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Abstract

Between 2003 — 2008, the vegetation within a study area of 18,210 hectares (44,997 acres)
that encompasses the Pinnacles National Monument (PINN), a quarter-mile buffer and
several additional parcels of interest adjacent to the Park was mapped. The map was
produced from photo interpretation of 2003 and 2005 natural color and 2002 color
infrared digital 1 meter NAIP imagery orthophotos. In 2003 and 2004 Park staff collected
vegetation and environmental data from 591 relevés to support the map and classification.
Assessment of map accuracy entailed sampling of 766 additional data points in 2008.

Multivariate analysis of the 2003-2004 plot data revealed 67 National Vegetation
Classification (NVC) plant associations, alliances or Park special vegetation types within the
Monument and environs. Of these, 45 are described at the plant association level; seven
others are described at the alliance level. The remaining 22 are described as ‘Park specials’
because they occur only in small stands and appear to be unique to the Monument. The
vegetation of the mapping project area is relatively diverse, including 50 NVC alliances.
Chaparral, oak woodlands and dry herbaceous areas dominate the vegetation, accounting for
~35 associations.

A total of 6,141 map polygons representing 34 vegetation map classes (including tree and
shrub cover attributes), fourteen land use map classes and 7 miscellaneous classes were
developed for the PINN vegetation mapping project. Of the 6,141 mapped polygons, 115
were assigned both a land use class and a vegetation class. The average polygon size across
all map classes is 3 ha (7.3 acres). Natural and semi-natural vegetation classes cover 17,953
ha (44,362 acres), or 98.6% of the project area. Land use polygons, including ranch
developments, agriculture and Park facilities cover 250 ha (617 acres), or 1.4 % of the
project area. Final overall map Producer accuracy is 84.4% (Kappa correction = 83.1%). Final
overall map User accuracy is 78.0% (Kappa correction = 75.6%).



Summary

The San Francisco Bay Area Inventory and Monitoring Network of the National Park Service
worked with the support of the U.S. Geological Survey - National Park Service Vegetation
Mapping Program to describe and map vegetation at Pinnacles National Monument (PINN).
This collaborative effort involved Aerial Information Systems, the California Native Plant
Society, the Western Region office of NatureServe and Park service staff and their
cooperators.

The mapping area is 18,210 hectares (44,997 acres), encompassing the entire Monument
and a quarter-mile buffer 13,606 ha (33,621 acres), with several additional parcels of
interest adjacent to the Park and buffer area known as the “expanded area” adding an
additional 4,604 ha (11,376 acres). Ecologists and photo interpreters worked together to
identify plant associations for PINN and determine how best to map them using 2003 and
2005 natural color and 2002 color infrared digital 1 meter National Agriculture Imagery
Program (NAIP) imagery orthophotos. Ancillary data used included topography, fire
history, prescribed burns, past vegetation maps, current features (pig fence, trails, roads)
and geological maps. Data input (digitizing the linework) of the mapping was completed
using a 1:2000 scale. The field team collected vegetation and environmental data from 591
vegetation classification plots (relevés). Assessment of map accuracy entailed sampling of
another 766 data points.

Fieldwork and mapping were completed between 2003 and 2008.

Analysis of the 2003-2004 plot data revealed 67 National Vegetation Classification plant
associations, alliances or Park special vegetation types within the Monument and environs.

Photo interpretation was conducted through an on-screen heads-up digitizing method
using ArcMap. The study area was divided into several modules. The individual modules
were interpreted using the primary and supplemental imagery, reconnaissance and relevé
data, and other ancillary data, including elevation contours and fire history. Each polygon
was assigned the appropriate attribute code string (mapping classification types, conifer,
hardwood and shrub percent cover, and land use).

A total of 6,141 map polygons representing 34 vegetation map classes (including tree and
shrub cover), 14 land use map classes and 7 miscellaneous classes were developed for the
PINN vegetation mapping project. Of the 6,141 mapped polygons 115 were assigned to
both a land use class and a vegetation class. Average polygon size across all map classes is 3
ha (7.3 acres). Natural and semi-natural vegetation classes cover 17,953 ha (44,362 acres),
or 98.6% of the project area. Land use polygons including ranch developments, agriculture
and Park facilities cover 250 ha (617 acres), or 1.4 % of the project area.

Final overall map Producer accuracy is 84.4% (Kappa correction = 83.1%). Final overall
map User accuracy is 78.0% (Kappa correction = 75.6%). Eleven map classes did not meet
the 80% standard. However, in every case but three, the 90% confidence interval includes
80%, so Monument staff deemed the results to be acceptable. Map classes 3300, 3330,
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and 3360 (California Coastal Scrub Shrubland Macrogroup, California Wild Buckwheat
Shrubland Alliance and Black Sage Shrubland Alliance, respectively) were <80% in User
accuracy, and were retained because they were all >90% in Producer accuracy. These are
described in detail in the Accuracy Assessment section of this report, along with the
justification for retaining them.

Products resulting from the PINN vegetation mapping project in
hard copy and on CD:
e project summary of methods and results

e dichotomous field key to the vegetation associations and alliances
e hierarchical key to map classes

e illustrated guide to the vegetation map classes

e detailed descriptions of vegetation associations

e samples of field forms

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

e land use, aerial photography flight lines and monument / project boundaries

e ground photography of vegetation plots and accuracy assessment points in
digital formats

e all field data (plot/relevé and accuracy assessment points) stored in a
Microsoft Access database

e hard copy vegetation maps

e metadata for all digital products



Vegetation Classification and Mapping Project, Pinnacles National Monument

The National Park Service (NPS), in conjunction with the Biological Resources Division (BRD)
of the U.S. Geological Survey (USGS), has implemented a program to "develop a uniform
hierarchical vegetation methodology" at a national level. The program will also create a
geographic information system (GIS) database for the Parks under its management. The
purpose of the data is to document the state of vegetation within the NPS service area,
thereby providing a baseline study for further analysis at the Regional or Service-wide level.

Several parks, representing different regions, environmental conditions and vegetation
types, were chosen by BRD to be part of the prototype phase of the program. The initial
goal of the prototype phase is to "develop, test, refine, and finalize the standards and
protocols" to be used during the production phase of the project. This includes the
development of a standardized vegetation classification system for each park and the
establishment of photo interpretation, field and accuracy assessment procedures.

Pinnacles National Monument (referred to as the Park or PINN) is one of the post-prototype
parks in the NPS Western Region selected for mapping. The Park is located in the Gabilan
Range of west-central California east of Monterey (Figure 1). It is a rugged to rolling
mountain environment with many canyons and several stream valleys with varied geology
from volcanic (including ash, breccia, rhyolite) to granitic and alluvial surfaces. The
vegetation types include riparian woodlands, oak woodlands, wetlands, grasslands,
cryptogams, chaparral and coastal sage scrub. Rural development occurs on the fringes of
the Park.

Aerial Information Systems (AIS) was contracted by the National Park Service (NPS) to
create a map of the Park vegetation resource through photo-interpretation (Pl),
automation and accuracy assessment. NPS contracted with NatureServe and the California
Native Plant Society (CNPS) for the development of the National Vegetation Classification
System (NVCS) classification for the Park. The Park staff conducted the 2003-2004 field
sampling effort to support the development of the vegetation classification. CNPS was also
contracted to collect AA field data.
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Figure 1. Location of Pinnacles National Monument in Central California.



The purpose of this project was to describe and map existing vegetation on 18,210 hectares
(44,997 acres), within PINN and its environs, and to provide this information in written,
tabular, digital and spatial formats useful to Monument resource managers, the California
Native Plant Society, Department of Fish and Game and others. The basic project
components consist of a classification and description of the Monument’s vegetation and a
spatial database encompassing an interpretation of the vegetation from aerial imagery.

Project methods, results and products are documented in this report. This introductory
section describes USGS-NPS Vegetation Mapping Program, as well as the PINN mapping
project area. Later sections document the methods and results for each of the major steps
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 PINN. 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/).

San Francisco Bay Area 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). The San Francisco Bay Area
Network (SFAN) encompasses eight park units, five of which contain natural resources:
Golden Gate National Recreation Area, John Muir National Historic Site, Muir Woods
National Monument, Pinnacles National Monument and Point Reyes National Seashore. In
addition there are three Historic Parks: Eugene O’Neil National Historic Site, Fort Point and
Presidio of San Francisco.

The goals of Inventory and Monitoring networks are inventory the natural resources under
NPS stewardship to determine their nature and status; monitor park ecosystems to better
understand their dynamic nature and condition and to provide reference points for
comparisons with other, altered environments; establish natural resource inventory and
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monitoring as a standard practice throughout the National Park system that transcends
traditional program, activity, and funding boundaries; integrate natural resource inventory
and monitoring information into NPS planning, management, and decision making; share
NPS accomplishments and information with other natural resource organizations and form
partnerships for attaining common goals and objectives.

Plant Communities

Numerous biotic and abiotic factors have altered and continue to threaten plant
communities within SFAN. As plant communities continue to recover from past resource
extraction, over grazing, the cessation of Native American activities and suppression of
wildfires, there is a need to understand how current activities are effecting this recovery. It
is also important to monitor and evaluate changes to the composition of plant
communities and type changes occurring on the landscape. The monitoring program
proposed assimilates multiple vital signs including invasive plant species, threatened and
endangered plant species, wetlands, grassland plant communities, oak woodlands and
plant species at the edge of their range.

There are also significant ties between plant community change and almost all of the faunal
indicators being monitored such as land birds, Northern spotted owls, endangered
butterflies, etc.

Monitoring Objectives

Park objectives for monitoring include: 1) Develop and maintain a list of priority plant
communities based on their rarity and degree of protection, 2) Detect long-term trends in
native and non-native abundance and distribution within selected plant communities and 3)
Detect changes in overall vegetation cover, vegetation type and species composition of
selected SFAN plant communities.

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, in addition
to assisting park management, vegetation maps and classification information were seen
as contributing significantly to long-term monitoring efforts.

Vegetation Mapping Program Standards

The NPS I&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)



e Field methods and mapping procedures (TNC and ESRI 1994b, CNPS 2003)
e Statistically rigorous accuracy assessment procedures (ESRI and TNC 1994)

e Guidelines for using existing vegetation data (TNC 1996)

Standards

e National Vegetation Classification Standard (FGDC 2008)

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 Website.

National Vegetation Classification Standard

The National Vegetation Classification (NVC) is the system used in SFAN vegetation
mapping projects (TNC and ESRI 1994a), and is based on the National Vegetation
Classification Standard adopted by the Federal Geographic Data Committee (FGDC 2008).
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 National Park
Service and other agencies. The FGDC Vegetation Subcommittee works to keep this
standard current and relevant. In fact the use of Macrogroup and Group for mapping
hierarchy is from the newly adopted NVC standard (FGDC 2008).

Vegetation classification systems attempt to recognize and describe repeating assemblages
of plants in similar habitats. The NVC is a hierarchical system that incorporates
physiognomic, climatic and other abiotic characters and floristic data to define eight levels
of terrestrial vegetation classification. The six upper levels (class, subclass, formation,
division, macrogroup and group 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, FGDC 2008). 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 2008).

The alliance and association levels form the base of the NVC hierarchy and are
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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 other characteristics of the spatial dataset. Metadata are critical elements
that expedite the interpretation and exchange of information among users.

This project also employed the CNPS Rapid Assessment Vegetation Sampling Protocol, as
seen through the following link: CNPS Rapid Assessment Vegetation Sampling Protocol.
This technique was selected in addition to the standard accuracy assessment sampling
protocol and the relevé sampling protocol used regularly by the National Park vegetation
program because of its ability to represent large numbers of vegetation stands quickly,
thus increasing the sample size and range of sampling locations for all types of vegetation.
The rapid assessment protocol was expected to be an efficient way to assess many dense
and difficult to penetrate stands of chaparral and coastal scrub, where the species
indicative of particular ecological settings are primarily in the shrub layer and not in the
understory herb and grass layer. It was used extensively in virtually all types of vegetation
in this project except for the species-rich riparian, oak, and other hardwood woodlands;
coastal sage scrub; and grasslands in which relevés were used to augment the samples. The
diversity of species and the more significant variation of understory species in these
situations require a full sample of all species present to more accurately classify and
understand the variations in these types of vegetation. For a thorough explanation of the
protocol see appendix A.



http://www.cnps.org/programs/vegetation/protocol.htm

Table 1. National Vegetation Classification Hierarchy (FGDC 2008).

Upper: Physiognomy plays a predominant role.

Hierarchy Level

Criteria

Example

growth forms that reflect global macroclimatic factors
driven primarily by latitude and continental position, or
that reflect overriding substrate or aquatic conditions.

L1 - Class Broad combinations of general dominant growth 1.Forestand
forms adapted to basic temperature (energy Woodland
budget), moisture, and/or substrate or aquatic
conditions.
L2 - Subclass Combinations of general dominant and diagnostic 1.C .Temperate

Forest

L3 — Formation

Combinations of dominant and diagnostic growth

forms that reflect global macroclimatic factors as

modified by altitude, seasonality of precipitation,
substrates and hydrologic conditions.

1.C.1. Warm
Temperate
Forest

Middle: Both floristics and physiognomy play a significant role.

Hierarchy Level

Criteria

Example

L4 — Division

Combinations of dominant and diagnostic growth forms
and a broad set of diagnostic plant taxa that reflect
biogeographic differences in composition and
continental differences in mesoclimate, geology,
substrates, hydrology, and disturbance regimes.

1.C.1.c.
Madrean Forest

L5 — Macrogroup

Combinations of moderate sets of diagnostic plant
species and diagnostic growth forms that reflect
biogeographic differences in composition and
subcontinental to regional differences in mesoclimate,
geology, substrates, hydrology, and disturbance
regimes.

California Forest
and Woodland
MacroGroup

L6 — Group

Combinations of relatively narrow sets of diagnostic
plant species (including dominants and co-dominants),
broadly similar composition, and diagnostic growth
forms that reflect biogeographic differences in
composition and sub-continental to regional differences
in mesoclimate, geology, substrates, hydrology, and
disturbance regimes

California Coastal
Closed-Cone
Conifer Forest and
Woodland Group
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Lower: Floristics plays a predominant role.

Hierarchy Level Criteria Example
L7 - Alliance Diagnostic species, including some from the dominant | Foothills Pine
growth form or layer, and moderately similar Woodland

composition that reflect regional to subregional climate | Alliance
substrates, hydrology, moisture/nutrient factors and
disturbance regimes.

L8 — Association Diagnostic species, usually from multiple growth forms | Pinus sabiniana /

or layers, and more narrowly similar composition that | Eriogonum

reflect topo-edaphic climate, substrates, hydrology and | fasciculatum
disturbance regimes. Alluvial Woodland

Project Study Area — General Description

Pinnacles National Monument was created by the National Park Service on January 16,
1908. The Park occupies about 26,000 acres of land in the Gabilan Range of central
California. Over 16,000 acres of the Park is set aside as designated wilderness. The Park
functions as a regional recreation area. Visitors to the Park may hike on trails, climb rock
walls, explore the talus caves or use the campground and picnic facilities.

The study area for the project consists of 44,997 acres and consists of two tiers. The first
tier (Park and buffer area) includes lands within the Park boundary as well as a quarter-mile
buffer around the Park. The second tier (expanded study area) includes several areas of
interest, of varying sizes, adjacent to the Park and buffer (Figure 2).

The outermost study area boundary varies in shape and distance from the Park boundary.
The north end of the study area mainly follows Sandy Creek in Bickmore Canyon. The
northeast side varies from a quarter-mile to a half-mile east of State Highway 25. The
southeast and south portions of the study area follow the quarter-mile Park boundary
buffer. The southwest contains the largest part of the expanded study area, which
straddles State Highway 146. It extends irregularly outside the Park and buffer as far as
the edge of the Salinas River floodplain, up to four miles east of the Park boundary. The
northwest edge of the study area varies up to a half-mile outside the Park boundary, with a
westward extension into and as far as the western end of Gloria Valley.

The Pinnacles National Monument project study area contains three main ecologic or
geomorphologic areas:

« Region1-The West
e Region 2 - The Northeast
e Region 3 — The South

The following is a brief and general description of the major regions and their associated
vegetation types:
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Region 1 — The West

The West region is bounded on the east by the backbone, or major north-south ridgeline,
of the Park formed by the Pinnacle Rocks and North and South Chalone Peaks. The
southern part of the ridgeline divides the Miners Gulch watershed from the Chalone Creek
watershed. The northern ridgeline continues past the Pinnacles to Chalone Creek, then up
to the Sandy Creek-Chalone Creek watershed ridgeline, then westward along the ridge.
The boundary continues westward to the edge of the study area. Of the three regions, the
West is most affected by the fog that moves in from the west. The fog may be low and
linger against the western hills, or it may move upward and over the pinnacle and peak
divide, or along stream valleys that cut through the divide.

The West can be divided into four sub-areas: the Pinnacle Rocks, the West slope of the
Chalone Peaks/Pinnacle Rocks, Gloria Valley and the Southwest Hills of the Expanded Area.

The Pinnacle Rocks are a series of very large jagged irregular volcanic rock outcrops, towers
and pinnacles running in a general northeast to southwest trend. The rock faces have little
to no vascular vegetation. The shallow to deep concavities between the pinnacles can be
densely to sparsely vegetated. The rock faces and convexities contain xeric environments
where bare rock is exposed to the light and heat of the sun. The mesic environments are in
the shady concavities, north-facing slopes and bottoms where the water from seeps, runoff
and streams gather. The vegetation of the Pinnacles consists of forests, woodlands,
chaparral and coastal sage scrub. Mesic trees include coast live oak, interior live oak, blue
oak, California buckeye and California juniper. Foothill pine is present in both mesic and
xeric environments. Mesic shrubs include hollyleaf cherry, birchleaf mountain-mahogany,
toyon, California ash, California scrub oak, pointleaf manzanita and Pacific poison-oak.
Xeric shrubs include chamise, buckbrush, bigberry manzanita, California wild buckwheat
and silver lupine. Bushy spikemoss may also be present in drier environments.

The West slope of Chalone Peaks/Pinnacle Rocks is the steep, generally west-facing slope
from the Chalone Peaks and Pinnacles down to the edge of the lower more gently sloping
and rolling hills. This area is steep and fairly rugged, with a number of short steep canyons
and draws. The vegetation consists mainly of blue oak woodland, coastal sage scrub, and
chaparral. Trees present include blue oak, foothill pine and California juniper. Chaparral
shrubs include chamise, buckbrush, hollyleaf cherry, toyon and birchleaf mountain-
mahogany. Coastal sage scrub shrubs include California wild buckwheat, coastal sagebrush
and black sage. Bushy spikemoss may also be present in drier, rockier environments.

Gloria Valley is a westward narrow extension of the study area along Chalone Creek. It is a
wide east-west trending valley centered on the creek. It is relatively flat with low rolling hills
to the south. There are several small dammed ponds or reservoirs along the creek. The
valley is mainly dry grassland, with wet meadows near the creek. Some of the water bodies
contain inundated vegetation. Riparian trees and shrubs consisting of red willow, arroyo
willow and mule's-fat occur along the creek. The trees are mainly valley oak and coast live
oak, with some blue oak. Recent disturbance has resulted in regenerating chaparral shrubs
and coastal sage scrub in the low hills of this region.
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The Southwest Hills sub-area is a series of low hills and canyons between the Salinas Valley
floodplain and the Park. The vegetation consists mainly of chaparral and coastal sage scrub,
with some blue oak woodland and grassland on the uplands and coast live oak woodland,
shrub riparian, and grassland on the lowlands. Blue oak, coast live oak, foothill pine and
California juniper are present in the woodlands. Chaparral shrubs include chamise,
buckbrush, hollyleaf cherry, birchleaf mountain-mahogany and toyon. The coastal sage
scrub consists of combinations of coastal sagebrush, California wild buckwheat and black
sage. Riparian shrubs include arroyo willow, mule's-fat and California wildrose. The herbs
Douglas' sagewort and dragon wormwood may also be present in the flat terraces adjacent
to the creeks.

Region 2 - The Northeast

The Northeast region is bound by the Pinnacle Rock areas on the west and the Bear
Gulch/Bear Valley lowlands on the south. The north and east boundaries go out to the edge
of the study area. The Northeast can be divided into six sub-areas: Bickmore Canyon, the
Northeast Dry Chaparral, the Highway 25 Corridor, Old Pinnacles Mixed Chaparral, North
Chalone Creek and Bear Gulch-Bear Valley.

Bickmore Canyon is an east-west trending canyon at the north end of the study area. It is
centered on Sandy Creek, which flows eastward. The study area covers only the north-
facing southern side of the canyon. The vegetation is composed of coast live oak woodland,
shrub riparian, blue oak woodland, pine woodland, chaparral and some coastal sage scrub.
Trees present include coast live oak, valley oak, and foothill pine on the valley bottom, and
blue oak and foothill pine on the slopes. The riparian shrubs consist of arroyo willow and
mule's- fat. Chaparral shrubs include chamise, buckbrush, hollyleaf cherry, birchleaf
mountain- mahogany and California scrub oak. Coastal sage scrub consists primarily of
California wild buckwheat and woolly yerba santa on the flat valley bottom.

The Northeast Dry Chaparral sub-area occupies one of the largest portions of the study
area. It features a series of alternating ridges and canyons along the north and east side of
Chalone Creek. It is composed mainly of chaparral and coastal sage scrub containing
chamise, buckbrush, bigberry manzanita, pointleaf manzanita, black sage, California wild
buckwheat and bushy spikemoss. Small isolated stands of mesic shrubs, consisting of
hollyleaf cherry, birchleaf mountain-mahogany and toyon, are present. Some mesic canyon
bottoms contain coast live oak, blue oak and foothill pine.

The Highway 25 Corridor is mainly composed of two parts. East of the highway the terrain is
fairly gentle to flat, with residences, farm buildings, and fenced grassy rangeland. West of
the highway are residences, farm buildings, woodlands and chaparral. The east side
rangeland contains grasslands as well as blue oak woodlands and riparian trees and shrubs.
The easternmost hills of the study area contain blue oak woodlands, coastal sage scrub and
chaparral. On the west side of the highway are a series of spur ridges and canyons or draws.
The spurs are primarily composed of chaparral with coastal sage on southern exposures. The
canyon bottoms and north slopes contain oak woodlands. Sandy alluvial washes run down
the bottom of the canyons and fan out at the mouth of the canyons. The trees in this region
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include coast live oak, blue oak and foothill pine in the canyons. The riparian trees include
polished willow, Fremont cottonwood and valley oak. The flat valley bottom contains valley
oak, coast live oak and blue oak. Chaparral shrubs include chamise, buckbrush, bigberry
manzanita and pointleaf manzanita. Riparian shrubs present are mule's-fat, arroyo willow
and California wildrose. Coastal sage scrub in this area is primarily composed of California
wild buckwheat and black sage on hillsides, with silver lupine and California wild buckwheat
on alluvial washes and fans.

The Old Pinnacles Mixed Chaparral sub-area lies south and west of Chalone Creek, north of
Bear Gulch, and east of the Pinnacle Rocks. It is composed of minor canyons and ridges. The
vegetation is a diverse mixture and mosaic composed of woodlands, mesic chaparral and xeric
chaparral. The woodlands contain coast live oak, blue oak, interior live oak, California buckeye,
California juniper and foothill pine. Mesic chaparral shrubs present include hollyleaf cherry,
California scrub oak, toyon, California ash, birchleaf mountain-mahogany and hollyleaf
redberry. Xeric chaparral shrubs include chamise, buckbrush, bigberry manzanita and pointleaf
manzanita. California wild buckwheat, black sage and bushy spikemoss are also present within
the chaparral.

The North Chalone Creek riparian corridor runs from west of Black Canyon eastward and
southward to Bear Gulch-Bear Valley. The trees consist of blue oak along the toeslopes and
side canyons, coast live oak within the floodplain and side canyons, and foothill pine within the
floodplain, side canyons and toeslopes. Mesic shrubs, including hollyleaf redberry, Pacific
poison-oak, and birchleaf mountain-mahogany, occupy shaded toeslopes. Riparian trees,
including red willow and Fremont cottonwood, occupy the wetter areas along the stream
channel. Riparian shrubs consisting of mule's-fat, arroyo willow, sandbar willow and California
wildrose occur within the floodplain, especially along the stream channel. Other short shrubs
and herbs, including California wild buckwheat, silver lupine, Douglas' sagewort, dragon
wormwood, California poppy and common deerweed, also occur on the floodplain terraces.

The Bear Gulch-Bear Valley area is divided into two parts, Bear Gulch and Bear Valley. Bear
Gulch is a narrow northeast-southwest trending canyon to the west of Chalone Creek and east
of the Pinnacle Rocks. It has rather steep sideslopes. The valley bottom supports riparian trees
and shrubs consisting of coast live oak, California sycamore, red willow, California buckeye,
arroyo willow and Pacific poison-oak. The north-facing slopes contain blue oak, California
buckeye, hollyleaf cherry, hollyleaf redberry, California ash, toyon and buckbrush. The south-
facing slopes contain blue oak, chamise, buckbrush, California wild buckwheat, coastal
sagebrush and black sage. Bear Valley is a wide valley containing a campground and several
abandoned residences and farm buildings. The valley bottom is composed of grasslands, with
valley oak, coast live oak and blue oak occurring in sparse stands or clusters. The riparian
corridor contains red willow, Fremont cottonwood, California sycamore, valley oak, arroyo
willow, mule's-fat, coyote brush, California wildrose and Pacific poison-oak. Sparsely vegetated
floodplain terraces contain foothill pine, California wild buckwheat, silver lupine, ragworts,
dragon wormwood, Douglas' sagewort and California poppy. The north-facing slopes contain
side canyons of coast live oak, blue oak and foothill pine, with adjacent chaparral and coastal
sage scrub composed of chamise, buckbrush and California wild buckwheat. The south-facing
slopes contain primarily chaparral composed of chamise and buckbrush, with side canyons of
15



coast live oak, blue oak, foothill pine, silver lupine and California wild buckwheat. McCabe
Canyon also contains unique stands of valley oak, coast live oak and deergrass.

Region 3 - The South

The South region is bounded on the north by Bear Gulch-Bear Valley; Highway 25, Rosas
Canyon, Horse Valley, and Chalone Creek on the east; and the Miners Gulch watershed and
the North and South Chalone Peaks ridgeline on the south and west. The South is divided
into four sub-areas: the Mount Defiance-Frog Creek area, the Far South, South Chalone
Creek and the Eastern Extension.

The Mount Defiance-Frog Creek sub-area is very rugged with steep canyons and ridges that
form the bulk of the South Region. Its vegetation is composed primarily of chaparral, with
blue oak woodland on lower eastern slopes, pine woodlands scattered on lower and upper
slopes, and coastal sage scrub on steep south-facing slopes. A riparian corridor runs along
Frog Creek. Trees include blue oak, foothill pine, interior live oak and California juniper.
Chaparral consists of chamise, buckbrush, hollyleaf cherry, California ash, toyon, birchleaf
mountain-mahogany, bigberry manzanita and pointleaf manzanita. Coastal sage scrub
shrubs include California wild buckwheat and black sage. Riparian corridors include coast
live oak, California sycamore and foothill pine. Rocky outcrops occur in many parts of the
area, including steep cliffs along Frog Creek and on ridgetops.

Large areas of this part of the Park burned within the last ten years. The post-fire
vegetation consists of open to very sparse stands of regenerating shrubs with some
grasses, and/or herbaceous vegetation. Shrub species include common deerweed, woolly
yerba santa, the unusual Gray bushmallow, tree poppy, black sage and California Wild
Buckwheat.

The Far South is composed primarily of low hills and canyons. Chaparral, coastal sage scrub
and grasslands are the main vegetation, with woodlands in the canyon bottoms. Chaparral
consists of chamise and buckbrush. Coastal sage scrub is composed of black sage, California
wild buckwheat and coastal sagebrush. The woodlands are composed of coast live oak,
blue oak and foothill pine.

The South Chalone Creek riparian corridor runs along a north-south trend on the east side
of the region. Unique to the north end of the corridor are valley oak, coyote brush and
sandbar willow. The entire corridor contains a mixture of Fremont cottonwood, red willow,
California sycamore, coast live oak and foothill pine. Shrubs include arroyo willow, mule's-
fat and California wild buckwheat.

