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ABSTRACT 

 
Conservation and restoration of California’s semi-arid river corridors pose daunting challenges, particularly in light of 

increasing human demands for water and land coupled with global climate change and the increasing threat from non-native 
invasive plant species. Vegetation classification and mapping provide an important foundation for integrative planning to 
conserve and restore these dynamic riparian systems. Using riparian vegetation studies conducted for the California Coastal 
Conservancy’s Santa Clara River Parkway Project (Ventura County, CA) as a case study, we discuss how rapid field-based 
vegetation surveys and mapping can be coupled with studies of the hydrogeomorphic processes that shape these systems, 
including large El Niño flood events, to improve our understanding of the key drivers affecting riparian vegetation dynamics. On 
the Santa Clara River, we found that, although the river still has high conservation value and is less impacted than most other 
lowland alluvial rivers in Southern California, the extent of riparian vegetation has been dramatically reduced by levees and 
floodplain development; that large areas of native riparian vegetation have been replaced by invasive, non-native species; and 
that the distribution and abundance of riparian vegetation types varies with longitudinal position (river reach). This level of 
understanding is essential if we are to develop successful, cost-effective strategies for restoring rivers to more naturally 
functioning systems that provide ecosystem and societal benefits while remaining resilient to altered conditions that will 
inevitably occur as a result of local, regional and global change. 
 
Key words: alluvial scrub, Arundo, California, classification, floodplain, Lepidospartum, mapping, Populus, restoration, riparian, 
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INTRODUCTION 
 

Conservation and restoration of river corridors in 
California’s semi-arid zones are important but 
daunting undertakings, particularly given the 
combined effects of habitat loss and other impacts 
from past land use practices and flow alteration, the 
introduction and spread of non-native invasive 
species, and increasing demands for water and land 
due to human population growth and global climate 
change. Managing for healthy native riparian 
vegetation and connected floodplains is a central part 
of river management and restoration because healthy 
riparian floodplains provide critical ecosystem 
services, such as reducing impacts of large flood 
events through nonstructural flood control, protecting 
water quality and terrestrial and aquatic habitat 
quality, maintaining habitat connectivity and 
movement corridors for fish and wildlife, and 
enhancing local and regional biodiversity (Gergel et 

al. 2002; Golet et al. 2006; Seavy et al. 2009; 
Opperman et al. 2010).  

However, in efforts to protect surrounding urban 
areas from flooding, many large coastal southern 
California rivers (e.g., the Los Angeles, Santa Ana, 
and San Gabriel rivers) have been confined to 
concrete channels in their lower reaches, dramatically 
reducing (or eliminating) riparian vegetation and the 
fluvial geomorphic processes that maintain an 
ecologically functional river corridor. The Santa 
Clara River and its tributaries in Ventura and Los 
Angeles counties, however, have retained a 
significant amount of high quality aquatic and 
riparian habitat that supports threatened and 
endangered species, including arroyo toad, 
southwestern willow flycatcher, least Bell’s vireo, 
and slender-horned spineflower (Stillwater Sciences 
2007c; see Table 1 for a list of the scientific and 
common names of plants and animals discussed in 
this paper). 
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Table 1. Scientific and common names of the plants and animals discussed in this paper. 

Scientific name and author Common name 
Ambrosia chamissonis (Less.) Greene beach bursage, silver bur ragweed 
Ambrosia psilostachya DC. western ragweed 
Anaxyrus californicus Camp arroyo toad 
Argentina edgedii (Wormsk.) Rydb. Pacific silverweed 
Artemisia californica Less. coastal sagebrush, California sagebrush 
Artemisia tridentata Nutt. subsp. parishii (A.Gray) H.M.Hall & Clem. big sagebrush 
Arundo donax L. giant reed 
Atriplex lentiformis (Torr.) S.Watson quailbush, big saltbush 
Baccharis pilularis DC. coyote brush 
Baccharis salicifolia (Ruiz & Pav.) Pers. mulefat 
Bolboschoenus maritimus (L.) Palla cosmopolitan bulrush 
Carpobrotus edulis (L.) L.Bolus hottentot fig 
Distichlis spicata (L.) Greene saltgrass 
Dodecahema leptoceras (A.Gray) Rev. & Hardham slender-horned spineflower 
Empidonax traillii Audubon extimus A.R.Phillips southwestern willow flycatcher 
Encelia californica Nutt. California brittle bush 
Eriogonum fasciculatum Benth. California buckwheat, Eastern Mojave buckwheat 
Jaumea carnosa (Less.) A.Gray marsh jaumea 
Juglans californica S.Watson Southern California walnut 
Lepidospartum squamatum (A.Gray) A.Gray scalebroom, California broomsage 
Lessingia filaginifolia (Hook. & Arn.) M.A.Lane common sandaster, California-aster 
Leymus condensatus (J.Presl) A.Love giant wildrye 
Leymus triticoides (Buckley) Pilg. creeping ryegrass 
Lotus scoparius (Nutt.) Ottley common deerweed 
Malosma laurina (Nutt.) Nutt. ex Abrams laurel sumac 
Mesembryanthemum crystallinum L. common iceplant 
Myoporum laetum G.Forst. myoporum, ngaio tree 
Nicotiana glauca Graham tree tobacco 
Olea europaea L. olive 
Oncorhynchus mykiss (Walbaum) steelhead, rainbow trout 
Phragmites australis (Cav.) Trin. ex Steud. common reed 
Platanus racemosa Nutt. California sycamore 
Pluchea sericea (Nutt.) Coville arrowweed 
Populus balsamifera L. subsp. trichocarpa (Torr. & A.Gray ex Hook.) 
Brayshaw 

black cottonwood 

Populus fremontii S.Watson Fremont cottonwood 
Potentilla anserina L. subsp. pacifica (Howell) Rousi Pacific silverweed 
Quercus agrifolia Née coast live oak, California live oak 
Quercus lobata Née valley oak 
Ricinus communis L. castorbean 
Salicornia pacifica (Standl.) A.J.Scott Pacific swampfire, pickleweed 
Salicornia virginica L. Virginia glasswort, pickleweed 
Salix exigua Nutt. narrowleaf willow 
Salix gooddingii C.R. Ball Goodding's willow 
Salix laevigata Bebb red willow 
Salix lasiolepis Benth. arroyo willow 
Salix lucida Muhl. subsp. lasiandra (Benth.) E.Murray Pacific willow 
Salvia mellifera Greene black sage 
Sambucus mexicana C.Presl ex DC. blue elderberry 
Sambucus nigra L. blue elderberry 
Sarcocornia pacifica (Standl.) A.J. Scott Pacific swampfire, pickleweed 
Schinus molle L. Peruvian peppertree 
Tamarix chinensis Lour. five-stamen tamarisk, saltcedar 
Tamarix parviflora DC. smallflower  
Tamarix ramosissima Ledeb. saltcedar, tamarisk 
Vireo bellii Audubon pusillus Coues least Bell's vireo 
Yucca whipplei Torr. chaparral yucca 



Orr et al.: Riparian Vegetation Mapping 
Proceedings of the CNPS Conservation Conference, 17–19 Jan 2009 
pp. 212–232 
© 2011, California Native Plant Society 
 

 214 

 
Although the Santa Clara River riparian corridor is 

relatively intact, non-native invasive species, flood 
protection infrastructure, diversions, roads, 
agriculture, and urbanization have constrained or 
disrupted natural hydrogeomorphic and ecological 
processes, causing riparian and aquatic habitat 
degradation. The Santa Clara Parkway Project, 
spearheaded by the California Coastal Conservancy 
in partnership with The Nature Conservancy and 
others (http://www.santaclarariverparkway.org/ 
parkwayplanning [Mar 2011]), was initiated in 2000 
to protect and restore floodplain lands within the 
lower 25 miles of the Santa Clara River corridor. 
Through this project and others (including Trustee 
Council 2002 and Amec Earth & Environmental 
2005), a growing body of information and knowledge 
on the Santa Clara river exists; however, detailed 
baseline information on existing riparian vegetation 
types, their extent, and distribution, has not 
previously been available. Developing an accurate, 
current map of riparian vegetation is a crucial step in 
river management and restoration planning because it 
provides quantitative, spatially explicit information 
on the characteristics, extent, and distribution of 
common and rare vegetation types that, when linked 
with information on ecosystem function, can inform 
conservation and restoration planning efforts. A 
detailed classification and map of riparian vegetation 
linked with other information on hydrologic and 
geomorphic processes also serves as a critical 
baseline for understanding controls on vegetation 
dynamics and for targeting long-term adaptive 
management and monitoring strategies (Stillwater 
Sciences 2007b; Evens 2011; Keeler-Wolf and 
Hickson 2011). 

