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1. Introduction
The ecosystems of the inner Central Coast Range and the greater San Joaquin Valley offer a refuge for
several sensitive and endangered plant and animal species. A botanical and ecological understanding of
this region is imperative for long-term conservation of its dwindling flora and fauna. To meet
conservation goals, the Bureau of Land Management (BLM) in cooperation with the California
Department of Fish and Wildlife (CDFW) and California Native Plant Society (CNPS) are working to study
and monitor the vegetation of this area. The first critical step in developing priorities for natural
resource conservation and management is a coordinated plan of mapping and field monitoring.
Vegetation mapping, and the associated classification of vegetation types, has rapidly come to the
forefront as one of the most useful tools for resource assessment, land management, regional planning,
and long-term resource monitoring. It is commonly agreed that a fine-scale vegetation classification and
map can serve as a surrogate for wildlife habitat for many species of plants and animals, and thus as a
baseline for monitoring of habitat quality and quantity. Mapping and classification can also guide
wildlife resource assessments by identifying potential habitat for surveys and allowing habitat
stratification for monitoring and sampling. In 1988, the California Energy Commission (CEC) produced a
vegetation map of the Carrizo Plain, when many acres of the area were being actively dryland farmed. In
2013, CNPS produced a vegetation map for the Carrizo Plain National Monument (CPNM) utilizing 2007
imagery, 6 years after Carrizo Plain was established as a monument. By this time, dryland farming had
effectively ceased after 10- 20 years of decreasing farming activity. By comparing these two maps, we
can determine broadscale vegetation changes across a 20-year time span -- particularly in grasslands
and shrublands in the tilled areas of CPNM. In this comparison, we evaluated the CNPS map using
imagery in 2007 and field data from 2008–2010 against the pre-existing CEC map from 1988 to identify
which community types have decreased and which have expanded in both area and extent. We analyzed
changes within CPNM as a whole, as well as within broad ecological and topographical sub-regions of
CPNM.
Monitoring vegetation is a critical step for the protection and management of natural plant
communities, which are key objectives of the BLM and the CNPS Vegetation Program. Monitoring
efforts help us define vegetation types and their distribution. This in turn allows us to raise awareness of
vegetation type importance and rarity, identify threats to vegetation types, and conserve biodiversity at
the “multi-species” landscape level. Additional study and evaluation of the stability of vegetation types
in the inner Central Coast and San Joaquin Valley is needed, especially since many rare species and
vegetation types occur in the region. Also, many of the grassland and related shrubland types in CPNM
have significant native plant diversity and abundance. However, much of this grassland area was dryland
farmed, including the major ground disturbance of tilling. Although dryland farming has largely ceased
within CPNM, it is not clear how restoration activities after this land use change may have assisted in reestablishing native plant communities in tilled areas and whether previously tilled grasslands remain
different from untilled areas. The presence or absence of shrublands within these tilled areas is of
interest, as it is suspected that some areas used for dryland farming in CPNM were previously
shrublands (CPNM ROD 2010).
BLM staff in the CPNM have utilized fire and seeding to help restore native grasslands and saltbush
scrublands on tilled areas within the monument since the 1990’s. However, recent effects of their
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restoration efforts have not been well documented. Sampling monitoring plots over time and space can
provide a scientific assessment of change within the vegetation and among associated species in this
region, particularly in restoration areas. Utilizing previously established monitoring plots where possible
and establishing new plots where necessary, we attempted to gain an understanding of restoration
outcomes through sampling and analysis. Based on that outcome we developed a plan for future
restoration and identified areas that could benefit from future restoration efforts.

2. Map Comparison
2.1 Study area and Methods
The CPNM is in the Coast Range of central California, approximately 90 miles west of Bakersfield and 60
miles east of San Luis Obispo. Most of the area is in the eastern portion of San Luis Obispo County, but it
also includes small portions of western Kern County. Geographically, it is positioned where the Central
Valley meets the inner Coastal Range, with the Temblor Mountains to the east, the Caliente Range to
the west, and the Carrizo Plain in between. Annual precipitation is low, averaging between 7 and 10
inches per year but varies widely, and occurs most often between November and April. Temperatures
are mild in the fall and winter (averaging between the mid 35˚F and 65˚F), and hot in the summer,
averaging 90˚F.
The study area within CPNM for the map comparison totaled 244,607 acres as the study area boundary
was adjusted to contain both the sub-region layer boundary and the CEC mapping area boundary. The
study area was further constricted by the removal of unmapped polygons within the CEC mapping
boundary. The sub-region layer delineated nine ecological/topographic sub-regions within the CPNM
summarized below by descriptions from the CPNM Record of Decision (2010) (see also Map 1):
1. Caliente Foothills: Occur along the flanks of the Caliente Mountains. The terrain is relatively
gentle to steep, from 1,900 to 3,500 feet in elevation. The northern end of the subregion gets
higher precipitation than other parts of the monument, whereas the southern portion is drier
than the north, but more mesic than the valley floor.
2. Caliente Mountains: Contain the northeast facing side of the Caliente Range, the crest, and the
southwest-facing side of the Caliente Range to the Monument boundary. Topography has
relatively steep ridges and drainages, from 1,650 feet to 5,100 feet. This subregion generally has
the highest precipitation in the Monument.
3. Cuyama Valley: Occupies the far southwest portion of the monument, on the west slope of the
Caliente Range. One of the driest places in coastal California. The valley is a wide floodplain –
alluvium-filled synclinal basin.
4. North Carrizo Valley: Includes the area of the northern Carrizo Plain between Soda Lake and the
foothills of the Caliente Range. The topography is generally flat but dissected by shallow
drainage courses. Elevations range from 1,950 to 2,300 feet and soils are generally deep, sandy,
and derived by erosion from the adjacent Caliente Range. This subregion receives slightly more
precipitation and its vegetation is generally lusher than its southern counterparts. Virtually the
entire area has been altered by activities associated with agriculture: over 75 percent of the
subregion was previously tilled and most, if not all, was grazed at one time or another.
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Map 1.
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5. North Elkhorn Valley: Generally flat topography, dissected by shallow drainage courses.
Elevations from 1950 to 2300 feet and soils are generally deep, sandy, and derived by erosion
from the adjacent Caliente Range. This area receives slightly more precipitation and its
vegetation is generally lusher than its southern counterparts. Virtually the entire area has been
altered by activities associated with agriculture: over 75% of the subregion was previously tilled
and most, if not all, grazed at one time or another.
6. Soda Lake: Valley center in the northern half of the Monument. A predominately flat area with
minor topographic relief provided by the drainage system, which ends at the lake, and by an
ancient clay dune system. Elevations range from 1,950 to 2,000 feet. The subregion is mainly
alkali playa, a system of shallow basins with characteristic white salt deposits. In years with
adequate precipitation, the lake and playas fill with water, eventually drying out as the season
progresses.
7. South Carrizo Valley: Topography is flat to gently rolling and intersected by drainages from the
surrounding hills. Elevations range from 1,950 to 2,600 feet. Overall the area is drier than the
plains in the northern portion of the Monument. Like the North Carrizo Valley, much of this
subregion was previously cultivated, was subjected to livestock grazing at one time or another.
8. South Elkhorn Valley: Is bordered by the Temblor Range on the east and the southern portion of
the Carrizo Valley on the west. It is the driest area in the monument. History of cultivation and
livestock grazing.
9. Temblor Mountains: Contains the upper elevations on the eastern border of the Monument.
The terrain is steep and eroded, with an aspect trending generally to the southwest. Elevations
range from 1,950 feet to 4,250 feet. Overall, the area is quite dry, with only a few springs
present. This sub-region has been grazed.
CEC and CNPS map comparison
Vegetation maps typically utilize a classification to define the types of map units as well as a minimum
mapping unit (MMU), which designates how large a stand must be in order to be delineated. Within the
CNPS map, the minimum mapping unit (MMU) was 1 acre, with exceptions for wetland and other special
types (0.5-acre MMU). The vegetation classification used to define mapped vegetation types was the
Manual of California Vegetation (MCV) classification, updated to reflect local sampling conducted
between 2008-2010. In contrast, the 1988 CEC map has limited meta data available, and thus the MMU
is not known, though it was likely much larger than the CNPS map since the size of the polygons are
larger, and the total number of polygons much smaller in comparison to the CNPS map. The CEC map
used the Holland classification (Holland 1986).
The Manual of California Vegetation (MCV) was developed to describe vegetation across California in a
consistent way. It comes from a synthesis of quantitative vegetation sampling and is the product of a
multi-year collaboration between a committee of state experts brought together by CNPS. The MCV fits
within the National Vegetation Classification system (NVC) and uses defensible quantitative definitions
of vegetation placed within a hierarchy of eight levels (see http://usnvc.org/explore-classification/ or
http://host.appgeo.com/NVCHierarchyBrowser/). Assemblages of vegetation are sampled to describe
species composition (species presence and cover), structure (plant cover, height, etc.), and
environmental conditions (elevation, local topography, soil characters, etc.) for fixed areas (variously
4

referred to as samples, plots, relevés, polygons, etc.). This sampling is repeated throughout the
landscape to represent the diversity of vegetation present. Ecologists then subject the field data to
statistical analyses to quantify the repeating patterns in species composition and correlate them with
vegetation structure and environmental data. These analyses define a set of vegetation types that best
describe and encapsulate the landscape’s vegetation in an empirical way.
To assist the comparison of acreages between mapping efforts, CNPS staff developed a crosswalk
between the Holland vegetation types and the MCV vegetation types. The objective of this comparison
was to identify and interpret differences between the two maps in order to guide future analyses and
interpretations. Where acreages of vegetation types differed between the two maps, we utilized Google
Earth to review imagery and distinguish between changes in vegetation lifeforms through time versus
differences in fine scale patterning.

2.2 Results
2.2.a Crosswalk
Classification Systems
In California, ecologists have developed numerous vegetation classification systems that reflect a variety
of descriptive scales, philosophies, and purposes. When comparing the two mapping efforts in CNPM, it
was important to understand the general differences between the classification systems used. Table 1
displays a crosswalk between the classification system used in 1988 versus 2007. The relationships
within the crosswalk are complex and while some types directly relate one-to-one, other types had oneto-many or even many-many relationships between the two classification systems, which resulted in
several MCV vegetation types being included within a single Holland vegetation unit. In addition to scale,
the 1988 CEC map excluded many types of vegetation known to occur in the CPNM, potentially lumping
them in with larger unrelated types. For example, about 850 acres of riparian and chaparral types are
not represented in the 1988 map.
Since the Holland and MCV classifications have different vegetation concepts, complex relationships in
the crosswalk resulted. In the CEC map, landscape position is a primary indicator for vegetation type
delineation. The Holland types often correlated to the macrogroup level in the MCV classification,
incorporating different dominant or characteristic species that might occupy similar geomorphologically
defined areas which are distinguished in the MCV as different alliances. This occurred within the Diablan
Sage Association (DSA), the Non-Native Annual Grasses (NNG), and Valley Sink Scrub (VSI) types. Most of
the alliances within the California Coastal Scrub macrogroup fell within the DSA type, but in the CNPS
map were delineated at the finer scale alliance level. The NNG type within the CEC map largely
contained grassland communities in the valley and surrounding foothills of the Caliente and Temblor
ranges. In contrast, CNPS mapped a diversity of grassland types from the valley to the foothills, but also
within the surrounding mountain ranges. The Valley Sink Scrub (VSI) type is primarily driven by
landscape position in the CEC map. As a result, this vegetation type includes alliances of different
lifeform type mapped by CNPS, for example, the Allenrolfea occidentalis shrub type as well as the
herbaceous Atriplex vallicola - Lasthenia ferrisiae - Lepidium jaredii herbaceous type.
Since the CEC classification relied on landscape position, their mapping led to fine scale splitting of
stands of Atriplex spinifera where Spiny Saltbush (SS) was only mapped in the Temblor range as
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Table 1. 1:1 Vegetation Crosswalk between the CEC and CNPS vegetation maps. This table includes total and differences in
acreages of each vegetation type for the CEC and CNPS maps. Lifeform refers to the characteristic lifeform of the vegetation
type. Abbreviations are the following: T = Tree, S = Shrub, H = Herbaceous, N/A = Not applicable.
Lifeform