The Eastern Extension is a series of rolling hills and valleys wedged between Bear Valley on
the north and Chalone Creek on the west. Agriculture, including residences, farm buildings,
vineyards and grassy rangeland, are located along the eastern side of Highway 25. Blue oak
woodlands also occur on the hills opposite Highway 25 from the main body of the Park. The
vegetation in the main part of the area is composed primarily of chaparral, with woodlands
on the north and east side. The shrubs are composed of chamise, buckbrush, California
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scrub oak, hollyleaf cherry, black sage and California wild buckwheat. The woodlands are
composed of coast live oak, blue oak and foothill pine.

Previous Vegetation Studies
In 1983 the National Park Service Denver Regional Office interpreted 1:12,000 color infrared

aerial photography (flown in August 1983) to the 1976 Park Boundary. Vegetation cover types
were coded from aerial photographs (Figure 3).
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Figure 3. 1983 Vegetation Map.
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General Approach and Timeline

The following section is a short outline, listed in chronological order, of the vegetation
mapping effort at Pinnacles National Monument (PINN).

2003 -- Following NPS and California Native Plant Society protocols, in 2003, 256 relevé
plots were collected to throughout the Monument’s total 24,600 acres.

2004 -- In 2004, an additional 335 relevés were collected on portions of the 2,000 acres of
land that previously comprised the Kingman Ranch and is now held by The Nature
Conservancy for NPS purchase. Additional relevé data were collected to capture vegetation
types not sampled in 2003. University of Montana conducted mapping with Landsat
imagery.

2005 -- University of Montana, Wildlife Spatial Analysis Lab completed a vegetation map
with 11 classes

2006 -- Park acquires more funding to complete vegetation association classification and a
more detailed map. California Native Plant Society (CNPS) and NatureServe are contracted
conduct vegetation classification and plant association descriptions. AlS is contracted to
produce a more detailed map of the current vegetation. Fall 2006 to winter 2007
Vegetation analysis and classification gets under way.

2007 -- March Initial Meeting and Park Tour, Preliminary photo interpretation mapping
classification compiled.

May First photo interpretation field reconnaissance

June Second photo interpretation field reconnaissance

August Begin photo interpretation, mapping and quality control of vegetation delineations
and attribution.

October First field verification

November Second field verification. Field meeting with AIS, CNPS and NatureServe, key to
association’s field tested.

2008 -- January-June Final mapping classification for photo interpretation. Completion of
photo interpretation, mapping and quality control of vegetation delineations and
attribution.

July — Sept Field crew training by CNPS, NatureServe and AlS, and field work conducted to
collect AA points.

Sept. — Dec AA data entered into database.

2009-- January — Feb AA data analyzed, map validation, AA statistics generated and final
map production.

March- June Final report production and map printing

19



Vegetation Classification and Description
Pre-Field Methods

Preliminary Classification List

Park staff with the assistance of California Native Plant Society compiled a list of alliances
expected to be found in the Park. Previous botanic surveys and floristic information for
PINN, the Monument's plant species list, and expert local knowledge were used to refine
the list. This process resulted in a preliminary list of alliances for the vegetation mapping
project area. This alliance list was a useful gauge for estimating and planning field work and
for assigning provisional alliance names to vegetation plots (relevés).

Legacy Data Review

Prior vegetation work at Pinnacles was not available for primary review for this project.
Knowledge of habitats from rare plant surveys was the basis for the preliminary alliance list.
The vegetation classification presented in this report was derived from new field data
collected specifically for the PINN vegetation mapping project.

Field Methods

The primary purpose of gathering relevé data was to document the composition and
structure of PINN vegetation and associated environmental conditions. These data became
the basis for classifying the vegetation at the Park. Field methods used in this project
followed California Native Plant Society Relevé Protocol (2002). Data gathered during this
project contributed to understanding vegetation relationships across broader landscapes
beyond the boundaries of the Park. Plot forms and individual data field descriptions appear
in Appendix A & B. Throughout this report the terms ‘relevé’ and ‘plot” are used
interchangeably.

Field Sampling Approach

The sampling area included the entire Monument as well as newly acquired lands in the
environs. Private lands in the environs as well as private in-holdings within the Monument
were not visited. Because the project area is large, complex, and access can be logistically
complex, the areas to be sampled were selected to capture the dominant vegetation types
in 2003. At the end of the season, a list of alliances yet to be visited provided the basis for
sampling in 2004, and to ensure that all major environmental settings were visited and a
good spatial dispersion of sample plots was achieved.

Field crews used their knowledge of the Parks phytogeography. Some of the crew members
were very familiar with the flora; two had spent the 2002 field season searching the Park
for plant species not listed in the Park’s inventory. The crew visited known representative
stands of the dominant alliances. As the season progressed, and the crew became more
familiar with the Park, more stands were selected based on field observation. Stands were
chosen as likely sampling candidates when they met the criteria of compositional integrity
and structural homogeneity. In 2003-2004, an effort was made to sample all known
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alliances several times. Relevés were placed to best represent the vegetation by
summarizing the species composition, cover and structure of the entire stand. Some
common associations were sampled more often and some rare types were sampled less
often. An effort was made to achieve good spatial distribution of relevés across the
landscape and to capture the full range of variation of each association.

Relevé Data Collection

Field crews located relevés subjectively within stands or map segments in order to best
represent the alliance being sampled. Ecotones (areas where two or more plant communities
intermix) were avoided. Highly disturbed areas were also avoided unless they covered several
hectares. Relevés were generally located in stands exceeding the minimum mapping unit
(MMU) of 0.5 hectares. A few areas sampled were smaller patches of distinctive vegetation or
communities of rare species, such as scree slopes and riparian terraces. Plot size and shape
requirements were consistent with California Native Plant Society Relevé Protocol (CNPS
2002). Plot size was determined by the physiognomy of the community being sampled (Table
2). PINN plot shape was adjusted as needed to sample linear bands of vegetation in drainage
bottoms. Plot size and shape were recorded for all relevés.

Table 2. Relevé sizes used for vegetation classification sampling at PINN.

Vegetation Class Area (m?) Radius (m) (for circular plots)
Forest and Woodland 1000 17.6

Shrubland 400 11.3

Grasslands 400 11.3

Herbaceous 100 5.6

Sparse Rock 100 5.6

Within each relevé, field staff estimated and recorded an array of vegetation and
environmental data using the field forms in Appendix B and data definitions in Appendix A. Four
categories of data were collected for vegetation plots (Table 3):

e |ocation and plot identifiers
e environmental description
e vegetation description

e other information

Location and Plot Identifiers

PINN staff requested that the vegetation plot locations not be permanently marked. The
bounds of each plot were marked temporarily using measuring tapes. The Universal Transverse
Mercator (UTM) coordinates at the center of each plot were recorded (Zone 10N, NAD83) on
Trimble or Garmin hand-held GPS receivers. Other data fields documenting the location of
each plot are listed in Table 3 and are described in detail in Appendix C. Locations were
recorded on topographic maps during each field trip to avoid duplication of effort and ensure
that the Monument was adequately sampled.
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Table 3. General plot data categories and specific data components collected at each

Plot Data Category Data Components

Location and Plot Identifiers Plot code, Park name, site name, quad name, GPS unit, GPS file ID,
UTM coordinates, 3D differential, survey date, surveyor names,
directions to plot, site location notes, photograph documentation

Environmental Description Slope, aspect, topographic position, landform, geology, Cowardin
wetland type, ground cover, soil texture, soil drainage, evidence of
disturbance and animal use, and their intensity

Vegetation Description Height and cover of all strata, cover by species, physiognomic type,
provisional association name, certainty of provisional name id

Other Information Narrative description of the setting of the plot; describes adjacent
communities, note unusual ecological processes, continue
descriptions from other narrative fields, vegetative trend,
phenology, sensitive species

Environmental Description

The physical characteristics of each plot were documented in both categorical and narrative
fields (Table 3; Appendix A). These included topographic site features (elevation, slope,
aspect, topography), hydrology, geology, and soils. Characterization of the ground surface
was made by estimating the cover of rocks, sand, litter, bare soil and biological soil crust. A
narrative field was provided for a general description of the plot setting and the influence
of physical factors on the vegetation.

Vegetation Description

Every vascular plant species in each plot was assigned to one of 3 height classes (low,
medium and tall) (Appendix A & B). Moss, lichen and Selaginella bigelovii were also
included in the species abundance tally. Consistent and repeatable cover estimates were
obtained by relating the area occupied by an individual species to the area of the entire
plot. When it was not possible to identify a species in the field, plant material was collected
and pressed for later identification. Provisional alliance names were assigned to each plot
using the preliminary alliance list and professional judgment.

Other Information

Field crews were encouraged to record general observations on how well the plot
represented the stand, the relationship of site conditions to vegetative patterns,
characteristics of adjacent vegetation, and site disturbance history. The overall character of
the vegetation and features of each plot were recorded in four color digital photographs
taken in the four cardinal directions.

Data Processing and Analysis

Five hundred ninety-one vegetation plots (relevés) were collected within the mapping
project area during the 2003 and 2004 field seasons (Figure 4). Plot data were manually
entered into a FileMaker database developed by Park staff. The 2,360 digital images were
stored in a photograph database.
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Figure 4. Location of the relevé sample points used to classify the vegetation.
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Classification Data Analysis

Data Preparation

Data were exported from FileMaker format and imported into an MS Access database. Staff
combined canopy cover for non-tree species that were recorded in more than one height
category within a single plot. This eliminated “pseudo-species” and represented the
species’ total abundance within a plot. Eleven tree species remained in the data set as
pseudo-species: low (seedlings), medium (sapling) and tall (mature) by taxa (see Appendix
E]). Other data preparation included standardization of moss and lichen naming
conventions. Some crews could identify moss genera or species, other crews could not. To
make the data consistent, all moss and liverwort species were combined and coded as
‘Bryophyte’ and all lichens as ‘Lichen’. These values where combined within the plot
regardless if they were at a low height (on the ground or rocks) or medium height (on
woody vegetation). The spikemoss, Selaginella bigelovii, was kept as a valid taxon in the
database. One relevé data sheet was lost, so that data point was removed.

Multivariate Analysis

Vegetation classification was accomplished through a multivariate analysis of vegetation
plot data. Canopy cover classes were used in all data analysis procedures. Species cover
data were exported in list format from the Access database, then imported into PC-Ord
(McCune and Mefford, 1999). Exploratory multivariate statistical analyses (summary
statistics, outlier analysis, Bray-Curtis ordination, cluster analysis and Indicator Species
Analysis (ISA)) were used with the objectives of summarizing the compositional and
structural characteristics of the plant communities and assessing possible spatial patterns
related to environmental gradients.

The data set consisted of 590 plots and 614 taxa. To reduce noise and detect ecological
patterns, 363 species that never occur with more than 1% cover in the entire dataset were
removed. This left 251 taxa for additional analyses. The plot data were then evaluated for
outliers, which potentially distort the matrix. Outlier analysis revealed 28 plots in the PINN
data set with an average distance greater than two standard deviations. As is often the case
in heterogeneous ecological datasets, these outliers represent uncommon and therefore
under sampled vegetation types. The outliers were retained in subsequent analyses. An
initial cluster analysis (McCune and Mefford 1999) suggested about 30 potential groups,
using the “25% information remaining” point as an arbitrary cut point. To explore whether
these 30 groups represented real ecological units, an Indicator Species Analysis (Dufréne
and Legendre 1997) was conducted on the dataset and divided it into 2 to 50 groups as
sorted by the cluster analysis. The object of ISA is to find the number of groups that
maximizes the number of significant indicators while minimizing the p value. Figure 5
shows two points that met these criteria: 7 groups and 13 groups.
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Figure 5. Indicator Species Analysis on 590 plots. (a) number of significant species per group
and (b) average p value per group. Both seven and 13 groups had the highest number of
significant species per group, and the lowest average p value.

Because about 13 groups appeared to be potentially significant in both the initial cluster
analysis and the ISA, we re-ran the indicator species analysis for 13 groups and inspected the
results. Thirteen groups appeared to represent twelve ecologically meaningful groups, such as
Blue oak woodlands and chamise chaparral shrublands however, one group was large, with
243 plots, and no significant indicator species. We ran a second ISA with 15 groups, but had
the same result, that is, one large group with no indicator species. We ran a second indicator
species analysis on this group. For this second set, with 20 groups, we had the greatest
number of indicator species, and the lowest average p values (running the same analysis as
shown in figure 5, but not illustrated here). This gave us ecologically meaningful groups such
as cottonwood woodlands and Cerocarpus chaparral shrublands. However, again there was
one large group of 130 plots with no indicator species. We ran a third ISA on this last group,
and teased out an additional 14 ecological meaningful groups. Table 4 shows these three ISA
results, with their indicator species and number of plots per group.

Table 4. Indicator Species Analysis on 1) the full dataset of 590 plots, 2) the group of remaining
242 plots with no indicator species from first ISA, 3) the group of 130 plots with no indicator
species from second ISA.

ISA # # plots Significant Indicator Species (p = 0.001)
ISA #1 --- (590 plots) | 72 Adenostoma fasciculatum

12 Aesculus californica

24 Ceanothus cuneatus var. cuneatus

45 Eriogonum fasciculatum var. foliolosum

18 Lichens

18 Prunus ilicifolia ssp. ilicifolia

39 Quercus agrifolia var. agrifolia

22 Quercus douglasii

8 Rosa californica

14 Salix laevigata

23 Salvia mellifera

7 Sedum spathulifolium

45 Selaginella bigelovii

243 None
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ISA # # plots Significant Indicator Species (p = 0.001)

ISA #2 -— (243 plots) | 5 Artemisia dracunculus
3 Baccharis pilularis
12 Cercocarpus betuloides var. betuloides
10 Datisca glomerata
7 Erodium brachycarpum
15 Fraxinus dipetala- Ceanothus cuneatus- Prunus ilicifolia
11 Juniperus californica
8 Mimulus aurantiacus
11 Pinus sabiniana
3 Polypogon interruptus
3 Populus fremontii ssp. fremontii
4 Quercus berberidifolia - with other chaparral shrubs
5 Quercus berberidifolia - with several herbaceous species
2 Rhamnus ilicifolia
4 Symphoricarpos albus var. laevigatus
6 Vulpia bromoides-Plagiobothrys canescens
130 None

ISA #3 --- (130 plots) | 5 Avena fatua
16 Baccharis salicifolia
3 Eriogonum elongatum
2 Eschscholzia californica
71 Herbaceous and Scree
6 Juncus balticus
10 Lichens - with many non-native herbs
9 Lupinus albifrons var. albifrons
11 Pinus sabiniana
2 Quercus wislizeni var. wislizeni
4 Rubus ursinus-Populus fremontii-Salix laevigata
6 Salix lasiolepis
2 Vulpia myuros

7 Vulpia octoflora*
*Not significant, but representative

Each of the resultant groups were subjected to additional cluster analyses, ordinations and
tabular analysis (Mueller-Dombois and Ellenberg 1974) to determine whether they could be
further subdivided. We repeated these analyses on subsets of each group until the smallest
units remaining corresponded approximately to NVC alliances and associations or closely
related groups of alliances and associations.

Because the PINN plots are intended to fit into an existing national classification instead of a
stand-alone, site specific classification, the analysis techniques described above were used
in combination with our ecological experience and the plot environmental data to assign
plots to preliminary associations. Some of the more difficult groups, including chaparral
shrublands and sparse scree-slope plant communities, were compared with plots from
other California Parks. The association assignment for each plot was made on the basis of
multiple factors, not merely on its position in a cluster analysis or ordination.
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California Native Plant Society and NatureServe ecologists reviewed the preliminary
classification, with each plot association assignment, and made adjustments when needed
to ensure consistency with NVC concepts. NatureServe was also responsible for deciding
whether to add new associations to the NVC or assign unusual types to a “Park Special”
category. The final classification was issued by NatureServe in 2007.

Classification Results

The vegetation data collected for the PINN mapping project was classified into 67
community types (Table 5). Of these, 45 are described at the plant association level; seven
others are described at the alliance level but lacked sufficient information to justify creating
new associations. The remaining 22 are described as ‘Park specials’ because they occur only
in small stands and appear to be unique to the Monument. Park special types are not
assigned to NVC associations or alliances. The vegetation of the mapping project area is
relatively diverse, including 50 NVC alliances. Chaparral, oak woodlands and dry
herbaceous areas dominate the vegetation, accounting for ~35 associations.

Each association, alliance, or Park special is represented by at least one and as many as 35 plot
samples (Table 5). Types with only one plot may have been rare in the Park, or were simply
under sampled as a result of difficult access or limitations of the sampling design. Many of the
types that appeared to be rare after the initial sampling were found to be more common during
accuracy assessment. Range-wide (Global) and Park specific (Local) descriptions of NVC plant
associations, their component alliances and Park special association local descriptions can be
found in Appendix C.
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Table 5. Vegetation Classification of Alliances, NVC Plant Associations and Park Specials from

590 sample plots at Pinnacles National Monument.

FOREST and WOODLAND
Alliance NVC CODE Association Scientific Name Association Common Name |#Plots
Aesculus californica CEGL0O05302 | Aesculus californica / California Buckeye / Pacific
Woodland Alliance Toxicodendron diversilobum / Poison-oak / Moss 12
Moss Woodland Woodland
Juniperus californica Park Special Juniperus californica / Prunus California Juniper /
Wooded Shrubland ilicifolia / Moss Woodland Hollyleaf Cherry / Moss 7
Alliance Woodland
Pinus sabiniana Park Special Pinus sabiniana / Eriogonum Foothill Pine / California
Woodland Alliance fasciculatum Alluvial Woodland | Wild Buckwheat Alluvial 5
Woodland
Park Special Pinus sabiniana / Ceanothus Foothill Pine / Sedgeleaf
cuneatus - Rhamnus ilicifolia Buckbrush - Hollyleaf 7
Woodland Redberry Woodland
Quercus agrifolia Park Special Quercus agrifolia - Aesculus Coast Live Oak -
Woodland Alliance californica Woodland California Buckeye 4
Woodland
CEGL002861 | Quercus agrifolia / Annual Grass| Coast Live Oak / Annual 2
- Forb Woodland Grass - Herb Woodland
Quercus douglasii CEGL005313 | Quercus douglasii - Pinus Blue Oak - Foothill Pine /
Woodland Alliance sabiniana / Cercocarpus Birchleaf Mountain- 4
montanus var. glaber mahogany Woodland
Woodland
CEGL008647 | Quercus douglasii - Pinus Blue Oak - Foothill Pine / 8
sabiniana / Grass Woodland Grass Woodland
Park Special Quercus douglasii / Juniperus Blue Oak / California 5
californica Woodland Juniper Woodland
CEGL005314 | Quercus douglasii / Mixed Blue Oak / Mixed 13
Herbaceous Woodland Herbaceous Woodland
Quercus wislizenii Park Special Quercus wislizeni - Pinus Interior Live Oak - )
Woodland Alliance sabinana / Mixed Herbaceous | Foothill Pine / Mixed
Woodland Herbaceous Woodland
SHRUBLAND
Alliance NVC CODE Association Scientific Name Association Common Name (#Plots
Adenostoma CEGL003504 | Adenostoma fasciculatum - Chamise - Bigberry 14
fasciculatum Arctostaphylos glauca Manzanita Shrubland
Shrubland Alliance Shrubland
Park Special Adenostoma fasciculatum - Chamise - Mexican
Arctostaphylos pungens Manzanita Shrubland 9
Shrubland
CEGL003468 | Adenostoma fasciculatum - Chamise - Sedgeleaf
Ceanothus cuneatus var. Buckbrush Shrubland 30
cuneatus
Shrubland
CEGL003524 | Adenostoma fasciculatum - Chamise - Black Sage 9
Salvia Shrubland
mellifera Shrubland
Adenostoma Park Special Adenostoma fasciculatum / Chamise / Bushy Spike- 7
fasciculatum Shrubland Selaginella bigelovii Shrubland | moss Shrubland
Alliance
CEGL002924 | Adenostoma fasciculatum Chamise Shrubland 25
Shrubland
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Alliance NVC CODE Association Scientific Name Association Common Name [#Plots|
Arctostaphylos glauca CEGL003008 |Arctostaphylos glauca Shrubland | Bigberry Manzanita 3
Shrubland Alliance Shrubland
Artemisia californica - CEGL003544 | Artemisia californica - California Sagebrush -

Eriogonum Eriogonum California Wild 13
fasciculatum fasciculatum Shrubland Buckwheat / Annual Grass -
Shrubland Alliance Herb Shrubland
Artemisia californica CEGL003536 | Artemisia californica California Sagebrush 3
Shrubland Shrubland Shrubland
Alliance
Baccharis pilularis CEGL003183 | Baccharis pilularis / Annual Coyotebrush / Annual 3
Shrubland Alliance Grass - Herb Shrubland Grass - Herb Shrubland
Ceanothus cuneatus CEGL003025 | Ceanothus cuneatus var. Sedgeleaf Buckbrush 7
Shrubland cuneatus Shrubland
Alliance Shrubland
Cercocarpus montanus | CEGLO03615 | Cercocarpus montanus var. Birchleaf Mountain- 13
var. glaber glaber Shrubland mahogany Shrubland
Shrubland Alliance
Diplacus aurantiacus CEGLO03705 | Diplacus aurantiacus Shrubland | Orange Bush- monkeyflower| 44
Shrubland Alliance Shrubland
Eriogonum fasciculatum | CEGLO01258 | Eriogonum fasciculatum California Wild Buckwheat 28
Shrubland Alliance Shrubland Shrubland
Lotus scoparius CEGL005304 | Lotus scoparius Shrubland Deerweed Shrubland 1
Shrubland Alliance Association
Lupinus albifrons Park Special Lupinus albifrons - Senecio Silver Lupine - Douglas's 9
Shrubland Alliance flaccidus var. douglasii Ragwort Shrubland
Shrubland
Prunus ilicifolia CEGL005309 | Prunus ilicifolia - Ceanothus Hollyleaf Cherry - 10
Shrubland Alliance cuneatus Shrubland Sedgeleaf Buckbrush
Shrubland
CEGL005310 | Prunus ilicifolia - Fraxinus Hollyleaf Cherry - 15
dipetala Shrubland California Ash Shrubland
CEGLO03715 | Prunus ilicifolia - Heteromeles | Hollyleaf Cherry - Toyon 4
arbutifolia Shrubland Shrubland
CEGL005311 | Prunus ilicifolia Shrubland Hollyleaf Cherry 1
Shrubland
Quercus berberidifolia Park Special Quercus berberidifolia - California Scrub Oak - 3
Shrubland Alliance Cercocarpus montanus var. Birchleaf Mountain-
glaber Shrubland mahogany Shrubland
Quercus berberidifolia CEGL003716 | Quercus berberidifolia California Scrub Oak 8
Shrubland Alliance Shrubland Shrubland
Rhamnus ilicifolia Unclassified Rhamnus ilicifolia - Clematis Hollyleaf Redberry - 2
Shrubland Alliance lasiantha Shrubland Pipestem Virgin's-bower
Unclassified: Shrubland
Salvia mellifera CEGL005317 | Salvia mellifera - Eriogonum Black Sage - California Wild 14
Shrubland Alliance fasciculatum / Bromus Buckwheat / Foxtail
madritensis Shrubland Brome Shrubland
CEGL003727 | Salvia mellifera Shrubland Black Sage Shrubland 8
NON-VASCULAR and SPARSE

Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Rock-Cobble-Gravel Park Special Collinsia heterophylla - Lichen | Harlequin Blue-eyed
Lichen Sparsely Sparse Vegetation Mary - Lichen Sparse 10
Vegetated Alliance Vegetation
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Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Park Special Eriogonum wrightii - Lichen Bastard-sage - Lichen 7
Sparse Vegetation Sparse Vegetation
Park Special Lichen Gravel - Bedrock Lichen Gravel - Bedrock
Nonvascular Sparse Vegetation | Nonvascular Sparse 30
Vegetation
HERBACEOUS VEGETATION
Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Artemisia dracunculus Park Special (Artemisia dracunculus) - (Dragon Wormwood) -
Herbaceous Alliance Gnaphalium canescens Wright's Cudweed 7
Herbaceous Vegetation Herbaceous Vegetation
Artemisia dracunculus | Park Special Artemisia dracunculus Alluvial | Dragon Wormwood
Herbaceous Alliance Fan Herbaceous Vegetation Alluvial Fan Herbaceous 11
Vegetation
Avena (barbata, fatua) | Unclassified Avena barbata - Melica Barbed Oats - Coast
Herbaceous Alliance imperfecta Herbaceous Range Melicgrass 3
Vegetation Herbaceous Vegetation
Unclassified:
Park Special Avena fatua - (Nassella pulchra, | Barbed Oats - (Purple
Plantago erecta) Herbaceous Needlegrass, Erect 10
Vegetation Plantain) Herbaceous
Vegetation
Eriogonum nudum Unclassified Epilobium canum Herbaceous | Hummingbird-trumpet 1
Herbaceous Vegetation Unclassified: Herbaceous Vegetation
Alliance
Eriogonum elongatum Park Special Eriogonum elongatum Longstem Wild 5
Herbaceous Alliance Herbaceous Vegetation Buckwheat Herbaceous
Vegetation
Selaginella bigelovii CEGL002886 | Eriogonum fasciculatum / California Wild
Herbaceous Alliance Selaginella bigelovii Buckwheat / Bushy
Herbaceous Vegetation Spike-moss Sparse 35
Herbaceous Vegetation
Eriogonum nudum Unclassified Eriogonum nudum Herbaceous | Naked Wild Buckwheat 1
Herbaceous Vegetation Unclassified: Herbaceous Vegetation
Alliance
Bromus (diandrus, Park Special Erodium brachycarpum - Short-fruit Stork's-bill -
hordeaceus, Bromus hordeaceus - Bromus | Soft Brome - Compact
madritensis) Herbaceous madritensis Herbaceous Brome Herbaceous 12
Alliance Vegetation Vegetation
Eschscholzia californica | Park Special Eschscholzia californica California Poppy 7
Herbaceous Alliance Herbaceous Vegetation Herbaceous Vegetation
Heterotheca sessiliflora | Park Special Heterotheca sessiliflora ssp. Sessile-flower False 8
Herbaceous Allliance echioides Herbaceous Goldenaster Herbaceous
Vegetation Vegetation
Hordeum CEGL003430 | Hordeum brachyantherum Meadow Barley 1
brachyantherum Herbaceous Vegetation Herbaceous Vegetation
Temporarily Flooded
Herbaceous Alliance
Muhlenbergia rigens CEGL005306 | Muhlenbergia rigens Deergrass Herbaceous 1
Herbaceous Alliance Herbaceous Vegetation Vegetation
Sedum spathulifolium Park Special Sedum spathulifolium - Moss - | Pacific Stonecrop - Moss 7
Herbaceous Alliance Bedrock Vegetation - Bedrock Vegetation
Vulpia bromoides - Unclassified Vulpia bromoides - Deiandra Brown Six-weeks Grass - 3

Mixed Forb Herbaceous
Alliance

lobbii Unclassified:

Deiandra Herbaceous
Vegetation
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Shrubland

Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Unclassified Vulpia bromoides - Brome Six-weeks Grass -
Plagiobothrys canescens - Valley Popcorn-flower -
Amsinckia menziesii Menzies' Fiddleneck 2
Herbaceous Vegetation Herbaceous Vegetation
Unclassified:
RIPARIAN-WETLAND FOREST and WOODLAND
Alliance NVC CODE Association Scientific Name Association Common Name | #Plots
Quercus lobata CEGL002872 | Quercus lobata - Quercus Valley Oak - Coast Live Oak
Woodland Alliance agrifolia / Annual Grass - Herb | / Annual Grass - 8
Woodland Herb Woodland
Platanus racemosa CEGL002858 | Platanus racemosa - Quercus California Sycamore -
Temporarily Flooded agrifolia var. agrifolia Coast Live Oak 5
Woodland Alliance Woodland Woodland
Platanus racemosa Unclassified Platanus racemosa - Salix California Sycamore -
Temporarily Flooded laevigata / Rubus ursinus Red willow / California 1
Woodland Alliance Woodland Unclassified: Blackberry Woodland
Platanus racemosa CEGL005307 | Platanus racemosa Temporarily| California Sycamore
Temporarily Flooded Flooded Woodland Temporarily Flooded 1
Woodland Alliance Woodland
Populus fremontii CEGLO05308 | Populus fremontii - Salix Fremont Cottonwood - 10
Temporarily Flooded laevigata Woodland Red willow Woodland
Forest Alliance
CEGLO00941 | Populus fremontii / Baccharis Fremont Cottonwood / 2
salicifolia Woodland Mule's-fat Woodland
Quercus agrifolia CEGL0O05312 | Quercus agrifolia / Coast Live Oak / Pacific
Woodland Alliance Toxicodendron Poison-oak Intermittently 18
diversilobum Flooded Woodland
Intermittently Flooded
Woodland
Salix laevigata CEGL0O05316 | Salix laevigata / Artemisia Red willow / Douglas'
Temporarily Flooded douglasiana - Rubus ursinus Wormwood - California 12
Woodland Alliance Woodland Blackberry Woodland
RIPARIAN-WETLAND SHRUBLAND
Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Baccharis salicifolia CEGL0O03549 | Baccharis salicifolia Riparian Mule's-fat Riparian 17
Intermittently Shrubland Shrubland
Flooded Shrubland
Alliance
Rosa californica CEGL005315 | Rosa californica Shrubland California Rose 9
Shrubland Shrubland
Temporarily Flooded
Alliance
Salix (exigua, interior) CEGL001197 | Salix exigua Temporarily Sandbar willow
Temporarily Flooded Flooded Shrubland Temporarily Flooded 1
Shrubland Alliance Shrubland
Salix lasiolepis CEGL002875 | Salix lasiolepis / Baccharis Arroyo Willow / Mule's-
Temporarily Flooded salicifolia Shrubland fat Shrubland 10
Shrubland Alliance
Park Special Salix lasiolepis / Rosa californica| Arroyo Willow /
Shrubland California Rose 1
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RIPARIAN-WETLAND HERBACEOUS VEGETATION

Alliance NVC CODE Association Scientific Name | Association Common Name | #Plots
Distichlis spicata CEGL001770 | Distichlis spicata Herbaceous Inland Saltgrass 1
Intermittently Vegetation Herbaceous Vegetation
Flooded Herbaceous
Alliance
Eleocharis CEGL005303 | Eleocharis macrostachya Page Spikerush 1
macrostachya Herbaceous Vegetation Herbaceous Vegetation
Herbaceous Alliance
PROPOSED
Juncus balticus CEGL001838 | Juncus balticus Herbaceous Baltic Rush Herbaceous 6
Seasonally Flooded Vegetation Vegetation
Herbaceous Alliance
Leymus triticoides CEGL001571 | Leymus triticoides Herbaceous | Beardless Wildrye 1
Temporarily Flooded Vegetation Herbaceous Vegetation
Herbaceous Alliance
Mimulus (guttatus) CEGL005305 | Mimulus guttatus - (Mimulus Seep Monkeyflower -
Temporarily Flooded 5

Herbaceous Alliance

spp.) Herbaceous Vegetation

(Monkeyflower species)
Herbaceous Vegetation

Plant Community Descriptions

This section provides a summary of PINN vegetation by physiognomic group. Appendix C
provides detailed local and global descriptions of the 67 plant associations, alliances and
Park special vegetation types found within the Park. Local descriptions are based on plot

data from the Park and environs. Global descriptions characterize the association across its

range and are based primarily on published and unpublished literature.