This project addressed the need for detailed 
vegetation information in support of conservation and 
restoration planning efforts on the lower Santa Clara 
River within Ventura County, particularly the 
development of the Santa Clara River Parkway 
Project. The primary objective was to develop a 
preliminary vegetation classification and produce a 
detailed vegetation map for the riparian-floodplain 
corridor of the mainstem Santa Clara River and the 
lower reaches of its three major tributaries within 
Ventura County. The vegetation map and preliminary 
classification were designed to: (1) provide baseline 
data necessary for development of appropriate 
riparian-floodplain restoration strategies, (2) identify 
and quantify the amount of invasive vegetation to 
assist in developing strategic eradication or control 
strategies, (3) provide higher resolution data for 
wildlife habitat mapping and modeling, (4) help in 

reconstructing historical ecological conditions, (5) 
facilitate more effective land use planning, (6) 
provide a foundation for long-term monitoring of 
vegetation responses to a variety of natural and 
anthropogenic factors, and (7) advance regional 
conservation and restoration planning. 
 
 

STUDY AREA 
 

The 116-mile long Santa Clara River, which drains 
one of the largest watersheds in coastal Southern 
California (1623 mi2; 4204 km2), flows in a westerly 
direction from headwaters on the northern slopes of 
the San Gabriel Mountains in Los Angeles County 
through the Santa Clara River Valley and the Oxnard 
Plain in Ventura County, before it finally empties 
into the Pacific Ocean near the City of Ventura (Fig. 
1). The project study area (24,791 acres; 10,033 
hectares) encompasses the 500-year floodplain of the 
lower Santa Clara River in Ventura County, a reach 
of approximately 38 mi (61 km; Fig. 1). The project 
also includes the extent of riparian vegetation along 
the lower reaches of the three largest tributaries to the 
mainstem Santa Clara River in Ventura County 
(Santa Paula, Sespe, and Piru creeks), extending from 
their confluence with the Santa Clara River upstream 
for approximately 4 mi (6.4 km). The river has been 
divided into reaches (delineated in Fig. 1) based on 
fluvial geomorphic properties (Stillwater Sciences, 
2007a). Reaches are useful units for exploring 
patterns in vegetation distribution since they differ in 
physical habitat factors, such as degree of coastal fog 
influence or average depth to groundwater, which can 
influence vegetation composition and structure. 
Elevations range from 0 to 860 ft (0 to 262 m) above 
sea level along the mainstem Santa Clara River, with 
a maximum elevation in the study area of 920 ft (280 
m) on Piru Creek. 

Coastal watersheds of southern California function 
according to a semi-arid, two-season Mediterranean-
type climate, with cool wet winters and dry warm-to-
hot summers. Rainfall and air moisture both tend to 
decrease with increasing distance from the coast. 
Within the Santa Clara River watershed, proximity to 
the Pacific Ocean moderates both seasonal and 
diurnal temperatures. Most precipitation occurs 
between November and March, with precipitation 
varying significantly throughout the watershed and 
influenced by elevation and distance from the Pacific 
Ocean. Overall, average annual precipitation in the  
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Fig. 1. The Santa Clara River watershed and vicinity (insets), and riparian-floodplain mapping study area and river reach designations. 
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watershed ranged between 9 and 45 in. (23–114 mm) 
during the years 1971–2000; the wettest areas are in 
the headwaters of Sespe Creek (Stillwater Sciences 
2011c). At higher elevations, some winter 
precipitation occasionally falls as snow. 

Periodicity in the pattern of the wet/dry years in 
southern California is correlated to the El Niño-
Southern Oscillation (ENSO) climatic phenomenon. 
ENSO is characterized by warming and cooling 
cycles in the waters of the eastern equatorial Pacific 
Ocean, which typically have a 1–1.5-year duration 
and a 3–8-year recurrence interval. In southern 
California, ENSO years are characterized by 
relatively high rainfall intensities, with rivers and 
streams (such as those in the Santa Clara River 
watershed) exhibiting higher annual peak flow 
magnitudes than they do in non-ENSO years 
(Stillwater Sciences 2011c). Generally, flows in the 
river are relatively small—75% of the time flows are 
less than 150 cfs (4.2 m3s-1) in the lower reaches and 
50% of the time flows are less than 10 cfs (0.3 m3s-1) 
(URS 2005). However, this is a very “flashy” system 
and large peak flows associated with ENSO winter 
storm events cause flows to exceed 100,000 cfs (2832 
m3s-1) once every 10 years on average (URS 2005; 
Stillwater Sciences 2007a).  

The present-day Santa Clara River is a dynamic, 
semi-arid system shaped primarily by periodic short 
duration, high intensity floods rather than by the 
moderate discharges frequently used to characterize 
channel form response in temperate climates 
(Stillwater Sciences 2007a, 2011a). The channel 
fluctuates between meandering and braided river 
forms, as defined by the gradient, discharge, and bed 
material grain size. The result (where natural 
processes prevail) is an unusual compound channel 
morphology that is essentially braided at lower flows 
but more akin to a low sinuosity meandering channel 
during large flood discharges. These factors result in 
a mosaic of riparian vegetation that shifts in extent, 
structure, and composition in response to deposition, 
scour, and inundation by large flood flows. 
 
 

METHODS 
 

The nature of the Santa Clara River system poses a 
number of challenges to riparian vegetation mapping. 
Like the river itself, vegetation in the corridor is 
dynamic, exhibiting dramatic fluctuations in extent 
and composition in response to large flood events. In 
January and February 2005, the Santa Clara River 
experienced two major floods, with peak flows 
reaching approximately 136,000 cfs (3851 m3s-1) near 

the river mouth. Significant areas of riparian 
vegetation within the active channel were removed 
by the floods, dramatically altering the character and 
pattern of vegetation within the study area. The 
complex and dynamic nature of vegetation 
communities present within the lower Santa Clara 
River corridor required modifications to the 
traditional approach to vegetation mapping based 
largely on photo-interpretation with limited ground-
truthing. Instead, greater emphasis was placed on 
field-based vegetation classification and mapping, in 
addition to photo-interpretive techniques, as 
described below. The vegetation classification 
followed the State of California standard vegetation 
classification system developed under the auspices of 
the Vegetation Program of the California Native 
Plant Society and described in the first edition of A 
Manual of California Vegetation (MCV) (Sawyer 
and Keeler-Wolf 1995), with adjustments to match 
changes being incorporated into the second edition of 
the MCV (Sawyer et al. 2009), which was still in 
preparation when this study was conducted. 
 
 
Vegetation Classification 
 

Existing information sources relevant to vegetation 
and land cover classification and mapping in the 
region were reviewed and used to generate an initial 
list of vegetation types (primarily series or alliances) 
that were likely to occur in the project area. Primary 
data sources included ESA (2003), URS (2002), 
CDFG and CNPS (2005), Klein and Evens (2005), 
and Evens and San (2005). Additional information 
sources considered during development of the 
classification for the study area included Sawyer and 
Keeler-Wolf (1995), selected pre-publication draft 
descriptions from Sawyer et al. (2009), Ferren et al. 
(1990), DMEC (2001), Condor Environmental 
(2006), and Amec Earth and Environmental (2006). 
 