CEC
Veg
Type

Carrizo Map Macrogroup

Carrizo Map Alliance

CEC
Acreage

CNPS
Acreage

Difference
-35,622

H

Non-Native Grassland (NNG) - Fallow Agricultural Land Merged Group

74,055

109,677

H
H

Fallow
NNG

4,705
69,350

-

H

California Annual and Perennial Grassland

Amsinckia (menziesii, tessellata)

-

11,266

H

California Annual and Perennial Grassland

Nassella cernua Provisional

-

28

H

California Annual and Perennial Grassland

Lasthenia californica - Plantago erecta - Festuca
microstachys

-

28,698

H

California Ruderal Grassland & Meadow

(only mapped to macrogroup)

-

377

H

California Annual and Perennial Grassland

(only mapped to macrogroup)

-

67,835

H

Western North American Temperate Grassland and
Meadow

Poa secunda

-

236

H

California annual and Perennial Grassland

Corethrogyne filaginifolia Provisional

-

8

H

California annual and Perennial Grassland

Eriogonum (elongatum, nudum)

-

120

H

California Annual & Perennial Grassland
Macrogroup

Salvia carduacea Provisional

-

14

H

California Annual and Perennial Grassland

Monolopia (lanceolata)-Coreopsis (calliopsidea)

-

1,055

H

Cool (and Warm) Semi-Desert/Mediterranean
Alkali-Saline Wetland

Elymus triticoides

-

40

18,561

77

N/A
N/A
N/A

Tilled (Land that was tilled 1986-87)
Other types

Agriculture

Soda Lake

N/A

Unvegetated

S

Diablan Sage Association (DSA)

Playa

-

77

4,819

3,792

-

3,792

1,419

1,495

S

California Coastal Scrub

Artemisia californica

-

187

S

California Coastal Scrub

Salvia mellifera

-

37

S

California Coastal Scrub

Artemisia californica - Eriogonum fasciculatum

-

290

S

California Coastal Scrub

Lupinus albifrons

-

49

S

California Coastal Scrub

Salvia leucophylla

-

931

S

Interior Coast Range Saltbush Scrub (ICR)

35,433

35,999

S

Great Basin Saltbrush Scrub Macrogroup

Atriplex polycarpa

-

35,933

S

Great Basin Saltbrush Scrub Macrogroup

Atriplex canescens

-

35

Mojave-Sonoran Semi-Desert Scrub

Krascheninnikovia lanata

S
S

Upper Sonoran Sub Shrub Scrub (UPS)

-

31

55,070

50,994

S

North American Warm-Desert Xero-Riparian

Ephedra californica

-

13,024

S

California Coastal Scrub

Ericameria linearifolia - Isomeris arborea

-

22,031

S

California Coastal Scrub

Gutierrezia californica

-

355

S

California Coastal Scrub

Eriogonum fasciculatum

-

15,327

S

Mojave-Sonoran Semi-Desert Scrub

Ephedra viridis

-

248

S

Inter-Mountain Dry Shrubland and Grassland

Lycium andersonii

-

9

6

18,484

1,027

-76

-566

4,077

Lifeform
S

CEC
Veg
Type

Carrizo Map Macrogroup

Carrizo Map Alliance

Valley Sink Scrub (VSI)

CEC
Acreage

CNPS
Acreage

2,863

2,772

S

Cool (and Warm) Semi-Desert/Mediterranean
Alkali-Saline Wetland

Allenrolfea occidentalis

-

443

S

Cool (and Warm) Semi-Desert/Mediterranean
Alkali-Saline Wetland

Suaeda moquinii

-

48

H

Cool (and Warm) Semi-Desert/Mediterranean
Alkali-Saline Wetland

Distichlis spicata

-

158

H

Warm Semi-Desert/Mediterranean Alkali-Saline
Wetland

Frankenia salina

-

9

H

Western North American Vernal Pool

Atriplex vallicola - Lasthenia ferrisiae - Lepidium
jaredii Association

-

2,078

S

California coastal scrub

Isocoma acradenia Provisional

-

36

13,971

12,430

S

Valley Saltbush (VSS) - Spiny Saltbush (SS) Merged Group

S

VSS

Cool (and Warm) Semi-Desert Alkaline-Saline
Wetland

Atriplex spinifera

12,460

12,430

S

SS

Cool (and Warm) Semi-Desert Alkaline-Saline
Wetland

Atriplex spinifera

1,512

-

T

Juniper Oak Woodland (JOW) - Juniper Woodland (JWD) Merged Group

38,416

26,289

T

JOW

California Forest and Woodland

Quercus douglasii

17,231

20

T

JOW

Warm Interior Chaparral

Quercus john-tuckeri

-

7,588

T

JWD

California Forest and Woodland

Juniperus californica

21,185

18,681

S

Chaparral groups not mapped by CEC

-

371

S

California Chaparral

Arctostaphylos glauca

-

324

S

Northern Rocky Mountain-Vancouverian Montane
& Foothill Grassland & Shrubland

Ribes quercetorum Provisional

-

33

S

Great Basin & Intermountain Dry Shrubland

Ericameria nauseosa

-

15

-

472
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Riparian/Wetland types not mapped by CEC
S

North American Warm-Desert Xero-Riparian

Prunus fasciculata

-

S

North American Warm-Desert Xero-Riparian

Lepidospartum squamatum

-

6

S

North American Warm-Desert Xero-Riparian

Ambrosia salsola

-

390

T

Southwestern North American Riparian, Flooded
and Swamp Forest

Salix laevigata

-

6

T

Southwestern North American Riparian, Flooded
and Swamp Forest

Populus fremontii

-

18

S

Warm Desert Freshwater Shrubland, Meadow and
Marsh

Forestiera pubescens

-

1

S

Warm Desert Freshwater Shrubland, Meadow and
Marsh

Baccharis salicifolia

-

2

H

Western North American Temperate Lowland Wet
Shrubland, Wet Meadow & Marsh

Schoenoplectus americanus

-

11

H

Western North American Temperate Lowland Wet
Shrubland, Wet Meadow & Marsh

Juncus arcticus (var. balticus, mexicanus)

-

16

7

Difference
92

1,541

12,127

-371

-472

Lifeform

CEC
Veg
Type

Carrizo Map Macrogroup

Carrizo Map Alliance

Other Types not mapped by CEC
N/A
N/A
N/A
N/A
N/A

Exotic trees & shrubs
Unvegetated
Unvegetated
Unvegetated
Unvegetated

Tamarix
River & Lacustrine Flats & Streambeds
Cliffs & Rock Outcrops
Developed
Unvegetated

8

CEC
Acreage

CNPS
Acreage

-

240

-

12
6
133
59
31

Difference
-240

this is an expression of this species that only occurs on hillslopes; however, the Valley Saltbush Scrub
(VSS) type was only mapped in valley areas. VSS also includes multiple shrub species that can dominate
stands, which CNPS mapped as separate alliances including Atriplex polycarpa, A. spinifera, and A.
canescens.
The CEC mapped shrublands of the Interior Coast Range Saltbush Scrub (ICR) and Upper Sonoran Sub
Shrub Scrub (UPS) types in the Temblor and Caliente Ranges as well as the Elkhorn Hills. In comparison,
the CNPS map included the Eriogonum fasciculatum alliance and the Ericameria linearifolia-Isomeris
arborea alliance extensively throughout the Temblor Range, Caliente Range, and the Elkhorn Hills. The
decision on whether to place these alliances in the UPS or ICR types was an important one since it likely
influenced the results of the acreage comparisons between the CNPS and CEC map. Both the ICR and

Figure 1. Within the Temblor Range, CEC mapped Upper Sonoran Sub Shrub Scrub (UPS) on the hilltops and Interior Coast
Range Saltbush Scrub (ICR) along hillsides and valley bottoms. This contrasts with the fine scale mapping in the CNPS
map which mapped Eriogonum fasciculatum and Ericameria linearifolia-Isomeris arborea shrublands occurring along
hillslopes, largely driven by aspect.

UPS type descriptions mentioned Eriogonum fasciculatum and Isomeris arborea as indicator species,
making it initially unclear where to place the Eriogonum fasciculatum alliance and the Ericameria
linearifolia-Isomeris arborea alliance within the crosswalk. Because of the overlap of these two alliances
with the two major shrubs types mapped by CEC, the conceptual crosswalk includes the Eriogonum
9

fasciculatum alliance and the Ericameria linearifolia-Isomeris arborea alliance in both the Upper Sonoran
Sub Shrub Scrub (UPS) and Interior Coast Range Saltbush Scrub (ICR) types (see Appendix A). Because
the relationships needed to be 1:1 for acreage comparisons, both alliances were ultimately placed in the
UPS type for the 1:1 acreage comparison. This decision was based on the described landscape position
of the UPS type and, in general, the spatial overlap of the UPS type with both the CNPS alliance types
(Table 1). Notably, overlap between the ICR/UPS types and the two CNPS alliances was inconsistent in
the Temblor Range. CEC mapped UPS on the hilltops and ICR along hillsides and valley bottoms. This
contrasts with the fine scale mapping in the CNPS map which mapped Eriogonum fasciculatum and
Ericameria linearifolia-Isomeris arborea shrublands occurring along hillslopes, largely driven by aspect
(Figure 1).
The CEC Non-Native Annual Grasses (NNG) type was merged with the CEC Fallow type to form the NNGFallow type because, rather than utilizing a Fallow type, CNPS mapped retired agricultural land as
several different herbaceous types. Merging the CEC’s NNG and Fallow types allowed for a clearer
comparison of herbaceous vegetation between the two maps. Tilled land at the time of mapping in 1988
has largely been retired from active cultivation as well, but some active agricultural land was mapped by
CNPS, so this type was kept separate to compare to cultivation in 2007 within CPNM. However, due to
the extensiveness of the Tilled land type, this acreage is lumped in with NNG and Fallow when making
plant lifeform comparisons between herbaceous, shrub, and tree vegetation acreage changes within
CPNM are examined between the two maps.
The CEC map used a more generic non-native annual grassland (NNG) type, characterized by low to high
cover of non-native annual grasses, often with a component of showy, native annual forbs. This NNG
type emphasized the non-native component and failed to distinguish the diversity of different grassland
types that support an important native plant species component. The CEC map, in utilizing the NNG type
to map large swaths of herbaceous vegetation, emphasized the presence of non-native species within
the herbaceous vegetation of CPNM. CEC mapped 69,350 acres as NNG. Of the 109,677 acres of
grassland vegetation mapped by CNPS that fall within the NNG type, 67,835 acres were mapped as the
macrogroup California Annual and Perennial Grassland. This macrogroup is probably the most similar in
definition and scale to the NNG type utilized by CEC. However, the CNPS macrogroup name stresses the
importance of the native component of California grasslands. Alternatively, the California Ruderal
Grassland and Meadow type, a CNPS type defined by >80% relative cover of non-native species, only
occurred across 377 acres of the CNPS map.
In addition, the finer-scale CNPS mapping shows that there is a diversity of herbaceous types within
CPNM, often with a strong native species component. In addition to the California Annual and Perennial
grassland macrogroup, a little over 53,000 acres were mapped at the fine-scale alliance level; these
alliances are defined by the consistent presence of several native annual species such as the Amsinckia
(menziesii, tessellata) alliance (11,266 aces) or the Lasthenia californica-Plantago erecta-Festuca
microstachys alliance (28,698 acres). This has important implications for conservation value, where fine
scale mapping might allow land managers to better direct restoration actions to those areas where the
native component is truly absent.
2.2.b Comparisons of lifeform and vegetation type at the CPNM and subregion scale
When comparing the tree, shrub, and herb lifeforms, the herbaceous lifeform is much higher in the
CNPS map than the CEC map, a difference of 19,410 acres (Table 2). The CEC map had 12,103 more
10

acres of the tree lifeform and 6,530 more acres of the shrub lifeform than the CNPS map. The scale at
which vegetation was mapped and the CNPS mapping definition of woodland and shrubland appear to
be the main factor for these detected differences.
Table 2. Lifeform acreage differences between the CEC and CNPS maps.