Most of the vegetation types at PINN fit into existing NVC association concepts, or were
considered significant enough to create new NVC associations for them. Twenty-two
associations were considered unique to the Monument; NatureServe designated these as
Park Specials. Seven vegetation types fit into alliance concepts but lacked sufficient
information to justify creating new associations.

Upland Forest and Woodland Associations
Tree-dominated vegetation types are common and widely distributed within PINN. They
occupy nearly every available habitat, from riparian corridors to rock outcrops. All stands
are subject to fire. Canopy density is controlled by stand age and the availability of soil
moisture. Most examples at PINN do not have the closed tree canopy that usually
characterizes forest (as opposed to more open woodland) associations. The upland forest
and woodland associations at PINN include:
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Aesculus californica / Toxicodendron diversilobum / Moss Woodland
Juniperus californica / Prunus ilicifolia / Moss Woodland
Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland
Pinus sabiniana / Ceanothus cuneatus - Rhamnus ilicifolia Woodland
Quercus agrifolia - Aesculus californica Woodland
Quercus agrifolia / Annual Grass - Forb Woodland
Quercus douglasii - Pinus sabiniana / Cercocarpus montanus var. glaber Woodland
Quercus douglasii - Pinus sabiniana / Grass Woodland
Quercus douglasii / Juniperus californica Woodland
Quercus douglasii / Mixed Herbaceous Woodland




e Quercus wislizeni - Pinus sabinana / Mixed Herbaceous Woodland

Blue oak (Quercus douglasii) and foothill pine (Pinus sabiniana) woodlands occupy slopes
and hill tops, while coast ive oak (Quercus agrifolia) woodlands occur at the bottom of rock
outcrops and cliff faces, on the lower third of hill slopes and the edges of valley bottoms
and riparian areas, where soil moisture collects. California buckeye (Aesculus californica)
stands are less common but striking (especially in the fall) as the only upland summer-
deciduous tree in the Park. California juniper (Juniperus californica) and interior live oak
(Quercus wislizenii) are not abundant and are limited to small clumps.

Upland Shrubland Associations
Chaparral shrublands are the characteristic vegetation type of Pinnacles. They are diverse and

widespread and cover much of the Park. The upland shrubland associations of PINN include:
e Adenostoma fasciculatum - Arctostaphylos glauca Shrubland

Adenostoma fasciculatum - Arctostaphylos pungens Shrubland

Adenostoma fasciculatum - Ceanothus cuneatus var. cuneatus Shrubland

Adenostoma fasciculatum - Salvia mellifera Shrubland

Adenostoma fasciculatum / Selaginella bigelovii Shrubland

Adenostoma fasciculatum Shrubland

Arctostaphylos glauca Shrubland

Artemisia californica - Eriogonum fasciculatum Shrubland

Artemisia californica Shrubland

Baccharis pilularis / Annual Grass - Herb Shrubland

Ceanothus cuneatus var. cuneatus Shrubland

Cercocarpus montanus var. glaber Shrubland

Diplacus aurantiacus Shrubland

Eriogonum fasciculatum Shrubland

Lotus scoparius Shrubland Association

Lupinus albifrons - Senecio flaccidus var. douglasii Shrubland

Prunus ilicifolia - Ceanothus cuneatus Shrubland

Prunus ilicifolia - Fraxinus dipetala Shrubland

Prunus ilicifolia - Heteromeles arbutifolia Shrubland

Prunus ilicifolia Shrubland

Quercus berberidifolia - Cercocarpus montanus var. glaber Shrubland

Quercus berberidifolia Shrubland

Rhamnus ilicifolia - Clematis lasiantha Shrubland Unclassified:

Salvia mellifera - Eriogonum fasciculatum / Bromus madritensis Shrubland

Salvia mellifera Shrubland

Dry chamise (Adenostoma fasciculatum) chaparral associations are the most abundant
shrublands within the Park and its surrounding lands. Manzanita (Arctostaphylos spp.)
shrublands contrast sharply with their larger round leaves, and occur in smaller clumps,
generally on rockier soils. Chaparral on the west side experiences a more maritime climate
and is dominated by California wild buckwheat (Eriogonum fasciculatum) or black sage
(Salvia mellifera). Only the west side are there locations of California sagebrush (Artemisia
california). Moist chaparral, represented by hollyleaf cherry (Prunus ilicifolia), hollyleaf
redberry (Rhamnus ilicifolia), and California ash (Fraxinus dipetala) occurs on north facing
slopes or lower third of slopes that are more protected and collect moisture. Dry alluvial
flats and narrow canyon bottoms have stands of orange bush-monkeyflower (Diplacus
aurantiacus) and silver lupine - Douglas's ragwort (Lupinus albifrons - Senecio flaccidus var.
douglasii). Deerweed (Lotus scoparius) occurs on recently disturbed areas such as burns.
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Small pockets of California scrub oak (Quercus berberidifolia) can be found on deep soils on
north facing upper slopes.

Non-Vascular and Sparse
Vertical cliff faces, large flat and sloping rock formations and loose scree slopes are the
domain of non-vascular and sparse vegetation. The non-vascular and sparse plant
associations of PINN are:

e Collinsia heterophylla - Lichen Sparse Vegetation

e Eriogonum wrightii - Lichen Sparse Vegetation

e Lichen Gravel - Bedrock Nonvascular Sparse Vegetation

The first two associations are scree slope types. The last association is a catch-all type that
can occur on solid vertical or flat rock faces, on large rocks, or on small gravel surfaces.
Unfortunately lichens were not identified beyond their life form. For more information on the
biodiversity of lichens in Pinnacles, see Benson (2005) and Tucker et. al (2006).

Upland Herbaceous Associations

Probably the most interesting vegetation type in Pinnacles is Spikemoss (Selaginella
bigelovii) which dominates some slopes and is illustrated on the cover of this report. This
type is known from across central and south coast ranges of Califonria. Two associations
represent the presence of Spikemoss (a shrubland with an upper canopy of Adenostoma)
and the herbaceous association with a scattered upper canopy of Eriogonum. Other
herbaceous types are dominated by introduced annual grass or native forbs. Grasslands
tend to occur where soils are thin and windswept or where fire has removed the competing
woody vegetation. Many herbaceous types tend to be weedy. The upland herbaceous

associations of PINN include:

e (Artemisia dracunculus) - Gnaphalium canescens Herbaceous Vegetation
Artemisia dracunculus Alluvial Fan Herbaceous Vegetation
Avena barbata - Melica imperfecta Herbaceous Vegetation Unclassified
Avena fatua - (Nassella pulchra, Plantago erecta) Herbaceous Vegetation
Epilobium canum Herbaceous Vegetation Unclassified
Eriogonum elongatum Herbaceous Vegetation
Eriogonum fasciculatum / Selaginella bigelovii Herbaceous Vegetation
Eriogonum nudum Herbaceous Vegetation Unclassified
Erodium brachycarpum - Bromus hordeaceus - Bromus madritensis Herbaceous Vegetation
Eschscholzia californica Herbaceous Vegetation
Heterotheca sessiliflora ssp. echioides Herbaceous Vegetation
Hordeum brachyantherum Herbaceous Vegetation
Muhlenbergia rigens Herbaceous Vegetation
Sedum spathulifolium - Moss - Bedrock Vegetation
Vulpia bromoides - Deiandra lobbii Herbaceous Vegetation Unclassified

Vulpia bromoides - Plagiobothrys canescens - Amsinckia menziesii
Herbaceous Vegetation Unclassified

The herbaceous associations were the most difficult to classify, since many are dominated
by non-native species. We were generous in trying to describe native vegetation. If a stand
had a decent (~10% relative cover) amount of a native species, we leaned toward naming

34



the type for that native, even though the cumulative cover of component non-natives may
far exceeded it. All herbaceous types at Pinnacles occur in small patches, with the exception
of Avena spp. grasslands, which can be large and grade into oak/grass woodlands.

Riparian and Wetland Forest and Woodland Associations
Riparian woodlands are restricted in their distribution to floodplains, tributary canyons, and
ravines. They tend to be dominated by valley oaks, cottonwoods, willows or sycamores,
except in narrow, rock-walled canyons, where Quercus agrifolia sometimes occurs in the
canopy. Riparian forest and woodland associations of PINN include:

e Quercus lobata - Quercus agrifolia / Annual Grass - Herb Woodland
Platanus racemosa - Quercus agrifolia var. agrifolia Woodland
Platanus racemosa - Salix laevigata / Rubus ursinus Woodland Unclassified:
Platanus racemosa Temporarily Flooded Woodland
Populus fremontii - Salix laevigata Woodland
Populus fremontii / Baccharis salicifolia Woodland
Quercus agrifolia / Toxicodendron diversilobum Intermittently Flooded Woodland
Salix laevigata / Artemisia douglasiana - Rubus ursinus Woodland

The broad, well-developed floodplains of Chalone Creek, McCabe Canyon and Bear Valley
have majestic stands of Valley Oak. Along the stream banks and active channels are
cottonwoods and willow woodlands and shrublands. In these broad valleys Quercus
agrifolia can occur at the outer edge of the valley floor. Along the narrow banks of Bear
Gulch, tall sycamores tower over oak and cottonwood trees.

Riparian and Wetland Shrubland Associations

Mesic and wetland shrub communities are very limited in their size and distribution within
the Park. All are restricted to areas with high water tables, including stream banks, stock
pond margins, pour offs, and seeps. Riparian and wetland shrubland associations of PINN

include:
e Baccharis salicifolia Riparian Shrubland
e Rosa californica Shrubland
e Salix exigua Temporarily Flooded Shrubland
e Salix lasiolepis / Baccharis salicifolia Shrubland

e Salix lasiolepis / Rosa californica Shrubland

Sandbar willow (Salix exigua) and mule’s Fat (Baccharis salicifolia) shrublands are common
throughout the Park along the narrow active streams such as West Fork Chalone Creek,
where stream banks, islands or bars are vulnerable to frequent scouring from floods. Wild
rose shrublands were seen only in Bear Valley. Tall arroyo willow (Salix lasiolepis) occurs
throughout the Park in wet, actively flooded channels.

Riparian and Wetland Herbaceous Associations

Like mesic shrub communities, riparian and wetland herbaceous associations are uncommon
and limited in their distribution within the mapping area. All are restricted to areas with
water at or near the surface for some or all of the growing season. Diversity is high, but most
occur in patches smaller than the minimum mapping unit. Riparian and wetland herbaceous

associations of PINN include:
o Distichlis spicata Herbaceous Vegetation
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Eleocharis macrostachya Herbaceous Vegetation

Juncus balticus Herbaceous Vegetation

Leymus triticoides Herbaceous Vegetation

Mimulus guttatus - (Mimulus spp.) Herbaceous Vegetation

Baltic rush (Juncus balticus) and monkeyflower (Mimulus spp.) were sampled 6 and 5 times
respectively, while the others were sampled only once. Baltic rush is a common community,
often found in overgrazed pastures because cattle find it unpalatable and will eat it only
late in the season when little else is left (USDA . Baltic rush is very resistant to grazing
because of persistent deep rhizomes as well as extensive fibrous roots (Weixelman et al
1996, Kovalchick et al, 1988). Monkeyflower, on the other hand, is restricted to small seeps
and perennially wet creeks, and rarely occurs outside of the “splash zone.” Beardless
wildrye and inland saltgrass can form larger patches on mesic stream banks and
subirrigated meadow areas, both are tolerant of alkaline conditions. Page spike rush
(Eleocharis macrostachya) is limited to neutral to slightly acidic soils, and must remain wet
throughout the growing season, thus it is limited to tiny patches in the Park.

Field Key Preparation

A dichotomous field key to plant associations of the PINN mapping area was developed for
this project (Appendix D). The key is designed to assist users in identifying vegetation
associations in the field. The key has two levels; the first level is defined by the physiognomy
of the vegetation, i.e., forest, woodland, tall shrubland, shrubland, dwarf-shrubland,
graminoid, or forb. The second level focuses on the dominant species' canopy cover. Brief
environmental descriptions are included with the floristic descriptions to assist in
identifying plant associations.

The association field key was constructed from data collected during the classification
phase of the mapping project and revised following field testing. Because the key is based
on a sample of the vegetation, it likely does not account for all associations occurring
within the Park, nor does it explain the full range of variation of all associations as they
appear in the Park.

The field key was tested by NatureServe and CNPS in the field prior to its use by accuracy
assessment field crews. A NatureServe ecologist made notes and edited areas where the
key was confusing or unclear. The field key in Appendix D is the final version containing
revisions based on suggestions from this field testing.

University of Montana Vegetation Map (2005)

In 2005 the Wildlife Spatial Analysis Lab at the University of Montana produced a digital
map of existing vegetation and land cover from high-resolution Ikonos satellite imagery
(Figure 6). Imagery was from May and June of 2000. Initial line work was generated by
eCognition. Supervised computerized classification (machine learning software WEKA)
based on 4 spectral bands mapped 11 Land Cover Type map classes. The 2003 and 2004
relevé data was used as training data, with a reserve of 10% of the points for accuracy
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assessment. Map Classes developed were: Woodlands - W1 Oak/Pine, W2 Buckeye, W3
Mixed Riparian; Shrublands - S1 Chamise, S2 Chamise-Ceanothus, S3 Chamise-
Manzanita/Mtn. Mahogany, S4 Prunus/Mixed Chaparral, S5 Buckwheat/Cal. Sage, S6
Chamise-Black Sage; and Herbaceous/Other - G Grassland/Herbaceous, N Sparse/Non-veg.

The overall accuracy was 84.95%. Unfortunately, due to funding limitations, this map was
produced with little interaction between field crews and mapping staff, and with no interaction
with ecologists from NatureServe, California Native Plant Society or Park staff. See Appendix K
for a cross walk of AIS Vegetation Map Classes (n=41) to the University of MT map Classes
(n=11) (Remond et al. 2005).
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Figure 6. University of Montana 2005 Vegetation Map
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Vegetation Mapping At Pinnacles National Monument

One of the most important mandates of the Vegetation Mapping Program (VMP) is the
consistent capture and classification of vegetation types through mapping and field
sampling methods. Mapping criteria and procedures developed during the prototype phase
is still being tested and revised. The first two Parks mapped, Assateague Island National
Seashore and Tuzigoot National Monument, used a vegetation layer mapping approach.
Layer mapping consists of photo-interpretation of multiple canopies of vegetation that are
visible on the aerial photography. Canopies are normally defined by the structure of the
vegetation (trees, shrubs or herbaceous growth). Where possible, individual plant species
were interpreted for each layer of vegetation. These data layers are then aggregated up
into the appropriate alliance or community as defined in the NVCS (National Vegetation
Classification System) (NatureServe 2003).

The Program criteria and methodology have since evolved to the methods in use today.
Mapping at subsequent parks, including the Scotts Bluff National Monument, Agate Fossil
Beds National Monument, Fort Laramie National Historic Site, Rock Creek Park, Isle Royale
National Park, Congaree Swamp National Monument and Yosemite National Park, involves
the use of an initial photo signature type describing multiple vegetation canopies. These
photo signature types are then translated into a NVCS community type or alliance. Density,
and in some parks height and pattern, are additionally assigned to each polygon. In some
instances photo interpretive mapping units are retained to further describe, at a more
detailed level, the attributes visible on the aerial photography for each polygon. In other
situations mapping units are used to address more general levels where an alliance or
association is not discernable on the aerial photography.

Photo Interpretation Mapping Criteria

From the onset of the Vegetation Mapping Program, standardized program-wide mapping
criteria have been used. The mapping criteria contain a set of decision rules that are used to
ensure accuracy and consistency of vegetation attributes including type, height and cover.
These criteria assist the user in understanding the characteristics, definition and context for
each vegetation community. While type and density of vegetation were both used, height
was not an attribute used in the PINN project.

Minimum Mapping Unit
The minimum mapping unit (mmu) for PINN matches the VMP standard of 1/2 hectare.

Aggregation
Aggregation of multiple vegetative classes is necessary when vegetation types present
within a polygon are below mmu.

e Similar life forms are aggregated together: tree-dominated types are
aggregated with other tree-dominated types, shrub types with other shrub
types, and herbaceous types with other herbaceous vegetation types.
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e If possible, wetland vegetation types generally are not aggregated with
upland types, even if they are in the same life form.

e If a unit that is below mmu is completely surrounded by another vegetation
type, the unit is aggregated with the surrounding vegetation.

e If a unit thatis below mmu is the same life form as two adjacent larger stands,
and the adjacent stand types are very dissimilar in environment, the unit may be
aggregated with the more similar adjacent type.

Woody Cover

Woody Vegetative Cover is a quantitative estimate of woody plant cover derived from
viewing the aerial imagery. Photo interpreters assessed the cover of woody vegetation
associated with the life form of the map unit assigned to that polygon. Vegetation not
visible in the aerial photograph was not considered part of the woody cover class. For
example, in a closed canopy forest the understory grasses and shrubs are not visible;
therefore, only the tree overstory is visible and the cover class is based on the total tree
cover present. Therefore cover classes coded to polygons in the database may differ from
assessments done on the ground by field crews.

The percent cover was assessed for conifer, hardwood tree and shrubs. For example,
a polygon with all three types of woody vegetation visible in the imagery will have
three values of cover class.

The following criteria are used for making decisions about assigning cover classes to
vegetation polygons:

e The coverage pattern of the life form is considered before assigning a density
code to the polygon. Estimating densities is more straightforward when plants
occupying the same strata are evenly distributed throughout the mapping unit.
When polygons contain populations of plants that are clumped or occur only in a
portion of the polygon, the photo interpreter considers the area that is not
occupied by plant cover when determining coverage density. To ensure
consistency, plants are estimated in polygons with clumped and unevenly
distributed vegetation and then are compared to similar-sized polygons with an
even distribution of plant cover.

e The date of the imagery influences the densities assigned to vegetation types,
especially for deciduous vegetation. Subsequent field verification and accuracy
assessments must take into consideration the following factors that can cause
apparent discrepancies between the densities evident on the photo and those
visible in the field:

o Seasonality - Photos of forest or woodland areas with leaf-on
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conditions obscure the understory. Photos of leaf-off conditions would
allow photo

interpretation of the understory, but make it difficult to identify the overstory
species since there is no foliage present.

o Annual variability - the environmental conditions at the time of the
photography (wet vs. drought years, flooding, etc.) may affect the
densities seen during the on-site field visits.

Alliance/Association

The assignment of vegetation polygons to an alliance and plant association is based on
NVCS criteria. A final vegetation classification and key, along with vegetation descriptions
for each alliance and association, was developed for PINN using the plot data collected by
the PINN field sampling crews.

PINN Specific Mapping Protocols and Criteria

Study Area

The Park set up a two-tiered study area for photo interpretation and mapping. The first
tier, or main body of the study area, consisted of areas within the Park boundary as well as
a quarter-mile buffer around the Park. This tier is mapped at the suballiance level and to
the association level where possible. The second tier is composed of areas outside the
Park, designated by the Park as areas of interest. The Park requested that this area be
mapped at a general life form level. Therefore, this area is mapped at or above alliance
level.

Woody Cover

PINN differs from the previously mapped parks by assigning conifer, hardwood and shrub
cover for each polygon, rather than cover of the life form of the alliance. All cover values
followed the same classification.

Chaparral and Coastal Sage Scrub

Due to the limitations of the imagery and the inconsistent signature response of the
chaparral and coastal sage scrub from place to place, photo interpretation of those types to
the alliance and association level were very limited. Chaparral was therefore mapped to
two main mapping classes as Californian Xeric Chaparral Shrubland Group and Californian
Chaparral Shrubland Macrogroup. Coastal sage scrub was mapped as California Coastal
Scrub Shrubland Macrogroup. At locations where reconnaissance and relevé site data was
available, an attempt was made to map to the alliance level where possible and to
extrapolate to nearby areas.

Land Use

Land Use was mapped as a separate layer from Vegetation. A polygon coded with a forest
or woodland vegetation type and tree cover can also be coded with a land use. Land Use
was mapped from imagery photo interpretation and field reconnaissance. Park facilities
were identified separately from non-park uses.
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Project Materials

The following materials were used for the PINN mapping project.

Digital Orthophoto Base
Natural color digital orthophotos available from NAIP served as the base for the data
rectification task. The imagery is dated 2005 and depicts leaf-on conditions.

Supplemental Imagery
Two other sets of digital imagery were provided by the Park. They include:

e Natural color digital orthophotos dated 2003 (leaf-on). This set of imagery
corresponds to the date of the Park’s vegetation sampling sites
e Colorinfrared digital orthophotos dated 2002 (leaf-on)

Ancillary Data
PINN provided AIS with a number of hardcopy and digital files to assist in the photo
interpretations.

e PINN Field Data 2003-2004
o 590 Relevé Plots

e Historic Vegetation
o Technical Report No. 34, Vegetation and Floristics of Pinnacles National
Monument, dated 1987. Corresponding hardcopy map was produced in
1983 from color infrared aerial photos dated August 16, 1983.

e Other Hardcopy Data
o Geologic Map of Pinnacles Volcanic Formation, by Vincent Matthews,
1:24000 scale, date unknown.

e Digital GIS Data
o Fire History

Stonewall Fire

Prescribed Burns

Geology

Contours

Springs

Pig Fence

Drainages

Roads

Trails

0 O O OO0 OO0 0 Oo

Photo Interpretation Mapping Procedures

Four major tasks are associated with the photo interpretation phase of a NPS vegetation
mapping project:
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Field Reconnaissance

e Photo Interpretation and Digitization of Vegetation
e Field Verification
e Quality Control

Field Reconnaissance

The field reconnaissance visit serves two major functions. First, the photo interpreter keys
the signature on the aerial photos to the vegetation on the ground at each signature site.
Second, the photo interpreter becomes familiar with the flora, vegetation assemblages
and local ecology that occur in the study area. Park and/or field biologists who are familiar
with the local vegetation and ecology of the Park are present to help the photo interpreter
understand these elements and their relationship with the geography of the Park.

Prior to the field reconnaissance, AlS staff performed several in-house preparations to
facilitate a more organized trip. Field routes were planned to accommodate a variety of
factors including: maximizing the number of vegetation types and regional zones visited,
responding to recommendations of Park staff, addressing time constraint considerations
and accessibility. Hardcopy outputs of the base imagery were plotted for navigation in the
field.

The imagery was reviewed for representative signatures of different vegetation types,
density and abiotic factors such as percent slope, aspect, shape of the slope, elevation, etc.
Field check sites and associated notations were noted on the field overlays. Multiple sites
were chosen to provide alternatives if one or more sites proved inaccessible.

Field site locations visited were recorded on a GPS unit. A field notebook was used to
record pertinent information for each site visited. Later, these records were input into
computer files for easy reference. Color ground photos were taken at selected locations
and later compared to the imagery and the field site notes. Additional field sites included
areas encountered in transit between initially selected sites, areas of noteworthy or
unusual significance, and other vegetation types the photo interpreter or ecologist
deemed important. Two photo interpretation field reconnaissance trips were conducted
by the staff from AIS and the Park.

Photo Interpretation and Digitization of Vegetation

Photo interpretation is the process of identifying map units based on their photo
signature. All land cover features have a photo signature. These signatures are defined by
the color, texture, tone and pattern exhibited on the aerial photography. By observing the
context and extent of the photo signatures associated with specific vegetation types, the
photo interpreter is able to identify and delineate the boundaries between plant
communities or signature units. Environmental factors such as elevation, slope and aspect
also play an important part in the photo interpretation decision-making process. For the
PINN project, the photo interpreters also gleaned information from the field
reconnaissance notes and a Relevé plots Access database. The PINN staff attempted to
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answer photo interpretation questions in the field as the mapping progressed.

Photo interpretation was conducted through an on-screen heads-up digitizing method using
ArcMap. The study area was divided into several modules. The individual modules were
interpreted using the primary and supplemental imagery, reconnaissance and relevé data, and
other ancillary data, including elevation contours and fire history. The polygon delineations

were based on a number of signature characteristics including color, tone, texture, relative
height and density. Each polygon was assigned the appropriate attribute code string
(mapping classification types, conifer, hardwood and shrub percent cover, and land use).
The modules were subsequently edge-matched and were checked for invalid codes and
errors in topology.

A separate quality control step was performed for each module upon completion of the
photo interpretation. A senior photo interpreter reviewed each module for map unit
delineation and the accuracy of the codes assigned to every polygon. Each module was
checked for completeness, consistency and adherence to the mapping criteria and
guidelines.

Field Verification

The mapping was followed by two field verification trips by AIS and Park staff designed to
confirm that the vegetation units were mapped consistently. Any outstanding photo
interpretation related questions were also addressed during the verification visits. Changes
based on field verification observations were applied to polygons in the database for which
the results were pertinent.