 
Base Map Imagery and Minimum Mapping Unit 
 

Digital orthophotography (natural color, 1-foot 
pixel resolution) flown in September 2005 served as 
the primary data source for generating paper maps for 
field-based mapping and for onscreen 
photointerpretation using the geographic information 
system (GIS) ESRI ArcGIS, http://swww.esri.com/ 
(Mar 2011). Other data sources, including hillshades 
generated from the Ventura County 2005 Light 
Detection and Ranging (LiDAR) data, other available 
photographs and maps, and base features such as 
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roads and levees, were used to aid the photo 
interpretation and classification process. Floodplain 
delineations from the Federal Emergency 
Management Agency (FEMA) Q3 dataset, 
http://www.fema.gov/hazard/map/q3.shtm (Mar 
2011) and inundation mapping generated from the 
U.S. Army Corps of Engineers Hydrologic 
Engineering Centers River Analysis System (HEC- 
RAS), http://www.hec.usace.army.mil/software/hec-
ras/ (Mar 2011) modeling output were utilized to 
generate the 500-year floodplain boundaries, which 
defined the upland limits of the mapping effort. 
Metadata for the digital spatial data are in Appendix 
B, Volume I of Stillwater Sciences and URS (2007).  

Based upon available imagery and results of field 
reconnaissance, a minimum mapping unit (MMU) to 
be applied in both field-based and photointerpretation 
efforts for each vegetation type (alliance or alliance 
group/super-alliance) was derived. The desired target 
was a 1-acre MMU for most types, with finer 
resolution (0.50-acre MMU) for more unusual types 
that were discernable from aerial photography. A 
coarser resolution (5-acre MMU) was utilized for 
upland land cover types such as agriculture and 
development. 

Spatial data from existing vegetation maps for 
McGrath State Park (ESA 2003) and Hedrick Ranch 
Nature Area (URS Corporation 2002) were 
incorporated into this mapping effort, after 
adjustments and field checks for consistency with our 
minimum mapping units and classification rules.  
 
 
Field-Based Mapping 

 
A three-day field reconnaissance effort in July 

2005 was conducted within the study area to collect 
data for representative stands of vegetation using a 
modified version of the California Native Plant 
Society (CNPS) rapid assessment protocol (CNPS 
Vegetation Committee 2003). This effort provided 
quantitative data that were used to refine the 
preliminary vegetation classification and provided an 
opportunity to assess access issues and other 
considerations for a four-week long field mapping 
effort undertaken later in the summer of 2005 to 
provide a detailed characterization of the vegetation 
for a majority of the study area. Information collected 
during these two summer field efforts was used to 
refine vegetation type definitions and to modify the 
initial classification key so that the photo 
interpretation process could proceed more accurately. 
In general, when a new potential alliance was 
identified, a modified CNPS vegetation rapid 

assessment field data form was used to document the 
occurrence and percent cover of dominant and 
characteristic plant species present, as well as the 
occurrence and percent cover of vegetation in three 
height strata: low (<0.5 m), medium (0.4–5 m), and 
high (>5 m). These initial survey sites were selected 
to represent the range of vegetation types identified 
during the field reconnaissance. As a result, 
approximately 50 sites were sampled using the 
modified rapid assessment protocol during the first 
week of the four-week intensive field effort. 

A more streamlined data form, modified from the 
CNPS vegetation reconnaissance field data form 
(versus the modified CNPS rapid assessment protocol 
used for the 50 sites described above) was used to 
document dominant and characteristic plant species 
at approximately 650 stands (polygons) during the 
remainder of the four-week field effort in summer 
2005 and during additional surveys performed in fall 
2005 and summer 2006. This CNPS reconnaissance 
data form is typically used for ground-truthing or 
accuracy assessment of polygon classification based 
on photo interpretation. This field-based effort 
provided more accurate vegetation data than could be 
obtained through photo-interpretation, reduced the 
amount of area that had to be mapped using photo-
interpretation, and supported further refinement of 
the classification system. In summary, field data on 
percent cover of dominant and characteristic species, 
plus additional data on two invasive plant species 
(percent cover of Arundo donax and 
presence/absence of Tamarix spp.), were collected 
for nearly 700 stands of vegetation during 2005 and 
2006 (Appendix A in Stillwater Sciences and URS 
2007). 

Field crews used high-resolution maps (11 × 17 in., 
color printed at 600 dpi, 1:4800 scale) to document 
stands of vegetation observed in the field, using the 
initial classification as a guide in delineating mapping 
units on the hardcopy maps. The field-based mapping 
classifications were delineated at several scales, 
including the broader scale land use/land cover types, 
intermediate scale vegetation alliances and super-
alliances (based on dominant or characteristic 
species) and, where reasonable (based on dominant, 
characteristic, and associated species), finer scale 
vegetation associations, including potential or 
provisional associations if a stand seemed to 
represent an undescribed but distinct vegetation type 
in the mapping area. In some cases, field-based 
classifications were modified after data review to 
ensure consistency in classification among different 
field crews. To standardize the terminology, these 
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primarily field-based classifications are referred to as 
“mapping units.”  

To create the digital vegetation map data set, field 
maps were scanned at 600 dpi and georeferenced in 
ESRI ArcGIS, http://www.esri.com/ (Mar 2011) to 
the September 2005 source orthophotography in 
preparation for mapping unit digitization. Field-
delineated mapping unit stands on the georeferenced 
field maps were then traced on-screen using a 
polygon representation, and attributed with the 
appropriate vegetation or land cover classification 
from the field data forms. 
 
 
Photo-Interpretation and Map Development 
 

For areas of riparian vegetation that were 
inaccessible to field crews during the field mapping 
effort, and for extensive areas of upland land cover 
within the 500-year floodplain, on-screen photo 
interpretation using the September 2005 
orthophotography was undertaken using ESRI 

ArcGIS. A field-experienced photo interpreter 
delineated and classified each identifiable vegetation 
stand or land cover area using the MMU and 
classification procedures discussed above. 
Delineation was conducted at on-screen scales 
between 1:1200 and 1:10,000.  

The principal investigator and a botanist reviewed 
draft versions of the classification and digital 
vegetation map to ensure consistency in stand 
delineation and classification. Mapping unit 
boundaries were revised in some cases to better 
match the September 2005 photographic base map, 
thereby ensuring that the final vegetation map (GIS 
coverage) represents an accurate “snapshot” of the 
dynamic vegetation mosaic as of September 2005, 
and to ensure consistency with the final classification 
scheme presented in this report. Plant species 
nomenclature follows that of Hickman (1993) and 
vegetation nomenclature, in most cases, follows 
Sawyer et al. (2009). 

 

 
 
 
 

 
 
Fig. 2. Example of the lower Santa Clara River vegetation map, Reach 2, just downstream of Vern Freeman Diversion Dam. 
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RESULTS 
 

The detailed vegetation map, which includes 133 
mapping units documented during field-based and 
photo-interpreted mapping (including six unvegetated 
or highly disturbed land cover types, and 127 
mapping units supporting vegetation associations, 
alliances, and super-alliances), is provided in a series 
of 45 map tiles (11 × 17 in. format) in Stillwater 
Sciences and URS (2007). Figure 2 provides a 
representative sample of the vegetation map. To 
make the spatial data more available to a broader 
audience, vegetation map KMZ files have been made 
available online so they can be downloaded and 
overlaid on satellite imagery using Google Earth, 
http://www.santaclarariverparkway.org/wkb/projects
/lowerscrvegmap (Mar 2011). Summary statistics for 
these mapping units and metadata for the digital 
spatial data are presented in Appendix A and 
Appendix B, respectively, in Stillwater Sciences and 
URS (2007). Over 250 plant species were recorded 
during vegetation field surveys (Stillwater Sciences 
and URS 2007).  
 
