304.776)

Inter-Mountain Basins Curl-leaf Mountain-mahogany Woodland and Shrubland

(CES304.772)

Inter-Mountain Basins Semi-Desert Grassland (CES304.787)

Inter-Mountain Basins Shale Badland (CES304.789)

Inter-Mountain Basins Subalpine Limber-Bristlecone Pine Woodland (CES304.790)

Rocky Mountain Alpine-Montane Wet Meadow (CES306.812)

Rocky Mountain Aspen Forest and Woodland (CES306.813)

Rocky Mountain Alpine Turf (CES306.816)

Rocky Mountain Foothill Limber Pine-Juniper Woodland (CES306.955)

e Rocky Mountain Lower Montane-Foothill Riparian Woodland and Shrubland
(CES306.821)

e Rocky Mountain Lower Montane-Foothill Shrubland (CES306.822)

Rocky Mountain Subalpine Dry-Mesic Spruce-Fir Forest and Woodland (CES306.828)

Rocky Mountain Subalpine Mesic-Wet Spruce-Fir Forest and Woodland (CES306.830)

Rocky Mountain Subalpine-Montane Mesic Meadow (CES306.829)

Rocky Mountain Subalpine-Montane Riparian Shrubland (CES306.832)

Rocky Mountain Subalpine-Montane Riparian Woodland (CES306.833)

Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest and Woodland

(CES306.823)

e Southern Rocky Mountain Mesic Montane Mixed Conifer Forest and Woodland
(CES306.825)

e Southern Rocky Mountain Montane-Subalpine Grassland (CES306.824)

e Southern Rocky Mountain Pinyon-Juniper Woodland (CES306.835)

e Southern Rocky Mountain Ponderosa Pine Woodland (CES306.648)
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Vegetation Classification and Description

Pre-Field Methods

Preliminary Classification List

NatureServe updated the preliminary list of plant associations and vegetation alliances for CEBR
(prepared in 2002 during work plan preparation by e®M) in 2004. Previous vegetation
classification work, floristic information for CEBR, the monument’s plant species list and expert
local knowledge were used to refine the list, resulting in a preliminary list of plant associations
for the vegetation mapping project area. This association list was a useful gauge for estimating
and planning field work and for assigning provisional association names to vegetation
classification plots and observation points.

Legacy Data Review

Existing vegetation data for CEBR were reviewed for possible use in the classification during
work plan preparation. No previou