CEC
CNPS
Difference
Lifeform (Acres) (Acres)
(Acres)
Tree
38,416 26,313
12,103
Shrub
108,756 102,226
6,530
Herb
92,615 112,025
-19,410

CPNM

At first glance, some of the acreages are relatively similar
between the two maps (Table 3). The VSS and VSI types
seem relatively stable and mapped in similar areas within
the two maps. However, an important distinction should
be made between how ICR and UPS types were mapped between the two efforts. Because of the large
MMU of the CEC map, polygons of vegetation types were ultimately very heterogenous, containing
many different CEC types, for example the large swath of ICR in the western slopes of the Caliente
Mountains includes both JOW and JWD types within it (Figure 2).

Figure 2. A large polygon that CEC mapped as Interior Coast Range Saltbush Scrub (ICR) contains many acres of what CNPS
mapped as Juniper-Oak Woodland (JOW), Juniper Woodland (JWD), and the Non-Native Annual Grassland-Fallow merged type
(NNG-FALLOW). Additional abbreviations of vegetation types in the legend are: Diablan Sage Association (DSA).
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Table 3. Sub-regional differences in acreage of vegetation types between the CEC and CNPS maps. Large differences in acreages are highlighted to illustrate trends in the data.
Blue highlights show vegetation types mapped at higher acreages in the CNPS map than the CEC map., green highlights show vegetation types mapped at higher acreages in the
CEC map than the CNPS map. Sub-regions continued next page.

Temblor Mountains

South Elkhorn

South Carrizo Valley

Soda Lake

North Elkhorn Valley

North Carrizo Valley

Cuyama Valley

Vegetation Types
CEC

CNPS

Diff.

CEC

CNPS

Diff.

CEC

CNPS

Diff.

CEC

CNPS

Diff.

CEC

CNPS

Diff.

CEC

CNPS

Diff.

CEC

CNPS

Diff.

Non-Native
Grassland-Fallow
(NNG)

1837

7424

-5587

12401

12819

-418

22701

25204

-2503

1591

3880

-2289

12547

16614

-4067

4967

14350

-9383

-

489

-489

Diablan Sage
Association (DSA)

-

-

-

-

2

-2

-

15

-15

-

-

-

-

-

-

-

7

-7

-

-

-

Interior Coast
Range Salt Brush
Scrub (ICR)

9121

4674

4447

3537

4604

-1067

838

2522

-1684

-

104

-104

4254

4668

-414

-

1

-1

643

1180

-537

Upper Sonoran Sub
Shrub Scrub (UPS)

8777

9698

-921

6905

6155

750

2084

1614

470

-

-

-

7224

5488

1736

53

74

-21

1349

320

1029

Valley Sink Scrub
(VSI)

-

3

-3

-

-

-

54

44

10

2758

2707

51

-

2

-2

-

-

-

-

1

-1

Valley Saltbush
Scrub - Spiny
Saltbush (VSS-SS)

866

814

52

645

197

448

376

198

178

10363

9984

379

1214

1220

-6

5

10

-5

-

-

-

Juniper Oak
Woodland (JOW)

1019

437

582

-

31

-31

-

4

-4

-

-

-

-

-

-

-

-

-

25

-

25

Juniper Woodland
(JWD)

2090

642

1448

438

90

348

49

15

34

-

-

-

65

17

48

47

-

47

-

1

-1

Tilled

-

-

-

-

-

-

3728

35

3693

927

-

927

2737

-

2737

9388

-

9388

-

25

-25

Lake

-

-

-

-

-

-

-

9

-9

4819

3783

1036

-

-

-

-

-

-

-

-

-

Unvegetated

-

17

-17

-

5

-5

-

12

-12

-

-

-

-

15

-15

-

19

-19

-

-

-

Chaparral groups
not mapped by CEC

-

-

-

-

-

-

-

2

-2

-

-

-

-

-

-

-

-

-

-

-

-

Riparian/Wetland
types not mapped
by CEC

-

-

-

-

26

-26

-

159

-159

-

-

-

-

17

-17

-

-

-

-

1

-1

Exotic Trees &
Shrubs

-

4

-4

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-
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Table 3 Continued. Sub-regional differences in acreage of vegetation types between the CEC and CNPS maps. Large differences in acreages are highlighted to illustrate trends in
the data. Blue highlights show vegetation types mapped at higher acreages in the CNPS map than the CEC map., green highlights show vegetation types mapped at higher
acreages in the CEC map than the CNPS map. Sub-regions continued next page.

Vegetation Types

Caliente Foothills

Caliente Mountains

CEC

CNPS

Diff.

CEC

CNPS

Diff.

Non-Native GrasslandFallow (NNG)

17676

22561

-4885

333

6336

-6003

Diablan Sage
Association (DSA)

1005

956

49

414

515

-101

Interior Coast Range
Salt Brush Scrub (ICR)

2008

2820

-812

15031

15426

-395

Upper Sonoran Sub
Shrub Scrub (UPS)

8278

7187

1091

20400

20458

-58

Valley Sink Scrub (VSI)

52

15

37

-

-

-

Valley Saltbush Scrub Spiny Saltbush (VSS-SS)

141

2

139

360

6

354

Juniper Oak Woodland
(JOW)

1401

1025

376

14786

6111

8675

Juniper Woodland
(JWD)

7673

4998

2675

10821

12919

-2098

Tilled

1780

18

1762

-

-

-

Lake

-

-

-

-

-

-

Unvegetated

-

47

-47

-

113

-113

Chaparral groups not
mapped by CEC

-

138

-138

-

231

-231

Riparian/Wetland types
not mapped by CEC

-

248

-248

-

22

-22

Exotic Trees & Shrubs

-

-

-

-

7

-7
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The general grassland (or NNG-FALLOW) type had much higher acreage across the CNPS map with
35,622 more acres mapped than the CEC map. About half of this can be explained by the Tilled
vegetation type in the CEC map, covering about 18,000 more acres in the CEC map as compared to the
CNPS map. This likely means that some of the tilled areas have transitioned to natural or semi-natural
grasslands.
Juniper Oak Woodland (JOW), Upper Sonoran Sub Shrub Scrub (UPS), and Valley Sink Scrub (VSI) were
mapped at much higher acreages in the CEC map (1,541 acres, 4,077 acres, and 12,127 acres more
mapped in the CEC map, respectively). Across all but one of the sub-regions, herbaceous vegetation was
mapped at higher acreages in the CNPS map as compared to the CEC map. This can be explained by
acreages mapped as tilled in the CEC map for the South Carrizo Valley, Soda Lake, North Carrizo Valley,
Caliente Foothills (only in part), areas that, at the time of the CEC map, were still actively being dryland
farmed. Tilling does not explain large differences in mapped herbaceous vegetation between the CEC
and CNPS map in the Temblor, Caliente Mountains, and the Caliente Foothills. In these regions, there
are differences in the thousands of acres between the CNPS map and the CEC map, with the CEC map
consistently mapping less acreage of herbaceous vegetation. This could be due to replacement of these
types with grasslands over time, but through further investigation into sub-regional differences, it
appears in large part to be due to the smaller MMU and high resolution 2007 imagery, allowing the
CNPS map to tease out fine scale patterning between woodlands, shrublands, and grasslands.
Caliente Mountains
CNPS mapped 6,336 acres of herbaceous vegetation, falling within the NNG-Fallow type, while the CEC
map has 333 acres of this vegetation type (Table 3). Alternatively, the CEC map had many more acres of
JOW than the CNPS map, 14,786 and 6,111 acres respectively. Comparing the two maps within this
subregion, CNPS mapped NNG-FALLOW at a finer scale in JOW and JWD stands, and this likely accounts
for the discrepancy between the NNG-FALLOW and JOW types between the two maps. For example, on
the west slope of the Caliente Range on south-facing slopes, NNG-FALLOW is mapped to a finer scale.
The CEC map has huge swaths of the JOW and JWD, even where it is clear from the 1994 imagery in
Google Earth that the vegetation is herbaceous. Fine scale tree patterns are not captured by the CEC
map, which also accounts for the discrepancy in tree acreages between the two maps (Figure 3). In
addition, large swaths of the subregion are mapped as a single shrub type in the CEC map. For example,
within the large ICR polygon of the CEC map in this sub-region, the CNPS map depicts fine-scale tree and
shrub patterning. The shrubs types have similar acreages between the CEC and CNPS maps, but this is
not because they were mapped in the same areas. CNPS polygons are mapped to a much finer scale and
the sum of these polygons, while they are not aligned with the CEC polygons, are similar. If there has
been any type conversion from 1988 to 2007, it is on a small scale and does not account for much of the
discrepancy.
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Figure 3. Map of area CEC mapped as Juniper-Oak Woodland in the Caliente Mountains and fine scale patterning of
multiple vegetation types that the CNPS map delineated within that. Fine scale patterning that CNPS mapped may
explain much of the differences between the CEC and CNPS map. Abbreviations are as follows: Juniper Oak
Woodland (JOW), Juniper Woodland (JWD), Interior Coast Saltbush Scrub (ICR), Upper Sonoran Sub Shrub Scrub
(UPS), Diablan Sage Association (DSA), Non-Native Annual Grassland (NNG)

Caliente Foothills
The CEC map had much higher acreages of JWD than the CNPS map, 7,673 and 4,998 acres respectively.
Again, this difference appears to be due to the fine scale patterning the CNPS map delineated rather
than a type conversion to grassland or shrubland. Within the CEC mapped JWD polygons there is finescale tree, shrub, and herbaceous patterning of polygons delineated by CNPS (Figure 4). The CEC map
also has higher acreages of UPS and ICR than the CNPS map, and by visually assessing these large CEC
shrubland polygons, it appears CNPS mapped to a finer scale within these polygons as well. As an
example, Figure 5 shows one large UPS stand in the CEC map. Within this polygon, there are some CNPS
mapped UPS stands, but also a mix of JWD, JOW, and NNG-FALLOW, further explaining the
discrepancies in these types. In addition, CNPS mapped ICR and UPS at a finer scale among other shrub
types, often following aspect trends, whereas CEC mapped UPS with broader strokes, that did not
necessarily follow aspect.
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Temblor Range
CNPS mapped UPS and
NNG-FALLOW at much
higher acreages, and
JOW and JWD types
much lower than the
CEC map (Table 3).
Again, this can largely be
attributed to differences
in the scale of mapping
rather than a type
conversion from
woodland to shrubland
or grassland over the
last 30 years. CNPS
mapped NNG-FALLOW
at a much finer scale,
and it forms a pervasive
Figure 4. Within the CEC mapped Juniper-Oak Woodland (JWD) polygons in the Caliente Foothills there is fine-scale tree, shrub,
and herbaceous patterning of polygons delineated by CNPS. Abbreviations are as follows: Juniper Oak Woodland (JOW), Juniper
Woodland (JWD), Interior Coast Saltbush Scrub (ICR), Upper Sonoran Sub Shrub Scrub (UPS), Diablan Sage Association (DSA),
Non-Native Annual Grassland (NNG).