Final Quality Control

The individual modules were then joined into a single seamless vegetation file for the Park.
The final vegetation database was examined by a senior photo interpreter for registration of
linework to the base imagery. Final checks were conducted for invalid codes and code field
correlations. Topological errors were checked, as were any edge-match problems.

Accuracy Assessment
Introduction

Accuracy assessment (AA) is a statistical test of how well polygon map class attributes represent
vegetation on the ground. The AA compares field observations with the map class assignment of
the sampled polygon. Errors occur when mapped polygon labels differ from field observations.
Results of the AA allow users to evaluate the utility of the vegetation mapping data for
particular applications. Accuracy assessment results come in two forms: “producer’s accuracy”
(the probability that an AA point was mapped correctly, also referred to as “errors of omission”),
and “user’s accuracy” (the probability that the map represents what was found on the ground,
also referred to as “errors of commission”). High producer’s accuracy combined with low user’s
accuracy indicates that the map unit is under-mapped. Conversely, low producer’s accuracy
combined with high user’s accuracy indicates that a type is over-mapped. Ideally, a map has
both high user’s and producer’s accuracy.
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The accuracy assessment was applied to both the association level classification version of the
map and the alliance level version.

Methods

Sampling Design

A stratified random sampling approach was used to determine AA sampling locations. The
AA included most vegetation map classes and was limited to lands within the PINN
boundary and buffer zone; private and federal land in the Expanded Area (outside of the
Monument buffer) were not included in the accuracy evaluation. Sample sizes for each
evaluated map class were selected using the USGS-NPS Vegetation Characterization
Program guidelines (TNC et al. 1994):

Scenario A: The class is abundant. It covers more than 50 ha (124 acres) and consists of at
least 30 polygons. The recommended sample size is 30.

Scenario B: The class is relatively abundant. It covers more than 50 ha, but consists of fewer
than 30 polygons. The recommended sample size is 20. The rationale for reducing the
sample size for this type of class is that sample sites are more difficult to find because of the
lower frequency of the class.

Scenario C: The class is relatively rare. It covers less than 50 ha but consists of more than 30
polygons. The recommended sample size is 20. The rationale for reducing the sample size is
that the class occupies a small area. At the same time, however, the class consists of a
considerable number of distinct polygons that are possibly widely distributed. The number
of samples therefore remains relatively high because of the high frequency of the class.

Scenario D: The class is rare. It has more than five but fewer than 30 polygons and covers
less than 50 ha. The recommended number of samples is five. The rationale for reducing
the sample size is that the class consists of small polygons and the frequency of the
polygons is low. Specifying more than five sample sites will likely result in multiple samples
within the same (small) polygon. Collecting five samples will allow accuracy to be
estimated, although the estimate will not be very precise.

Scenario E: The class is very rare. It has fewer than five polygons and occupies less than 50
ha. In this case, it is recommended that the existence of the class be confirmed by a visit to
each polygon. The rationale for the recommendation is that with fewer than five sample
sites (assuming one site per polygon), no estimate of level of confidence can be established
for the sample and the accuracy of the class can only be confirmed through a field census.

Of the 39 alliance level map classes and 58 association level map classes that were originally
mapped within the Park and buffer, 7 of the map classes were excluded from the accuracy
assessment:

Vegetated Map Classes
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3103 — Post Burn and Post Disturbance Californian Chaparral Shrubland Mapping

Unit
3104 — Post Burn and Post Disturbance Californian Xeric Chaparral Shrubland
Mapping Unit

9700 — Post Burn and Post Disturbance Undifferentiated Shrub and Grass-Herb
Regeneration Mapping Unit

Non-natural Map Classes

9100 — Built-up Mapping Unit

9200 — Agriculture Mapping Unit

9500 — Water Mapping Unit

9600 — Planted Trees and Shrubs Mapping Unit

The 3 vegetated map classes (3103, 3104 and 9700) were excluded from the AA because the
vegetation had likely changed since time of the imagery exposure. The other 4 classes were
excluded because they are non-natural map classes.

Accuracy assessment sampling points were selected for each of the 32 remaining alliance level
map classes and the 51 remaining association level map classes using guidelines A—E. The
primary set of selected AA evaluation sites included 750 points. Secondary and tertiary sets of
points were generated in case some of the points in the primary set could not be accessed
safely. After all sets of points were selected, field crews sampled as many accessible polygons as
possible given the restricted timing of the field season. Location (UTM) coordinates for all
selected AA polygons were downloaded to GPS units for field sampling. Only the AA points and
vegetation polygon boundaries (no vegetation map attributes) were printed on paper maps with
an orthophotograph and elevation contour background to help guide the field crews. The field
crew is therefore “blind” to the map classes assigned to the vegetation polygons.

AA Field Data Collection

Accuracy assessment point data were collected at PINN during the summer/fall of 2008. Field
crews used GPS units, digital orthophotographs and topographic maps to navigate precisely to
each pre-selected AA polygon. The crews evaluated the selected AA location using the protocol
defined in Appendix F. The field form used is provided in Appendix G. Environmental data
collected in the field included elevation and descriptive comments of site history and stand age.
Vegetation data included canopy cover for each stratum as well as for the dominant species and
phenology of the dominant vegetation. A vegetation field key and mapping key were used to
identify the vegetation type that best described the AA site location (Appendices D and |,
respectively). In most cases, only one plant association name or map class was recorded. When
vegetation relationships were less clear, a secondary or tertiary plant association name or map
class was also recorded. Adjacent plant associations or map classes were recorded with a
notation of the direction of adjacency to sampled polygon. Two or more digital photographs
were taken at each AA point to provide visual documentation of the site.

The field team collected data at 766 AA points (Figure 7). AA point data were downloaded from
GPS units into an Access plots database. All vegetation and species data were manually
entered into this same database and a thorough quality assessment/quality check (QA/QC) was
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performed on the data prior to analysis. Nomenclature standards and other data management
procedures were the same as for the classification plot data (see Vegetation Classification and
Description section). Digital photographs were archived into folders which are labeled by date.
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Data Analysis

Accuracy assessment (AA) is a statistical test of how well polygon map class attributes
represent vegetation on the ground. The AA compares field observations with the map class
assignment of the sampled polygon. Errors occur when mapped polygon labels differ from
field observations. Results of the AA allow users to evaluate the utility of the vegetation
mapping data for particular applications. Accuracy assessment results come in two forms
(Hop et al. 2005): “producer’s accuracy” (the probability that an AA point was mapped
correctly, also referred to as “errors of omission”), and “user’s accuracy” (the probability
that the map represents what was found on the ground, also referred to as “errors of
commission”). High producer’s accuracy combined with low user’s accuracy indicates that
the map class is under-mapped. Conversely, low producer’s accuracy combined with high
user’s accuracy indicates that a type is over-mapped. Ideally, a map has both high user’s
and producer’s accuracy.

The lead AIS photo interpreters and CNPS project ecologists reviewed the AA data for the
766 visited sites. The field points were converted into a spatial data layer with coordinates
and attributes. AA point data was intersected with the map polygon data. Review
consisted of evaluating calls for match or mismatch to the corresponding vegetation map
polygon attribute. The primary, secondary and tertiary plant association, alliance or other
map class assigned to each AA point (in the field) were compared to the map class code for
that polygon. Per protocol, if any of the three calls agreed with the labeled map class for a
given polygon, the point was considered correct.

Each AA point mismatch (disagreement between field call and polygon label) was evaluated
for the type of error (true or false). Sources of “false” error include GPS or positional errors,
guestionable field determinations, edge error, and inclusions (small patches of vegetation
within larger map polygons). Mismatches were reviewed when a false error was identified
and were either determined to be a match, mismatch, or were discarded. All other
mismatches were deemed true errors.

Patterns of error were analyzed for classes falling below the accuracy threshold and
possible solutions for raising map class accuracy formulated, i.e., lumping the class into a
higher class in the vegetation hierarchy.

In May 2009, a series of conference calls were held among the Park staff and project
cooperators to discuss the results of the AA process. Participants discussed the alternative
solutions developed during the analysis, and decided on the best solution for the purposes
of natural resource management. In some cases, meeting participants recommended
combining certain map classes to achieve higher levels of accuracy and more meaningful
vegetation map classes. In other cases, the group recommended retaining map classes with
lower accuracy, as discussed below. A final contingency table was produced by project
cartographers (Table 6), representing mapping to the finest level possible (macrogroup,
group, alliance or plant association). The spatial database was revised to reflect the final
map classes.
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The results of this analysis were arrayed in a preliminary contingency table and “producer’s”
and “user’s” accuracy were calculated for each map class. Producer’s accuracy is computed by
dividing correct-call samples by the total number of samples taken in polygons called that class.
User’s accuracy divides the correct-call samples by the total field samples called that map class
(regardless of what the polygon was labeled). Note that in the hierarchical classification, lower
level codes that nest within the higher level codes were considered a match. For example, an
association nests into a corresponding alliance; a suballiance mapping unit will nest into its
corresponding alliance; an alliance will nest into its corresponding group, and group into
macrogroup.

Results and Discussion

Of the 766 AA samples collected in 2008, 738 were used in the analysis. Post accuracy
assessment resulted in 3 macrogroup, 3 group, 14 alliance, 3 plant association, 5 ad hoc unit
level map classes representing the natural resource and an additional 4 classes representing
human footprint and open water. The map classes shown in the following tables and figures
represent the final map classes as a result of the accuracy assessment. Final map classes are
listed in Appendix H, and an illustrated guide with map class descriptions appears in Appendix J.
The final vegetation map can be seen in Figure 8, page 52. To appreciate the fine-scale details
and nuances the map is best viewed on a computer or on the poster-sized hard copy.

Final overall map “Producer’s” accuracy is 84.4% (Kappa correction = 82.9%). Final overall map
“User” accuracy is 76.0% (Kappa correction = 73.6%). Individual map class producer’s and
user’s accuracy values are given with their 90% confidence intervals. The width of each
confidence interval is affected by sample size. Individual map class Producer accuracy ranges
from 62.5% to 100% (Table 11 and Table 12). Individual map class User accuracy ranges from
33.3% to 100%.

Table 7 shows the nine map classes that met the 80% program standard. Table 8 contains the
thirteen map classes that did not meet the 80% program standard. However, in every case but
three, the User Accuracy 90% confidence interval includes 80%, so Park staff deemed the results
to be acceptable. Map classes 3300, 3330, and 3360 had <80% in User accuracy, but were
retained because they were all >90% in Producer accuracy.

Two map classes did not achieve the 80% standard for either user’s or producer’s accuracy
(Table 9). In both cases the Producer’s and User’s accuracy 90% confidence interval is above
80%. Again, Park staff decided these results were acceptable, and wished to retain the map
classes. A discussion of these two problematic map classes is provided below.
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Association Contingency table (error matrix)

X
bl 90%
= Confidence
Reference Data (Accuracy Assessment Field Data) 8 8 ] Interval
Vg g 85 B 49| 8 # & 8l 2 = 2 =5/ 58 B 8 g/ &# 2 8 8| 8 8 & @] g|F|E| B
Code o O al & § XN QN ¥ ¥ 8 8] &8 = 5 Bl 8 8 B I B 2 2 21818 o +
1210f 40 3 6 1 3| 3 56| 40| 71.4%| 61%  82%
1220 5 1 6 5| 83.3%| 509% 100%
1300 19, 1 1 5 26 19| 73.1%| 57%  89%
1311 4 1 5 4 80.0%| 41% 1009
2110 2 72 4 2 2 1 84 72| 85.7%| 79%  93%
2210] 4 1 2 85 < 9 2| 1 2 1 a8 108 94| 87.0% 81% 93%)
- 2212 A 3 23 26 23| 88.5%| 76% 100%
® 2220 1 2 13| 16] 13| s1.3%] 62% 100%
2 <
g- 2230 5 1 6 6| 100.0%6 92% 1009
E 2231 A 2 2| 2| 1000 75% 100%
& 3100 1 1 1 8 <_G; 8 1 2 1 29 22| 75.9%| 61% @ 91%
f 3101 2 1 1 /ﬁ 116 3 7 5 1| 136 116| 85.3%| 80%  91%
=4 3150 2 2 22 26| 22| s4em| 71%  98%
& 3160 2 8 10| 8| soom| 54 100%
;:- 3210 2 2 2| 100.0% 75%  1009%
E 33000 1 1 1 85T« 49| 46| o3.om| ems 1009
N 3330[ 1 A 24 25| 24| os.om| esw 1009
3360 4 4 4] 100.0%( 88% 100%
3370 5 5 5| 100.096| 90% 1009
3400 1 16| 2 19 16| 84.2%| 68% 100%
3510 1! 1 1| 100.0%6 50% 1009
4004 1 2 5 8 5| 62.5% 28% 979%)
4300 1 4 3 29 37 29 78.4%| 66%  91%
4510 1 1 1| 100.09 50% 100%]
9420 5 1 1 44 51 44| 86.3%| 77%  95%
Samples 51 7 20 4 83 105 35 17| 6 4 12 133 32 10 2 18 70 12 9 23| 1 7 30 1 46|
Correct 40 5 19 4 72 88 23 13 5 2 10 116 22 8 2 8 24 4 5 16| 1 5 29 1 44 Total Producer Correct = 623
User Error % 78.4% 71.4% 95.0% 100.09%| 86.79 83.8% 65.79% 76.5%| 83.3% 50.096 83.3% 87.2%| 68.8% 80.0% 100.096 44.4%|] 34.3% 33.3% 55.6% 69.6%| 100.096 71.4% 96.7% 100.0%| 95.7% Total User Correct = 561
90% Confidence - 68%  36%  84% 88| 80%  779%  51% 579 50% 6 619%  82%| 54%  54% 75 22%| 24% 7% 23%  52% 50%  36%  90% 509 9% Total Samples = 738
90% Confidence + 8% 1009 100% 10096| 93% 90% 80%  96%| 100% 10096 1009  92%| 84% 1009 10096 66%| 44% 609 88%  88%| 100% 100% 1009  100%| 100%
Overall Producer Accuracy = 84.4%, w/Kappa Index = 82.9% | Overall User Accurary = 76.0%, w/Kappa Index = 73.6%

Table 6. Final contingency table for 25 map classes whose accuracy was assessed. Shaded boxes indicate the number of AA

points that agree with the assigned map class. To read the table, columns represent the map class observed in the field, while

the rows represent the map class assigned by the photo interpreter. Overall producer accuracy is 84.4% with kappa index of
82.9%. Overall user accuracy is 76.0% with kappa index of 73.6%. User’s and producer’s accuracy values for each map class
appear in tables 7 and 8. Note that map unit 3510 is an error and should be Map unit 3410.
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Table 7. Final PINN map classes with >80% program standard for both User’s and Producer’s
accuracy.

Map Class Map Class Name Producer’s Accuracy User’s Accuracy
Code (+¥90% ClI) (+90% ClI)
1311 California Sycamore-Coast Live Oak 80%+39% 100%+12%
Woodland Association
2110 Coast Live Oak Woodland Alliance 86%+7% 87%+6%
2210 Blue Oak Woodland Alliance 87%+6% 84%+6%
2230 Valley Oak Woodland Alliance 100%+8% 83%+33%
3160 California Scrub Oak Shrubland Alliance 80%126% 80%+26
3210 Coyote Brush Shrubland Alliance 100%+25% 100%+25%
3510 California Rose Shrubland Alliance 100%x50% 100%+50%
4510 Deergrass Herbaceous Vegetation Alliance  100%+50% 100%+50%
9420 Cliffs, Rock Outcrops, and Steep Eroded 86%+9% 96%+6%

Slopes Mapping Unit

Table 8. Final PINN map classes with < 80% program standard for both User’s or
Producer’s accuracy

Map Class Map Class Name Producer’s Accuracy User’s Accuracy
Code (£90% Cl) (£90% Cl)
1220 California Juniper Woodland Alliance 83%133% 71%+35%
1300 Southwestern Nort'h American Riparian 73%+16% 95%+11%
Evergreen and Deciduous Forest Group
2212 Blue Qalf/Mixed Herbaceous Woodland 89%+13% 66%+14%
Association
2220 California Buckeye Woodland Alliance 81%+19% 77%120%
2231 VaIIeY Oék-Coast Live Oak/ Grass Woodland 100%+25% 50%+50%
Association
3100 Californian Chaparral Shrubland 76%+15 83%+22
Macrogroup
3150 Hollyleaf Cherry Shrubland Alliance 85%+14% 69%+15%
3300 California Coastal Scrub Shrubland 94%+7% 44%+22%
Macrogroup
3330 California Wild Buckwheat Shrubland 96%+8% 34%+10%
Alliance
3360 Black Sage Shrubland Alliance 100%+12% 33%+27%
3370 California Sagebrush-California Wild 100%+10% 56%133%

Buckwheat Shrubland Alliance
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Map Class Producer’s Accuracy User’s Accuracy

Map Class Name

Code (+90% Cl) (+90% Cl)

3400 Southwestern North American 84%+16% 70%+18%
Riparian/Wash Scrub Shrubland Group

4300 Mediterranean California Naturalized 78%+13% 97%+7%

Annual and Perennial Grassland
Herbaceous Vegetation Macrogroup

Table 9. Final PINN vegetation map classes where neither the User’s or Producer’s
accuracy met the 80% program standard.

Map Producer’s Accurac ,

Class Map Class Name (£90% Cl) Y Useros Accuracy
Code 90% (x90% Cl)

1210 Foothill Pine Woodland Alliance 71%+11% 78%+11%

4004 Alluvial Herb and Shrub Vegetation 63%+35% 71%+35%

Mapping Unit

Map Class Code 1210 - Foothill Pine Woodland Alliance: This map class was problematic
for two reasons. The first is that in very sparse stands with about 5 to 12% tree cover,
there was a discrepancy between the photointerpreters judgment of the tree density
versus the AA field crew’s estimate. Therefore field crews tended to call the point a shrub
type rather than a tree type. It is reasonable for any field personnel to call sparse cover of
foothill pine over shrubland either an open woodland or a shrubland, so the AA point was
valid, even though it did not match the mapper’s assessment. A second reason for error
was due to confusion between the photo signature of Foothill Pine and Blue Oak at some
locations. The error between these signatures is more localized in the Park rather than
pervasive. Since the Producer’s and User’s accuracy 90% confidence interval is above 80%,
the Park decided to keep this class in the final database.

Map Class 4004 — Alluvial Herb and Shrub Vegetation Mapping Unit: One of the most
difficult areas to map were the bare alluvial wash on valley floors. These areas are, for the
most part, barren but can have narrow stringers of thick riparian vegetation. Mapped
polygons generally represented very sparsely vegetated gravel, cobble or sand bars and
stream channels. However some portions of the polygon are vegetated with riparian
shrubs along very narrow channels that in many cases may be inclusive. Field crews
tended to describe the stringer vegetation, rather than the whole polygon, contrasting with
the mapper’s call of a mainly the open, bright, reflective bare alluvial substrate, with
inclusions of narrow riparian vegetation. In addition, these areas can change with time and
flooding events. Since the Producer’s and User’s accuracy 90% confidence interval is above
80%, the Park decided to keep this class in the final database.
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Conclusion

Mapping the vegetation resource at Pinnacles National Monument required a variety of
scales of map classes. Twenty-eight map classes representing 67 plant associations,
alliances or Park special types were mapped. Twenty five classes were within the 80%
accuracy standard (90% confidence interval). Three map units were not assessed for
accuracy. Map classes ranged from the broad inclusive scale (macrogroups) to individual
plant associations.

Quantitative analysis of plot data collected by Park staff resulted in a classification of
67 plant associations, alliances or Park special vegetation types within the Monument
and environs. This classification represents 47 Alliances and 73 plant associations.
Fifty-one associations are recognized by the National Vegetation Classification, 22 are
described as ‘Park specials’ because they are known only from the Monument. The
vegetation of the mapping project area is relatively diverse. Chaparral, oak woodlands
and dry herbaceous areas dominate the vegetation, accounting for ~35 associations.

A total of 6,141 map polygons representing 24 vegetation map classes (including tree
and shrub cover attributes), fourteen land use map classes and 7 miscellaneous classes
were developed for the PINN vegetation mapping project. Of the 6,141 mapped
polygons, 115 were assigned both a land use class and a vegetation class. The average
polygon size across all map classes is 3 ha (7.3 acres). Natural and semi-natural
vegetation classes cover 17,953 ha (44,362 acres), or 98.6% of the project area. Land
use polygons, including ranch developments, agriculture and Park facilities cover 250
ha (617 acres), or 1.4 % of the project area. Final overall map Producer accuracy is
84.4% (Kappa correction = 83.1%). Final overall map User accuracy is 78.0% (Kappa
correction = 75.6%).
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	Abstract 
	Between 2003 – 2008, the vegetation within a study area of 18,210 hectares (44,997 acres) that encompasses the Pinnacles National Monument (PINN), a quarter-mile buffer and several additional parcels of interest adjacent to the Park was mapped. The map was produced from photo interpretation of 2003 and 2005 natural color and 2002 color infrared digital 1 meter NAIP imagery orthophotos. In 2003 and 2004 Park staff collected vegetation and environmental data from 591 relevés to support the map and classificat
	 
	Multivariate analysis of the 2003-2004 plot data revealed 67 National Vegetation Classification (NVC) plant associations, alliances or Park special vegetation types within the Monument and environs. Of these, 45 are described at the plant association level; seven others are described at the alliance level. The remaining 22 are described as ‘Park specials’ because they occur only in small stands and appear to be unique to the Monument. The vegetation of the mapping project area is relatively diverse, includi
	Chaparral, oak woodlands and dry herbaceous areas dominate the vegetation, accounting for 
	~35 associations. 
	 
	A total of 6,141 map polygons representing 34 vegetation map classes (including tree and shrub cover attributes), fourteen land use map classes and 7 miscellaneous classes were developed for the PINN vegetation mapping project. Of the 6,141 mapped polygons, 115 were assigned both a land use class and a vegetation class. The average polygon size across all map classes is 3 ha (7.3 acres). Natural and semi-natural vegetation classes cover 17,953 ha (44,362 acres), or 98.6% of the project area. Land use polygo
	Summary 
	The San Francisco Bay Area Inventory and Monitoring Network of the National Park Service worked with the support of the U.S. Geological Survey - National Park Service Vegetation Mapping Program to describe and map vegetation at Pinnacles National Monument (PINN). This collaborative effort involved Aerial Information Systems, the California Native Plant Society, the Western Region office of NatureServe and Park service staff and their cooperators. 
	 
	The mapping area is 18,210 hectares (44,997 acres), encompassing the entire Monument and a quarter-mile buffer 13,606 ha (33,621 acres), with several additional parcels of interest adjacent to the Park and buffer area known as the “expanded area” adding an additional 4,604 ha (11,376 acres). Ecologists and photo interpreters worked together to identify plant associations for PINN and determine how best to map them using 2003 and 2005 natural color and 2002 color infrared digital 1 meter National Agriculture
	Fieldwork and mapping were completed between 2003 and 2008. 
	 
	Analysis of the 2003-2004 plot data revealed 67 National Vegetation Classification plant associations, alliances or Park special vegetation types within the Monument and environs. 
	Photo interpretation was conducted through an on-screen heads-up digitizing method using ArcMap. The study area was divided into several modules. The individual modules were interpreted using the primary and supplemental imagery, reconnaissance and relevé data, and other ancillary data, including elevation contours and fire history. Each polygon was assigned the appropriate attribute code string (mapping classification types, conifer, hardwood and shrub percent cover, and land use). 
	 
	A total of 6,141 map polygons representing 34 vegetation map classes (including tree and shrub cover), 14 land use map classes and 7 miscellaneous classes were developed for the PINN vegetation mapping project. Of the 6,141 mapped polygons 115 were assigned to both a land use class and a vegetation class. Average polygon size across all map classes is 3 ha (7.3 acres). Natural and semi-natural vegetation classes cover 17,953 ha (44,362 acres), or 98.6% of the project area. Land use polygons including ranch 
	 
	Final overall map Producer accuracy is 84.4% (Kappa correction = 83.1%). Final overall map User accuracy is 78.0% (Kappa correction = 75.6%). Eleven map classes did not meet the 80% standard. However, in every case but three, the 90% confidence interval includes 80%, so Monument staff deemed the results to be acceptable. Map classes 3300, 3330, 
	and 3360 (California Coastal Scrub Shrubland Macrogroup, California Wild Buckwheat Shrubland Alliance and Black Sage Shrubland Alliance, respectively) were <80% in User accuracy, and were retained because they were all >90% in Producer accuracy. These are described in detail in the Accuracy Assessment section of this report, along with the justification for retaining them. 

	 
	 
	Products resulting from the PINN vegetation mapping project in hard copy and on CD: 
	•
	•
	•
	 project summary of methods and results 

	•
	•
	 dichotomous field key to the vegetation associations and alliances 

	•
	•
	 hierarchical key to map classes 

	•
	•
	 illustrated guide to the vegetation map classes 

	•
	•
	 detailed descriptions of vegetation associations 

	•
	•
	 samples of field forms 

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

	•
	•
	 land use, aerial photography flight lines and monument / project boundaries 

	•
	•
	 ground photography of vegetation plots and accuracy assessment points in digital formats 

	•
	•
	 all field data (plot/relevé and accuracy assessment points) stored in a Microsoft Access database 

	•
	•
	 hard copy vegetation maps 

	•
	•
	 metadata for all digital products 


	Vegetation Classification and Mapping Project, Pinnacles National Monument 
	The National Park Service (NPS), in conjunction with the Biological Resources Division (BRD) of the U.S. Geological Survey (USGS), has implemented a program to "develop a uniform hierarchical vegetation methodology" at a national level. The program will also create a geographic information system (GIS) database for the Parks under its management. The purpose of the data is to document the state of vegetation within the NPS service area, thereby providing a baseline study for further analysis at the Regional
	 
	Several parks, representing different regions, environmental conditions and vegetation types, were chosen by BRD to be part of the prototype phase of the program. The initial goal of the prototype phase is to "develop, test, refine, and finalize the standards and protocols" to be used during the production phase of the project. This includes the development of a standardized vegetation classification system for each park and the establishment of photo interpretation, field and accuracy assessment procedures
	 
	Pinnacles National Monument (referred to as the Park or PINN) is one of the post-prototype parks in the NPS Western Region selected for mapping. The Park is located in the Gabilan Range of west-central California east of Monterey (Figure 1). It is a rugged to rolling mountain environment with many canyons and several stream valleys with varied geology from volcanic (including ash, breccia, rhyolite) to granitic and alluvial surfaces. The vegetation types include riparian woodlands, oak woodlands, wetlands, 
	Aerial Information Systems (AIS) was contracted by the National Park Service (NPS) to create a map of the Park vegetation resource through photo-interpretation (PI), automation and accuracy assessment. NPS contracted with NatureServe and the California Native Plant Society (CNPS) for the development of the National Vegetation Classification System (NVCS) classification for the Park. The Park staff conducted the 2003-2004 field sampling effort to support the development of the vegetation classification. CNPS
	 
	Figure
	Figure 1. Location of Pinnacles National Monument in Central California.
	The purpose of this project was to describe and map existing vegetation on 18,210 hectares (44,997 acres), within PINN and its environs, and to provide this information in written, tabular, digital and spatial formats useful to Monument resource managers, the California Native Plant Society, Department of Fish and Game and others. The basic project components consist of a classification and description of the Monument’s vegetation and a spatial database encompassing an interpretation of the vegetation from 
	 
	Project methods, results and products are documented in this report. This introductory section describes USGS-NPS Vegetation Mapping Program, as well as the PINN mapping project area. Later sections document the methods and results for each of the major steps 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 imp
	http://biology.usgs.gov/npsveg/).
	http://biology.usgs.gov/npsveg/).


	 
	San Francisco Bay Area 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). The San Francisco Bay Area Network (SFAN) encompasses eight park units, five of which contain natural resources: Golden Gate National Recreation Area, John Muir National Historic Site, Muir Woods National Monument, Pinnacles National Monument and Point Reyes National Seashore
	 
	The goals of Inventory and Monitoring networks are inventory the natural resources under NPS stewardship to determine their nature and status; monitor park ecosystems to better understand their dynamic nature and condition and to provide reference points for comparisons with other, altered environments; establish natural resource inventory and 
	monitoring as a standard practice throughout the National Park system that transcends traditional program, activity, and funding boundaries; integrate natural resource inventory and monitoring information into NPS planning, management, and decision making; share NPS accomplishments and information with other natural resource organizations and form partnerships for attaining common goals and objectives. 