 
 
General Land Use—Land Cover Types 
 

Detailed mapping units were summarized into 
general land use/land cover (LULC) categories. 
Together riparian vegetation, riverwash (unvegetated 
riverbed deposits), and open water make up 40% of 
the riparian-floodplain mapping area (Table 2 and 
Fig. 3). Agriculture, including orchards, irrigated 
row-crops, and pasture, is the most prevalent LULC 
type, comprising nearly 33% of the riparian-
floodplain mapping area (Table 2 and Fig. 3). 
Developed areas, including golf courses, 
infrastructure, municipal and industrial facilities, 
housing, and other urban development make up 26% 
of the study area (Table 2 and Fig. 3). 
 
Vegetation Alliances 
 

Consolidating the detailed 127 vegetation mapping 
units described above into more clearly defined 
vegetation types corresponding as closely as possible 
to the alliance-level descriptions presented in Sawyer 
and Keeler-Wolf (1995) and Sawyer et al. (2009) 
resulted in identification of 58 vegetation alliances 
and super-alliances on the lower Santa Clara River 
(Table 3). Descriptions of these 58 vegetation types 
plus summary statistics (e.g., area and number of  
 

 
Table 2. Land use/land cover types in the lower Santa 

Clara River (Ventura Co., CA) riparian-floodplain mapping 
area. 

Land use/land 
cover type Acres Hectares 

Percent of 
mapped 

area 
Agriculture 8,141 3,295 32.8% 

Developed 6,484 2,624 26.2% 
Riparian 
vegetation 7,214 2,919 29.1% 

Riverwash 2,096 848 8.4% 
Open water 857 347 3.5% 
Total mapped 
area 24,791 10,033 100% 

 
polygons mapped) are included in Stillwater and 
URS (2007). Of the 58 vegetation types, 15 are 
classified as forest or woodland types: two native 
forest alliances, five native woodland alliances, two 
native super-alliances, and six semi-natural stand 
types dominated by non-native trees. Of the native 
tree-dominated vegetation types, six alliances are 
considered rare (here defined as being listed with a 
state ranking of S3 or less by the California Natural 
Diversity Data Base, http://www.dfg.ca.gov/ 
biogeodata/vegcamp/natural_comm_list.asp [Mar 
2011]), and each of the two super-alliances is likely 
to contain one or more rare alliances. 

There are 27 shrubland types, including 19 
alliances and four super-alliances dominated by 
native shrubs, plus four semi-natural stand types 
dominated or co-dominated by non-native shrubs 
(including one type with the herbaceous giant reed, 
Arundo donax L., considered as a co-dominant in the 
shrub layer because of its robust structure and typical 
height of 4–5 m). One of the super-alliances is likely 
to contain one or more rare alliances, and five of the 
shrubland alliances are considered to be rare natural 
communities. In addition, a sixth alliance is likely to 
be classified as rare after further study, and three 
other alliances are not considered rare but are likely 
to contain rare associations. 

The remaining 16 vegetation types are dominated 
by herbaceous species, with four super-alliances 
(three native types and one semi-natural), ten 
alliances dominated by native species, and two semi-
natural alliances dominated by non-native species. 
Six of the alliances are considered rare and two of the 
super-alliances are likely to contain one or more rare 
alliances. The four most common vegetation types in 
the mapping area are two herbaceous super-alliances 
that occur in the more active portions of the riverbed  
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Fig. 3. Land use/land cover types in the lower Santa Clara River riparian-floodplain mapping area (defined by the 500-year floodplain boundary). 
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Table 3. Vegetation types (alliances and super alliances) mapped along the lower Santa Clara River, Ventura County, CA.  

California 
Natural Commu-
nity Codea 

Vegetation typeb Acres Hectares Percent of 
vegetation in 
mapping area 

Forest/Woodland 
*61.205.00 Salix laevigata Woodland Alliance 349.2 141.3 4.9% 
NAc Mixed Willow Forest Super-Alliance 323.3 130.8 4.5% 
*61.120.00 Populus balsamifera subsp. trichocarpa Forest Alliance 285 115.3 4.0% 
*61.130.00 Populus fremontii Forest Alliance 205 83 2.9% 
NAc Mixed Riparian Forest Super-Alliance 108.1 43.7 1.5% 
71.060.00 Quercus agrifolia Woodland Alliance 72.3 29.3 1.0% 
*61.204.00 Salix lucida subsp. lasiandra Woodland Alliance 70.7 28.6 1.0% 
79.100.00 Eucalyptus spp. Semi-Natural Woodland Stands 66.7 27 0.9% 
79.200.00 Schinus molle Semi-Natural Woodland Stands 65 26.3 0.9% 
NA Olea europaea Semi-Natural Woodland Stands 12.7 5.1 0.2% 
NA Mixed Exotic Trees Semi-Natural Woodland Stands 4 1.6 0.1% 
*61.310.00 Platanus racemosa Woodland Alliance 3.9 1.6 0.1% 
79.200.00 Myoporum laetum Semi-Natural Woodland Stands 2.1 0.9 <0.1% 
*72.100.00 Juglans californica Woodland Alliance 1.2 0.5 <0.1% 
79.200.01 Myoporum laetum - Arundo donax Semi-Natural 

Woodland Stands 
1.2 0.5 <0.1% 

Shrubland 
NA Riverwash Scrub Super-Alliance 294.9 119.4 4.1% 
61.201.00 d,e Salix lasiolepis Shrubland Alliance 249.9 101.1 3.5% 
*32.070.00 Lepidospartum squamatum Shrubland Alliance 235.3 95.2 3.3% 
35.110.00f Artemisia tridentata subsp. parishii Shrubland Alliance 215.5 87.5 3.0% 
63.510.00 Baccharis salicifolia Shrubland Alliance 187.4 75.8 2.6% 
32.060.00d Baccharis pilularis Shrubland Alliance 136.1 55.1 1.9% 
61.209.00 Salix exigua Shrubland Alliance 133.9 54.2 1.9% 
32.010.00 Artemisia californica Shrubland Alliance 113.4 46.8 1.6% 
NA Mixed Willow Scrub Super-Alliance 101.9 41.3 1.4% 
NA Mixed Riparian Scrub Super-Alliance 90 36.4 1.3% 
42.080.00 Salix exigua-Arundo donax Shrubland Alliance 83.3 33.7 1.2% 
61.209.00 Salix exigua-Baccharis salicifolia Shrubland Alliance 40.7 16.5 0.6% 
NA Mixed Scrub Super-Alliance 30.7 12.4 0.4% 
32.040.00 d Eriogonum fasciculatum Shrubland Alliance 23.8 9.6 0.3% 
32.110.00 Artemisia californica-Eriogonum fasciculatum Shrubland 

Alliance 
23.7 9.6 0.3% 

*32.050.00 Encelia californica Shrubland Alliance 14.1 5.7 0.2% 
63.810.00 Tamarix spp. Semi-Natural Shrubland Stands 11.4 4.6 0.2% 
*63.710.00 Pluchea sericea Shrubland Alliance 9.9 4 0.1% 
NA Nicotiana glauca Semi-Natural Shrubland Stands 8.7 3.5 0.1% 
*63.410.00 Sambucus mexicana [S. nigra] Shrubland Alliance 8.4 3.4 0.1% 
52.240.00 Lotus scoparius Shrubland Alliance 5.7 2.3 0.1% 
*32.070.00 g Yucca whipplei Shrubland Alliance 5.5 2.2 0.1% 
36.370.00 Atriplex lentiformis Shrubland Alliance 5.3 2.2 0.1% 
32.020.00 Salvia mellifera Shrubland Alliance 5.3 2.1 0.1% 
NA Ricinus communis Semi-Natural Shrubland Stands 2.7 1.1 <0.1% 
NA Nicotiana glauca-Artemisia californica Semi-Natural 

