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ABSTRACT 
 

Riparian areas in arid rangelands provide a wide range of ecosystem services and are 
critical areas for conservation of landscape and regional biological diversity. Creeks and 
their associated riparian habitats also provide unique resources for livestock management, 
however these systems have proven to be sensitive to disturbance from livestock. 
Ecological site concepts and associated state-and-transition models are useful tools for 
understanding rangeland plant succession and the relative influence of management 
actions. These models have been widely developed for upland rangeland systems; 
however, extension of these models to rangeland riparian systems is still in its infancy. In 
this study I classified two ecological sites along four streams on the Tejon Ranch in the 
southern San Joaquin Valley, California. Using vegetation data gathered over four years 
at fifteen study reaches I identified three distinct vegetation states and plausible 
conditions precipitating transitions between states. I monitored large mammal and 
herpetofauna activity at each of the study reaches and compared the predictive power of 
the categorical ecological site and state-and-transition models in predicting wildlife 
activity to models based on continuous environmental variables. Finally I investigated the 
role of cattle and feral pig management on riparian vegetation and wildlife. Ecological 
sites proved to be a good predictor of observed wildlife community assemblages and was 
included in top models predicting activity of three of five mammal species: bobcat (Lynx 
rufus) deer (Odocoileus hemionus) and feral pig (Sus scrofa); and two of three reptile 
species: western fence lizard (Sceloporus occidentalis) and Gilbert’s skink (Plestiodon 
gilberti). In contrast, vegetation states proved to be a poor predictor compared to 
continuous variables. Cattle and feral pigs appear to have played a role in the one 
observed vegetation transition, and cattle and feral pig activity was correlated with 
increased cover of hydrophyllic vegetation and bare soil, and decreased cover of upland 
vegetation and forbs. Summer cattle activity and spring pig activity were the most 
strongly correlated with changes in vegetation attributes. Results from this study illustrate 
the utility of ecological sites to model riparian vegetation change and provide a 
framework for understanding the effect of rangeland management on riparian vegetation 
and wildlife. 
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INTRODUCTION	

BACKGROUND	
Conservation of rangeland riparian areas is a priority for rangeland management 

because these areas provide habitat for fish and wildlife, boost landscape biodiversity by 
hosting different species than adjacent uplands (Sabo et al. 2005), provide habitat for 
sensitive and endangered species (Kus 1998; Golet et al. 2008), and filter and convey 
fresh water (Tate et al. 2006; Atwill et al. 2006). Many of these ecosystem services can 
be directly or indirectly attributed to the composition, spatial distribution and structure of 
riparian vegetation, and managing riparian vegetation is a common target of rangeland 
conservation strategies (George et al. 2011). Riparian vegetation also provides food, 
cover, shade and nesting grounds for mammalian and avian wildlife (Matos et al. 2009; 
PRBO 2004); regulates in-stream ecology by maintaining cool creek temperatures, 
providing nutrient inputs, and altering flow regimes (Knight and Bottorff 1984; Baltz and 
Moyle 1984); and filters and retains nutrients and water-borne pathogens (Tate et al. 
2006). 

Creeks and their associated vegetation are also an important source of water and 
forage in many livestock grazing systems (Bush 2006). Cattle are drawn to riparian areas 
to access water, to eat high quality forage and to seek shelter from the sun in hot weather 
(Bailey 2004). As a result, the impacts of herbivory, trampling, and other biotic 
disturbance in these systems can be higher than their upland counterparts (Kauffman and 
Krueger 1984), and can lead to damage to riparian resources (Belsky, Matzke, and 
Uselman 1999; Fleischner 1994).  

The effect of any particular management strategy on vegetation largely depends 
on the underlying ecological drivers of that ecosystem. A critical factor is whether the 
system displays mainly equilibrium or non-equilibrium characteristics (Vetter 2005). 
Equilibrium systems occur when environmental conditions are relatively stable, allowing 
endogenous biological processes such as inter-species competition to structure biological 
communities. In such a system, biotic processes like herbivory exert a strong influence on 
species composition. Non-equilibrium systems occur in highly variable environments, 
where periodic stochastic exogenous factors such as uncertain precipitation exert a strong 
influence on the structure of biological communities and prevent competition from 
exerting a strong effect on species composition. In general, arid areas with highly 
variable precipitation (coefficient of variation of annual precipitation >30%) exhibit more 
non-equilibrium behavior, and more mesic systems with less-variable precipitation 
display more equilibrium characteristics (Vetter 2005); however equilibrium and non-
equilibrium systems are two ends of a continuum and even systems governed dominantly 
by non-equilibrium processes will exhibit equilibrium characteristics at some scales 
(Briske, Fuhlendorf, and Smeins 2003). These underlying drivers have implications for 
how we understand the role of biotic disturbance (e.g., ungulate disturbance) in these 
ecosystems, and conversely, the extent to which biotic disturbance shapes these systems 
can shed light on the underlying processes governing community dynamics (Jackson and 
Bartolome 2002).  
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It has long been recognized that many upland rangeland environments function 
predominantly as non-equilibrium systems (Westoby, Walker, and Noy-Meir 1989). As a 
result, in arid rangelands, linear models of vegetation succession that rely on equilibrium 
assumptions have largely been replaced by non-linear ‘state-and-transition’ (STM) 
models which document the range of relatively stable vegetation states that can occur in 
one area and the conditions causing transitions between the states (Bestelmeyer et al. 
2010). ‘Ecological Site Description’ (ESD) is a related concept that states that areas with 
similar environmental characteristics have the potential to support the same range of 
vegetation states (Caudle et al. 2013). 