	 
	Plant Communities 
	 
	Numerous biotic and abiotic factors have altered and continue to threaten plant communities within SFAN. As plant communities continue to recover from past resource extraction, over grazing, the cessation of Native American activities and suppression of wildfires, there is a need to understand how current activities are effecting this recovery. It is also important to monitor and evaluate changes to the composition of plant communities and type changes occurring on the landscape. The monitoring program prop
	There are also significant ties between plant community change and almost all of the faunal indicators being monitored such as land birds, Northern spotted owls, endangered butterflies, etc. 
	 
	Monitoring Objectives 
	 
	Park objectives for monitoring include: 1) Develop and maintain a list of priority plant communities based on their rarity and degree of protection, 2) Detect long-term trends in native and non-native abundance and distribution within selected plant communities and 3) Detect changes in overall vegetation cover, vegetation type and species composition of selected SFAN plant communities. 
	 
	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, in addition to assisting park management, vegetation maps and classification information were seen as contributing significantly to long-term monitoring efforts. 
	 
	Vegetation Mapping Program Standards 
	The NPS I&M Program established guidance and standards for all vegetation mapping projects in a series of documents: 
	 
	Protocols 
	 
	•
	•
	•
	 National Vegetation Classification System (TNC and ESRI 1994a, NatureServe 2003a) 

	•
	•
	 Field methods and mapping procedures (TNC and ESRI 1994b, CNPS 2003) 

	•
	•
	 Statistically rigorous accuracy assessment procedures (ESRI and TNC 1994) 

	•
	•
	 Guidelines for using existing vegetation data (TNC 1996) 


	Standards 
	•
	•
	•
	 National Vegetation Classification Standard (FGDC 2008) 

	•
	•
	 Spatial Data Transfer Standard (FGDC 1998b) 

	•
	•
	 Content Standard for Digital Geospatial Metadata (FGDC 1998a) 

	•
	•
	 United States National Map Accuracy Standards (USGS 1999) 

	•
	•
	 Integrated Taxonomic Information System 

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


	 
	These documents are available on the . 
	USGS-NPS Vegetation Program Website
	USGS-NPS Vegetation Program Website


	 
	National Vegetation Classification Standard 
	The National Vegetation Classification (NVC) is the system used in SFAN vegetation mapping projects (TNC and ESRI 1994a), and is based on the National Vegetation Classification Standard adopted by the Federal Geographic Data Committee (FGDC 2008). 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 
	 
	Vegetation classification systems attempt to recognize and describe repeating assemblages of plants in similar habitats. The NVC is a hierarchical system that incorporates physiognomic, climatic and other abiotic characters and floristic data to define eight levels of terrestrial vegetation classification. The six upper levels (class, subclass, formation, division, macrogroup and group are based on physiognomic features. The two lower levels (alliance and association) are distinguished by differences in flo
	The alliance and 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

	 
	 
	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 other characteristics of the spatial dataset. Metadata are critical elements that expedite the interpretation and exchange of information among users. 
	 
	This project also employed the CNPS Rapid Assessment Vegetation Sampling Protocol, as seen through the following link:  This technique was selected in addition to the standard accuracy assessment sampling protocol and the relevé sampling protocol used regularly by the National Park vegetation program because of its ability to represent large numbers of vegetation stands quickly, thus increasing the sample size and range of sampling locations for all types of vegetation. The rapid assessment protocol was exp
	CNPS Rapid Assessment Vegetation Sampling Protocol.
	CNPS Rapid Assessment Vegetation Sampling Protocol.


	Table 1. National Vegetation Classification Hierarchy (FGDC 2008). 
	Upper: Physiognomy plays a predominant role. 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 

	Criteria 
	Criteria 

	  Example 
	  Example 



	L1 – Class 
	L1 – Class 
	L1 – Class 
	L1 – Class 

	Broad combinations of general dominant growth forms adapted to basic temperature (energy budget), moisture, and/or substrate or aquatic conditions. 
	Broad combinations of general dominant growth forms adapted to basic temperature (energy budget), moisture, and/or substrate or aquatic conditions. 

	1.Forest and Woodland 
	1.Forest and Woodland 


	L2 - Subclass 
	L2 - Subclass 
	L2 - Subclass 

	Combinations of general dominant and diagnostic growth forms that reflect global macroclimatic factors driven primarily by latitude and continental position, or that reflect overriding substrate or aquatic conditions. 
	Combinations of general dominant and diagnostic growth forms that reflect global macroclimatic factors driven primarily by latitude and continental position, or that reflect overriding substrate or aquatic conditions. 

	1.C .Temperate Forest 
	1.C .Temperate Forest 


	L3 – Formation 
	L3 – Formation 
	L3 – Formation 

	Combinations of dominant and diagnostic growth forms that reflect global macroclimatic factors as modified by altitude, seasonality of precipitation, substrates and hydrologic conditions. 
	Combinations of dominant and diagnostic growth forms that reflect global macroclimatic factors as modified by altitude, seasonality of precipitation, substrates and hydrologic conditions. 

	1.C.1. Warm Temperate Forest 
	1.C.1. Warm Temperate Forest 




	 
	Middle: Both floristics and physiognomy play a significant role. 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 

	Criteria 
	Criteria 

	  Example 
	  Example 



	L4 – Division 
	L4 – Division 
	L4 – Division 
	L4 – Division 

	Combinations of dominant and diagnostic growth forms and a broad set of diagnostic plant taxa that reflect biogeographic differences in composition and continental differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes. 
	Combinations of dominant and diagnostic growth forms and a broad set of diagnostic plant taxa that reflect biogeographic differences in composition and continental differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes. 

	1.C.1.c. Madrean Forest 
	1.C.1.c. Madrean Forest 


	L5 – Macrogroup 
	L5 – Macrogroup 
	L5 – Macrogroup 

	Combinations of moderate sets of diagnostic plant species and diagnostic growth forms that reflect biogeographic differences in composition and subcontinental to regional differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes. 
	Combinations of moderate sets of diagnostic plant species and diagnostic growth forms that reflect biogeographic differences in composition and subcontinental to regional differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes. 

	California Forest and Woodland MacroGroup 
	California Forest and Woodland MacroGroup 


	L6 – Group 
	L6 – Group 
	L6 – Group 

	Combinations of relatively narrow sets of diagnostic plant species (including dominants and co-dominants), broadly similar composition, and diagnostic growth forms that reflect biogeographic differences in composition and sub-continental to regional differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes 
	Combinations of relatively narrow sets of diagnostic plant species (including dominants and co-dominants), broadly similar composition, and diagnostic growth forms that reflect biogeographic differences in composition and sub-continental to regional differences in mesoclimate, geology, substrates, hydrology, and disturbance regimes 

	California Coastal Closed-Cone Conifer Forest and Woodland Group 
	California Coastal Closed-Cone Conifer Forest and Woodland Group 




	 
	  
	Lower: Floristics plays a predominant role. 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 
	Hierarchy Level 

	Criteria 
	Criteria 

	  Example 
	  Example 



	L7 – Alliance 
	L7 – Alliance 
	L7 – Alliance 
	L7 – Alliance 

	Diagnostic species, including some from the dominant growth form or layer, and moderately similar composition that reflect regional to subregional climate substrates, hydrology, moisture/nutrient factors and disturbance regimes. 
	Diagnostic species, including some from the dominant growth form or layer, and moderately similar composition that reflect regional to subregional climate substrates, hydrology, moisture/nutrient factors and disturbance regimes. 

	Foothills Pine Woodland Alliance 
	Foothills Pine Woodland Alliance 


	L8 – Association 
	L8 – Association 
	L8 – Association 

	Diagnostic species, usually from multiple growth forms or layers, and more narrowly similar composition that reflect topo-edaphic climate, substrates, hydrology and disturbance regimes. 
	Diagnostic species, usually from multiple growth forms or layers, and more narrowly similar composition that reflect topo-edaphic climate, substrates, hydrology and disturbance regimes. 

	Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland 
	Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland 




	 
	Project Study Area – General Description 
	Pinnacles National Monument was created by the National Park Service on January 16, 1908. The Park occupies about 26,000 acres of land in the Gabilan Range of central California. Over 16,000 acres of the Park is set aside as designated wilderness. The Park functions as a regional recreation area. Visitors to the Park may hike on trails, climb rock walls, explore the talus caves or use the campground and picnic facilities. 
	 
	The study area for the project consists of 44,997 acres and consists of two tiers. The first tier (Park and buffer area) includes lands within the Park boundary as well as a quarter-mile buffer around the Park. The second tier (expanded study area) includes several areas of interest, of varying sizes, adjacent to the Park and buffer (Figure 2). 
	The outermost study area boundary varies in shape and distance from the Park boundary. The north end of the study area mainly follows Sandy Creek in Bickmore Canyon. The northeast side varies from a quarter-mile to a half-mile east of State Highway 25. The southeast and south portions of the study area follow the quarter-mile Park boundary buffer. The southwest contains the largest part of the expanded study area, which straddles State Highway 146. It extends irregularly outside the Park and buffer as far a
	 
	The Pinnacles National Monument project study area contains three main ecologic or geomorphologic areas: 
	•
	•
	•
	 Region 1 - The West 

	•
	•
	 Region 2 - The Northeast 

	•
	•
	 Region 3 – The South 


	The following is a brief and general description of the major regions and their associated vegetation types: 
	 
	Figure
	Figure 2. Mapping Project Boundaries. 
	Region 1 – The West 
	The West region is bounded on the east by the backbone, or major north-south ridgeline, of the Park formed by the Pinnacle Rocks and North and South Chalone Peaks. The southern part of the ridgeline divides the Miners Gulch watershed from the Chalone Creek watershed. The northern ridgeline continues past the Pinnacles to Chalone Creek, then up to the Sandy Creek-Chalone Creek watershed ridgeline, then westward along the ridge. The boundary continues westward to the edge of the study area. Of the three regio
	 
	The West can be divided into four sub-areas: the Pinnacle Rocks, the West slope of the Chalone Peaks/Pinnacle Rocks, Gloria Valley and the Southwest Hills of the Expanded Area. 
	 
	The Pinnacle Rocks are a series of very large jagged irregular volcanic rock outcrops, towers and pinnacles running in a general northeast to southwest trend. The rock faces have little to no vascular vegetation. The shallow to deep concavities between the pinnacles can be densely to sparsely vegetated. The rock faces and convexities contain xeric environments where bare rock is exposed to the light and heat of the sun. The mesic environments are in the shady concavities, north-facing slopes and bottoms whe
	The West slope of Chalone Peaks/Pinnacle Rocks is the steep, generally west-facing slope from the Chalone Peaks and Pinnacles down to the edge of the lower more gently sloping and rolling hills. This area is steep and fairly rugged, with a number of short steep canyons and draws. The vegetation consists mainly of blue oak woodland, coastal sage scrub, and chaparral. Trees present include blue oak, foothill pine and California juniper. Chaparral shrubs include chamise, buckbrush, hollyleaf cherry, toyon and 
	 
	Gloria Valley is a westward narrow extension of the study area along Chalone Creek. It is a wide east-west trending valley centered on the creek. It is relatively flat with low rolling hills to the south. There are several small dammed ponds or reservoirs along the creek. The valley is mainly dry grassland, with wet meadows near the creek. Some of the water bodies contain inundated vegetation. Riparian trees and shrubs consisting of red willow, arroyo willow and mule's-fat occur along the creek. The trees a
	The Southwest Hills sub-area is a series of low hills and canyons between the Salinas Valley floodplain and the Park. The vegetation consists mainly of chaparral and coastal sage scrub, with some blue oak woodland and grassland on the uplands and coast live oak woodland, shrub riparian, and grassland on the lowlands. Blue oak, coast live oak, foothill pine and California juniper are present in the woodlands. Chaparral shrubs include chamise, buckbrush, hollyleaf cherry, birchleaf mountain-mahogany and toyon
	 
	Region 2 - The Northeast 
	The Northeast region is bound by the Pinnacle Rock areas on the west and the Bear Gulch/Bear Valley lowlands on the south. The north and east boundaries go out to the edge of the study area. The Northeast can be divided into six sub-areas: Bickmore Canyon, the Northeast Dry Chaparral, the Highway 25 Corridor, Old Pinnacles Mixed Chaparral, North Chalone Creek and Bear Gulch-Bear Valley. 
	 
	Bickmore Canyon is an east-west trending canyon at the north end of the study area. It is centered on Sandy Creek, which flows eastward. The study area covers only the north-facing southern side of the canyon. The vegetation is composed of coast live oak woodland, shrub riparian, blue oak woodland, pine woodland, chaparral and some coastal sage scrub. Trees present include coast live oak, valley oak, and foothill pine on the valley bottom, and blue oak and foothill pine on the slopes. The riparian shrubs co
	The Northeast Dry Chaparral sub-area occupies one of the largest portions of the study area. It features a series of alternating ridges and canyons along the north and east side of Chalone Creek. It is composed mainly of chaparral and coastal sage scrub containing chamise, buckbrush, bigberry manzanita, pointleaf manzanita, black sage, California wild buckwheat and bushy spikemoss. Small isolated stands of mesic shrubs, consisting of hollyleaf cherry, birchleaf mountain-mahogany and toyon, are present. Some
	 
	The Highway 25 Corridor is mainly composed of two parts. East of the highway the terrain is fairly gentle to flat, with residences, farm buildings, and fenced grassy rangeland. West of the highway are residences, farm buildings, woodlands and chaparral. The east side rangeland contains grasslands as well as blue oak woodlands and riparian trees and shrubs. The easternmost hills of the study area contain blue oak woodlands, coastal sage scrub and chaparral. On the west side of the highway are a series of spu
	include coast live oak, blue oak and foothill pine in the canyons. The riparian trees include polished willow, Fremont cottonwood and valley oak. The flat valley bottom contains valley oak, coast live oak and blue oak. Chaparral shrubs include chamise, buckbrush, bigberry manzanita and pointleaf manzanita. Riparian shrubs present are mule's-fat, arroyo willow and California wildrose. Coastal sage scrub in this area is primarily composed of California wild buckwheat and black sage on hillsides, with silver l

	 
	The Old Pinnacles Mixed Chaparral sub-area lies south and west of Chalone Creek, north of Bear Gulch, and east of the Pinnacle Rocks. It is composed of minor canyons and ridges. The vegetation is a diverse mixture and mosaic composed of woodlands, mesic chaparral and xeric chaparral. The woodlands contain coast live oak, blue oak, interior live oak, California buckeye, California juniper and foothill pine. Mesic chaparral shrubs present include hollyleaf cherry, California scrub oak, toyon, California ash, 
	 
	The North Chalone Creek riparian corridor runs from west of Black Canyon eastward and southward to Bear Gulch-Bear Valley. The trees consist of blue oak along the toeslopes and side canyons, coast live oak within the floodplain and side canyons, and foothill pine within the floodplain, side canyons and toeslopes. Mesic shrubs, including hollyleaf redberry, Pacific poison-oak, and birchleaf mountain-mahogany, occupy shaded toeslopes. Riparian trees, including red willow and Fremont cottonwood, occupy the wet
	The Bear Gulch-Bear Valley area is divided into two parts, Bear Gulch and Bear Valley. Bear Gulch is a narrow northeast-southwest trending canyon to the west of Chalone Creek and east of the Pinnacle Rocks. It has rather steep sideslopes. The valley bottom supports riparian trees and shrubs consisting of coast live oak, California sycamore, red willow, California buckeye, arroyo willow and Pacific poison-oak. The north-facing slopes contain blue oak, California buckeye, hollyleaf cherry, hollyleaf redberry,
	coast live oak, blue oak, foothill pine, silver lupine and California wild buckwheat. McCabe Canyon also contains unique stands of valley oak, coast live oak and deergrass. 

	 
	Region 3 - The South 
	The South region is bounded on the north by Bear Gulch-Bear Valley; Highway 25, Rosas Canyon, Horse Valley, and Chalone Creek on the east; and the Miners Gulch watershed and the North and South Chalone Peaks ridgeline on the south and west. The South is divided into four sub-areas: the Mount Defiance-Frog Creek area, the Far South, South Chalone Creek and the Eastern Extension. 
	 
	The Mount Defiance-Frog Creek sub-area is very rugged with steep canyons and ridges that form the bulk of the South Region. Its vegetation is composed primarily of chaparral, with blue oak woodland on lower eastern slopes, pine woodlands scattered on lower and upper slopes, and coastal sage scrub on steep south-facing slopes. A riparian corridor runs along Frog Creek. Trees include blue oak, foothill pine, interior live oak and California juniper. 
	Chaparral consists of chamise, buckbrush, hollyleaf cherry, California ash, toyon, birchleaf mountain-mahogany, bigberry manzanita and pointleaf manzanita. Coastal sage scrub shrubs include California wild buckwheat and black sage. Riparian corridors include coast live oak, California sycamore and foothill pine. Rocky outcrops occur in many parts of the area, including steep cliffs along Frog Creek and on ridgetops. 
	 
	Large areas of this part of the Park burned within the last ten years. The post-fire vegetation consists of open to very sparse stands of regenerating shrubs with some grasses, and/or herbaceous vegetation. Shrub species include common deerweed, woolly yerba santa, the unusual Gray bushmallow, tree poppy, black sage and California Wild Buckwheat. 
	The Far South is composed primarily of low hills and canyons. Chaparral, coastal sage scrub and grasslands are the main vegetation, with woodlands in the canyon bottoms. Chaparral consists of chamise and buckbrush. Coastal sage scrub is composed of black sage, California wild buckwheat and coastal sagebrush. The woodlands are composed of coast live oak, blue oak and foothill pine. 
	 
	The South Chalone Creek riparian corridor runs along a north-south trend on the east side of the region. Unique to the north end of the corridor are valley oak, coyote brush and sandbar willow. The entire corridor contains a mixture of Fremont cottonwood, red willow, California sycamore, coast live oak and foothill pine. Shrubs include arroyo willow, mule's- fat and California wild buckwheat. 
	 
	The Eastern Extension is a series of rolling hills and valleys wedged between Bear Valley on the north and Chalone Creek on the west. Agriculture, including residences, farm buildings, vineyards and grassy rangeland, are located along the eastern side of Highway 25. Blue oak woodlands also occur on the hills opposite Highway 25 from the main body of the Park. The vegetation in the main part of the area is composed primarily of chaparral, with woodlands on the north and east side. The shrubs are composed of 
	scrub oak, hollyleaf cherry, black sage and California wild buckwheat. The woodlands are composed of coast live oak, blue oak and foothill pine. 

	 
	Previous Vegetation Studies 
	In 1983 the National Park Service Denver Regional Office interpreted 1:12,000 color infrared aerial photography (flown in August 1983) to the 1976 Park Boundary. Vegetation cover types were coded from aerial photographs (Figure 3). 
	 
	  
	Figure
	Figure 3. 1983 Vegetation Map.
	General Approach and Timeline 
	The following section is a short outline, listed in chronological order, of the vegetation mapping effort at Pinnacles National Monument (PINN). 
	 
	2003 -- Following NPS and California Native Plant Society protocols, in 2003, 256 relevé plots were collected to throughout the Monument’s total 24,600 acres. 
	2004 -- In 2004, an additional 335 relevés were collected on portions of the 2,000 acres of land that previously comprised the Kingman Ranch and is now held by The Nature Conservancy for NPS purchase. Additional relevé data were collected to capture vegetation types not sampled in 2003. University of Montana conducted mapping with Landsat imagery.  
	2005 -- University of Montana, Wildlife Spatial Analysis Lab completed a vegetation map with 11 classes 
	2006 -- Park acquires more funding to complete vegetation association classification and a more detailed map. California Native Plant Society (CNPS) and NatureServe are contracted conduct vegetation classification and plant association descriptions. AIS is contracted to produce a more detailed map of the current vegetation. Fall 2006 to winter 2007 Vegetation analysis and classification gets under way. 
	2007 -- March Initial Meeting and Park Tour, Preliminary photo interpretation mapping classification compiled. 
	May First photo interpretation field reconnaissance 
	June Second photo interpretation field reconnaissance 
	August Begin photo interpretation, mapping and quality control of vegetation delineations and attribution. 
	October First field verification 
	November Second field verification. Field meeting with AIS, CNPS and NatureServe, key to association’s field tested. 
	2008 -- January-June Final mapping classification for photo interpretation. Completion of photo interpretation, mapping and quality control of vegetation delineations and attribution.  
	July – Sept Field crew training by CNPS, NatureServe and AIS, and field work conducted to collect AA points. 
	Sept. – Dec AA data entered into database. 
	2009-- January – Feb AA data analyzed, map validation, AA statistics generated and final map production. 
	March- June Final report production and map printing 
	Vegetation Classification and Description 
	Pre-Field Methods 
	 
	Preliminary Classification List 
	Park staff with the assistance of California Native Plant Society compiled a list of alliances expected to be found in the Park. Previous botanic surveys and floristic information for PINN, the Monument's plant species list, and expert local knowledge were used to refine the list. This process resulted in a preliminary list of alliances for the vegetation mapping project area. This alliance list was a useful gauge for estimating and planning field work and for assigning provisional alliance names to vegetat
	 
	Legacy Data Review 
	Prior vegetation work at Pinnacles was not available for primary review for this project. Knowledge of habitats from rare plant surveys was the basis for the preliminary alliance list. The vegetation classification presented in this report was derived from new field data collected specifically for the PINN vegetation mapping project. 
	 
	Field Methods 
	The primary purpose of gathering relevé data was to document the composition and structure of PINN vegetation and associated environmental conditions. These data became the basis for classifying the vegetation at the Park. Field methods used in this project followed California Native Plant Society Relevé Protocol (2002). Data gathered during this project contributed to understanding vegetation relationships across broader landscapes beyond the boundaries of the Park. Plot forms and individual data field des
	 
	Field Sampling Approach 
	The sampling area included the entire Monument as well as newly acquired lands in the environs. Private lands in the environs as well as private in-holdings within the Monument were not visited. Because the project area is large, complex, and access can be logistically complex, the areas to be sampled were selected to capture the dominant vegetation types in 2003. At the end of the season, a list of alliances yet to be visited provided the basis for sampling in 2004, and to ensure that all major environment
	 
	Field crews used their knowledge of the Parks phytogeography. Some of the crew members were very familiar with the flora; two had spent the 2002 field season searching the Park for plant species not listed in the Park’s inventory. The crew visited known representative stands of the dominant alliances. As the season progressed, and the crew became more familiar with the Park, more stands were selected based on field observation. Stands were chosen as likely sampling candidates when they met the criteria of c
	alliances several times. Relevés were placed to best represent the vegetation by summarizing the species composition, cover and structure of the entire stand. Some common associations were sampled more often and some rare types were sampled less often. An effort was made to achieve good spatial distribution of relevés across the landscape and to capture the full range of variation of each association. 

	 
	Relevé Data Collection 
	Field crews located relevés subjectively within stands or map segments in order to best represent the alliance being sampled. Ecotones (areas where two or more plant communities intermix) were avoided. Highly disturbed areas were also avoided unless they covered several hectares. Relevés were generally located in stands exceeding the minimum mapping unit (MMU) of 0.5 hectares. A few areas sampled were smaller patches of distinctive vegetation or communities of rare species, such as scree slopes and riparian
	Table 2. Relevé sizes used for vegetation classification sampling at PINN. 
	Vegetation Class Area (m2) Radius (m) (for circular plots) 
	Vegetation Class Area (m2) Radius (m) (for circular plots) 
	Vegetation Class Area (m2) Radius (m) (for circular plots) 
	Vegetation Class Area (m2) Radius (m) (for circular plots) 
	Vegetation Class Area (m2) Radius (m) (for circular plots) 

	Area (m2) 
	Area (m2) 

	Radius (m) (for circular plots) 
	Radius (m) (for circular plots) 



	Forest and Woodland 
	Forest and Woodland 
	Forest and Woodland 
	Forest and Woodland 

	1000 
	1000 

	17.6 
	17.6 


	Shrubland 
	Shrubland 
	Shrubland 

	400 
	400 

	11.3 
	11.3 


	Grasslands 
	Grasslands 
	Grasslands 

	400 
	400 

	11.3 
	11.3 


	Herbaceous 
	Herbaceous 
	Herbaceous 

	100 
	100 

	5.6 
	5.6 


	Sparse Rock 
	Sparse Rock 
	Sparse Rock 

	100 
	100 

	5.6 
	5.6 




	 
	Within each relevé, field staff estimated and recorded an array of vegetation and environmental data using the field forms in Appendix B and data definitions in Appendix A. Four categories of data were collected for vegetation plots (Table 3): 
	•
	•
	•
	 location and plot identifiers 

	•
	•
	 environmental description 

	•
	•
	 vegetation description 

	•
	•
	 other information 


	 
	Location and Plot Identifiers 
	PINN staff requested that the vegetation plot locations not be permanently marked. The bounds of each plot were marked temporarily using measuring tapes. The Universal Transverse Mercator (UTM) coordinates at the center of each plot were recorded (Zone 10N, NAD83) on Trimble or Garmin hand-held GPS receivers. Other data fields documenting the location of each plot are listed in Table 3 and are described in detail in Appendix C. Locations were recorded on topographic maps during each field trip to avoid dupl
	 
	Table 3. General plot data categories and specific data components collected at each 
	Plot Data Category 
	Plot Data Category 
	Plot Data Category 
	Plot Data Category 
	Plot Data Category 

	Data Components 
	Data Components 



	Location and Plot Identifiers 
	Location and Plot Identifiers 
	Location and Plot Identifiers 
	Location and Plot Identifiers 

	Plot code, Park name, site name, quad name, GPS unit, GPS file ID, UTM coordinates, 3D differential, survey date, surveyor names, directions to plot, site location notes, photograph documentation 
	Plot code, Park name, site name, quad name, GPS unit, GPS file ID, UTM coordinates, 3D differential, survey date, surveyor names, directions to plot, site location notes, photograph documentation 


	Environmental Description 
	Environmental Description 
	Environmental Description 

	Slope, aspect, topographic position, landform, geology, Cowardin wetland type, ground cover, soil texture, soil drainage, evidence of disturbance and animal use, and their intensity 
	Slope, aspect, topographic position, landform, geology, Cowardin wetland type, ground cover, soil texture, soil drainage, evidence of disturbance and animal use, and their intensity 


	Vegetation Description 
	Vegetation Description 
	Vegetation Description 

	Height and cover of all strata, cover by species, physiognomic type, provisional association name, certainty of provisional name id 
	Height and cover of all strata, cover by species, physiognomic type, provisional association name, certainty of provisional name id 


	Other Information 
	Other Information 
	Other Information 

	Narrative description of the setting of the plot; describes adjacent communities, note unusual ecological processes, continue descriptions from other narrative fields, vegetative trend, phenology, sensitive species 
	Narrative description of the setting of the plot; describes adjacent communities, note unusual ecological processes, continue descriptions from other narrative fields, vegetative trend, phenology, sensitive species 




	 
	 
	Environmental Description 
	The physical characteristics of each plot were documented in both categorical and narrative fields (Table 3; Appendix A). These included topographic site features (elevation, slope, aspect, topography), hydrology, geology, and soils. Characterization of the ground surface was made by estimating the cover of rocks, sand, litter, bare soil and biological soil crust. A narrative field was provided for a general description of the plot setting and the influence of physical factors on the vegetation. 
	 
	Vegetation Description 
	Every vascular plant species in each plot was assigned to one of 3 height classes (low, medium and tall) (Appendix A & B). Moss, lichen and Selaginella bigelovii were also included in the species abundance tally. Consistent and repeatable cover estimates were obtained by relating the area occupied by an individual species to the area of the entire plot. When it was not possible to identify a species in the field, plant material was collected and pressed for later identification. Provisional alliance names w
	 
	Other Information 
	Field crews were encouraged to record general observations on how well the plot represented the stand, the relationship of site conditions to vegetative patterns, characteristics of adjacent vegetation, and site disturbance history. The overall character of the vegetation and features of each plot were recorded in four color digital photographs taken in the four cardinal directions. 
	 