Shrubland Stands 
1.2 0.5 <0.1% 

45.455.00 Malosma laurina Shrubland Alliance 1 0.4 <0.1% 
Herbaceous 
NA Riverwash Herbaceous Super-Alliance  1,355.60 548.6 18.9% 
42.080.00 Arundo donax Semi-Natural Herbaceous Stands 890.2 360.3 12.4% 
42.011.00 
42.026.00 

Non-native Grasses and Forbs Semi-Natural Super-
Alliance 

556.3 225.1 7.8% 

NAc Floodplain Wetland Super-Alliance 480.5 194.5 6.7% 
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*21.100.00 Abronia spp.-Ambrosia chamissonis Herbaceous Alliance 169.8 68.7 2.4% 
*52.111.00 
*52.112.00 
52.114.00 
52.122.00 

Scirpus spp. [= Bolboschoenus maritimus and 
Schoenoplectus spp.] Herbaceous Super-Alliance 

35.5 14.4 0.5% 

21.200.00 Carpobrotus spp.-Mesembryanthemum crystallinum [= 
Carpobrotus edulis or Other Ice Plants] Semi-Natural 
Herbaceous Stands 

17.1 6.9 0.2% 

*41.265.00 Leymus condensatus Herbaceous Alliance 12.3 5 0.2% 
41.200.00d Distichlis spicata Herbaceous Alliance 10.8 4.4 0.2% 
*41.080.00 Leymus triticoides Herbaceous Alliance 8.5 3.4 0.1% 
NA Lessingia filaginifolia Herbaceous Alliance 6.6 2.7 0.1% 
*52.215.00 Salicornia virginica [= Sarcocornia pacifica] Herbaceous 

Alliance 
5.6 2.3 0.1% 

*41.200.06 Jaumea carnosa Herbaceous Alliance 1.7 0.7 <0.1% 
*38.140.00 Potentilla anserina subsp. pacifica [= Argentina edgedii] 

Herbaceous Alliance 
1.3 0.5 <0.1% 

33.065.00 Ambrosia psilostachya Herbaceous Alliance 1.1 0.4 <0.1% 
41.061.00 Phragmites australis Herbaceous Alliance 0.2 0.1 <0.1% 

a Code indicated is closest match found in the most recent list of Natural Communities used by the California Natural Diversity 
Data Base, http://www.dfg.ca.gov/biogeodata/vegcamp/natural_comm_list.asp (Mar 2011). Vegetation types with an asterisk (*) 
located to the left of the code represent alliances with a state ranking of S3 or rarer (see Evens 2011, for further explanation of the 
ranking system). NA = not applicable (no obvious match or potentially comprising too many Natural Community alliances to 
list). 
b In cases where the Santa Clara River vegetation classification uses older nomenclature we have used square brackets [] to 
indicate the comparable alliance name used in the second edition of the Manual of California Vegetation (Sawyer et al. 2009). 
c This super-alliance appears to include alliances or associations considered rare in California (ranking of S3 or rarer). 
d This alliance may include associations considered rare in California (ranking of S3 or rarer). 
e This alliance may be dominated by trees and form woodland stands in some areas, although it is typically considered to be a 
shrubland alliance. 
f This alliance has not previously been described and is likely to be rare given its dominance by this particular subspecies and its 
location in alluvial habitats in association with various riparian species, although this needs to be confirmed with additional 
study. 
gThis alliance has not previously been described but has clear affinities to the Lepidospartum squamatum Alliance and we 
consider it to be a form of rare alluvial scrub vegetation. 
 
 

 
which were largely reset by scour or sediment 
deposition during the 2005 floods (Riverwash 
Herbaceous and Floodplain Wetland, accounting for 
18.9% and 6.7% of the mapped vegetation, 
respectively) and two semi-natural alliances typically 
mapped on less active, slightly higher floodplain 
surface that generally did not appear to have been 
highly disturbed by the 2005 flood (Arundo donax 
and Non-native Grasses and Forbs, accounting for 
12.4% and 7.8% of the mapped vegetation, 
respectively). 
 
Examples of Vegetation Distribution Patterns 
 

The local distribution of selected alliances is 
identified by river reach as an indication of 
longitudinal patterns in vegetation distribution along 
the river corridor from the coast (Reach 0) inland to 
the Los Angeles County line (Reach 11). A summary 

table of distribution (area and number of polygons) 
by reach is included for each of the 58 alliances and 
super-alliances in Stillwater and URS (2007). We 
focus here on eight vegetation types (Table 4) 
selected to represent three common distribution 
patterns observed in our study area: coastal, inland, 
and widely distributed. 

Arundo donax Semi-Natural Herbaceous Stands, 
which occur throughout the 12 reaches of the lower 
Santa Clara River (although no stands of this type 
were mapped in the three main tributary reaches) is a 
widely distributed vegetation type (Table 4). The 
Artemisia tridentata subsp. parishii Shrubland 
Alliance and Lepidospartum squamatum Shrubland 
Alliance, in contrast, are alluvial scrub vegetation 
types with more inland and desert affinities, as 
demonstrated by their absence in the coastal zone 
west of Reach 6 near the confluence of Sespe Creek 
(Table 4 and Fig. 1). This more inland-skewed 
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Table 4. Longitudinal distribution patterns (from coast to interior) of selected vegetation types in the lower Santa Clara River (Ventura Co., CA) riparian-floodplain mapping 
area, showing area in acres (hectares) by river reach. 

 
REACH 

ALLIANCE 
0 1 2 3 4 Santa 

Paula 5 6 Sespe 7 8 9 Piru 10 11 

Arundo donax 
Alliance 

22.5 
(9.1) 

29.7 
(12.0) 

58.9 
(23.8) 

55.6 
(22.5) 

142.1 
(57.5) 0 21.5 

(8.7) 
98.4 

(39.8) 0 239.2 
(96.8) 

107.1 
(43.3) 

25.0 
(1.1) 0 75.2 

(3.4) 
15.2 
(6.2) 

Artemisia 
tridentata subsp. 
parishii Alliance 

0 0 0 0 0 0 0 0.8 
(0.3) 

2.3 
(0.9) 

14.5 
(5.9) 

4.9 
(2.0) 

56.4 
(22.8) 0 12.6 

(5.1) 
123.9 
(5.1) 

Lepidospartum 
squamatum 
Alliance 

0 0 0 0 0 0 0 43.8 
(17.7) 

85.9 
(34.8) 

7.3 
(3.0) 0 3.0 

(1.2) 
42.4 

(17.2) 
52.8 

(21.4) 0 

Populus 
balsamifera 
subsp. 
trichocarpa 
Alliance 

20.1 
(8.1) 

62.3 
(25.2) 

0.5 
(0.2) 

1.2 
(0.5) 

2.0 
(0.8) 

3.7 
(1.5) 

11.2 
(4.5) 

174.9 
(7.8) 

1.1 
(0.4) 

8.0 
(3.2) 0 0 0 0 0 

Populus fremontii 
Alliance 0 0 5.1 

(2.1) 
1.4 

(0.6) 0 0 0 13.9 
(5.6) 0 17.3 

(7.0) 
1.6 

(0.6) 
7.3 

(3.0) 
54.4 

(22.0) 
4.2 

(1.7) 
99.8 
(4.4) 

Salix laevigata 
Alliance 0 0 10.2 

(4.1) 0 13.8 
(5.6) 

0.6 
(0.2) 

21.9 
(8.9) 

69.4 
(28.1) 

4.1 
(1.7) 

21.5 
(8.7) 

104 
(42.1) 

1.3 
(0.5) 

94.2 
(38.1) 

0.6 
(0.2) 

7.6 
(3.1) 

Salix lasiolepis 
Alliance 

65.8 
(26.6) 

157.1 
(63.6) 0 7.0 

(2.8) 
2.6 

(1.1) 0 2.1 
(0.8) 

14.9 
(6.0) 

0.4 
(0.2) 0 0 0 0 0 0 

Salix lucida 
subsp. lasiandra 
Alliance 

0 0.7 
(0.3) 

23.4 
(9.5) 0 3.5 

(1.4) 0 0.2 
(0.1) 

43 
(17.4) 0 0 0 0 0 0 0 
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distribution pattern is also exhibited by one 
cottonwood (Populus fremontii Forest Alliance) and 
one willow (Salix laevigata Woodland Alliance) 
type, although in both cases a few small patches 
occur relatively close to the coast in Reach 2 (Table 
4). In contrast, the black cottonwood type (Populus 
balsamifera subsp. trichocarpa Forest Alliance) and 
the other two willow types (Salix lasiolepis 
Shrubland Alliance and Salix lucida subsp. lasiandra 
Woodland Alliance) listed in Table 4 have a more 
pronounced coastal distribution and do not occur 
much east of the Sespe Creek confluence (in the 
vicinity of Reach 6 and 7). A transition zone between 
coastal and inland types appears to occur in the 
vicinity of Sespe Creek (Reaches 5–7). 
 