mosaic throughout most
CEC shrubland and
woodland types in this
subregion (Figure 6).
However, there are other
instances where CEC and
CNPS mapped woodland
stands differently in this
sub-region – CEC mapped
JWD where CNPS
mapped predominately
UPS. Reviewing google
imagery, it appears this
may be a difference in
imagery interpretation or
vegetation type rules,
rather than a type
Figure 5. For CEC mapped Upper Sonoran Sub Shrub Scrub (UPS) polygons in the Caliente Foothills, there are some CNPS mapped
UPS stands, but also a mix of Juniper Woodland (JWD), Juniper-Oak Woodland (JOW), and Non-Native Annual Grassland (NNGFALLOW), illustrating the fine scale patterning that CEC mapped. CNPS fine scale mapping explains much of the discrepancies
between the two maps. Abbreviations are as follows: Juniper Oak Woodland (JOW), Juniper Woodland (JWD), Interior Coast
Saltbush Scrub (ICR), Upper Sonoran Sub Shrub Scrub (UPS), Diablan Sage Association (DSA), Non-Native Annual Grassland (NNG).
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Figure 6. In the Temblor Mountains, polygons mapped as Interior Coast Saltbush Scrub (ICR) by CEC were mapped as Upper
Sonoran Sub Shrub Scrub (UPS) and Non-Native Annual Grassland (NNG-FALLOW) by CNPS. This is in part due to the mosaic of
herbaceous stands through this shrub type that the fine scale mapping of the CNPS map could tease out. Abbreviations are as
follows: Juniper Oak Woodland (JOW), Juniper Woodland (JWD), Interior Coast Saltbush Scrub (ICR), Upper Sonoran Sub Shrub
Scrub (UPS), Diablan Sage Association (DSA), Non-Native Annual Grassland (NNG).

conversion. Additionally, in polygons mapped as ICR by CEC, CNPS mapped UPS and NNG-FALLOW. This
is in part due to the mosaic of herbaceous stands through this shrub type that the fine scale mapping of
the CNPS map could tease out. The difference could also reflect the crosswalk decisions made in
assigning Ericameria linearifolia-Isomeris arborea and Eriogonum fasciculatum types to the UPS type, as
discussed above.

2.3 Discussion
Fine scale patterning of grassland, shrubland, and woodland appears to explain why herbaceous
vegetation had much higher acreages in the CNPS map than the CEC map. Much of the herbaceous
vegetation mapped in the CNPS map has a strong component of native species. Fine scale mapping using
the MCV alliance level can help direct future restoration actions to grasslands in CPNM that do not have
a high native species component. Moving forward, creating an updated vegetation map, utilizing CNPS
fine scale mapping techniques and the MCV classification, will give a clearer picture of type conversion
over the most recent 20 years.
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3. Restoration Monitoring
3.1 Methods
3.1.a Study area.
The study area for restoration monitoring was defined by herbaceous vegetation types mapped within
the 2007 Carrizo Plain National Monument vegetation map (Stout et al 2013) in the North Carrizo Valley
(Map 1). Sites occurred along the western toe-slopes of the Caliente range down to the valley floor
where tilling had occurred historically (Map 2). Restoration treatment areas were defined as areas
where a management treatment occurred within the last 15 years. Treatments included burning and
seeding and burning only, we also surveyed control areas where no activity occurred within the previous
15 years. These restoration treatment areas were delineated using historic reference data and in
conference with CPNM BLM staff. The study area overlapped with portions of five allotments in CPNM:
Goodwin Ranch, Painted Rock Ranch, Saucito Ranch, Washburn, and KCL Ranch, noted here to describe
regions of where plots occurred across the monument and later used to define localized areas where
vegetation patterns might differ and restoration efforts might be directed to.
Burned (B) treatments were burned or flamed; Burned & Seeded (BS) treatments were burned or
flamed followed by seeding treatments in the same year or within four years of burning. Within the BS
treatment, seeds were dispersed at variable density using a tractor or by hand and had variable species
content. See Table 7 in the Results section for a list of potential species used in the seeding treatments.
Control treatments were areas where management actions had not occurred within the last 15 years.
Outside of the defined treatment areas, previously established CNPS long-term monitoring (LTM) plots
were re-visited and sampled as reference plots to compare species composition and diversity of
treatment plots. LTM plots occurred outside the study area in non-tilled grasslands within CPNM along
the valley floor and the toe slopes of the Caliente Range within KCL Ranch, Soda Lake, Selby Rock
Exclosure, and the Ed Center regions.
3.1.b Sample point selection.
Previous vegetation monitoring in CPNM had been conducted by Caroline Christianson between 1997
and 2005 (Christianson et al 2008), referred to as CC plots throughout this text, and by CNPS between
2006 and 2016 (Stout et al 2013, Buck & Evens 2016). Because we had the potential to utilize previous
sampling to look at temporal differences in plant diversity and vegetation composition, we wanted to
resample established plots, if possible. Thus, we used a dataset of all previous sampling locations as well
as randomly generated points within each treatment area to select sampling locations for the 2019
effort. A stratified system of random sampling points was followed, such that, where possible, randomly
selected CC plots and CNPS plots were sampled preferentially in each treatment area before a new,
randomly generated sampling location was established.
3.1.c. Field Sampling and Vegetation.
Selected sample points within B, BS, and C treatment areas were navigated to using a high accuracy GPS
system. A 10m x 10m relevé plot was established, with the sample point location recorded in the SW
corner. Within the 100 m2 relevé plot, a standard CNPS/DFW relevé protocol (CNPS 2019) was followed
which included assessing absolute percent cover of all species detected. In addition, a 35cm X 70cm
Caroline Christiansen (CC) plot following the protocol utilized in Christian et al (2008) was nested at the
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Map 2.
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SW corner within the larger relevé. All species within this plot were noted and their corresponding
percent cover was estimated using the following cover classes (0-1%, 1-5%, 5-25%, 25-50%, 50-75%, 7595%, or 95-100%) and recorded as the midpoint value of that cover class. The revisited LTM plots
utilized the same CNPS/DFW relevé protocol as those established in the B, BS, and C treatment areas.
The B, BS, C treatment area plots and LTM plots were sampled across seven different regions. B, BS, and
C plots were sampled within the regions Goodwin Ranch, Painted Rock Ranch, Saucito Ranch, and
Washburn Ranch. LTM plots were sampled within the regions KCL Ranch, Soda Lake, Selby Rock
Exclosure, and Ed Center.

3.2 Analysis: Restoration effects on plant diversity and composition, regional determination of
plant diversity and composition, and vegetation composition change through time
Both regressions and multivariate analysis were utilized to determine potential restoration effects on
plant diversity and composition for relevé plots sampled in 2019 as well as to help direct locations of
future restoration actions. For regressions, species composition data was summarized into total percent
cover and total number of natives versus non-natives species per 100 m2 relevé plot sampled in 2019.
For multivariate analysis, raw species percent cover data was utilized from 100 m2 relevé plots sampled
in 2019.
To look at vegetation composition through time, the subset of CC plots sampled in 2019 were compared
to those same sample locations which were sampled between 1997-2005. Plots were compared utilizing
multivariate analysis.
3.2.a. Regression analysis on number and cover of native species by treatment and by region
Only B, BS, and C plots were used in regression analysis. LTM plots were not included as they were not
part of the initial sample design and not randomly selected. Species within each plot were assigned
‘Native’ or ‘Introduced’ based on CalFlora (2014). The number and total cover of native and introduced
vascular plant species were summed per plot for different analyses of response variables. The four
response variables examined were (1) the number of native and introduced species per plot, (2) the
ratio of the number of native species to the number of introduced species per plot, (3) the sum of
percent cover of native and introduced species per plot, and (4) the ratio of the sum of percent cover of
native to introduced species per plot. Predictor variables used were either Treatment (B, BS, or C) and
Nativity (Native or Introduced) to investigate treatment response or region (Goodwin Ranch, Painted
Rock Ranch, Saucito, and Washburn Ranch ) and Nativity (Native or Introduced) to determine if different
regions should be targeted for future restoration actions.
Response of percent cover of native and introduced plant species by plot to treatment. Percent cover
values were square root transformed to meet ANOVA assumptions of homogeneity of variance and
normal distribution of residuals. To investigate the treatment response of native and introduced species’
percent cover, a general linear model was constructed in the statistical programming software, R:
Model A: √𝑆𝑝𝑒𝑐𝑖𝑒𝑠 % 𝐶𝑜𝑣𝑒𝑟 = 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 + 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦 + 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 ∗ 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦,
where nativity reflects whether the species was native to the California flora or introduced, based on
determinations from CalFlora. From here forward, ‘Nativity’ in models is defined in the same way. The
ANOVA() function was used to test for significance of Treatment, Nativity and the interaction term, with
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a Type III sums of squares specified. A follow up contrast of treatments utilized emmeans() in R to
compare the response of species percent cover to the three different treatments, which utilizes the
Tukey correction for multiple comparisons.
Response of number of native and introduced plant species by plot to treatment. The number of
species (native and introduced) per plot were compared by treatment using a generalized linear model,
specifying a quasipoisson distribution and a log link, with the glm() function in the programming
software, R. The interaction term was insignificant and follow up likelihood ratio test between the
model with and without the interaction term showed the interaction term did not significantly improve
the model. The final model used to investigate treatment response of the number of native and
introduced plant species was the following:
Model B: 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 = 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 + 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦
𝐹𝑎𝑚𝑖𝑙𝑦 = 𝑞𝑢𝑎𝑠𝑖𝑝𝑜𝑖𝑠𝑠𝑜𝑛, log 𝑙𝑖𝑛𝑘
A follow up contrast of treatments utilized emmeans() in R to compare the response of species number
per plot to the three different treatments.
Response of ratio of introduced to native species counts and percent cover to treatment. For each
plot, the following ratios were calculated: (1) the ratio of the count of native to introduced species and
(2) the ratio of the total percent cover of native to introduced species. These ratios were used as two
different response variables for changes in diversity due to treatment type, such that values less than
one reflected a lower number or percent cover of native than non-native species within the plot and
values greater than one reflected a greater number or percent cover of native than non-native species
within the plot. To determine if treatment type influenced either the ratio of native and non-native
species counts or percent cover per plot, a linear model was constructed using the lm() function in
program R. No adjustments to the response variable were necessary as the assumptions of normal
distribution of residuals and homogeneity of variance was met. Type III SS was specified for both
models. The models for each response variable were as follows:
Model C: 𝑁𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑐𝑜𝑣𝑒𝑟 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡⁄𝑁𝑜𝑛 − 𝑛𝑎𝑡𝑖𝑣𝑒 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 𝑐𝑜𝑣𝑒𝑟 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 = 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
Model D: 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑎𝑡𝑖𝑣𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡⁄𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑜𝑛 − 𝑛𝑎𝑡𝑖𝑣𝑒 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 = 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡
Comparison of percent cover and count of native and introduced plant species by plot within region.
Five regions across the study area were compared across CPNM to locate potential areas that could
benefit from future restoration actions. These regions were defined as areas within the study area that
overlapped with five regions (Goodwin Ranch, Painted Rock Ranch, Saucito Ranch, and Washburn
Ranch). These regions are distinguished as Goodwin Ranch, Painted Rock Ranch, Saucito Ranch, and
Washburn Ranch (Map 2). To determine if any of these regions should be prioritized for restoration in
the future, two linear models were constructed with the following response variables: (1) percent cover
per plot and (2) total number of species per plot. Percent cover values were square root transformed to
meet ANOVA assumptions of homogeneity of variance and normal distribution of residuals. To
investigate the response of native and introduced species’ percent cover to treatment area within
region, the following linear model was constructed using the lm() function in the statistical programming
software, R:
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Model E: √𝑆𝑝𝑒𝑐𝑖𝑒𝑠 % 𝐶𝑜𝑣𝑒𝑟 = 𝑅𝑒𝑔𝑖𝑜𝑛 + 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦 + 𝑅𝑒𝑔𝑖𝑜𝑛 ∗ 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦
The anova() function in R was used to test for significance of Treatment, Nativity and the interaction
term, with a Type III sums of squares specified. The linear model distinguished the total percent cover of
native versus non-native species, as well as an interaction term between Treatment Area in Region and
Nativity to determine if the percent cover of native or non-native species was different between regions.
A follow up contrast of treatments utilized emmeans() in R to compare the response of species percent
cover to the four different regions.
The number of species (native and introduced) per plot were compared by treatment area within
regions using a generalized linear model, specifying a quasipoisson distribution and a log link, with the
glm() function in the programming software, R. The interaction term was insignificant and follow up
likelihood ratio test between the model with and without the interaction term showed the interaction
term did not significantly improve the model. The final model used to investigate the number of native
and introduced plant species in response to region was the following:
Model F: 𝐶𝑜𝑢𝑛𝑡 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑝𝑒𝑟 𝑝𝑙𝑜𝑡 = 𝑅𝑒𝑔𝑖𝑜𝑛 + 𝑁𝑎𝑡𝑖𝑣𝑖𝑡𝑦
𝐹𝑎𝑚𝑖𝑙𝑦 = 𝑞𝑢𝑎𝑠𝑖𝑝𝑜𝑖𝑠𝑠𝑜𝑛, log 𝑙𝑖𝑛𝑘
A follow up contrast of treatments utilized emmeans() in R to compare the response of species number
to the five different regions.
3.2.b Species composition analysis by Treatment and Region (ISA, MRPP, and NMS Ordination on 2019
data).
To compare plant species composition between treatment (B, BS, C, LTM) and region (Goodwin Ranch,
Painted Rock Ranch, Saucito Ranch, and Washburn Ranch), plant species cover data from the 2019
relevé plots was utilized to complete an NMS ordination using a Sorenson distance measure in the
program PC-Ord (McCune & Grace 2002). The r2 correlations of species with NMS ordination axes were
calculated and tested for significance to understand which species were influencing the distribution of
plots within ordination space. The plots were examined in ordination space to determine if there was a
clear grouping of plots by treatment or by region. Multi-Response Permutation Procedure (MRPP) with a
Sorenson distance measure was utilized to determine if species composition between treatments or
region differed significantly. Subsequent pairwise comparisons between treatments and between
regions was conducted and p-values were adjusted using the holm correction for multiple comparisons.
To determine how species composition might differ between treatment, indicator species analysis was
utilized (ISA) for treatment and region to determine if there were characteristic species in each of the
different treatments or regions. The ISA analysis utilized the method described by Dufrene and
Legendre (1997) which utilizes a species’ relative abundance and frequency within a group to assign an
indicator value from 1 to 100, where higher numbers indicate greater exclusivity of a that species to a
certain group. A p-test was utilized to determine which ISA values were significant within a group.
3.2.c Analysis: Vegetation Composition Change though time. NMS ord + cluster analysis of CC plot data
CC plot data was gathered by Caroline Christianson between 1997-2005. We revisited a sub-sample of
these plots that occurred within our study area. Each CC plot was not sampled at an equal frequency
within the 1997-2005 time frame. To investigate compositional differences between plots through time,
the CC plots were ordinated using NMS with a Sorenson distance measure. MRPP and ISA of species
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composition data by sampling year of CC Plot was conducted to determine if vegetation differed by year
and what species might be more associated with each sampling year. We also investigated vegetation
stability within CC plots by conducting an MRPP analysis of plots grouped by sampling location. As a
follow up to this analysis, in order to understand variability across plot species composition, we
conducted a hierarchical agglomerative cluster analysis to determine if species composition
similarity/dissimilarity between plots led to plots grouped by sampling location, regardless of time, or
grouped by year, regardless of sampling location.
To further investigate stability of vegetation in CC plots through time, a subset of data that maximized
the number of years and plots examined were selected (highlighted in orange in Table 13), was
ordinated using NMDS, and then graphed in ordination space with time series vectors. Vegetation
composition by year and sample location in this subset of data was compared using MRPP.