	Data Processing and Analysis 
	Five hundred ninety-one vegetation plots (relevés) were collected within the mapping project area during the 2003 and 2004 field seasons (Figure 4). Plot data were manually entered into a FileMaker database developed by Park staff. The 2,360 digital images were stored in a photograph database. 
	 
	Figure
	Figure 4. Location of the relevé sample points used to classify the vegetation.
	Classification Data Analysis 
	 
	Data Preparation 
	Data were exported from FileMaker format and imported into an MS Access database. Staff combined canopy cover for non-tree species that were recorded in more than one height category within a single plot. This eliminated “pseudo-species” and represented the species’ total abundance within a plot. Eleven tree species remained in the data set as pseudo-species: low (seedlings), medium (sapling) and tall (mature) by taxa (see Appendix E]). Other data preparation included standardization of moss and lichen nami
	 
	Multivariate Analysis 
	Vegetation classification was accomplished through a multivariate analysis of vegetation plot data. Canopy cover classes were used in all data analysis procedures. Species cover data were exported in list format from the Access database, then imported into PC-Ord (McCune and Mefford, 1999). Exploratory multivariate statistical analyses (summary statistics, outlier analysis, Bray-Curtis ordination, cluster analysis and Indicator Species Analysis (ISA)) were used with the objectives of summarizing the composi
	The data set consisted of 590 plots and 614 taxa. To reduce noise and detect ecological patterns, 363 species that never occur with more than 1% cover in the entire dataset were removed. This left 251 taxa for additional analyses. The plot data were then evaluated for outliers, which potentially distort the matrix. Outlier analysis revealed 28 plots in the PINN data set with an average distance greater than two standard deviations. As is often the case in heterogeneous ecological datasets, these outliers re
	 
	Figure
	Figure 5. Indicator Species Analysis on 590 plots. (a) number of significant species per group and (b) average p value per group. Both seven and 13 groups had the highest number of significant species per group, and the lowest average p value. 
	Because about 13 groups appeared to be potentially significant in both the initial cluster analysis and the ISA, we re-ran the indicator species analysis for 13 groups and inspected the results. Thirteen groups appeared to represent twelve ecologically meaningful groups, such as Blue oak woodlands and chamise chaparral shrublands however, one group was large, with 243 plots, and no significant indicator species. We ran a second ISA with 15 groups, but had the same result, that is, one large group with no in
	 
	Table 4. Indicator Species Analysis on 1) the full dataset of 590 plots, 2) the group of remaining 242 plots with no indicator species from first ISA, 3) the group of 130 plots with no indicator species from second ISA. 
	ISA # 
	ISA # 
	ISA # 
	ISA # 
	ISA # 

	# plots 
	# plots 

	Significant Indicator Species (p = 0.001) 
	Significant Indicator Species (p = 0.001) 


	ISA # 
	ISA # 
	ISA # 

	# plots 
	# plots 

	Significant Indicator Species (p = 0.001) 
	Significant Indicator Species (p = 0.001) 



	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	72 
	72 

	Adenostoma fasciculatum 
	Adenostoma fasciculatum 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	12 
	12 

	Aesculus californica 
	Aesculus californica 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	24 
	24 

	Ceanothus cuneatus var. cuneatus 
	Ceanothus cuneatus var. cuneatus 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	45 
	45 

	Eriogonum fasciculatum var. foliolosum 
	Eriogonum fasciculatum var. foliolosum 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	18 
	18 

	Lichens 
	Lichens 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	18 
	18 

	Prunus ilicifolia ssp. ilicifolia 
	Prunus ilicifolia ssp. ilicifolia 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	39 
	39 

	Quercus agrifolia var. agrifolia 
	Quercus agrifolia var. agrifolia 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	22 
	22 

	Quercus douglasii 
	Quercus douglasii 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	8 
	8 

	Rosa californica 
	Rosa californica 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	14 
	14 

	Salix laevigata 
	Salix laevigata 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	23 
	23 

	  Salvia mellifera 
	  Salvia mellifera 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	7 
	7 

	  Sedum spathulifolium 
	  Sedum spathulifolium 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	45 
	45 

	  Selaginella bigelovii 
	  Selaginella bigelovii 


	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 
	ISA #1 --- (590 plots) 

	243 
	243 

	  None 
	  None 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	5 
	5 

	  Artemisia dracunculus 
	  Artemisia dracunculus 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	3 
	3 

	  Baccharis pilularis 
	  Baccharis pilularis 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	12 
	12 

	Cercocarpus betuloides var. betuloides 
	Cercocarpus betuloides var. betuloides 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	10 
	10 

	  Datisca glomerata 
	  Datisca glomerata 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	7 
	7 

	  Erodium brachycarpum 
	  Erodium brachycarpum 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	15 
	15 

	Fraxinus dipetala- Ceanothus cuneatus- Prunus ilicifolia 
	Fraxinus dipetala- Ceanothus cuneatus- Prunus ilicifolia 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	11 
	11 

	Juniperus californica 
	Juniperus californica 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	8 
	8 

	Mimulus aurantiacus 
	Mimulus aurantiacus 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	11 
	11 

	Pinus sabiniana 
	Pinus sabiniana 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	3 
	3 

	Polypogon interruptus 
	Polypogon interruptus 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	3 
	3 

	Populus fremontii ssp. fremontii 
	Populus fremontii ssp. fremontii 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	4 
	4 

	Quercus berberidifolia - with other chaparral shrubs 
	Quercus berberidifolia - with other chaparral shrubs 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	5 
	5 

	Quercus berberidifolia - with several herbaceous species 
	Quercus berberidifolia - with several herbaceous species 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	2 
	2 

	Rhamnus ilicifolia 
	Rhamnus ilicifolia 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	4 
	4 

	Symphoricarpos albus var. laevigatus 
	Symphoricarpos albus var. laevigatus 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	6 
	6 

	Vulpia bromoides-Plagiobothrys canescens 
	Vulpia bromoides-Plagiobothrys canescens 


	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 
	ISA #2 --- (243 plots) 

	130 
	130 

	None 
	None 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	5 
	5 

	Avena fatua 
	Avena fatua 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	16 
	16 

	Baccharis salicifolia 
	Baccharis salicifolia 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	3 
	3 

	  Eriogonum elongatum 
	  Eriogonum elongatum 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	2 
	2 

	  Eschscholzia californica 
	  Eschscholzia californica 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	71 
	71 

	  Herbaceous and Scree 
	  Herbaceous and Scree 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	6 
	6 

	  Juncus balticus 
	  Juncus balticus 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	10 
	10 

	Lichens - with many non-native herbs 
	Lichens - with many non-native herbs 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	9 
	9 

	Lupinus albifrons var. albifrons 
	Lupinus albifrons var. albifrons 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	11 
	11 

	Pinus sabiniana 
	Pinus sabiniana 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	2 
	2 

	Quercus wislizeni var. wislizeni 
	Quercus wislizeni var. wislizeni 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	4 
	4 

	Rubus ursinus-Populus fremontii-Salix laevigata 
	Rubus ursinus-Populus fremontii-Salix laevigata 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	6 
	6 

	  Salix lasiolepis 
	  Salix lasiolepis 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	2 
	2 

	  Vulpia myuros 
	  Vulpia myuros 


	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 
	ISA #3 --- (130 plots) 

	7 
	7 

	  Vulpia octoflora* 
	  Vulpia octoflora* 




	*Not significant, but representative 
	Each of the resultant groups were subjected to additional cluster analyses, ordinations and tabular analysis (Mueller-Dombois and Ellenberg 1974) to determine whether they could be further subdivided. We repeated these analyses on subsets of each group until the smallest units remaining corresponded approximately to NVC alliances and associations or closely related groups of alliances and associations. 
	 
	Because the PINN plots are intended to fit into an existing national classification instead of a stand-alone, site specific classification, the analysis techniques described above were used in combination with our ecological experience and the plot environmental data to assign plots to preliminary associations. Some of the more difficult groups, including chaparral shrublands and sparse scree-slope plant communities, were compared with plots from other California Parks. The association assignment for each p
	 
	California Native Plant Society and NatureServe ecologists reviewed the preliminary classification, with each plot association assignment, and made adjustments when needed to ensure consistency with NVC concepts. NatureServe was also responsible for deciding whether to add new associations to the NVC or assign unusual types to a “Park Special” category. The final classification was issued by NatureServe in 2007. 
	 
	Classification Results 
	The vegetation data collected for the PINN mapping project was classified into 67 community types (Table 5). Of these, 45 are described at the plant association level; seven others are described at the alliance level but lacked sufficient information to justify creating new associations. The remaining 22 are described as ‘Park specials’ because they occur only in small stands and appear to be unique to the Monument. Park special types are not assigned to NVC associations or alliances. The vegetation of the 
	 
	Each association, alliance, or Park special is represented by at least one and as many as 35 plot samples (Table 5). Types with only one plot may have been rare in the Park, or were simply under sampled as a result of difficult access or limitations of the sampling design. Many of the types that appeared to be rare after the initial sampling were found to be more common during accuracy assessment. Range-wide (Global) and Park specific (Local) descriptions of NVC plant associations, their component alliances
	 
	 
	  
	Table 5. Vegetation Classification of Alliances, NVC Plant Associations and Park Specials from 590 sample plots at Pinnacles National Monument. 
	FOREST and WOODLAND 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Aesculus californica Woodland Alliance 
	Aesculus californica Woodland Alliance 
	Aesculus californica Woodland Alliance 
	Aesculus californica Woodland Alliance 

	CEGL005302 
	CEGL005302 

	Aesculus californica / Toxicodendron diversilobum / 
	Aesculus californica / Toxicodendron diversilobum / 
	Moss Woodland 

	California Buckeye / Pacific Poison-oak / Moss 
	California Buckeye / Pacific Poison-oak / Moss 
	Woodland 

	12 
	12 


	Juniperus californica Wooded Shrubland Alliance 
	Juniperus californica Wooded Shrubland Alliance 
	Juniperus californica Wooded Shrubland Alliance 

	Park Special 
	Park Special 

	Juniperus californica / Prunus ilicifolia / Moss Woodland 
	Juniperus californica / Prunus ilicifolia / Moss Woodland 

	California Juniper / 
	California Juniper / 
	Hollyleaf Cherry / Moss Woodland 

	7 
	7 


	Pinus sabiniana Woodland Alliance 
	Pinus sabiniana Woodland Alliance 
	Pinus sabiniana Woodland Alliance 

	Park Special 
	Park Special 

	Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland 
	Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland 

	Foothill Pine / California Wild Buckwheat Alluvial 
	Foothill Pine / California Wild Buckwheat Alluvial 
	Woodland 

	5 
	5 


	Pinus sabiniana Woodland Alliance 
	Pinus sabiniana Woodland Alliance 
	Pinus sabiniana Woodland Alliance 

	Park Special 
	Park Special 

	Pinus sabiniana / Ceanothus cuneatus - Rhamnus ilicifolia 
	Pinus sabiniana / Ceanothus cuneatus - Rhamnus ilicifolia 
	Woodland 

	Foothill Pine / Sedgeleaf Buckbrush - Hollyleaf 
	Foothill Pine / Sedgeleaf Buckbrush - Hollyleaf 
	Redberry Woodland 

	7 
	7 


	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 

	Park Special 
	Park Special 

	Quercus agrifolia - Aesculus californica Woodland 
	Quercus agrifolia - Aesculus californica Woodland 

	Coast Live Oak - 
	Coast Live Oak - 
	California Buckeye Woodland 

	4 
	4 


	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 

	CEGL002861 
	CEGL002861 

	Quercus agrifolia / Annual Grass 
	Quercus agrifolia / Annual Grass 
	- Forb Woodland 

	Coast Live Oak / Annual 
	Coast Live Oak / Annual 
	Grass - Herb Woodland 

	2 
	2 


	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 

	CEGL005313 
	CEGL005313 

	Quercus douglasii - Pinus 
	Quercus douglasii - Pinus 
	sabiniana / Cercocarpus montanus var. glaber Woodland 

	Blue Oak - Foothill Pine / 
	Blue Oak - Foothill Pine / 
	Birchleaf Mountain- mahogany Woodland 

	4 
	4 


	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 

	CEGL008647 
	CEGL008647 

	Quercus douglasii - Pinus 
	Quercus douglasii - Pinus 
	sabiniana / Grass Woodland 

	Blue Oak - Foothill Pine / 
	Blue Oak - Foothill Pine / 
	Grass Woodland 

	8 
	8 


	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 

	Park Special 
	Park Special 

	Quercus douglasii / Juniperus 
	Quercus douglasii / Juniperus 
	californica Woodland 

	Blue Oak / California 
	Blue Oak / California 
	Juniper Woodland 

	5 
	5 


	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 
	Quercus douglasii Woodland Alliance 

	CEGL005314 
	CEGL005314 

	Quercus douglasii / Mixed 
	Quercus douglasii / Mixed 
	Herbaceous Woodland 

	Blue Oak / Mixed 
	Blue Oak / Mixed 
	Herbaceous Woodland 

	13 
	13 


	Quercus wislizenii Woodland Alliance 
	Quercus wislizenii Woodland Alliance 
	Quercus wislizenii Woodland Alliance 

	Park Special 
	Park Special 

	Quercus wislizeni - Pinus 
	Quercus wislizeni - Pinus 
	sabinana / Mixed Herbaceous Woodland 

	Interior Live Oak - 
	Interior Live Oak - 
	Foothill Pine / Mixed Herbaceous Woodland 

	2 
	2 




	SHRUBLAND 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 


	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	CEGL003504 
	CEGL003504 

	Adenostoma fasciculatum - Arctostaphylos glauca Shrubland 
	Adenostoma fasciculatum - Arctostaphylos glauca Shrubland 

	Chamise - Bigberry Manzanita Shrubland 
	Chamise - Bigberry Manzanita Shrubland 

	14 
	14 


	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	Park Special 
	Park Special 

	Adenostoma fasciculatum - Arctostaphylos pungens 
	Adenostoma fasciculatum - Arctostaphylos pungens 
	Shrubland 

	Chamise - Mexican Manzanita Shrubland 
	Chamise - Mexican Manzanita Shrubland 

	9 
	9 


	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	CEGL003468 
	CEGL003468 

	Adenostoma fasciculatum - Ceanothus cuneatus var. cuneatus 
	Adenostoma fasciculatum - Ceanothus cuneatus var. cuneatus 
	Shrubland 

	Chamise - Sedgeleaf Buckbrush Shrubland 
	Chamise - Sedgeleaf Buckbrush Shrubland 

	30 
	30 


	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	CEGL003524 
	CEGL003524 

	Adenostoma fasciculatum - Salvia 
	Adenostoma fasciculatum - Salvia 
	mellifera Shrubland 

	Chamise - Black Sage 
	Chamise - Black Sage 
	Shrubland 

	9 
	9 


	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	Park Special 
	Park Special 

	Adenostoma fasciculatum / 
	Adenostoma fasciculatum / 
	Selaginella bigelovii Shrubland 

	Chamise / Bushy Spike- 
	Chamise / Bushy Spike- 
	moss Shrubland 

	7 
	7 


	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 
	Adenostoma fasciculatum Shrubland Alliance 

	CEGL002924 
	CEGL002924 

	Adenostoma fasciculatum 
	Adenostoma fasciculatum 
	Shrubland 

	Chamise Shrubland 
	Chamise Shrubland 

	25 
	25 


	Arctostaphylos glauca Shrubland Alliance 
	Arctostaphylos glauca Shrubland Alliance 
	Arctostaphylos glauca Shrubland Alliance 

	CEGL003008 
	CEGL003008 

	Arctostaphylos glauca Shrubland 
	Arctostaphylos glauca Shrubland 

	Bigberry Manzanita Shrubland 
	Bigberry Manzanita Shrubland 

	3 
	3 


	Artemisia californica - Eriogonum fasciculatum Shrubland Alliance 
	Artemisia californica - Eriogonum fasciculatum Shrubland Alliance 
	Artemisia californica - Eriogonum fasciculatum Shrubland Alliance 

	CEGL003544 
	CEGL003544 

	Artemisia californica - Eriogonum fasciculatum Shrubland 
	Artemisia californica - Eriogonum fasciculatum Shrubland 

	California Sagebrush - California Wild 
	California Sagebrush - California Wild 
	Buckwheat / Annual Grass - Herb Shrubland 

	 
	 
	13 


	Artemisia californica Shrubland 
	Artemisia californica Shrubland 
	Artemisia californica Shrubland 
	Alliance 

	CEGL003536 
	CEGL003536 

	Artemisia californica Shrubland 
	Artemisia californica Shrubland 

	California Sagebrush 
	California Sagebrush 
	Shrubland 

	3 
	3 


	Baccharis pilularis Shrubland Alliance 
	Baccharis pilularis Shrubland Alliance 
	Baccharis pilularis Shrubland Alliance 

	CEGL003183 
	CEGL003183 

	Baccharis pilularis / Annual 
	Baccharis pilularis / Annual 
	Grass - Herb Shrubland 

	Coyotebrush / Annual 
	Coyotebrush / Annual 
	Grass - Herb Shrubland 

	3 
	3 


	Ceanothus cuneatus Shrubland 
	Ceanothus cuneatus Shrubland 
	Ceanothus cuneatus Shrubland 
	Alliance 

	CEGL003025 
	CEGL003025 

	Ceanothus cuneatus var. cuneatus 
	Ceanothus cuneatus var. cuneatus 
	Shrubland 

	Sedgeleaf Buckbrush 
	Sedgeleaf Buckbrush 
	Shrubland 

	7 
	7 


	Cercocarpus montanus var. glaber 
	Cercocarpus montanus var. glaber 
	Cercocarpus montanus var. glaber 
	Shrubland Alliance 

	CEGL003615 
	CEGL003615 

	Cercocarpus montanus var. 
	Cercocarpus montanus var. 
	glaber Shrubland 

	Birchleaf Mountain- mahogany Shrubland 
	Birchleaf Mountain- mahogany Shrubland 

	13 
	13 


	Diplacus aurantiacus Shrubland Alliance 
	Diplacus aurantiacus Shrubland Alliance 
	Diplacus aurantiacus Shrubland Alliance 

	CEGL003705 
	CEGL003705 

	Diplacus aurantiacus Shrubland 
	Diplacus aurantiacus Shrubland 

	Orange Bush- monkeyflower Shrubland 
	Orange Bush- monkeyflower Shrubland 

	11 
	11 


	Eriogonum fasciculatum Shrubland Alliance 
	Eriogonum fasciculatum Shrubland Alliance 
	Eriogonum fasciculatum Shrubland Alliance 

	CEGL001258 
	CEGL001258 

	Eriogonum fasciculatum 
	Eriogonum fasciculatum 
	Shrubland 

	California Wild Buckwheat Shrubland 
	California Wild Buckwheat Shrubland 

	28 
	28 


	Lotus scoparius Shrubland Alliance 
	Lotus scoparius Shrubland Alliance 
	Lotus scoparius Shrubland Alliance 

	CEGL005304 
	CEGL005304 

	Lotus scoparius Shrubland 
	Lotus scoparius Shrubland 
	Association 

	Deerweed Shrubland 
	Deerweed Shrubland 

	1 
	1 


	Lupinus albifrons Shrubland Alliance 
	Lupinus albifrons Shrubland Alliance 
	Lupinus albifrons Shrubland Alliance 

	Park Special 
	Park Special 

	Lupinus albifrons - Senecio flaccidus var. douglasii 
	Lupinus albifrons - Senecio flaccidus var. douglasii 
	Shrubland 

	Silver Lupine - Douglas's Ragwort Shrubland 
	Silver Lupine - Douglas's Ragwort Shrubland 

	9 
	9 


	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 

	CEGL005309 
	CEGL005309 

	Prunus ilicifolia - Ceanothus cuneatus Shrubland 
	Prunus ilicifolia - Ceanothus cuneatus Shrubland 

	Hollyleaf Cherry - Sedgeleaf Buckbrush 
	Hollyleaf Cherry - Sedgeleaf Buckbrush 
	Shrubland 

	10 
	10 


	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 

	CEGL005310 
	CEGL005310 

	Prunus ilicifolia - Fraxinus 
	Prunus ilicifolia - Fraxinus 
	dipetala Shrubland 

	Hollyleaf Cherry - 
	Hollyleaf Cherry - 
	California Ash Shrubland 

	15 
	15 


	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 

	CEGL003715 
	CEGL003715 

	Prunus ilicifolia - Heteromeles 
	Prunus ilicifolia - Heteromeles 
	arbutifolia Shrubland 

	Hollyleaf Cherry - Toyon 
	Hollyleaf Cherry - Toyon 
	Shrubland 

	4 
	4 


	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 
	Prunus ilicifolia Shrubland Alliance 

	CEGL005311 
	CEGL005311 

	Prunus ilicifolia Shrubland 
	Prunus ilicifolia Shrubland 

	Hollyleaf Cherry 
	Hollyleaf Cherry 
	Shrubland 

	1 
	1 


	Quercus berberidifolia Shrubland Alliance 
	Quercus berberidifolia Shrubland Alliance 
	Quercus berberidifolia Shrubland Alliance 

	Park Special 
	Park Special 

	Quercus berberidifolia - Cercocarpus montanus var. 
	Quercus berberidifolia - Cercocarpus montanus var. 
	glaber Shrubland 

	California Scrub Oak - 
	California Scrub Oak - 
	Birchleaf Mountain- mahogany Shrubland 

	3 
	3 


	Quercus berberidifolia Shrubland Alliance 
	Quercus berberidifolia Shrubland Alliance 
	Quercus berberidifolia Shrubland Alliance 

	CEGL003716 
	CEGL003716 

	Quercus berberidifolia Shrubland 
	Quercus berberidifolia Shrubland 

	California Scrub Oak 
	California Scrub Oak 
	Shrubland 

	8 
	8 


	Rhamnus ilicifolia Shrubland Alliance 
	Rhamnus ilicifolia Shrubland Alliance 
	Rhamnus ilicifolia Shrubland Alliance 

	Unclassified 
	Unclassified 

	Rhamnus ilicifolia - Clematis lasiantha Shrubland Unclassified: 
	Rhamnus ilicifolia - Clematis lasiantha Shrubland Unclassified: 

	Hollyleaf Redberry - 
	Hollyleaf Redberry - 
	Pipestem Virgin's-bower Shrubland 

	2 
	2 


	Salvia mellifera Shrubland Alliance 
	Salvia mellifera Shrubland Alliance 
	Salvia mellifera Shrubland Alliance 

	CEGL005317 
	CEGL005317 

	Salvia mellifera - Eriogonum fasciculatum / Bromus 
	Salvia mellifera - Eriogonum fasciculatum / Bromus 
	madritensis Shrubland 

	Black Sage - California Wild Buckwheat / Foxtail 
	Black Sage - California Wild Buckwheat / Foxtail 
	Brome Shrubland 

	14 
	14 


	Salvia mellifera Shrubland Alliance 
	Salvia mellifera Shrubland Alliance 
	Salvia mellifera Shrubland Alliance 

	CEGL003727 
	CEGL003727 

	Salvia mellifera Shrubland 
	Salvia mellifera Shrubland 

	Black Sage Shrubland 
	Black Sage Shrubland 

	8 
	8 




	NON-VASCULAR and SPARSE 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 


	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 

	Park Special 
	Park Special 

	Collinsia heterophylla - Lichen Sparse Vegetation 
	Collinsia heterophylla - Lichen Sparse Vegetation 

	Harlequin Blue-eyed Mary - Lichen Sparse 
	Harlequin Blue-eyed Mary - Lichen Sparse 
	Vegetation 

	10 
	10 


	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 

	Park Special 
	Park Special 

	Eriogonum wrightii - Lichen 
	Eriogonum wrightii - Lichen 
	Sparse Vegetation 

	Bastard-sage - Lichen 
	Bastard-sage - Lichen 
	Sparse Vegetation 

	7 
	7 


	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 
	Rock-Cobble-Gravel Lichen Sparsely Vegetated Alliance 

	Park Special 
	Park Special 

	Lichen Gravel - Bedrock Nonvascular Sparse Vegetation 
	Lichen Gravel - Bedrock Nonvascular Sparse Vegetation 

	Lichen Gravel - Bedrock Nonvascular Sparse 
	Lichen Gravel - Bedrock Nonvascular Sparse 
	Vegetation 

	30 
	30 




	HERBACEOUS VEGETATION 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 


	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Artemisia dracunculus Herbaceous Alliance 
	Artemisia dracunculus Herbaceous Alliance 
	Artemisia dracunculus Herbaceous Alliance 
	Artemisia dracunculus Herbaceous Alliance 

	Park Special 
	Park Special 

	(Artemisia dracunculus) - Gnaphalium canescens 
	(Artemisia dracunculus) - Gnaphalium canescens 
	Herbaceous Vegetation 

	(Dragon Wormwood) - Wright's Cudweed 
	(Dragon Wormwood) - Wright's Cudweed 
	Herbaceous Vegetation 

	7 
	7 


	Artemisia dracunculus Herbaceous Alliance 
	Artemisia dracunculus Herbaceous Alliance 
	Artemisia dracunculus Herbaceous Alliance 

	Park Special 
	Park Special 

	Artemisia dracunculus Alluvial Fan Herbaceous Vegetation 
	Artemisia dracunculus Alluvial Fan Herbaceous Vegetation 

	Dragon Wormwood Alluvial Fan Herbaceous 
	Dragon Wormwood Alluvial Fan Herbaceous 
	Vegetation 

	11 
	11 


	Avena (barbata, fatua) Herbaceous Alliance 
	Avena (barbata, fatua) Herbaceous Alliance 
	Avena (barbata, fatua) Herbaceous Alliance 

	Unclassified 
	Unclassified 

	Avena barbata - Melica 
	Avena barbata - Melica 
	imperfecta Herbaceous Vegetation Unclassified: 

	Barbed Oats - Coast 
	Barbed Oats - Coast 
	Range Melicgrass Herbaceous Vegetation 

	3 
	3 


	Avena (barbata, fatua) Herbaceous Alliance 
	Avena (barbata, fatua) Herbaceous Alliance 
	Avena (barbata, fatua) Herbaceous Alliance 

	Park Special 
	Park Special 

	Avena fatua - (Nassella pulchra, Plantago erecta) Herbaceous Vegetation 
	Avena fatua - (Nassella pulchra, Plantago erecta) Herbaceous Vegetation 

	Barbed Oats - (Purple Needlegrass, Erect 
	Barbed Oats - (Purple Needlegrass, Erect 
	Plantain) Herbaceous Vegetation 

	 
	 
	10 


	Eriogonum nudum Herbaceous 
	Eriogonum nudum Herbaceous 
	Eriogonum nudum Herbaceous 
	Alliance 

	Unclassified 
	Unclassified 

	Epilobium canum Herbaceous 
	Epilobium canum Herbaceous 
	Vegetation Unclassified: 

	Hummingbird-trumpet 
	Hummingbird-trumpet 
	Herbaceous Vegetation 

	1 
	1 


	Eriogonum elongatum Herbaceous Alliance 
	Eriogonum elongatum Herbaceous Alliance 
	Eriogonum elongatum Herbaceous Alliance 

	Park Special 
	Park Special 

	Eriogonum elongatum 
	Eriogonum elongatum 
	Herbaceous Vegetation 

	Longstem Wild Buckwheat Herbaceous 
	Longstem Wild Buckwheat Herbaceous 
	Vegetation 

	5 
	5 


	Selaginella bigelovii Herbaceous Alliance 
	Selaginella bigelovii Herbaceous Alliance 
	Selaginella bigelovii Herbaceous Alliance 

	CEGL002886 
	CEGL002886 

	Eriogonum fasciculatum / Selaginella bigelovii Herbaceous Vegetation 
	Eriogonum fasciculatum / Selaginella bigelovii Herbaceous Vegetation 

	California Wild Buckwheat / Bushy 
	California Wild Buckwheat / Bushy 
	Spike-moss Sparse Herbaceous Vegetation 

	 
	 
	35 


	Eriogonum nudum Herbaceous 
	Eriogonum nudum Herbaceous 
	Eriogonum nudum Herbaceous 
	Alliance 

	Unclassified 
	Unclassified 

	Eriogonum nudum Herbaceous 
	Eriogonum nudum Herbaceous 
	Vegetation Unclassified: 