 
Invasive Species 
 

A number of non-native plant species occur along 
the lower Santa Clara River, but the biggest concerns 
regarding invasion potential have focused on giant 
reed (Arundo donax) and saltcedar (Tamarix spp.). 
Arundo is found as a component of many vegetation 
types and has invaded all study reaches of the 
mainstem Santa Clara River, although it is generally 
absent from the three main tributaries (except for a 
limited amount in Sespe Creek) (Table 5 and Fig. 4). 
At the time of our study over 5200 acres (2104 ha) 
were mapped with at least 1% cover of Arundo, and it 
is likely that propagules of this species were present 
but not mapped in many riverwash areas that had 
very little vegetation in summer 2005 due to the 
resetting effects of the 2005 floods. Casual 
observations made in 2010, five years after the last 
big flood, suggest that Arundo has invaded or re-
invaded many of these areas and that Arundo is likely 
present in over 6000 acres (2428 ha) of the Santa 
Clara Parkway river corridor. 

Saltcedar (primarily Tamarix ramosissima, but T. 
parviflora also occurs in the upper study reaches and 
in the upper watershed where it tends to replace T. 
ramosissima [T. Dudley, pers. comm.]) was also 
found throughout the lower Santa Clara system in 
2005 and 2006, primarily as dense patches of 
seedlings in low-lying riverwash or floodplain 
wetland areas with summer surface saturation and as 
scattered mature individuals in a variety of willow-
cottonwood riparian stands on slightly higher relative 
elevation riverbed and floodplain surfaces. The field 
surveys did not include a visual estimate of percent 
cover because saltcedar distribution was very sparse 
(except for two small stands dominated by Tamarix 
in the estuary [Reach 0] and one larger stand in 

Reach 11), and a percent cover scale would show a 
narrow range of values, likely within 0–5%. The data 
were meant to estimate potential saltcedar habitat and 
areas of potential saltcedar invasion. We observed 
1486 acres (601 ha) of invaded habitat, with most 
found in the upper Reaches 10 and 6, which also had 
high rates of Arundo invasion (Stillwater Sciences 
and URS 2007; Stillwater Sciences 2007c).  
 
 

DISCUSSION 
 
Riparian Habitat Alterations and Current Conditions 
 

As commonly noted for many other alluvial rivers, 
there has been a substantial loss of historical 
floodplain habitat to agriculture and urban 
development (almost 60% of the 500-year floodplain 
has been converted to other land uses). However, a 
greater proportion (about 40%) of the historical 
floodplain still supports functioning native riparian 
vegetation and riverwash habitats than is commonly 
observed in other California lowland alluvial river 
systems. For example, only about 20% of the lower 
Merced River still supports riparian vegetation (Stella 
et al. 2003), while the most functional reaches of the 
middle Sacramento River have lost 90% or more of 
their historical riparian-floodplain vegetation and 
habitats (Stillwater Sciences 2007d). 

The limited amount of water impoundments and 
flow alterations in the Santa Clara River watershed 
has helped to maintain natural fluvial geomorphic 
and ecological processes (Stillwater Sciences 2007a, 
2008). In particular, there has been little alteration of 
the larger peak flow events which are particularly 
critical in shaping and maintaining a functioning river 
in this semi-arid watershed (Stillwater Sciences 
2007a, 2008, 2011a). Valuable nodes of high quality 
native vegetation are present in many reaches, with 
larger stands of cottonwood-willow forests still 
occupying historical locations (e.g., near Hedrick 
Ranch Nature Area east of the confluence of Santa 
Paula Creek in Reach 5 and 6, southeast of Fillmore 
near the Fillmore Fish Hatchery in Reach 7, and 
between Camulos and Del Valle in Reach 11 and the 
upper portion of Reach 10) (Table 4 and Beller et al. 
2011).  

In contrast, the lower portion of the river (Reach 1 
and 2) has been highly altered by floodplain 
development and constricted by levee construction, 
which has resulted in the loss of the most extensive 
historical grove of cottonwood-willow forest (Table 4 
and Beller et al. 2011). The estuary (Reach 0) has  
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Table 5. The percent cover and area of giant reed (Arundo donax) within mapped vegetation polygons in the lower Santa Clara 
River (Ventura Co., CA) riparian-floodplain mapping area, by river reach. 

 
Percent cover classes for giant reed (Arundo donax) 

1–25% 26–50% 51–75% 76–100% REACH 
Ac Ha Ac Ha Ac Ha Ac Ha 

0 65.0 26.3 1.8 0.7 8.3 3.4 14.1 5.7 
1 430.8 174.4 91.8 37.1 32.8 13.3 10.2 4.1 
2 488.9 197.9 14.6 5.9 64.1 25.9 17.1 6.9 
3 252.4 102.2 5.1 2.0 37.9 15.3 16.7 6.7 
4 192.5 77.9 10.4 4.2 136.6 55.3 0 0 
5 189.1 76.5 48.8 19.8 14.3 5.8 3.1 1.3 
6 789.8 319.6 56.9 23.0 55.1 22.3 61.8 25.0 
7 376.4 152.3 145.6 58.9 22.6 9.1 6.8 2.7 
8 372.2 150.6 20.7 8.4 5.7 2.3 78.4 31.7 
9 188.7 76.3 1.8 0.7 4.5 1.8 0.4 0.2 

10 497.9 201.5 47.9 19.4 5.1 2.1 2.0 0.8 
11 191.8 77.6 44.0 17.8 17.3 7.0 5.4 2.2 

Piru 0 0 0 0 0 0 0 0 
Santa Paula 0 0 0 0 0 0 0 0 

Sespe 98.1 39.7 0 0 0 0 0 0 
TOTAL 4,133.6 1,672.8 489.3 198.0 404.2 163.6 215.9 87.4 

 
 

 
 
Fig. 4. Example of the degree to which Arundo donax has invaded the lower Santa Clara River riparian-floodplain mapping 

area.  
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experienced several key changes since 1885, 
including: (1) substantial loss of riparian shrublands 
and woodlands; (2) changes in freshwater wetland 
distribution; (3) invasion by non-native plant species, 
particularly Arundo and iceplant; and (4) reduction in 
estuary size and loss of backwater-channels (Beller et 
al. 2011; Stillwater Sciences 2011b).  
 