3.3 Results
A total of 46 plots were sampled in April of 2019 (Table 4). Eleven plots were sampled within the Burned
(B) treatment, 14 within the Burned + Seeded treatment (BS), 15 within the control treatment (C), and 6
long term monitoring plots (LTM) were resampled outside of the study area. The B, BS, C plots and LTM
plots were sampled across seven different regions. B, BS, and C plots were sampled within the sampling
regions Goodwin Ranch, Painted Rock Ranch, Saucito Ranch, and Washburn Ranch. LTM plots were
sampled within the sampling regions KCL Ranch, Soda Lake, Selby Rock Exclosure, and Ed Center.
Table 4. 2019 sampling locations and number of samples per treatment in CPNM.

Region

Treatment

Goodwin Ranch

Total
Burned
Burned + Seeded
Control
Total
Burned
Burned + Seeded
Control
Total
Burned
Burned + Seeded
Control
Total
Burned
Burned + Seeded
Control
LTM plots
LTM plots

Painted Rock

Saucito Ranch

Washburn Ranch

KCL Ranch
Soda Lake
Selby Rock
Exclosure
Ed Center

Number of
Samples/Region
16
4
7
5
13
4
5
4
4
2
0
2
7
1
2
4
2
2

LTM plots

1

LTM plots

1
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A total of 96 vascular plant species were detected across B, BS, C, and LTM plots, 73 were native species
and 23 were introduced species. Across all plots, we found a higher diversity of native versus non-native
plants. The number of introduced species per plot was lower than the number of native species per plot
across the B, BS, C, and LTM plots with averages for introduced species between 4 and 6 per plot and for
native species between 9 and 13 per plot (Table 5). This trend was also true for regions; the number of
native species detected within each region was greater than the number of introduced species (Table 6,
Figure 7).
Table 5. Average percent cover and species count of native and introduced plant species by treatment per plot. In addition, this
table includes the number of unique species encountered across all plots for native and introduced species by treatment.

Nativity

Treatment
B
BS
Introduced
C
LTM
B
BS
Native
C
LTM

Average
percent cover
of species ±
se
6.71 ± 0.13
6.71 ± 0.10
4.72 ± 0.07
3.90 ± 0.22
2.07 ± 0.04
2.40 ± 0.03
1.69 ± 0.02
1.99 ± 0.07

Average
species
count/plot
6±2
4±1
6±2
5±3
11 ± 4
9±2
13 ± 4
12 ± 5

Count of unique
species across plots
15
10
20
15
34
29
52
44

Table 6. Average percent cover and species count of native and introduced plant species by region per plot. In addition, this
table includes the number of unique species encountered across all plots for native and introduced species by region.

Nativity

Region
Goodwin Ranch
Painted Rock Ranch
Native
Saucito Ranch
Washburn Ranch
Goodwin Ranch
Painted Rock Ranch
Introduced
Saucito Ranch
Washburn Ranch

Average percent
cover of species
± se by region
and nativity
2.59 ± 0.03
1.88 ± 0.03
1.36 ± 0.05
1.42 ± 0.04
5.47 ± 0.07
7.01 ± 0.13
4.01 ± 0.18
6.31 ± 0.22

Average species
count/plot ± se
by region and
nativity
10 ± 0.10
9 ± 0.26
15 ± 0.71
12 ± 1.00
5 ± 0.09
5 ± 0.13
8 ± 0.41
5 ± 0.21

Total N of
unique species
within
treatment areas
35
28
32
36
11
14
12
13

A list of potential species used in seeding treatments (Table 7) compared against those detected in the
B, BS, C, or LTM plots showed that Atriplex polycarpa, A. spinifera, and Salvia carduacea were not
detected in any of the sampled plots. The boxplot in Figure 8 shows the distribution of these selected
species cover per treatment type. Many species on the list of the potentially seeded species were
detected within all treatment types. However, it is interesting to note that Eremalche parryi and
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n

Nativity
Introduced
Native
10

Species_cover

15

Nativity
Introduced
Native

10

5

0

Goodwin Ranch

LTM

Painted Rock

Goodwin Ranch

Saucito Ranch Washburn Ranch

LTM

Painted Rock

Saucito Ranch Washburn Ranch

Allotment
Region

Allotment
Region

Figure 7. Boxplots of distribution of number of species per plot per region (A) and the distribution of number of species per plot per region (B). The center line of each boxplot
represents the median, while the boundary of the box on either end represents the middle quartiles on either side of the median.
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Lepidium dictyotum were only detected in the LTM plots. Lasthenia gracilis, Monolopia lanceolata and
Lepidium nitidum appear to have a higher maximum cover in LTM plots as compared to the B, BS, and C
plots. Alternatively, it appears Trifolium gracilentum and Acmispon wrangelianus have higher maximum
covers across B, BS, and C plots as compared to LTM plots.
Table 7. List of potential species used for seeding treatment and whether they were detected in any of the B, BS, C, or LTM plots
Species Seeded
Atriplex polycarpa

Detected in
Plots?
N

Atriplex spinifera

N

Camissonia sp.

Y

Delphinium recurvatum

Y

Eremalche/Sidalcea parryi

Y

Lasthenia gracilis

Y

Layia glandulosa

Y

Layia platyglossa

Y

Lepidium nitidum

Y

Acmispon wrangelianus

Y

Lupinus bicolor

Y

Lupinus microcarpus

Y

Monolopia lanceolata

Y

Nassella cernua

Y

Phacelia ciliata

Y

Poa secunda

Y

Salvia carduacea

N

Trifolium gracilentum v. gracilentum

Y

Uropappus lindleyi

Y
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Figure 8. Boxplot of the distribution of species cover of seeded species detected in each plot by treatment type. The center of the
box is the average percent cover of species detected within plots by treatment.

3.4.a. Regression analysis on number and cover of native and introduced species by treatment and by
sampling region
Model A. The interaction term was not significant (F = 1.6279, df = 2, p = 0.197) , while both Treatment
(F = 194.10, df = 3, p < 0.001) and Nativity (F = 34.58, df = 1, p < 0.001) were significant predictors of
species percent cover. Thus, both native and introduced species percent cover responded in a similar
way to treatments. For that reason, subsequent comparisons between treatment types combined all
species (Native and Introduced). Subsequent estimated means comparisons utilizing Tukey HSD
corrections for multiple comparisons revealed the species percent cover was on average higher for
introduced species than native species (Contrast Estimate = 0.966 ± 0.101, p-value < 0.001), and percent
cover for both native and introduced species was higher in the BS treatment than the C treatment
(Contrast Estimate = 0.404 ± 0.119, p-value = 0.002) (Table 8). The difference between the BS and C
treatment averages reflected in the estimated mean comparison is based on log transformed data. Thus,
the estimate in Table 8 doesn’t show the magnitude of the difference between average percent cover of
species per plot within the BS and C treatments, just that that difference is significant. The original
averages of species percent cover were 3.66 ± 0.03 for the BS treatment, 2.65 ± 0.02 for the C
treatment, and 3.55 ± 0.04 for the B treatment. Based on this, we might conclude that, though there is a
significant difference in species cover between BS and C treatments, the magnitude of this difference is
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rather small. No other estimated means comparisons were significant. Thus, there was not a significant
difference in native or introduced species cover between the B and C treatments or the BS and B
treatments.
Table 8. Contrasts of Estimated Means from Model A for the average percent cover of species per plot comparing treatment
types and introduced versus native species.