	Naked Wild Buckwheat 
	Naked Wild Buckwheat 
	Herbaceous Vegetation 

	1 
	1 


	Bromus (diandrus, hordeaceus, madritensis) Herbaceous Alliance 
	Bromus (diandrus, hordeaceus, madritensis) Herbaceous Alliance 
	Bromus (diandrus, hordeaceus, madritensis) Herbaceous Alliance 

	Park Special 
	Park Special 

	Erodium brachycarpum - Bromus hordeaceus - Bromus madritensis Herbaceous Vegetation 
	Erodium brachycarpum - Bromus hordeaceus - Bromus madritensis Herbaceous Vegetation 

	Short-fruit Stork's-bill - Soft Brome - Compact Brome Herbaceous 
	Short-fruit Stork's-bill - Soft Brome - Compact Brome Herbaceous 
	Vegetation 

	 
	 
	12 


	Eschscholzia californica Herbaceous Alliance 
	Eschscholzia californica Herbaceous Alliance 
	Eschscholzia californica Herbaceous Alliance 

	Park Special 
	Park Special 

	Eschscholzia californica 
	Eschscholzia californica 
	Herbaceous Vegetation 

	California Poppy Herbaceous Vegetation 
	California Poppy Herbaceous Vegetation 

	7 
	7 


	Heterotheca sessiliflora Herbaceous Allliance 
	Heterotheca sessiliflora Herbaceous Allliance 
	Heterotheca sessiliflora Herbaceous Allliance 

	Park Special 
	Park Special 

	Heterotheca sessiliflora ssp. 
	Heterotheca sessiliflora ssp. 
	echioides Herbaceous Vegetation 

	Sessile-flower False Goldenaster Herbaceous 
	Sessile-flower False Goldenaster Herbaceous 
	Vegetation 

	8 
	8 


	Hordeum brachyantherum Temporarily Flooded Herbaceous Alliance 
	Hordeum brachyantherum Temporarily Flooded Herbaceous Alliance 
	Hordeum brachyantherum Temporarily Flooded Herbaceous Alliance 

	CEGL003430 
	CEGL003430 

	Hordeum brachyantherum 
	Hordeum brachyantherum 
	Herbaceous Vegetation 

	Meadow Barley Herbaceous Vegetation 
	Meadow Barley Herbaceous Vegetation 

	1 
	1 


	Muhlenbergia rigens Herbaceous Alliance 
	Muhlenbergia rigens Herbaceous Alliance 
	Muhlenbergia rigens Herbaceous Alliance 

	CEGL005306 
	CEGL005306 

	Muhlenbergia rigens Herbaceous Vegetation 
	Muhlenbergia rigens Herbaceous Vegetation 

	Deergrass Herbaceous Vegetation 
	Deergrass Herbaceous Vegetation 

	1 
	1 


	Sedum spathulifolium Herbaceous Alliance 
	Sedum spathulifolium Herbaceous Alliance 
	Sedum spathulifolium Herbaceous Alliance 

	Park Special 
	Park Special 

	Sedum spathulifolium - Moss - Bedrock Vegetation 
	Sedum spathulifolium - Moss - Bedrock Vegetation 

	Pacific Stonecrop - Moss 
	Pacific Stonecrop - Moss 
	- Bedrock Vegetation 

	7 
	7 


	Vulpia bromoides - Mixed Forb Herbaceous Alliance 
	Vulpia bromoides - Mixed Forb Herbaceous Alliance 
	Vulpia bromoides - Mixed Forb Herbaceous Alliance 

	Unclassified 
	Unclassified 

	Vulpia bromoides - Deiandra lobbii Unclassified: 
	Vulpia bromoides - Deiandra lobbii Unclassified: 

	Brown Six-weeks Grass - Deiandra Herbaceous 
	Brown Six-weeks Grass - Deiandra Herbaceous 
	Vegetation 

	3 
	3 


	Vulpia bromoides –  
	Vulpia bromoides –  
	Vulpia bromoides –  
	Mixed Forb Herbaceous Alliance 

	Unclassified 
	Unclassified 

	Vulpia bromoides - Plagiobothrys canescens - Amsinckia menziesii 
	Vulpia bromoides - Plagiobothrys canescens - Amsinckia menziesii 
	Herbaceous Vegetation Unclassified: 

	Brome Six-weeks Grass - Valley Popcorn-flower - 
	Brome Six-weeks Grass - Valley Popcorn-flower - 
	Menzies' Fiddleneck Herbaceous Vegetation 

	 
	 
	2 




	RIPARIAN-WETLAND FOREST and WOODLAND 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Quercus lobata Woodland Alliance 
	Quercus lobata Woodland Alliance 
	Quercus lobata Woodland Alliance 
	Quercus lobata Woodland Alliance 

	CEGL002872 
	CEGL002872 

	Quercus lobata - Quercus agrifolia / Annual Grass - Herb 
	Quercus lobata - Quercus agrifolia / Annual Grass - Herb 
	Woodland 

	Valley Oak - Coast Live Oak / Annual Grass - 
	Valley Oak - Coast Live Oak / Annual Grass - 
	Herb Woodland 

	8 
	8 


	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 

	CEGL002858 
	CEGL002858 

	Platanus racemosa - Quercus agrifolia var. agrifolia Woodland 
	Platanus racemosa - Quercus agrifolia var. agrifolia Woodland 

	California Sycamore - 
	California Sycamore - 
	Coast Live Oak Woodland 

	5 
	5 


	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 

	Unclassified 
	Unclassified 

	Platanus racemosa - Salix laevigata / Rubus ursinus 
	Platanus racemosa - Salix laevigata / Rubus ursinus 
	Woodland Unclassified: 

	California Sycamore - 
	California Sycamore - 
	Red willow / California Blackberry Woodland 

	1 
	1 


	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 
	Platanus racemosa Temporarily Flooded Woodland Alliance 

	CEGL005307 
	CEGL005307 

	Platanus racemosa Temporarily Flooded Woodland 
	Platanus racemosa Temporarily Flooded Woodland 

	California Sycamore Temporarily Flooded 
	California Sycamore Temporarily Flooded 
	Woodland 

	1 
	1 


	Populus fremontii Temporarily Flooded Forest Alliance 
	Populus fremontii Temporarily Flooded Forest Alliance 
	Populus fremontii Temporarily Flooded Forest Alliance 

	CEGL005308 
	CEGL005308 

	Populus fremontii - Salix laevigata Woodland 
	Populus fremontii - Salix laevigata Woodland 

	Fremont Cottonwood - Red willow Woodland 
	Fremont Cottonwood - Red willow Woodland 

	10 
	10 


	Populus fremontii Temporarily Flooded Forest Alliance 
	Populus fremontii Temporarily Flooded Forest Alliance 
	Populus fremontii Temporarily Flooded Forest Alliance 

	CEGL000941 
	CEGL000941 

	Populus fremontii / Baccharis 
	Populus fremontii / Baccharis 
	salicifolia Woodland 

	Fremont Cottonwood / 
	Fremont Cottonwood / 
	Mule's-fat Woodland 

	2 
	2 


	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 
	Quercus agrifolia Woodland Alliance 

	CEGL005312 
	CEGL005312 

	Quercus agrifolia / Toxicodendron diversilobum 
	Quercus agrifolia / Toxicodendron diversilobum 
	Intermittently Flooded Woodland 

	Coast Live Oak / Pacific 
	Coast Live Oak / Pacific 
	Poison-oak Intermittently Flooded Woodland 

	18 
	18 


	Salix laevigata Temporarily Flooded Woodland Alliance 
	Salix laevigata Temporarily Flooded Woodland Alliance 
	Salix laevigata Temporarily Flooded Woodland Alliance 

	CEGL005316 
	CEGL005316 

	Salix laevigata / Artemisia douglasiana - Rubus ursinus 
	Salix laevigata / Artemisia douglasiana - Rubus ursinus 
	Woodland 

	Red willow / Douglas' Wormwood - California 
	Red willow / Douglas' Wormwood - California 
	Blackberry Woodland 

	12 
	12 




	RIPARIAN-WETLAND SHRUBLAND 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Baccharis salicifolia Intermittently Flooded Shrubland Alliance 
	Baccharis salicifolia Intermittently Flooded Shrubland Alliance 
	Baccharis salicifolia Intermittently Flooded Shrubland Alliance 
	Baccharis salicifolia Intermittently Flooded Shrubland Alliance 

	CEGL003549 
	CEGL003549 

	Baccharis salicifolia Riparian Shrubland 
	Baccharis salicifolia Riparian Shrubland 

	Mule's-fat Riparian Shrubland 
	Mule's-fat Riparian Shrubland 

	17 
	17 


	Rosa californica Shrubland Temporarily Flooded Alliance 
	Rosa californica Shrubland Temporarily Flooded Alliance 
	Rosa californica Shrubland Temporarily Flooded Alliance 

	CEGL005315 
	CEGL005315 

	Rosa californica Shrubland 
	Rosa californica Shrubland 

	California Rose Shrubland 
	California Rose Shrubland 

	9 
	9 


	Salix (exigua, interior) Temporarily Flooded Shrubland Alliance 
	Salix (exigua, interior) Temporarily Flooded Shrubland Alliance 
	Salix (exigua, interior) Temporarily Flooded Shrubland Alliance 

	CEGL001197 
	CEGL001197 

	Salix exigua Temporarily Flooded Shrubland 
	Salix exigua Temporarily Flooded Shrubland 

	Sandbar willow Temporarily Flooded 
	Sandbar willow Temporarily Flooded 
	Shrubland 

	1 
	1 


	Salix lasiolepis Temporarily Flooded Shrubland Alliance 
	Salix lasiolepis Temporarily Flooded Shrubland Alliance 
	Salix lasiolepis Temporarily Flooded Shrubland Alliance 

	CEGL002875 
	CEGL002875 

	Salix lasiolepis / Baccharis salicifolia Shrubland 
	Salix lasiolepis / Baccharis salicifolia Shrubland 

	Arroyo Willow / Mule's- fat Shrubland 
	Arroyo Willow / Mule's- fat Shrubland 

	10 
	10 


	Salix lasiolepis Temporarily Flooded Shrubland Alliance 
	Salix lasiolepis Temporarily Flooded Shrubland Alliance 
	Salix lasiolepis Temporarily Flooded Shrubland Alliance 

	Park Special 
	Park Special 

	Salix lasiolepis / Rosa californica 
	Salix lasiolepis / Rosa californica 
	Shrubland 

	Arroyo Willow / 
	Arroyo Willow / 
	California Rose Shrubland 

	1 
	1 




	RIPARIAN-WETLAND HERBACEOUS VEGETATION 
	Alliance 
	Alliance 
	Alliance 
	Alliance 
	Alliance 

	NVC CODE 
	NVC CODE 

	Association Scientific Name 
	Association Scientific Name 

	Association Common Name 
	Association Common Name 

	#Plots 
	#Plots 



	Distichlis spicata Intermittently Flooded Herbaceous Alliance 
	Distichlis spicata Intermittently Flooded Herbaceous Alliance 
	Distichlis spicata Intermittently Flooded Herbaceous Alliance 
	Distichlis spicata Intermittently Flooded Herbaceous Alliance 

	CEGL001770 
	CEGL001770 

	Distichlis spicata Herbaceous Vegetation 
	Distichlis spicata Herbaceous Vegetation 

	Inland Saltgrass Herbaceous Vegetation 
	Inland Saltgrass Herbaceous Vegetation 

	1 
	1 


	Eleocharis macrostachya Herbaceous Alliance PROPOSED 
	Eleocharis macrostachya Herbaceous Alliance PROPOSED 
	Eleocharis macrostachya Herbaceous Alliance PROPOSED 

	CEGL005303 
	CEGL005303 

	Eleocharis macrostachya 
	Eleocharis macrostachya 
	Herbaceous Vegetation 

	Page Spikerush Herbaceous Vegetation 
	Page Spikerush Herbaceous Vegetation 

	1 
	1 


	Juncus balticus Seasonally Flooded Herbaceous Alliance 
	Juncus balticus Seasonally Flooded Herbaceous Alliance 
	Juncus balticus Seasonally Flooded Herbaceous Alliance 

	CEGL001838 
	CEGL001838 

	Juncus balticus Herbaceous Vegetation 
	Juncus balticus Herbaceous Vegetation 

	Baltic Rush Herbaceous Vegetation 
	Baltic Rush Herbaceous Vegetation 

	6 
	6 


	Leymus triticoides Temporarily Flooded Herbaceous Alliance 
	Leymus triticoides Temporarily Flooded Herbaceous Alliance 
	Leymus triticoides Temporarily Flooded Herbaceous Alliance 

	CEGL001571 
	CEGL001571 

	Leymus triticoides Herbaceous Vegetation 
	Leymus triticoides Herbaceous Vegetation 

	Beardless Wildrye Herbaceous Vegetation 
	Beardless Wildrye Herbaceous Vegetation 

	1 
	1 


	Mimulus (guttatus) Temporarily Flooded Herbaceous Alliance 
	Mimulus (guttatus) Temporarily Flooded Herbaceous Alliance 
	Mimulus (guttatus) Temporarily Flooded Herbaceous Alliance 

	CEGL005305 
	CEGL005305 

	Mimulus guttatus - (Mimulus 
	Mimulus guttatus - (Mimulus 
	spp.) Herbaceous Vegetation 

	Seep Monkeyflower - 
	Seep Monkeyflower - 
	(Monkeyflower species) Herbaceous Vegetation 

	5 
	5 




	 
	Plant Community Descriptions 
	This section provides a summary of PINN vegetation by physiognomic group. Appendix C provides detailed local and global descriptions of the 67 plant associations, alliances and Park special vegetation types found within the Park. Local descriptions are based on plot data from the Park and environs. Global descriptions characterize the association across its range and are based primarily on published and unpublished literature. 
	Most of the vegetation types at PINN fit into existing NVC association concepts, or were considered significant enough to create new NVC associations for them. Twenty-two associations were considered unique to the Monument; NatureServe designated these as Park Specials. Seven vegetation types fit into alliance concepts but lacked sufficient information to justify creating new associations. 
	 
	Upland Forest and Woodland Associations 
	Tree-dominated vegetation types are common and widely distributed within PINN. They occupy nearly every available habitat, from riparian corridors to rock outcrops. All stands are subject to fire. Canopy density is controlled by stand age and the availability of soil moisture. Most examples at PINN do not have the closed tree canopy that usually characterizes forest (as opposed to more open woodland) associations. The upland forest and woodland associations at PINN include: 
	•
	•
	•
	 Aesculus californica / Toxicodendron diversilobum / Moss Woodland 

	•
	•
	 Juniperus californica / Prunus ilicifolia / Moss Woodland 

	•
	•
	 Pinus sabiniana / Eriogonum fasciculatum Alluvial Woodland 

	•
	•
	 Pinus sabiniana / Ceanothus cuneatus - Rhamnus ilicifolia Woodland 

	•
	•
	 Quercus agrifolia - Aesculus californica Woodland 

	•
	•
	 Quercus agrifolia / Annual Grass - Forb Woodland 

	•
	•
	 Quercus douglasii - Pinus sabiniana / Cercocarpus montanus var. glaber Woodland 

	•
	•
	 Quercus douglasii - Pinus sabiniana / Grass Woodland 

	•
	•
	 Quercus douglasii / Juniperus californica Woodland 

	•
	•
	 Quercus douglasii / Mixed Herbaceous Woodland 

	•
	•
	 Quercus wislizeni - Pinus sabinana / Mixed Herbaceous Woodland 
	•
	•
	•
	 Adenostoma fasciculatum - Arctostaphylos glauca Shrubland 

	•
	•
	 Adenostoma fasciculatum - Arctostaphylos pungens Shrubland 

	•
	•
	 Adenostoma fasciculatum - Ceanothus cuneatus var. cuneatus Shrubland 

	•
	•
	 Adenostoma fasciculatum - Salvia mellifera Shrubland 

	•
	•
	 Adenostoma fasciculatum / Selaginella bigelovii Shrubland 

	•
	•
	 Adenostoma fasciculatum Shrubland 

	•
	•
	 Arctostaphylos glauca Shrubland 

	•
	•
	 Artemisia californica - Eriogonum fasciculatum Shrubland 

	•
	•
	 Artemisia californica Shrubland 

	•
	•
	 Baccharis pilularis / Annual Grass - Herb Shrubland 

	•
	•
	 Ceanothus cuneatus var. cuneatus Shrubland 

	•
	•
	 Cercocarpus montanus var. glaber Shrubland 

	•
	•
	 Diplacus aurantiacus Shrubland 

	•
	•
	 Eriogonum fasciculatum Shrubland 

	•
	•
	 Lotus scoparius Shrubland Association 

	•
	•
	 Lupinus albifrons - Senecio flaccidus var. douglasii Shrubland 

	•
	•
	 Prunus ilicifolia - Ceanothus cuneatus Shrubland 

	•
	•
	 Prunus ilicifolia - Fraxinus dipetala Shrubland 

	•
	•
	 Prunus ilicifolia - Heteromeles arbutifolia Shrubland 

	•
	•
	 Prunus ilicifolia Shrubland 

	•
	•
	 Quercus berberidifolia - Cercocarpus montanus var. glaber Shrubland 

	•
	•
	 Quercus berberidifolia Shrubland 

	•
	•
	 Rhamnus ilicifolia - Clematis lasiantha Shrubland Unclassified: 

	•
	•
	 Salvia mellifera - Eriogonum fasciculatum / Bromus madritensis Shrubland 

	•
	•
	 Salvia mellifera Shrubland 





	Blue oak (Quercus douglasii) and foothill pine (Pinus sabiniana) woodlands occupy slopes and hill tops, while coast ive oak (Quercus agrifolia) woodlands occur at the bottom of rock outcrops and cliff faces, on the lower third of hill slopes and the edges of valley bottoms and riparian areas, where soil moisture collects. California buckeye (Aesculus californica) stands are less common but striking (especially in the fall) as the only upland summer-deciduous tree in the Park. California juniper (Juniperus c
	 
	Upland Shrubland Associations 
	Chaparral shrublands are the characteristic vegetation type of Pinnacles. They are diverse and widespread and cover much of the Park. The upland shrubland associations of PINN include: 
	Dry chamise (Adenostoma fasciculatum) chaparral associations are the most abundant shrublands within the Park and its surrounding lands. Manzanita (Arctostaphylos spp.) shrublands contrast sharply with their larger round leaves, and occur in smaller clumps, generally on rockier soils. Chaparral on the west side experiences a more maritime climate and is dominated by California wild buckwheat (Eriogonum fasciculatum) or black sage (Salvia mellifera). Only the west side are there locations of California sageb
	Small pockets of California scrub oak (Quercus berberidifolia) can be found on deep soils on north facing upper slopes. 

	 
	Non-Vascular and Sparse 
	Vertical cliff faces, large flat and sloping rock formations and loose scree slopes are the domain of non-vascular and sparse vegetation. The non-vascular and sparse plant associations of PINN are: 
	•
	•
	•
	 Collinsia heterophylla - Lichen Sparse Vegetation 

	•
	•
	 Eriogonum wrightii - Lichen Sparse Vegetation 

	•
	•
	 Lichen Gravel - Bedrock Nonvascular Sparse Vegetation 


	 
	The first two associations are scree slope types. The last association is a catch-all type that can occur on solid vertical or flat rock faces, on large rocks, or on small gravel surfaces. 
	Unfortunately lichens were not identified beyond their life form. For more information on the biodiversity of lichens in Pinnacles, see Benson (2005) and Tucker et. al (2006). 
	Upland Herbaceous Associations 
	Probably the most interesting vegetation type in Pinnacles is Spikemoss (Selaginella bigelovii) which dominates some slopes and is illustrated on the cover of this report. This type is known from across central and south coast ranges of Califonria. Two associations represent the presence of Spikemoss (a shrubland with an upper canopy of Adenostoma) and the herbaceous association with a scattered upper canopy of Eriogonum. Other herbaceous types are dominated by introduced annual grass or native forbs. Grass
	•
	•
	•
	 (Artemisia dracunculus) - Gnaphalium canescens Herbaceous Vegetation 

	•
	•
	 Artemisia dracunculus Alluvial Fan Herbaceous Vegetation 

	•
	•
	 Avena barbata - Melica imperfecta Herbaceous Vegetation Unclassified 

	•
	•
	 Avena fatua - (Nassella pulchra, Plantago erecta) Herbaceous Vegetation 

	•
	•
	 Epilobium canum Herbaceous Vegetation Unclassified 

	•
	•
	 Eriogonum elongatum Herbaceous Vegetation 

	•
	•
	 Eriogonum fasciculatum / Selaginella bigelovii Herbaceous Vegetation 

	•
	•
	 Eriogonum nudum Herbaceous Vegetation Unclassified 

	•
	•
	 Erodium brachycarpum - Bromus hordeaceus - Bromus madritensis Herbaceous Vegetation 

	•
	•
	 Eschscholzia californica Herbaceous Vegetation 

	•
	•
	 Heterotheca sessiliflora ssp. echioides Herbaceous Vegetation 

	•
	•
	 Hordeum brachyantherum Herbaceous Vegetation 

	•
	•
	 Muhlenbergia rigens Herbaceous Vegetation 

	•
	•
	 Sedum spathulifolium - Moss - Bedrock Vegetation 

	•
	•
	 Vulpia bromoides - Deiandra lobbii Herbaceous Vegetation Unclassified 

	•
	•
	 Vulpia bromoides - Plagiobothrys canescens - Amsinckia menziesii Herbaceous Vegetation Unclassified 
	•
	•
	•
	 Quercus lobata - Quercus agrifolia / Annual Grass - Herb Woodland 

	•
	•
	 Platanus racemosa - Quercus agrifolia var. agrifolia Woodland 

	•
	•
	 Platanus racemosa - Salix laevigata / Rubus ursinus Woodland Unclassified: 

	•
	•
	 Platanus racemosa Temporarily Flooded Woodland 

	•
	•
	 Populus fremontii - Salix laevigata Woodland 

	•
	•
	 Populus fremontii / Baccharis salicifolia Woodland 

	•
	•
	 Quercus agrifolia / Toxicodendron diversilobum Intermittently Flooded Woodland 

	•
	•
	 Salix laevigata / Artemisia douglasiana - Rubus ursinus Woodland 

	•
	•
	 Baccharis salicifolia Riparian Shrubland 

	•
	•
	 Rosa californica Shrubland 

	•
	•
	 Salix exigua Temporarily Flooded Shrubland 

	•
	•
	 Salix lasiolepis / Baccharis salicifolia Shrubland 

	•
	•
	 Salix lasiolepis / Rosa californica Shrubland 





	 
	The herbaceous associations were the most difficult to classify, since many are dominated by non-native species. We were generous in trying to describe native vegetation. If a stand had a decent (~10% relative cover) amount of a native species, we leaned toward naming 
	the type for that native, even though the cumulative cover of component non-natives may far exceeded it. All herbaceous types at Pinnacles occur in small patches, with the exception of Avena spp. grasslands, which can be large and grade into oak/grass woodlands. 

	 
	Riparian and Wetland Forest and Woodland Associations 
	Riparian woodlands are restricted in their distribution to floodplains, tributary canyons, and ravines. They tend to be dominated by valley oaks, cottonwoods, willows or sycamores, except in narrow, rock-walled canyons, where Quercus agrifolia sometimes occurs in the canopy. Riparian forest and woodland associations of PINN include: 
	 
	The broad, well-developed floodplains of Chalone Creek, McCabe Canyon and Bear Valley have majestic stands of Valley Oak. Along the stream banks and active channels are cottonwoods and willow woodlands and shrublands. In these broad valleys Quercus agrifolia can occur at the outer edge of the valley floor. Along the narrow banks of Bear Gulch, tall sycamores tower over oak and cottonwood trees. 
	 
	Riparian and Wetland Shrubland Associations 
	Mesic and wetland shrub communities are very limited in their size and distribution within the Park. All are restricted to areas with high water tables, including stream banks, stock pond margins, pour offs, and seeps. Riparian and wetland shrubland associations of PINN include: 
	Sandbar willow (Salix exigua) and mule’s Fat (Baccharis salicifolia) shrublands are common throughout the Park along the narrow active streams such as West Fork Chalone Creek, where stream banks, islands or bars are vulnerable to frequent scouring from floods. Wild rose shrublands were seen only in Bear Valley. Tall arroyo willow (Salix lasiolepis) occurs throughout the Park in wet, actively flooded channels. 
	 
	Riparian and Wetland Herbaceous Associations 
	Like mesic shrub communities, riparian and wetland herbaceous associations are uncommon and limited in their distribution within the mapping area. All are restricted to areas with water at or near the surface for some or all of the growing season. Diversity is high, but most occur in patches smaller than the minimum mapping unit. Riparian and wetland herbaceous associations of PINN include: 
	•
	•
	•
	 Distichlis spicata Herbaceous Vegetation 

	•
	•
	 Eleocharis macrostachya Herbaceous Vegetation 

	•
	•
	 Juncus balticus Herbaceous Vegetation 

	•
	•
	 Leymus triticoides Herbaceous Vegetation 

	•
	•
	 Mimulus guttatus - (Mimulus spp.) Herbaceous Vegetation 


	 
	Baltic rush (Juncus balticus) and monkeyflower (Mimulus spp.) were sampled 6 and 5 times respectively, while the others were sampled only once. Baltic rush is a common community, often found in overgrazed pastures because cattle find it unpalatable and will eat it only late in the season when little else is left (USDA . Baltic rush is very resistant to grazing because of persistent deep rhizomes as well as extensive fibrous roots (Weixelman et al 1996, Kovalchick et al, 1988). Monkeyflower, on the other han
	 
	Field Key Preparation 
	A dichotomous field key to plant associations of the PINN mapping area was developed for this project (Appendix D). The key is designed to assist users in identifying vegetation associations in the field. The key has two levels; the first level is defined by the physiognomy of the vegetation, i.e., forest, woodland, tall shrubland, shrubland, dwarf-shrubland, graminoid, or forb. The second level focuses on the dominant species' canopy cover. Brief environmental descriptions are included with the floristic d
	 
	The association field key was constructed from data collected during the classification phase of the mapping project and revised following field testing. Because the key is based on a sample of the vegetation, it likely does not account for all associations occurring within the Park, nor does it explain the full range of variation of all associations as they appear in the Park. 
	The field key was tested by NatureServe and CNPS in the field prior to its use by accuracy assessment field crews. A NatureServe ecologist made notes and edited areas where the key was confusing or unclear. The field key in Appendix D is the final version containing revisions based on suggestions from this field testing. 
	 
	University of Montana Vegetation Map (2005) 
	In 2005 the Wildlife Spatial Analysis Lab at the University of Montana produced a digital map of existing vegetation and land cover from high-resolution Ikonos satellite imagery (Figure 6). Imagery was from May and June of 2000. Initial line work was generated by eCognition. Supervised computerized classification (machine learning software WEKA) based on 4 spectral bands mapped 11 Land Cover Type map classes. The 2003 and 2004 relevé data was used as training data, with a reserve of 10% of the points for ac
	assessment. Map Classes developed were: Woodlands - W1 Oak/Pine, W2 Buckeye, W3 Mixed Riparian; Shrublands - S1 Chamise, S2 Chamise-Ceanothus, S3 Chamise- Manzanita/Mtn. Mahogany, S4 Prunus/Mixed Chaparral, S5 Buckwheat/Cal. Sage, S6 Chamise-Black Sage; and Herbaceous/Other - G Grassland/Herbaceous, N Sparse/Non-veg. 

	 
	The overall accuracy was 84.95%. Unfortunately, due to funding limitations, this map was produced with little interaction between field crews and mapping staff, and with no interaction with ecologists from NatureServe, California Native Plant Society or Park staff. See Appendix K for a cross walk of AIS Vegetation Map Classes (n=41) to the University of MT map Classes (n=11) (Remond et al. 2005). 
	 