Threats from Non-Native Invasive Plants and 
Hydrologic Alterations 
 

The effective functioning of much of the riparian-
floodplain corridor is threatened by introduction of 
non-native plants and animals, with the greatest 
threat currently posed by the extensive invasion of 
Arundo throughout the lower river. Monospecific 
stands of Arundo have created large fuel patches that 
increase fire intensity and help fires spread through 
riparian zones (which in the absence of Arundo are 
usually fairly resistant to fire); thus, presence of 
Arundo is thought to be introducing a disturbance 
regime that is based on fire and post-fire regeneration 
(Coffman 2007; Coffman et al. 2010). Since Arundo 
grows back more rapidly following fire than most 
local native riparian species, such a fire regime favors 
Arundo over native species, particularly because 
native riparian trees are more susceptible to mortality 
from wildfire (Coffman et al. 2010). In many reaches 
nutrient enrichment from agricultural and urban land 
uses also may favor Arundo over native riparian 
species (Coffman 2007). Control of Arundo in both 
the upper and lower watershed has been a high 
priority for many stakeholders, but given the 
magnitude of the problem, the need for coordinated 
efforts throughout the watershed, and the cost of 
control efforts (which may range from several 
thousand to more than 50,000 dollars per acre) it is 
clear that an ecologically-informed strategic plan for 
Arundo control and associated native riparian 
revegetation and floodplain restoration is needed. The 
GIS data produced by this study are currently being 
used as the foundation for development of such a 
strategic plan, funded by the California Coastal 
Conservancy and focused particularly on properties 
already acquired for the Santa Clara River Parkway 
Project and managed by The Nature Conservancy 
(Orr et al. 2010). This will complement ongoing 
efforts in the upper Santa Clara River in Los Angeles 
County (VCRCD 2006), and could eventually lead to 
a comprehensive watershed-wide approach to Arundo 
control and riparian restoration. 

Maintaining the current hydrologic regime of the 
Santa Clara River so that it remains fairly closely 
matched to the natural, unmodified regime may be 

critical in maintaining desired river and riparian-
floodplain ecosystem functioning and resiliency (Poff 
et al. 1997; Opperman et al. 2010), increasing 
resistance to invasion by non-native species, and 
providing aquatic and riparian habitat for a wide 
variety of both common and threatened or 
endangered species, such as southern steelhead and 
least Bell’s vireo. The modified hydrologic dynamics 
that may have reduced Populus abundance in many 
rivers of the western United States also promote 
invasion by non-native taxa that tolerate changes in 
natural disturbance regimes (D’Antonio et al. 1999). 
In particular, Tamarix spp. (tamarisk, saltcedar) have 
established extensively in the arid West, often where 
hydrologic regimes have been altered (Everitt 1998; 
Stromberg and Chew 2002; Shafroth et al. 2005), but 
also in largely unmodified systems with relatively 
infrequent flood return intervals (Dudley et al. 2000; 
Mortenson and Weisberg 2010). Tamarix seeds have 
very short viability periods (2-3 days; Young et al. 
2004; Dudley, unpubl. data), as do native 
cottonwoods and willows (Stella et al. 2006), but the 
major invasive forms in the West (T. ramosissima, T. 
chinensis and their hybrids; Gaskin and Schaal 2002) 
can reproduce throughout the growing season; 
therefore, propagules are available over a much 
longer period for Tamarix compared to the native 
Populus and Salix (Horton 1977). Although Tamarix 
species are generally not effective competitors for 
space or resources in their early seedling or sapling 
stages, once stands of mature trees are established 
they can inhibit growth of associated native plants 
and exclude their colonization, particularly under 
conditions of reduced soil moisture and increased soil 
salinity (Busch and Smith 1995; Shafroth et al. 2002; 
Sher and Marshall 2003). 

Tamarix seedlings and scattered shrubs occur 
throughout much of the lower Santa Clara River 
corridor; but unlike Arundo, they have not formed 
extensive monospecific stands, making the threat 
from Tamarix seem less severe in this particular river 
system, at least under current hydrologic conditions. 
Existing mature shrubs, while sparse and scattered 
except for a few stands in Reach 0 and 11, produce 
abundant seed rain as evidenced by the many patches 
of dense seedlings observed during field surveys in 
2005 and 2006. Altered flows during the summer-
fall, low-flow period due to human activities (e.g., 
groundwater pumping, water storage, releases and 
diversion for groundwater recharge and irrigation, 
and return flows from irrigation and water treatment 
plants) may promote enhanced seedling recruitment 
of Tamarix in many years since these plants are more 
reproductively opportunistic than the native Populus 
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and Salix species (Stromberg et al. 2007). However, 
it appears that the relatively unaltered winter flood 
regime still provides frequent high flows that result in 
nearly 100% mortality of the previous year’s Tamarix 
seedling cohort due to scour or burial by sediment 
deposition (T. Dudley, pers. comm.). Under such 
conditions the native phreatophytic cottonwood and 
willow vegetation can successfully resist invasion by 
the more drought-resistant Tamarix. This 
phenomenon has been documented in some, but not 
all, unregulated rivers in the arid west, in contrast to 
many impounded rivers where altered hydrology 
often favors Tamarix over Populus and Salix 
(Stromberg et al. 2007). 
 
Distribution Patterns, Riparian Ecosystem Dynamics, 
and Rare Vegetation Types 
 

The distribution of a number of the mapped 
vegetation types appear to be strongly correlated with 
distance from the coast. This suggests that certain 
suites of dominant species and associated vegetation 
types (e.g., Populus balsamifera subsp. trichocarpa, 
Salix lasiolepis, and Salix lucida subsp. lasiandra) do 
better near the coast, where the maritime influence 
moderates temperature and results in reliable periods 
of coastal fog, while others (e.g., Artemisia tridentata 
subsp. parishii, Lepidospartum squamatum, Populus 
fremontii, and Salix laevigata) appear to do best in 
interior semi-arid areas that experience more extreme 
temperature variations (hotter in summer, colder in 
winter). In addition, there are a variety of local and 
reach-scale physical factors that are known to 
influence riparian species and vegetation types (e.g., 
reaches with perennial versus intermittent surface 
flow, gaining versus losing reaches, depth to 
groundwater, substrate texture and salinity, frequency 
of flood disturbance; Stillwater Sciences 2007b). For 
example, the cottonwood-willow vegetation types 
occur primarily in gaining reaches and other areas of 
shallow groundwater, while the alluvial scrub types 
tend to occur mainly in losing reaches or other areas 
with greater depth to groundwater (Stillwater 
Sciences 2007b). 

There are also some species and vegetation types 
that are notable by their absence in the lower Santa 
Clara River riparian-floodplain corridor despite being 
documented in the general vicinity: no individuals of 
Quercus lobata and Salix gooddingii were found 
during our field surveys and mapping effort, although 
both species have been reported from sites in the 
upper watershed in Los Angeles County (Condor 
Environmental 2006). It is possible that these species 
occurred historically along the lower river but are no 

longer present due to natural or anthropogenic 
factors. However, an in-depth review of historical 
records suggests that Quercus lobata at least was not 
present anywhere along the lower Santa Clara River 
during the last 200 years, although it does naturally 
occur around Ojai in the adjacent Ventura River 
watershed (Beller et al. 2011). The historical 
presence or absence of Salix gooddingii during that 
same period is unknown. The absence of these 
species and their associated alliances warrants further 
study, particularly if introduction (reintroduction?) of 
these species is to be considered in developing 
longer-term strategies for restoration and resiliency in 
response to climate change. 

A number of rare riparian alliances were mapped in 
the study area. In addition, analysis of the mapping 
units and field data suggests that there are likely a 
number of rare or previously undescribed 
associations in the river corridor that warrant further 
investigation and consideration in local conservation 
and restoration planning efforts. Many of these rare 
vegetation types are associated with more “classic” 
riparian habitats dominated by phreatophytes such as 
cottonwoods and willows. However, a number of rare 
vegetation types that occur in more interior areas and 
in intermittent or losing reaches with greater depth to 
groundwater, represent a very different type of 
vegetation—these types (e.g., Lepidospartum 
squamatum, Eriogonum fasciculatum, and Yucca 
whipplei alliances) have either previously been 
recognized as components of the rare alluvial scrub 
natural community or appear to have close affinities 
to this type. The Artemisia tridentata subsp. parishii 
Alliance represents a previously undescribed variant 
of the Artemisia tridentata Alliance (Sawyer et al. 
2009) indicative of near desert conditions and could 
be considered as another form of alluvial scrub. 
Alluvial scrub vegetation was once common in 
Southern California, but has now been greatly 
reduced, probably by 90–95% from its historical 
extent (Smith 1980; Hanes et al. 1989; Burk et al. 
2007; Rundel 2007; Sawyer et al. 2009). Results 
from this and other similar classification and 
mapping projects make it possible for local and 
regional conservation and restoration efforts and 
environmental impact analyses to address the full 
range of rare riparian vegetation types in the lower 
Santa Clara River corridor. 