Table 8. Comparisons of Estimated Means for Model A
Comparison
Estimate
SE
df
t ratio
p value
B - BS
-0.182
0.131 630 -1.393
0.3454
B-C
0.222
0.120 630 1.847
0.1553
BS - C
0.404
0.119 630 3.404
0.002
Introduced 0.966
0.101 630 9.602
< 0.001
Native
Model B. The interaction term was not significant (LR Chi-Square = 0.204, df = 2, p = 0.903), so treatment
type did not elicit a different response in native species than it did in introduced species. Nativity and
treatment were both significant predictors of number of species per plot (nativity: LR Chi-square =
100.348, df = 1, p < 0.001 and treatment: LR Chi-square = 17.289, df = 2, p <0.001). Subsequent
comparisons of estimated means showed that there was a significant difference in the counts of native
versus non-native species overall, native species having higher numbers in plots. There was also a
significant difference between the C and BS treatments, where the C treatment had higher numbers of
species overall than the BS treatment (Table 9).
This comparison in Table 9 represents the difference between the modeled estimated average number
of species per plot between each treatment and between introduced and native species. This is utilized
to compare the overall diversity of plants between treatments and the overall diversity of native versus
Table 9. Contrasts of Estimated Means from Model B for the number of species per plot comparing treatment types and
introduced versus native species.

Comparison of Estimated Means: Number of species per plot
Comparison
B - BS
B-C
BS - C

Estimate
0.176
-0.158
-0.333

SE
0.105
0.097
0.050

z value
1.678
-1.63
3.513

p value
0.213
0.232
0.001

Introduced - Native

-0.694

0.084

8.293

< 0.001

non-native species in plots regardless of treatment. Between the BS and C plots, there is a significant,
i.e. a non-zero, difference between the number of plants, but it is still less than one. So, we can interpret
this as on average, the model predicts that there is one less taxon of plant in BS plots than C plots.
Additionally, the model predicts that there will be one more native plant taxon in each plot than the
introduced taxa on average.
Model C & D. There was no significant change in the native to introduced species percent cover per plot
ratio (F = 0.511, df = 2, p = 0.604) or number per plot ratio (F = 0.205 df = 2, p = 0.816) due to treatment.
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This corroborates the finding that both native and non-native species are responding in a similar way to
treatment as models A and B have shown.
Model E. Sampling region and the interaction term between nativity and region were not significant
with F = 0.791 (p = 0.499) and F = 1.851 (p = 0.137) respectively. Thus, sampling region did not lead to
differences in percent cover of either native or not native species in sampled plots. The model did find
that introduced species percent cover was higher than native species percent cover (F = 87.178, p <
.001), regardless of sampling region, a trend found in all models that included a term that distinguished
native from introduced species.
Model F. The results of Model F showed that count of species per plot did differ for Saucito Ranch (t=
3.790, p < 0.001) and Goodwin Ranch (t = 22.985, p < 0.001) as compared to other regions. Subsequent
comparisons of estimated means between Saucito Ranch and other regions showed that Saucito Ranch
had a significantly higher number of plant species compared to all other sampling regions (Table 10).
The comparison values range from 0.480 to 0.338, so on average there was not quite one more plant in
Saucito Ranch plots than all other plots. Thus, while this difference is statistically significant, the actual
difference between the diversity of Saucito Ranch plots and other regional plots is relatively
inconsequential.
Table 10. Comparisons of Estimated Means from Model F for the number of species per plot comparing sampling regions. **p <
0.05, ***p < 0.001

Sampling Region Comparison
Goodwin Ranch – Painted Rock
Painted Rock - Washburn Ranch

Difference in model estimated
means (Model F)
0.087 ± 0.083
-0.142 ± 0.104

Goodwin Ranch - Washburn
Ranch
Saucito Ranch - Painted Rock

0.480 ± 0.109***

Saucito Ranch - Goodwin Ranch

0.393 ± 0.104***

Saucito Ranch - Washburn Ranch

0.338 ± 0.122**

-0.055 ± 0.099

3.4.b. Species composition analysis by Treatment and Sampling Region
2019 NMS ordination. For the multivariate analyses, one outlier plot from the LTM plots sampled in
2019 was removed. This was an LTM revisit and occurred within a plant community driven by saline soils
of the valley floor. As these species are extremely different from those that grow outside of highly saline
areas, it was removed from analysis. Relevés sampled in 2019, minus one outlier (n=45) were ordinated
utilizing an NMS ordination. A three-dimensional solution was selected (stress = 14.5, p = 0.02) as
additional axes did not greatly reduce stress. Plots in the ordination space were grouped by treatment
type and sampling region to look for clustering within groups. Treatment groups were scattered
throughout ordination space, not appearing to cluster together. However, plots did appear to cluster
together based on sampling region, especially plots sampled in Goodwin Ranch and Painted Rock Ranch
(Figure 9). These clusters appeared to be associated with higher abundances of Trifolium gracilentum
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(TRGR2) and Festuca myuros (FEMY2) in Goodwin Ranch and Erodium cicutarium (ERCI6) and Monolopia
lanceolata (MOLA3) in Painted Rock Ranch (see Fig 8).
Table 11. Species within each treatment group that had a significant indicator value from ISA. This analysis assigns a value from 1
to 100 such that a score of 100 for plant would mean that when the plant species occurs, it only occurs within that group.

Treatment

Species

Indicator Value
(IV)
52.4

p value

Treatment. 2019 MRPP and ISA
Malacothrix coulteri
0.003
analysis. The MRPP analysis
Trifolium
gracilentum
31.2
0.014
utilized n=45 plots, with one
LTM
Monolopia stricta
33.3
0.024
outlier plot removed from the LTM
Plantago erecta
16.5
0.1
plots. MRPP did not detect a
difference of species composition
C
Castilleja exserta
51
0.078
between treatment types as
Erodium cicutarium*
35.8
0.054
B
chance corrected within-group
Caulanthus lasiophyllus
39.3
0.085
agreement was less than zero (A =
Poa secunda
52.4
0.009
BS
-0.003, p = 0.50). Because
Astragalus didymocarpus
45.2
0.052
regression analysis determined
that BS treatment plot species percent cover and diversity differed from Control treatment plots, we did
continue with ISA analysis, regardless of the lack of results with MRPP to get an idea of how composition
might be different within BS plots from other plots. ISA did determine distinct species between
treatment type (Table 11). However, given the lack of homogeneity of species composition within
treatment types, this result should be treated with caution. For BS plots, Poa secunda and Astragalus
didymocarpus were determined to be indicator species, IV = 52.4 (p = 0.009) and 45.2 respectively (p =
0.052), 100 being the highest potential IV for species fidelity and exclusivity within a certain group.
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Axis 3

2019 NMS ord with outlier CO508E removed
PastChr
1
2
3
4
5
6
7
8

MOLA3

Axis 1
FEMY2
ERCI6
TRGR2

Figure 9. NMS ordination plots of 2019 relevé plot data with one outlier LTM plot removed grouped by sampling region. Two sampling regions, Painted Rock Ranch and Goodwin Ranch appear to
separate out floristically by high covers of Festuca myuros and Trifolium gracilentum at Goodwin Ranch and high covers of Monolopia lanceolata and Erodium cicutarium at Painted Rock Ranch.
Arrows reflect species correlations with axes and the relative magnitude of that correlation such that longer arrows reflect a stronger correlation. Abbreviations are the following: MOLA3:
Monolopia lanceolata, FEMY2 = Festuca myuros, ERCI6 = Erodium cicutarium, TRGR2 = Trifolium gracilentum.
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2019 MRPP and ISA analysis by Region. Between group comparisons utilizing MRPP can only be
conducted where the number of samples within each group is > 2. Thus, ISA was completed for plots
within the following regions: Saucito Ranch, Painted Rock, Washburn Ranch, and Goodwin Ranch. The
other four regions had low sample sizes. This excluded all LTM plots (n=6) from this analysis, but all C, B,
and BS treatment plots were retained (n = 40). Across the regions, chance corrected within-group
agreement was low but still greater than 0 (A= 0.08). At A = 0 zero, heterogeneity found within a group
Table 12. Species within each sampling region group that had a significant indicator value from ISA. This analysis assigns a value
from 1 to 100 such that a score of 100 for plant would mean that when the plant species occurs, it only occurs within that group.

is equal to that expected by
Sampling
Indicator
chance. Subsequent pairwise
Region
Species
Value
p-value
comparisons between all
Castilleja attenuata
59.6
0.058
Goodwin
regions with Holm corrections
Festuca myuros*
54
0.005
Ranch
for multiple comparisons
Trifolium albopurpureum
48
0.088
showed that species
Painted
Astragalus didymocarpus
47.4
0.099
Rock
composition of plots sampled
Phacelia ciliata
40.9
0.073
Ranch
in Goodwin Ranch differed
Sisymbrium altissimum*
75
0.005
from plots sampled in two
Plagiobothrys canescens
73.8
0.019
other regions, Washburn
Amsinckia menziesii
72.4
0.005
Ranch (p = 0.006) and Painted
Uropappus lindleyi
58.9
0.02
Rock Ranch (p < 0.001) at
alpha = 0.05. For all other
Descurainia sophia*
56.8
0.037
Saucito
regions, species composition
Schismus barbatus*
49.2
0.015
Ranch
was not significantly different
Microseris douglasii
44.4
0.02
at alpha = 0.05. ISA was
Lupinus bicolor
43.7
0.031
utilized to determine what
Centaurea melitensis*
43.3
0.029
species might be driving
Pectocarya penicillata
44.4
0.088
differences between Goodwin
Layia platyglossa
50.7
0.089
Ranch and those of Painted
Rock Ranch and Washburn. Indicator species for Goodwin Ranch included Castilleja attenuata, Festuca
myuros, and Trifolium albopurpureum (Table 12). The ISA did not reveal any significant indicator species
for Washburn Ranch.
3.4.c. Vegetation composition change though time: NMS ord, time vector, and cluster analysis of CC plot
data
A total of 17 CC plots were re-sampled in 2019 within the Washburn Ranch, Goodwin Ranch, Painted
Rock Ranch, and Saucito Ranch regions. Not all pre-2019 CC plots were sampled during the same years,
neither were they sampled with the same frequency pre-2019. A total of 51 plots were utilized for
analysis, representing a different number of resamples and different years resampled of the 17 CC plots
(Table 13).
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Table 13. Sampling year and frequency for all the re-sampled, previously established CC plots. To further investigate stability of
vegetation in CC plots through time, a subset of data that maximized the number of years and plots examined were selected.
These selected plots are highlighted in orange.