	Figure
	 
	Figure 6. University of Montana 2005 Vegetation Map
	Vegetation Mapping At Pinnacles National Monument 
	 
	One of the most important mandates of the Vegetation Mapping Program (VMP) is the consistent capture and classification of vegetation types through mapping and field sampling methods. Mapping criteria and procedures developed during the prototype phase is still being tested and revised. The first two Parks mapped, Assateague Island National Seashore and Tuzigoot National Monument, used a vegetation layer mapping approach. Layer mapping consists of photo-interpretation of multiple canopies of vegetation that
	 
	The Program criteria and methodology have since evolved to the methods in use today. Mapping at subsequent parks, including the Scotts Bluff National Monument, Agate Fossil Beds National Monument, Fort Laramie National Historic Site, Rock Creek Park, Isle Royale National Park, Congaree Swamp National Monument and Yosemite National Park, involves the use of an initial photo signature type describing multiple vegetation canopies. These photo signature types are then translated into a NVCS community type or al
	 
	Photo Interpretation Mapping Criteria 
	From the onset of the Vegetation Mapping Program, standardized program-wide mapping criteria have been used. The mapping criteria contain a set of decision rules that are used to ensure accuracy and consistency of vegetation attributes including type, height and cover. 
	These criteria assist the user in understanding the characteristics, definition and context for each vegetation community. While type and density of vegetation were both used, height was not an attribute used in the PINN project. 
	 
	Minimum Mapping Unit 
	The minimum mapping unit (mmu) for PINN matches the VMP standard of 1/2 hectare. 
	 
	Aggregation 
	Aggregation of multiple vegetative classes is necessary when vegetation types present within a polygon are below mmu. 
	 
	•
	•
	•
	 Similar life forms are aggregated together: tree-dominated types are aggregated with other tree-dominated types, shrub types with other shrub types, and herbaceous types with other herbaceous vegetation types. 

	•
	•
	 If possible, wetland vegetation types generally are not aggregated with upland types, even if they are in the same life form. 

	•
	•
	 If a unit that is below mmu is completely surrounded by another vegetation type, the unit is aggregated with the surrounding vegetation. 


	 
	•
	•
	•
	 If a unit that is below mmu is the same life form as two adjacent larger stands, and the adjacent stand types are very dissimilar in environment, the unit may be aggregated with the more similar adjacent type. 


	Woody Cover 
	Woody Vegetative Cover is a quantitative estimate of woody plant cover derived from viewing the aerial imagery. Photo interpreters assessed the cover of woody vegetation associated with the life form of the map unit assigned to that polygon. Vegetation not visible in the aerial photograph was not considered part of the woody cover class. For example, in a closed canopy forest the understory grasses and shrubs are not visible; therefore, only the tree overstory is visible and the cover class is based on the 
	 
	The percent cover was assessed for conifer, hardwood tree and shrubs. For example, a polygon with all three types of woody vegetation visible in the imagery will have three values of cover class. 
	 
	The following criteria are used for making decisions about assigning cover classes to vegetation polygons: 
	 
	•
	•
	•
	 The coverage pattern of the life form is considered before assigning a density code to the polygon. Estimating densities is more straightforward when plants occupying the same strata are evenly distributed throughout the mapping unit. When polygons contain populations of plants that are clumped or occur only in a portion of the polygon, the photo interpreter considers the area that is not occupied by plant cover when determining coverage density. To ensure consistency, plants are estimated in polygons with

	•
	•
	 The date of the imagery influences the densities assigned to vegetation types, especially for deciduous vegetation. Subsequent field verification and accuracy assessments must take into consideration the following factors that can cause apparent discrepancies between the densities evident on the photo and those visible in the field: 
	o
	o
	o
	 Seasonality - Photos of forest or woodland areas with leaf-on 

	conditions obscure the understory. Photos of leaf-off conditions would allow photo 
	conditions obscure the understory. Photos of leaf-off conditions would allow photo 
	o
	o
	o
	 Annual variability - the environmental conditions at the time of the photography (wet vs. drought years, flooding, etc.) may affect the densities seen during the on-site field visits. 








	 
	interpretation of the understory, but make it difficult to identify the overstory species since there is no foliage present. 
	 
	 
	Alliance/Association 
	The assignment of vegetation polygons to an alliance and plant association is based on NVCS criteria. A final vegetation classification and key, along with vegetation descriptions for each alliance and association, was developed for PINN using the plot data collected by the PINN field sampling crews. 
	 
	PINN Specific Mapping Protocols and Criteria 
	 
	Study Area 
	The Park set up a two-tiered study area for photo interpretation and mapping. The first tier, or main body of the study area, consisted of areas within the Park boundary as well as a quarter-mile buffer around the Park. This tier is mapped at the suballiance level and to the association level where possible. The second tier is composed of areas outside the Park, designated by the Park as areas of interest. The Park requested that this area be mapped at a general life form level. Therefore, this area is mapp
	 
	Woody Cover 
	PINN differs from the previously mapped parks by assigning conifer, hardwood and shrub cover for each polygon, rather than cover of the life form of the alliance. All cover values followed the same classification. 
	Chaparral and Coastal Sage Scrub 
	Due to the limitations of the imagery and the inconsistent signature response of the chaparral and coastal sage scrub from place to place, photo interpretation of those types to the alliance and association level were very limited. Chaparral was therefore mapped to two main mapping classes as Californian Xeric Chaparral Shrubland Group and Californian Chaparral Shrubland Macrogroup. Coastal sage scrub was mapped as California Coastal Scrub Shrubland Macrogroup. At locations where reconnaissance and relevé s
	 
	Land Use 
	Land Use was mapped as a separate layer from Vegetation. A polygon coded with a forest or woodland vegetation type and tree cover can also be coded with a land use. Land Use was mapped from imagery photo interpretation and field reconnaissance. Park facilities were identified separately from non-park uses. 
	 
	Project Materials 
	 
	The following materials were used for the PINN mapping project. 
	 
	Digital Orthophoto Base 
	Natural color digital orthophotos available from NAIP served as the base for the data rectification task. The imagery is dated 2005 and depicts leaf-on conditions. 
	 
	Supplemental Imagery 
	Two other sets of digital imagery were provided by the Park. They include: 
	 
	•
	•
	•
	 Natural color digital orthophotos dated 2003 (leaf-on). This set of imagery corresponds to the date of the Park’s vegetation sampling sites 

	•
	•
	 Color infrared digital orthophotos dated 2002 (leaf-on) 


	 
	Ancillary Data 
	PINN provided AIS with a number of hardcopy and digital files to assist in the photo interpretations. 
	 
	•
	•
	•
	 PINN Field Data 2003-2004 
	o
	o
	o
	 590 Relevé Plots 




	•
	•
	 Historic Vegetation 
	o
	o
	o
	 Technical Report No. 34, Vegetation and Floristics of Pinnacles National Monument, dated 1987. Corresponding hardcopy map was produced in 1983 from color infrared aerial photos dated August 16, 1983. 




	•
	•
	 Other Hardcopy Data 
	o
	o
	o
	 Geologic Map of Pinnacles Volcanic Formation, by Vincent Matthews, 1:24000 scale, date unknown. 




	•
	•
	 Digital GIS Data 
	o
	o
	o
	 Fire History 

	o
	o
	 Stonewall Fire 

	o
	o
	 Prescribed Burns 

	o
	o
	 Geology 

	o
	o
	 Contours 

	o
	o
	 Springs 

	o
	o
	 Pig Fence 

	o
	o
	 Drainages 

	o
	o
	 Roads 

	o
	o
	 Trails 





	Photo Interpretation Mapping Procedures 
	Four major tasks are associated with the photo interpretation phase of a NPS vegetation mapping project: 
	 
	•
	•
	•
	 Field Reconnaissance 

	•
	•
	 Photo Interpretation and Digitization of Vegetation 

	•
	•
	 Field Verification 

	•
	•
	 Quality Control 


	Field Reconnaissance 
	The field reconnaissance visit serves two major functions. First, the photo interpreter keys the signature on the aerial photos to the vegetation on the ground at each signature site. 
	Second, the photo interpreter becomes familiar with the flora, vegetation assemblages and local ecology that occur in the study area. Park and/or field biologists who are familiar with the local vegetation and ecology of the Park are present to help the photo interpreter understand these elements and their relationship with the geography of the Park. 
	Prior to the field reconnaissance, AIS staff performed several in-house preparations to facilitate a more organized trip. Field routes were planned to accommodate a variety of factors including: maximizing the number of vegetation types and regional zones visited, responding to recommendations of Park staff, addressing time constraint considerations and accessibility. Hardcopy outputs of the base imagery were plotted for navigation in the field. 
	 
	The imagery was reviewed for representative signatures of different vegetation types, density and abiotic factors such as percent slope, aspect, shape of the slope, elevation, etc. Field check sites and associated notations were noted on the field overlays. Multiple sites were chosen to provide alternatives if one or more sites proved inaccessible. 
	 
	Field site locations visited were recorded on a GPS unit. A field notebook was used to record pertinent information for each site visited. Later, these records were input into computer files for easy reference. Color ground photos were taken at selected locations and later compared to the imagery and the field site notes. Additional field sites included areas encountered in transit between initially selected sites, areas of noteworthy or unusual significance, and other vegetation types the photo interpreter
	 
	Photo Interpretation and Digitization of Vegetation 
	Photo interpretation is the process of identifying map units based on their photo signature. All land cover features have a photo signature. These signatures are defined by the color, texture, tone and pattern exhibited on the aerial photography. By observing the context and extent of the photo signatures associated with specific vegetation types, the photo interpreter is able to identify and delineate the boundaries between plant communities or signature units. Environmental factors such as elevation, slop
	answer photo interpretation questions in the field as the mapping progressed. 

	Photo interpretation was conducted through an on-screen heads-up digitizing method using ArcMap. The study area was divided into several modules. The individual modules were interpreted using the primary and supplemental imagery, reconnaissance and relevé data, and other ancillary data, including elevation contours and fire history. The polygon delineations 
	were based on a number of signature characteristics including color, tone, texture, relative height and density. Each polygon was assigned the appropriate attribute code string (mapping classification types, conifer, hardwood and shrub percent cover, and land use). 
	The modules were subsequently edge-matched and were checked for invalid codes and errors in topology. 
	A separate quality control step was performed for each module upon completion of the photo interpretation. A senior photo interpreter reviewed each module for map unit delineation and the accuracy of the codes assigned to every polygon. Each module was checked for completeness, consistency and adherence to the mapping criteria and guidelines. 
	 
	Field Verification 
	The mapping was followed by two field verification trips by AIS and Park staff designed to confirm that the vegetation units were mapped consistently. Any outstanding photo interpretation related questions were also addressed during the verification visits. Changes based on field verification observations were applied to polygons in the database for which the results were pertinent. 
	 
	Final Quality Control 
	The individual modules were then joined into a single seamless vegetation file for the Park. The final vegetation database was examined by a senior photo interpreter for registration of linework to the base imagery. Final checks were conducted for invalid codes and code field correlations. Topological errors were checked, as were any edge-match problems. 
	 
	Accuracy Assessment 
	Introduction 
	Accuracy assessment (AA) is a statistical test of how well polygon map class attributes represent vegetation on the ground. The AA compares field observations with the map class assignment of the sampled polygon. Errors occur when mapped polygon labels differ from field observations. Results of the AA allow users to evaluate the utility of the vegetation mapping data for particular applications. Accuracy assessment results come in two forms: “producer’s accuracy” (the probability that an AA point was mapped
	 
	The accuracy assessment was applied to both the association level classification version of the map and the alliance level version. 
	 
	Methods 
	 
	Sampling Design 
	A stratified random sampling approach was used to determine AA sampling locations. The AA included most vegetation map classes and was limited to lands within the PINN boundary and buffer zone; private and federal land in the Expanded Area (outside of the Monument buffer) were not included in the accuracy evaluation. Sample sizes for each evaluated map class were selected using the USGS-NPS Vegetation Characterization Program guidelines (TNC et al. 1994): 
	 
	Scenario A: The class is abundant. It covers more than 50 ha (124 acres) and consists of at least 30 polygons. The recommended sample size is 30. 
	Scenario B: The class is relatively abundant. It covers more than 50 ha, but consists of fewer than 30 polygons. The recommended sample size is 20. The rationale for reducing the sample size for this type of class is that sample sites are more difficult to find because of the lower frequency of the class. 
	 
	Scenario C: The class is relatively rare. It covers less than 50 ha but consists of more than 30 polygons. The recommended sample size is 20. The rationale for reducing the sample size is that the class occupies a small area. At the same time, however, the class consists of a considerable number of distinct polygons that are possibly widely distributed. The number of samples therefore remains relatively high because of the high frequency of the class. 
	 
	Scenario D: The class is rare. It has more than five but fewer than 30 polygons and covers less than 50 ha. The recommended number of samples is five. The rationale for reducing the sample size is that the class consists of small polygons and the frequency of the polygons is low. Specifying more than five sample sites will likely result in multiple samples within the same (small) polygon. Collecting five samples will allow accuracy to be estimated, although the estimate will not be very precise. 
	Scenario E: The class is very rare. It has fewer than five polygons and occupies less than 50 ha. In this case, it is recommended that the existence of the class be confirmed by a visit to each polygon. The rationale for the recommendation is that with fewer than five sample sites (assuming one site per polygon), no estimate of level of confidence can be established for the sample and the accuracy of the class can only be confirmed through a field census. 
	 
	Of the 39 alliance level map classes and 58 association level map classes that were originally mapped within the Park and buffer, 7 of the map classes were excluded from the accuracy assessment: 
	Vegetated Map Classes 
	3103 – Post Burn and Post Disturbance Californian Chaparral Shrubland Mapping Unit 
	3104 – Post Burn and Post Disturbance Californian Xeric Chaparral Shrubland Mapping Unit 
	9700 – Post Burn and Post Disturbance Undifferentiated Shrub and Grass-Herb Regeneration Mapping Unit 
	Non-natural Map Classes  
	9100 – Built-up Mapping Unit 
	9200 – Agriculture Mapping Unit  
	9500 – Water Mapping Unit 
	9600 – Planted Trees and Shrubs Mapping Unit 
	 
	The 3 vegetated map classes (3103, 3104 and 9700) were excluded from the AA because the vegetation had likely changed since time of the imagery exposure. The other 4 classes were excluded because they are non-natural map classes. 
	Accuracy assessment sampling points were selected for each of the 32 remaining alliance level map classes and the 51 remaining association level map classes using guidelines A–E. The primary set of selected AA evaluation sites included 750 points. Secondary and tertiary sets of points were generated in case some of the points in the primary set could not be accessed safely. After all sets of points were selected, field crews sampled as many accessible polygons as possible given the restricted timing of the 
	 
	AA Field Data Collection 
	Accuracy assessment point data were collected at PINN during the summer/fall of 2008. Field crews used GPS units, digital orthophotographs and topographic maps to navigate precisely to each pre-selected AA polygon. The crews evaluated the selected AA location using the protocol defined in Appendix F. The field form used is provided in Appendix G. Environmental data collected in the field included elevation and descriptive comments of site history and stand age. Vegetation data included canopy cover for each
	 
	The field team collected data at 766 AA points (Figure 7). AA point data were downloaded from GPS units into an Access plots database. All vegetation and species data were manually entered into this same database and a thorough quality assessment/quality check (QA/QC) was 
	performed on the data prior to analysis. Nomenclature standards and other data management procedures were the same as for the classification plot data (see Vegetation Classification and Description section). Digital photographs were archived into folders which are labeled by date. 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Figure
	Figure 7. Location of Accuracy Assessment (AA) points.
	Data Analysis 
	Accuracy assessment (AA) is a statistical test of how well polygon map class attributes represent vegetation on the ground. The AA compares field observations with the map class assignment of the sampled polygon. Errors occur when mapped polygon labels differ from field observations. Results of the AA allow users to evaluate the utility of the vegetation mapping data for particular applications. Accuracy assessment results come in two forms (Hop et al. 2005): “producer’s accuracy” (the probability that an A
	 
	The lead AIS photo interpreters and CNPS project ecologists reviewed the AA data for the 766 visited sites. The field points were converted into a spatial data layer with coordinates and attributes. AA point data was intersected with the map polygon data. Review consisted of evaluating calls for match or mismatch to the corresponding vegetation map polygon attribute. The primary, secondary and tertiary plant association, alliance or other map class assigned to each AA point (in the field) were compared to t
	 
	Each AA point mismatch (disagreement between field call and polygon label) was evaluated for the type of error (true or false). Sources of “false” error include GPS or positional errors, questionable field determinations, edge error, and inclusions (small patches of vegetation within larger map polygons). Mismatches were reviewed when a false error was identified and were either determined to be a match, mismatch, or were discarded. All other mismatches were deemed true errors. 
	Patterns of error were analyzed for classes falling below the accuracy threshold and possible solutions for raising map class accuracy formulated, i.e., lumping the class into a higher class in the vegetation hierarchy. 
	 
	In May 2009, a series of conference calls were held among the Park staff and project cooperators to discuss the results of the AA process. Participants discussed the alternative solutions developed during the analysis, and decided on the best solution for the purposes of natural resource management. In some cases, meeting participants recommended combining certain map classes to achieve higher levels of accuracy and more meaningful vegetation map classes. In other cases, the group recommended retaining map 
	The results of this analysis were arrayed in a preliminary contingency table and “producer’s” and “user’s” accuracy were calculated for each map class. Producer’s accuracy is computed by dividing correct-call samples by the total number of samples taken in polygons called that class. User’s accuracy divides the correct-call samples by the total field samples called that map class (regardless of what the polygon was labeled). Note that in the hierarchical classification, lower level codes that nest within th
	 
	Results and Discussion 
	Of the 766 AA samples collected in 2008, 738 were used in the analysis. Post accuracy assessment resulted in 3 macrogroup, 3 group, 14 alliance, 3 plant association, 5 ad hoc unit level map classes representing the natural resource and an additional 4 classes representing human footprint and open water. The map classes shown in the following tables and figures represent the final map classes as a result of the accuracy assessment. Final map classes are listed in Appendix H, and an illustrated guide with map
	Final overall map “Producer’s” accuracy is 84.4% (Kappa correction = 82.9%). Final overall map “User” accuracy is 76.0% (Kappa correction = 73.6%). Individual map class producer’s and user’s accuracy values are given with their 90% confidence intervals. The width of each confidence interval is affected by sample size. Individual map class Producer accuracy ranges from 62.5% to 100% (Table 11 and Table 12). Individual map class User accuracy ranges from 33.3% to 100%. 
	Table 7 shows the nine map classes that met the 80% program standard. Table 8 contains the thirteen map classes that did not meet the 80% program standard. However, in every case but three, the User Accuracy 90% confidence interval includes 80%, so Park staff deemed the results to be acceptable. Map classes 3300, 3330, and 3360 had <80% in User accuracy, but were retained because they were all >90% in Producer accuracy. 
	 
	Two map classes did not achieve the 80% standard for either user’s or producer’s accuracy (Table 9). In both cases the Producer’s and User’s accuracy 90% confidence interval is above 80%. Again, Park staff decided these results were acceptable, and wished to retain the map classes. A discussion of these two problematic map classes is provided below. 
	 
	 
	Figure
	Table 6. Final contingency table for 25 map classes whose accuracy was assessed. Shaded boxes indicate the number of AA points that agree with the assigned map class. To read the table, columns represent the map class observed in the field, while the rows represent the map class assigned by the photo interpreter. Overall producer accuracy is 84.4% with kappa index of 82.9%. Overall user accuracy is 76.0% with kappa index of 73.6%. User’s and producer’s accuracy values for each map class appear in tables 7 a
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	Table 7. Final PINN map classes with >80% program standard for both User’s and Producer’s accuracy. 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 

	Map Class Name 
	Map Class Name 

	Producer’s Accuracy (±90% CI) 
	Producer’s Accuracy (±90% CI) 

	User’s Accuracy (±90% CI) 
	User’s Accuracy (±90% CI) 



	1311 
	1311 
	1311 
	1311 

	California Sycamore-Coast Live Oak Woodland Association 
	California Sycamore-Coast Live Oak Woodland Association 

	80%±39% 
	80%±39% 

	100%±12% 
	100%±12% 


	2110 
	2110 
	2110 

	Coast Live Oak Woodland Alliance 
	Coast Live Oak Woodland Alliance 

	86%±7% 
	86%±7% 

	87%±6% 
	87%±6% 


	2210 
	2210 
	2210 

	Blue Oak Woodland Alliance 
	Blue Oak Woodland Alliance 

	87%±6% 
	87%±6% 

	84%±6% 
	84%±6% 


	2230 
	2230 
	2230 

	Valley Oak Woodland Alliance 
	Valley Oak Woodland Alliance 

	100%±8% 
	100%±8% 

	83%±33% 
	83%±33% 


	3160 
	3160 
	3160 

	California Scrub Oak Shrubland Alliance 
	California Scrub Oak Shrubland Alliance 

	80%±26% 
	80%±26% 

	80%±26 
	80%±26 


	3210 
	3210 
	3210 

	Coyote Brush Shrubland Alliance 
	Coyote Brush Shrubland Alliance 

	100%±25% 
	100%±25% 

	100%±25% 
	100%±25% 


	3510 
	3510 
	3510 

	California Rose Shrubland Alliance 
	California Rose Shrubland Alliance 

	100%±50% 
	100%±50% 

	100%±50% 
	100%±50% 


	4510 
	4510 
	4510 

	Deergrass Herbaceous Vegetation Alliance 
	Deergrass Herbaceous Vegetation Alliance 

	100%±50% 
	100%±50% 

	100%±50% 
	100%±50% 


	 9420 
	 9420 
	 9420 
	 

	Cliffs, Rock Outcrops, and Steep Eroded Slopes Mapping Unit 
	Cliffs, Rock Outcrops, and Steep Eroded Slopes Mapping Unit 

	86%±9% 
	86%±9% 

	96%±6% 
	96%±6% 




	 
	Table 8. Final PINN map classes with < 80% program standard for both User’s or Producer’s accuracy 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 

	Map Class Name 
	Map Class Name 

	Producer’s Accuracy (±90% CI) 
	Producer’s Accuracy (±90% CI) 

	User’s Accuracy (±90% CI) 
	User’s Accuracy (±90% CI) 


	Map Class Code 
	Map Class Code 
	Map Class Code 

	Map Class Name 
	Map Class Name 

	Producer’s Accuracy (±90% CI) 
	Producer’s Accuracy (±90% CI) 

	User’s Accuracy (±90% CI) 
	User’s Accuracy (±90% CI) 



	1220 
	1220 
	1220 
	1220 

	California Juniper Woodland Alliance 
	California Juniper Woodland Alliance 

	83%±33% 
	83%±33% 

	71%±35% 
	71%±35% 


	1300 
	1300 
	1300 

	Southwestern North American Riparian    Evergreen and Deciduous Forest Group 
	Southwestern North American Riparian    Evergreen and Deciduous Forest Group 

	73%±16% 
	73%±16% 

	95%±11% 
	95%±11% 


	2212 
	2212 
	2212 

	Blue Oak/Mixed Herbaceous Woodland Association 
	Blue Oak/Mixed Herbaceous Woodland Association 

	89%±13% 
	89%±13% 

	66%±14% 
	66%±14% 


	2220 
	2220 
	2220 

	California Buckeye Woodland Alliance 
	California Buckeye Woodland Alliance 

	81%±19% 
	81%±19% 

	77%±20% 
	77%±20% 


	2231 
	2231 
	2231 

	Valley Oak-Coast Live Oak/ Grass Woodland Association 
	Valley Oak-Coast Live Oak/ Grass Woodland Association 

	100%±25% 
	100%±25% 

	50%±50% 
	50%±50% 


	3100 
	3100 
	3100 

	Californian Chaparral Shrubland Macrogroup 
	Californian Chaparral Shrubland Macrogroup 

	76%±15 
	76%±15 

	83%±22 
	83%±22 


	3150 
	3150 
	3150 

	Hollyleaf Cherry Shrubland Alliance 
	Hollyleaf Cherry Shrubland Alliance 

	85%±14% 
	85%±14% 

	69%±15% 
	69%±15% 


	3300 
	3300 
	3300 

	California Coastal Scrub Shrubland Macrogroup 
	California Coastal Scrub Shrubland Macrogroup 

	94%±7% 
	94%±7% 

	44%±22% 
	44%±22% 


	3330 
	3330 
	3330 

	California Wild Buckwheat Shrubland Alliance 
	California Wild Buckwheat Shrubland Alliance 

	96%±8% 
	96%±8% 

	34%±10% 
	34%±10% 


	3360 
	3360 
	3360 

	Black Sage Shrubland Alliance 
	Black Sage Shrubland Alliance 

	100%±12% 
	100%±12% 

	33%±27% 
	33%±27% 


	3370 
	3370 
	3370 

	California Sagebrush-California Wild Buckwheat Shrubland Alliance 
	California Sagebrush-California Wild Buckwheat Shrubland Alliance 

	100%±10% 
	100%±10% 

	56%±33% 
	56%±33% 


	3400 
	3400 
	3400 

	Southwestern North American Riparian/Wash Scrub Shrubland Group 
	Southwestern North American Riparian/Wash Scrub Shrubland Group 

	84%±16% 
	84%±16% 

	70%±18% 
	70%±18% 


	4300 
	4300 
	4300 

	Mediterranean California Naturalized Annual and Perennial Grassland Herbaceous Vegetation Macrogroup 
	Mediterranean California Naturalized Annual and Perennial Grassland Herbaceous Vegetation Macrogroup 

	78%±13% 
	78%±13% 

	97%±7% 
	97%±7% 




	 
	Table 9. Final PINN vegetation map classes where neither the User’s or Producer’s accuracy met the 80% program standard. 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 
	Map Class Code 

	Map Class Name 
	Map Class Name 

	Producer’s Accuracy (±90% CI) 
	Producer’s Accuracy (±90% CI) 

	User’s Accuracy (±90% CI) 
	User’s Accuracy (±90% CI) 



	1210 
	1210 
	1210 
	1210 

	Foothill Pine Woodland Alliance 
	Foothill Pine Woodland Alliance 

	71%±11% 
	71%±11% 

	78%±11% 
	78%±11% 


	4004 
	4004 
	4004 

	Alluvial Herb and Shrub Vegetation Mapping Unit 
	Alluvial Herb and Shrub Vegetation Mapping Unit 

	63%±35% 
	63%±35% 

	71%±35% 
	71%±35% 




	 
	Map Class Code 1210 – Foothill Pine Woodland Alliance: This map class was problematic for two reasons. The first is that in very sparse stands with about 5 to 12% tree cover, there was a discrepancy between the photointerpreters judgment of the tree density versus the AA field crew’s estimate. Therefore field crews tended to call the point a shrub type rather than a tree type. It is reasonable for any field personnel to call sparse cover of foothill pine over shrubland either an open woodland or a shrubland
	 
	Map Class 4004 – Alluvial Herb and Shrub Vegetation Mapping Unit: One of the most difficult areas to map were the bare alluvial wash on valley floors. These areas are, for the most part, barren but can have narrow stringers of thick riparian vegetation. Mapped polygons generally represented very sparsely vegetated gravel, cobble or sand bars and stream channels. However some portions of the polygon are vegetated with riparian shrubs along very narrow channels that in many cases may be inclusive. Field crews
	 
	 
	Conclusion 
	Mapping the vegetation resource at Pinnacles National Monument required a variety of scales of map classes. Twenty-eight map classes representing 67 plant associations, alliances or Park special types were mapped. Twenty five classes were within the 80% accuracy standard (90% confidence interval). Three map units were not assessed for accuracy. Map classes ranged from the broad inclusive scale (macrogroups) to individual plant associations. 
	 
	Quantitative analysis of plot data collected by Park staff resulted in a classification of 67 plant associations, alliances or Park special vegetation types within the Monument and environs. This classification represents 47 Alliances and 73 plant associations. Fifty-one associations are recognized by the National Vegetation Classification, 22 are described as ‘Park specials’ because they are known only from the Monument. The vegetation of the mapping project area is relatively diverse. Chaparral, oak woodl
	 
	A total of 6,141 map polygons representing 24 vegetation map classes (including tree and shrub cover attributes), fourteen land use map classes and 7 miscellaneous classes were developed for the PINN vegetation mapping project. Of the 6,141 mapped polygons, 115 were assigned both a land use class and a vegetation class. The average polygon size across all map classes is 3 ha (7.3 acres). Natural and semi-natural vegetation classes cover 17,953 ha (44,362 acres), or 98.6% of the project area. Land use polygo
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