River corridor planning efforts are complicated 
because vegetation composition and structure can 
change rapidly in response to cycles of disturbance 
from episodic resetting floods, primarily in wettest 
years of the El Niño Southern Oscillation, followed 
by vegetation colonization, growth, and succession. 
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Such dynamics lead to a naturally complex and 
dynamic shifting mosaic of vegetation and natural 
communities throughout the watershed that needs to 
be understood before we can effectively analyze 
expected impacts from human land and water 
management or develop appropriate restoration 
strategies (Stillwater Sciences 2007b, 2008). Such 
dynamics are also important at the more local scale.  

For example, in the area just upstream of the 
Harbor Blvd. Bridge (Reach 1) there has been a shift 
in vegetation reflecting the recovery of riparian 
vegetation from the 2005 flood. The vast majority of 
this area was mapped as Riverwash Herbaceous 
Super-Alliance in 2006, when we suggested that “the 
dominance of these stands by herbaceous vegetation 
is likely to be short-lived, with transformation into 
willow-dominated or Arundo-dominated stands likely 
occurring within a few years unless another large 
flood scours out the established vegetation and resets 
these areas” (Stillwater Sciences and URS 2007). 
This predicted transformation was observed during 
field surveys in 2009: floodplain areas previously 
mapped as Riverwash Herbaceous Super-Alliance 
had transitioned to shrub-dominated Salix lasiolepis 
and Baccharis salicifolia alliances (Stillwater 
Sciences 2009). This is just an example of how 
information on seral pathways, time to transition, and 
the frequency range of resetting floods and other 
disturbances for different reaches and relative 
elevations of the river system could be applied in 
order to model potential changes in the riparian 
vegetation mosaic through time and under different 
scenarios. 
 
Use of Vegetation Maps in Land Use and Regional 
Conservation Planning 
 

Vegetation maps are an essential tool to pinpoint 
plant and wildlife species habitat locations likely to 
be affected by any given land use decision, to define 
sensitive riparian and wetland areas, to document 
existing biodiversity, and to assess cumulative 
impacts to habitat. The Ventura County Planning 
Division is the key regulator of land use adjacent to 
much of the Santa Clara River in Ventura County, 
and development of mapped data on wetlands, 
migration corridors, and the habitats of special-status 
species is central to this effort. The riparian 
vegetation type classification and maps provided by 
this study should allow County staff and applicants to 
more readily identify various sensitive natural 
resource issues that may exist on a property. The 
mapped riparian vegetation types and associated GIS 
database also support land use planning, such as 

evaluations of the potential effects of land use 
decisions on sensitive vegetation types, plant species, 
and their habitats.  

The riparian-floodplain vegetation map can also be 
used as a baseline for long-term status and trend 
monitoring in the Santa Clara River corridor 
(including tracking vegetation response to climate 
change), and serve as a point of reference for 
monitoring other rivers in the region. The lower 
Santa Clara River riparian-floodplain map can be 
combined with vegetation maps for the rest of 
Ventura County, such as the version compiled by 
David Magney using existing maps, 
http://atlas.ca.gov/catalog/FishAndGameBIOS/Veget
ationMapVenturaCods514.html (Mar 2011), to 
analyze county-wide patterns of vegetation to 
improve our understanding of factors affecting 
vegetation distribution, rarity, and threats at various 
scales. Over time, the resolution and accuracy of such 
maps will improve as new mapping efforts are 
undertaken using the latest accepted standardized 
approach (Sawyer et al. 2009; Evens 2011; Keeler-
Wolf and Hickson 2011). Another logical next step 
would be to combine the lower Santa Clara River 
riparian map with the riparian vegetation maps of the 
upper Santa Clara River and its tributaries in Los 
Angeles County produced by Amec Earth and 
Environmental (2006) and Condor Environmental 
(2006) following the series level classification in 
Sawyer and Keeler-Wolf (1995). 

Vegetation can be used as a readily measured 
indicator of ecosystem function and site quality 
(Evens and Keeler-Wolf 2003). For example, this 
mapping effort provided information useful for 
understanding and modeling wildlife corridors, 
endangered species habitat, and riparian vegetation 
dynamics (Stillwater Sciences 2007b,c). The use of a 
standardized system for the various regional mapping 
efforts ensures that the maximum amount of 
information can be gained by comparing conditions 
in the different areas and exploring potential natural 
linkages (e.g., wildlife movement corridors), 
distribution patterns, and rarity of natural 
communities and vegetation (Evens and Keeler-Wolf 
2003; Evens 2011; Keeler-Wolf and Hickson 2011). 
 
Challenges and Solutions for Cost-Effective 
Vegetation Classification and Mapping 
 

Creating high resolution maps based on data-driven 
classification standards (i.e., Sawyer et al. 2009) for a 
dynamic alluvial river landscape poses a variety of 
challenges regarding methods, logistics, schedules 
and costs. We originally intended to rely heavily on 
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photo-interpretation supplemented by limited field 
surveys (initial reconnaissance to define primary 
types and identify photo signatures and training sites 
prior to mapping and then post-mapping ground-
truthing of a limited subsample of mapped polygons). 
However, once we started the effort we realized that 
the diverse mix of species in willow-cottonwood 
forests and scrub, and in various alluvial scrub 
stands, severely limited our ability to map at the 
alliance level if we relied heavily on photo-
interpretation. We also found that our digital base 
map imagery from 2004 was not very useful for 
mapping in the field during summer 2005 since vast 
areas of the riparian-floodplain corridor had been 
completely altered by the large El Niño flood event in 
Jan–Feb 2005. 

To overcome these challenges, we quickly shifted 
to a more field-based approach using a modified 
version of the CNPS reconnaissance forms after 
consulting with Todd Keeler-Wolf of the California 
Department of Fish and Game (CDFG) and Julie 
Evens of CNPS. Luckily, some of our team members 
had extensive prior experience in the watershed, 
which allowed us to quickly work out landowner 
access issues so we could mobilize field crews. The 
increased level of field survey effort yielded data on 
dominant and characteristic species in approximately 
700 stands. Using these data and recently completed 
quantitative classification efforts conducted by CNPS 
and CDFG in other riparian systems in Southern 
California, we were able to develop a classification 
approach that allowed us to classify and map at the 
alliance scale, in most cases, and even at the 
association scale for some mapping units. 

The net result is an approach that should be 
applicable in many other situations where the desire 
for detailed classification and mapping must be 
balanced with the constraints of budget, schedule, 
and total labor effort. Even so, additional effort 
volunteered by various team members was required 
to complete this study. 

We hope that our study will provide a critical 
baseline for future monitoring and adaptive 
management of the lower Santa Clara River corridor 
as well as for monitoring the effectiveness of Arundo 
control and restoration efforts. The vegetation map 
can be revised opportunistically based on more local 
mapping, as has recently been done in the estuary, 
but ideally the entire map should be updated at 
regular intervals (perhaps every 5 or 10 years) and 
after major alterations from flood or fire. New 
technologies for detecting vegetation changes may 
improve cost-efficiency of map updating efforts, and 
ideally allow additional detailed information to be 

obtained on vegetation structure (such as by 
combining standard imagery with airborne laser 
mapping).  
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