Region

CC Plot

Goodwin Ranch

1997

1998

2000

2001

2002

2003

2004

2005

2019

CARR6700

x

x

x

x

B

Washburn Ranch

CARR6701

x

x

x

x

BS

Painted Rock Ranch

CARR6702

x

x

x

B

Goodwin Ranch

CARR6708

Goodwin Ranch

CARR6710

Goodwin Ranch

CARR6711

Goodwin Ranch

CARR6712

X

Painted Rock Ranch

CARR6717

X

Goodwin Ranch

CARR6720

x

B

Goodwin Ranch

CARR6721

x

C

Goodwin Ranch

CARR6722

x

x

Washburn Ranch

CARR6723

x

x

Goodwin Ranch

CARR6727

Saucito Ranch

CARR6728

Goodwin Ranch

CARR6734

Goodwin Ranch

CARR6735

x
X

BS

x

C
x

BS
B

x

BS

x

x

B

x

BS

X

BS
x

C

x

BS
x

x

x

BS

All CC plots. The NMS ordination of the 51 CC plots resulted in a 3-dimensional solution (Stress = 14.5, p
= 0.02). Year and sampling location groupings were mapped onto plots in the ordination space to look
for clustering patterns. Sampling location did not appear to lead to clustering of plots in the ordination
space. The hierarchical agglomerative cluster analysis showed similar results, with plots not appearing to
group by sampling location, meaning species composition tended to be highly variable in composition at
each sample plot from year to year. Those year to year differences did appear to drive clustering of
some plots by year within ordination space as well as within the cluster analysis, particularly plots
sampled in 2000, 2001, 2003, and 2019. Thus, regardless of location, vegetation of plots was often
similar due to the year of sampling yet changed year to year.
r2 correlations generated between species and the ordination axes at a cutoff of r2 ≥ 0.15 showed that
Festuca myuros, Trifolium albopurpureum, Trifolium gracilentum, and Erodium cicutarium were
correlated with Axis 1; Erodium cicutarium, Hordeum murinum, and Bromus madritensis ssp. rubens
were correlated with Axis 2; and Erodium cicutarium, Year, Lactuca serriola, and Bromus hordeaceus
were correlated with Axis 3. Many CC plots sampled in 2019 and 2005, appear to cluster together in
regions of ordination space associated with an increased abundance of Trifolium gracilentum, Trifolium
albopurpureum, and Festuca myuros. CC plots sampled in 2000 & 2001 appear in the ordination space
associated with increasing abundance of Bromus hordeaceus and Erodium cicutarium.
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Table 14. CC plot species within each year that had a significant indicator value from ISA. This analysis assigns a value from 1 to
100 such that a score of 100 for plant would mean that when the plant species occurs, it only occurs within that group

MRPP analysis of 51 CC plots by
year showed that chance corrected
within-group agreement was A =
0.17, p = 0.0002. As this number is
> 0, species composition does differ
significantly by year as vegetation
composition is relatively more
similar within year than would be
expected by chance. Subsequent
ISA found statistically significant
indicator species for the years
1997, 1998, 2001, 2005, and 2019
(Table 14). Similar species show up
in this ISA analysis as those
correlated with the NMS ordination axes, but the relative indistinctness of the vegetation across many
of the years leads to low and somewhat confusing indicator species for each year. For example,
Trifolium gracilentum and Festuca myuros seemed to be driving the grouping of plots sampled in 2005
and 2019, yet the highest ISA value determined for these two species was for the year 2005. As another
example, 2001 plots have a widely scattered distribution in ordination space, but it appears a 2001 plot
with high cover of Trifolium albopurpureum drove it to be selected as an indicator species for the 2001
plots, even though in ordination space it appears more important to the 2005 and 2019 plots. Indicator
values, which occur on a scale from 1 to 100 with 100 being unique only to the plots within the analyzed
group, were relatively low over all except for Lactuca serriola in 1997 and Croton setigera in 1998 (Table
14).
Species
Year
Indicator Value
1997
86.1**
Lactuca serriola*
1998
75**
Croton setigerus
1998
50*
Uropappus lindleyi
1998
50*
Castilleja brevistyla
1998
46.2*
Bromus diandrus*
1998
41.4*
Avena fatua*
1998
34.5~
Castilleja exserta
2001
39.4~
Trifolium albopurpureum
2005
45.3*
Festuca myuros*
2005
37.3~
Trifolium gracilentum
2019
47.1*
Lasthenia gracilis
**p<0.01, *p<0.05, ~p<0.10

CC plot Subset. We also investigated vegetation stability within CC plots by conducting an MRPP analysis
of plots grouped by sampling location, this analysis showed that plots were not more like each other
than could be explained by chance (A = -0.09, p = 0.95). This pattern was visible in the ordination of the
CC plot data displayed by sampling location as well. Sampling locations did not appear together, rather
they tended to be dispersed across the ordination space. This subset of data reflects that of the larger
dataset; vegetation at a single sampling location can be highly variable year to year and vegetation is
often similar across plots within a particular year.
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Axis 3

CC NMS Ord
Year
YearChar
1997
1998
2000
2001
2002
2003
2004
2005
2019

Year

TRGR2
TRAL5

FEMY2

Axis 1

LASE
BRHO2
ERCI6

Festuca myuros
Trifolium
albopurpureum
Trifolium gracilentum
Erodium cicutarium
Bromus madritensis ssp.
rubens
Hordeum murinum
Year
Lactuca serriola
Bromus hordeaceus

1
0.53

Axis r2
2
0.04

3
0.02

0.35
0.25
0.24

0.00
0.14
0.38

0.01
0.13
0.30

0.06
0.01
0.05
0.04
0.04

0.29
0.17
-0.07
0.06
0.01

0.01
0.02
0.30
0.15
0.26

Figure 10 and Table 15. Joint plot of NMS ordination of CC plots, color coded by
year. Arrows reflect species correlations with axes and the relative magnitude
of that correlation such that longer arrows reflect a stronger correlation. CC
plots appear cluster together, meaning have a similar vegetation composition,
for the years 2000, 2001, 2003, and 2019. The similarity between 2019 plots
appears to by higher cover of Trifolium gracilentum, Festuca myuros, and
Trifolium albopurpureum. While the similarity between the 200, 2001, and 2003
plots appears to be driven by high cover of Erodium cicutarium. The associated
table shows the r2 correlation values of the species with each access that the
arrows represent. The r2 correlation values are on a scale of 0 to 1, with one
being the strongest correlation a plant species can have with an axis.
Abbreviations are the following: MOLA3: Monolopia lanceolata, FEMY2 =
Festuca myuros, ERCI6 = Erodium cicutarium, TRGR2 = Trifolium gracilentum.
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3.4 Discussion
Native and introduced plant species responded similarly to the different treatment types: all treatment
and LTM plots had a greater diversity of native species than introduced species, though overall
introduced species had higher cover than native species in plots. The BS treatment plots had higher
cover of introduced plant species and less diversity than the C plots. Species composition tended to be
highly variable from year to year, as plots tended to group together by year rather than by treatment.
Finally, the regions Goodwin Ranch, Painted Rock Ranch, and Washburn Ranch had lower plant diversity
(including native and introduced species) than Saucito Ranch.
It is important to note the caveat that the restoration actions studied occurred 8 to 13 years ago, which
may have made initial responses of plant species diversity and percent cover undetectable. In addition,
the treatments themselves were not standardized, with different seed mixes utilized in different areas
and both flaming and burning techniques utilized.
Our study found that the Burned and Seeded plots had significantly denser vegetation and less species
per plot when compared to control plots. This is opposite to the expected effect of the BS treatment, as
the addition of native seeds is expected to increase native diversity. Indeed, a restoration study within
perennial grasslands of Eastern Colorado showed that high seeding density and a diverse seed mix
increased seeded species survival success (Barr et al 2017). There was no difference in either response
variable between Burned and Control plots, which suggests that seeding led to lower native diversity.
However, it is more likely that this result is an artifact of the distribution of samples rather than seeding
leading to lowered diversity. Note that the bulk of our BS sample plots (12 out of 14) were located in
Goodwin Ranch and Painted Rock Ranch sampling areas and that no BS samples were taken at Saucito
Ranch sampling area, while 2 out of 11 burned treatment plots and 2 out of 15 control treatment plots
were sampled within Saucito Ranch. Goodwin Ranch and Painted Rock both had lower plant diversity in
all plots sampled than those in Saucito Ranch. Thus, the lower diversity we detected in BS plots was
likely a result of the lack of BS plots in this more diverse sampling region.
It is also important to note that after this study had been conducted and the data analyzed, we were
unable to confirm whether the 2006 Goodwin Ranch burn treatment within our study area had been
implemented to the full extent that the geospatial data supplied indicated. As a result, this calls into
question the data obtained by five of our BS treatment plots (which may have been seeded only in 2006
and subsequently in 2010) and three of our Burn treatment plots in the Goodwin Ranch region (which
may have not had the burn treatment in 2006).
Another expected outcome of a successful seeding treatment would be that seeded species survived
and proliferated. This study can only approach this question descriptively through the ISA analysis of the
2019 relevé plots by treatment. This analysis indicated that Poa secunda and Astragalus didymocarpus,
both potentially seeded species, were more associated with BS plots than other treatments. Poa
secunda is a potential seeded species, so, utilizing a BS treatment to establish Poa secunda may be
something to investigate in the future with experimentation.
The similarity between B and C treatments and the relatively high diversity of native species within all
plots, especially in relation to the LTM plots visited as a reference for diversity, show that there is an
existing source of native annuals in CPNM within and surrounding historically cultivated areas, where
restoration activities have historically been focused. In fact, an examination of the frequency of species
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within the restoration treatment plots and the LTM plots shows there is already a large overlap of native
species that occur in both locations. These include Astragalus didymocarpus, Caulanthus lasiophyllus,
Festuca microstachys, Lasthenia gracilis, Monolopia lanceolata, Poa secunda, Trifolium albopurpureum,
and T. gracilentum. Many of these species were used in the seeding treatments because they are
already locally abundant within CPNM (correspondence with BLM staff). Thus, seeding as a treatment
may be more useful for a targeted goal, such as increasing the distribution of a certain species, rather
than as a tool to increase diversity.
Plots were highly variable in composition from year to year. This makes long term monitoring within
restoration areas and grasslands extremely important as trends of decreasing or increasing plant
diversity will be difficult to disentangle without understanding and considering temporal response to
climate.
The location of the plot within region, be it the 2019 relevés or the CC plots, influenced species
composition and diversity. We detected slightly higher diversity in Saucito Ranch plots than other
regions, but overall, diversity across the region was relatively similar. Interestingly, while Saucito Ranch
was a more diverse region, the MRPP analysis showed that it was Goodwin Ranch that differed
compositionally to other regions, not Saucito Ranch. Plots tended to cluster by region in the NMS
ordination and the Goodwin Ranch region appeared to have differently composed plant communities
than other regions with indicator species of Castilleja attenuata, Festuca myuros, and Trifolium
albopurpureum. Regional differences between species composition and diversity may be a result of the
range of elevation and topography captured by where we sampled in each region, soil and/or
microclimatic differences, or lingering historical management effects still detectable within the regions
but isn’t answerable with the data collected for this report.

4. Monitoring and Restoration Recommendations
4.1 Study design
CNPS recommends the use of a documented study design to monitor future restoration action efficacy.
Baseline data is critical, so future restoration areas should be sampled before any planned work to
understand existing conditions. Detailed information about seeding treatments should be noted if
seeding treatments will be different from site to site and should be determined by the restoration goals
(see Appendix B as an example of potential data to consider noting for seeding treatments).
The existing LTM and CC sampling locations offer an extremely useful tool for larger scale investigation
of plant change over time. This baseline data can be particularly useful in detecting long term trends and
determining when management action may be necessary to conserve the amazing plant diversity of
CPNM. CNPS recommends continued sampling of LTM plots and an additional effort to revisit CC plots to
detect any long-term change in vegetation within grasslands in CPNM.
The CEC map comparison to the CNPS map clearly showed the benefits of fine scale mapping for
monitoring major vegetation change across CPNM. The large MMU and broad vegetation classification
of the CEC map made it difficult to detect shifts in vegetation through time. Moving forward, CNPS
recommends re- mapping at a fine-scale across CPNM utilizing the state-standard MMU and
classification, which allows a clearer picture of major lifeform and alliance shifts in grassland, shrubland,
and woodland vegetation over time.
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4.2 Future restoration recommendations
The RMP notes that fire may have not played a large role in structuring plant communities within the
valley and surrounding scrub-shrub communities, but that it may be a useful tool in reducing non-native
cover and potentially increasing native cover. In general, across California grasslands, fire has been
shown to temporarily increase native species cover and to have no effect or increase cover of
introduced species (D’Antonio et al 2002). This reflects our findings as well, but continued study will be
necessary to understand its role in plant diversity at CPNM. There may be other beneficial reasons to
consider fire as a management tool, for example to improve wildlife habitat, which may not be in
conflict with the goal of plant diversity, as this study found that burn only treatments do not negatively
affect plant species diversity.
Future restoration locations should focus on targeted weed removal and specific native species CPNM
wishes to proliferate. As stated previously, there is a large native seed set in CPNM that appears to have
effectively reseeded tilled areas in CPNM. However, the areas surveyed within this study did not include
a seeding only treatment, so we don’t know the effectiveness of seeding itself on increasing diversity.
We would recommend pre- and post-monitoring for future seeding treatment to better determine
seeding treatment effectiveness. Seeding can be a costly effort, so it would be useful to know if it brings
about the desired outcome.
We utilized a small set of LTM plots as a reference condition to compare diversity of restoration areas to
grasslands within CPNM that had not been tilled. These LTM plots can help define restoration goals and
measure restoration success. Even with this small LTM sample size, we can see there is a large overlap of
plant species, both native and introduced between tilled and untilled areas. The diversity of natives in all
treatment and LTM plots implies that seeding to increase diversity may not be necessary within tilled
regions of CPNM, as the existing seed set and diversity of natives has allowed for passive restoration of
native plant diversity within the sample area.
Given the similarities of native species across the regions, even in comparison to reference LTM sites, it
is recommended that a targeted approach based on proliferating or expanding the current distribution
of a desired species may be a useful goal, better direct restoration locations, and provide a clear metric
of successful restoration. For example, from the CPNM management plan, increasing the frequency of
Atriplex polycarpa is a desired outcome of restoration. None of the plots within seeded treatments
detected Atriplex polycarpa. It is recommended that, if this continues to be a restoration goal for CPNM,
restoration techniques specifically designed for Atriplex polycarpa should be employed, in addition to
selecting areas within CPNM that are likely to lead to establishment based on habitat suitability.
CPNM land managers do believe that portions of tilled lands were formerly Upper Sonoran subshrub
scrub and Interior Coast Saltbush Scrub, from the BLM RMP:
“Upper Sonoran subshrub scrub is the most common shrub vegetation on the Monument. It is
especially well-developed on the arid, moderate to steep ridges of the southern flanks of the
central Temblor Mountains and in the foothills of the southern Caliente Mountains. The
community also appears in small pockets along the northern foothills of the upper Caliente
Range, where it may have been more extensive prior to conversion of the area to agriculture…
As
is the situation with the upper Sonoran subshrub scrub community, conversion of the northern
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Caliente foothills to cultivated fields probably eliminated stands of interior Coast Range saltbush
scrub vegetation” (CPNM RMP 2010)
Given the mosaic of shrublands and grasslands mapped outside of tilled areas, likely not all of the tilled
areas along the eastern slope of the Calientes were shrublands, but should CPNM wish to expand certain
shrub species, careful understanding of these shrubs’ habitat preferences and life histories should be
utilized to drive the location and methods for planting. For Atriplex polycarpa, it might be useful to
expand existing populations along the toe slopes of the Caliente Foothills that are adjacent to tilled
lands. The LTM plots could be an excellent resource for determining what additional plant species may
be desired in restoration areas, although soil type and salinity should be considered carefully to ensure
that species are seeded in locations appropriate for their physiological needs.
In addition, given the ubiquity of certain non-native annual species, it is important to define non-native
plant species that are specific targets for restoration activities. This is a recommendation to help direct
locations to focus restoration. Brassica nigra is an invasive species detected at low frequency within this
study and it was found in two sample plots in the Ranch pasture within the Painted Rock region. Given
its relatively limited distribution, its
limited population could be easily
targeted for removal, with restoration
activities specifically designed for
Brassica nigra eradication. Depending
on the population size, hand pulling
Brassica nigra before it has set seed
has been shown to deplete the seed
bank over time (Weed Control in
Natural Areas in the Western United
States).
Centaurea melitensis, another
invasive weed, was found at low levels
in three sample plots in the study
area, one in the Ranch pasture
(Painted Rock region) and two in the
Sheep Camp pasture (Saucito Ranch
Figure 11. Map of ruderal grasslands (>80% cover of non-native grasses) within region). These populations may be
CPNM. CNPS also recommends targeting the 377 acres of Ruderal Annual
small enough to target and prevent
Grassland mapped by the CNPS 2007 map for future restoration actions.
future spread within CPNM.
Alternatively, Festuca myuros was identified as a significant indicator species for Goodwin Ranch region
in 2019. This ubiquitous species is found throughout CPNM and likely not worth targeting for restoration
actions. CNPS recommends targeting the 377 acres of Ruderal Annual Grassland mapped by the CNPS
2007 map for future restoration actions (Figure 11). This vegetation type has low diversity and has
greater than 99% relative cover of non-native plant species. Given the high diversity CPNM already
supports, despite high cover of non-native species, these would be excellent areas to target to promote
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overall diversity of native species. In this instance, fire or seeding may be a useful tool combined with
targeted pre- and post-monitoring.
Continued pre- and post- monitoring of restoration activities as well as landscape level monitoring
through vegetation mapping will allow for fine-tuning of restoration techniques and adaptive
management. This monitoring program will promote well informed future land management decisions
that are targeted and efficient.
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Appendix A. Conceptual Crosswalk
CEC Veg Type

Carrizo Map Macrogroup

Carrizo Map Alliance

DSA - Diablan Sage Association

California Coastal Scrub
California Coastal Scrub
California Coastal Scrub
California Coastal Scrub
California Coastal Scrub

Artemisia californica
Salvia mellifera
Artemisia californica - Eriogonum fasciculatum
Lupinus albifrons
Salvia leucophylla

ICR - Interior Coast Range Saltbush Scrub

Great Basin Saltbrush Scrub Macrogroup
Great Basin Saltbrush Scrub Macrogroup
California Coastal Scrub
Mojave-Sonoran Semi-Desert Scrub
California Coastal Scrub
Cool (and Warm) Semi-Desert Alkaline-Saline Wetland

Atriplex polycarpa (1)
Atriplex canescens (1)
Eriogonum fasciculatum (1)
Krascheninnikovia lanata
Ericameria linearifolia - Isomeris arborea (1)
Atriplex spinifera (1)

UPS Upper Sonoran Sub Shrub Scrub

North American Warm-Desert Xero-Riparian
California Coastal Scrub
California Coastal Scrub
California Coastal Scrub
Mojave-Sonoran Semi-Desert Scrub
Inter-Mountain Dry Shrubland and Grassland

Ephedra californica
Ericameria linearifolia - Isomeris arborea (2)
Gutierrezia californica
Eriogonum fasciculatum (2)
Ephedra viridis
Lycium andersonii

VSS - Valley Saltbush Scrub

Cool (and Warm) Semi-Desert Alkaline-Saline Wetland
Great Basin Saltbrush Scrub Macrogroup
Great Basin Saltbrush Scrub Macrogroup

Atriplex spinifera (2)
Atriplex polycarpa (2)
Atriplex canescens (2)

SS- Spiny Saltbush

Cool (and Warm) Semi-Desert Alkaline-Saline Wetland

Atriplex spinifera (3)

JOW - Juniper Oak Woodland

California Forest and Woodland
California Forest and Woodland
Warm Interior Chaparral

Quercus douglasii
Juniperus californica (1)
Quercus john-tuckeri

JWD Juniper Woodland

California Forest and Woodland

Juniperus californica (2)

NNG - Non Native Grasses

California Annual and Perennial Grassland
California Annual and Perennial Grassland
California Annual and Perennial Grassland
California Ruderal Grassland & Meadow
California Annual and Perennial Grassland
Western North American Temperate Grassland and Meadow
California annual and Perennial Grassland
California annual and Perennial Grassland
California Annual & Perennial Grassland Macrogroup
California Annual and Perennial Grassland
Cool (and Warm) Semi-Desert/Mediterranean Alkali-Saline Wetland

Amsinckia (menziesii, tessellata)
Nassella cernua Provisional
Lasthenia californica - Plantago erecta - Vulpia microstachys
(only mapped to macrogroup)
(only mapped to macrogroup)
Poa secunda
Corethrogyne filaginifolia Provisional
Eriogonum (elongatum, nudum)
Salvia carduacea Provisional
Monolopia (lanceolata)-Coreopsis (calliopsidea)
Leymus triticoides

TILLED - Land that was tilled 1986-87

Other types

Agriculture (1)

FALLOW - Tilled

Other types
California Annual and Perennial Grassland
California Annual and Perennial Grassland
California Annual and Perennial Grassland
California Ruderal Grassland & Meadow
California Annual and Perennial Grassland

Agriculture (2)
Amsinckia (menziesii, tessellata)
Nassella cernua Provisional
Lasthenia californica - Plantago erecta - Vulpia microstachys
(only mapped to macrogroup)
(only mapped to macrogroup)
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CEC Veg Type

Carrizo Map Macrogroup

Carrizo Map Alliance

FALLOW - Tilled (Continued)

Western North American Temperate Grassland and Meadow
California annual and Perennial Grassland
California annual and Perennial Grassland
California Annual & Perennial Grassland Macrogroup
California Annual and Perennial Grassland
Cool (and Warm) Semi-Desert/Mediterranean Alkali-Saline Wetland

Poa secunda
Corethrogyne filaginifolia Provisional
Eriogonum (elongatum, nudum)
Salvia carduacea Provisional
Monolopia (lanceolata)-Coreopsis (calliopsidea)
Leymus triticoides

VSI - Valley Sink Scrub

Cool (and Warm) Semi-Desert/Mediterranean Alkali-Saline Wetland
Cool (and Warm) Semi-Desert/Mediterranean Alkali-Saline Wetland
Cool (and Warm) Semi-Desert/Mediterranean Alkali-Saline Wetland
Warm Semi-Desert/Mediterranean Alkali-Saline Wetland
Western North American Vernal Pool
California coastal scrub

Allenrolfea occidentalis
Suaeda moquinii
Distichlis spicata
Frankenia salina
Atriplex vallicola - Lasthenia ferrisiae - Lepidium jaredii Association
Isocoma acradenia Provisional

LAKE - Soda Lake

Unvegetated

Playa

NS - Not Surveyed

****Does not correspond to any CNPS type; removed from AOI

UNLABELED

****Does not correspond to any CNPS type; removed from AOI

Riparian/Wetland types not mapped by CEC

North American Warm-Desert Xero-Riparian
North American Warm-Desert Xero-Riparian
North American Warm-Desert Xero-Riparian
Southwestern North American Riparian, Flooded and Swamp Forest
Southwestern North American Riparian, Flooded and Swamp Forest
Southwestern North American Riparian, Flooded and Swamp Forest
Warm Desert Freshwater Shrubland, Meadow and Marsh
Warm Desert Freshwater Shrubland, Meadow and Marsh
Warm Desert Freshwater Shrubland, Meadow and Marsh
Western North American Temperate Lowland Wet Shrubland, Wet Meadow & Marsh
Western North American Temperate Lowland Wet Shrubland, Wet Meadow & Marsh

Prunus fasciculata
Lepidospartum squamatum
Ambrosia salsola
Salix laevigata
Populus fremontii
Tamarix
Forestiera pubescens
Baccharis salicifolia
Pluchea sericea
Schoenoplectus americanus
Juncus arcticus (var. balticus, mexicanus)

Chaparral groups not mapped by CEC

California Chaparral
Northern Rocky Mountain-Vancouverian Montane & Foothill Grassland & Shrubland
Great Basin & Intermountain Dry Shrubland

Arctostaphylos glauca
Ribes quercetorum Provisional
Ericameria nauseosa

Other Types not mapped by CEC

Unvegetated
Unvegetated
Unvegetated
Unvegetated

River & Lacustrine Flats & Streambeds
Cliffs & Rock Outcrops
Developed
Unvegetated
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Appendix B
Seeding treatment data collection needs:
Date

Species

PLS (Pure live
seed:
percentage of
actual seed by
weight)

Rate of
application

Bag
Weight

Portion of bag used
(hand)/ Volume of
bin filled with
species seed

Size of bin

Area treated**

**Include
georeferenced file
Date

Area treated
(Georeferenced file
name)

Burn
treatment
notes
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