STMs and ESDs have been extensively developed in upland rangelands in the 
western United States and have proven to be a useful management tool (Bestelmeyer and 
Brown 2010). In comparison, very little attention has been paid to describing riparian 
ecological sites and associated STMs (Stringham, Krueger, and Thomas 2001), and 
procedures for their development require consideration of additional geomorphic and 
hydrologic criteria (Stringham and Repp 2010). Despite major differences in the function 
of riparian and upland ecosystems there is reason to believe many rangeland riparian 
areas function largely in a non-equilibrium manner. Stochastic fluvial disturbances and 
changes in soil moisture constitute major extrinsic disturbances and drive spatial and 
temporal differences in species composition (Gasith and Resh 1999; Stringham, Krueger, 
and Thomas 2001).  

Given the broad array of ecosystem services derived from riparian areas, their 
biological conservation value, and the potential impact of livestock management on 
rangeland riparian resources, extension of the ESD and STM framework to riparian sites 
could provide an important tool for rangeland management. The goal of this study is to 
test how well ecological sites and vegetation states describe and predict riparian 
vegetation dynamics on a semi-arid rangeland in southern California, determine the 
relative influence of livestock management practices on shaping riparian communities, 
and broaden our understanding of management outcomes by integrating wildlife 
management into the ESD and STM framework. 

TEJON	RANCH	STUDY	
The 110,000-hectare (270,000-acre) Tejon Ranch is located at the intersection of 

four major Jepson floristic bioregions in southern California: Great Valley, Sierra 
Nevada, Mojave Desert and Southwestern California (Baldwin 2012). Ninety-seven 
thousand hectares (240,000 acres) of the ranch are included in a conservation easement 
and are managed jointly by the Tejon Ranch Company and a non-profit land trust, the 
Tejon Ranch Conservancy. Cattle ranching is the most widespread management activity 
on the ranch and continues to be practiced in the conservation areas. Feral pigs, 
accidentally introduced to the ranch in the 1980s, also occur throughout the ranch and are 
common in riparian areas. While the pigs are not closely managed, a hunting program 
harvests hundreds of feral pigs each year from the ranch (Christie et al. 2014). 

A major management goal of the Tejon Ranch Conservancy is to “enhance and 
restore riparian and wetland ecosystems” (Tejon Ranch Conservancy 2013). Cattle and 
feral pig activity can affect vegetation structure and composition (Kauffman, Krueger, 
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and Vavra 1983; Allen-Diaz and Jackson 2000; Belsky, Matzke, and Uselman 1999; 
Jackson 2002; George et al. 2011; Sweitzer and Van Vuren 2008; Kotanen 1995; 
Cushman, Tierney, and Hinds 2004). Critically, the effects of disturbance from these two 
species are often site- and time-specific; occurring in conjunction with climatic events or 
varying between areas with different environmental conditions (George et al. 2011; 
Cushman 2007). These spatial and temporal contingencies make universal statements 
about changes in species composition resulting from cattle or feral pig disturbance 
difficult at best. To maximize the probability that management actions will result in the 
desired conservation goals, site-specific opportunistic models that account for differences 
in environmental characteristics such as climate, soils, stream geomorphology, and 
hydrology are needed. 

Between 2013 and 2016 I worked with the Tejon Ranch Conservancy to answer 
the following questions: 

1. What is the structure and composition of riparian vegetation along major creeks in 
the San Joaquin Valley area of the ranch? Are there distinctive plant communities 
that are repeated in multiple locations (i.e., multiple vegetation states)? 

2. Do different areas in the San Joaquin Valley portion of the ranch support different 
arrays of riparian vegetation (i.e., are there multiple riparian ecological sites)? 

3. How well do riparian ecological sites and vegetation states describe differences in 
mammalian and reptile community assemblages compared to individual 
environmental and management variables? Can ESDs and STMs predict riparian 
wildlife assemblages or individual species activity? 

4. What effects (if any) do cattle and feral pigs have on riparian vegetation and 
wildlife? 

STUDY	APPROACH	
Within the San Joaquin Valley portion of the ranch, five creek segments were 

selected for study. On each of these creek segments, three locations were selected 
randomly using ArcGIS within areas with woody vegetation for a total of 15 study 
reaches (Figure 1). Each of the study reaches extends 50 meters along the creek (25 
meters upstream and 25 meters downstream from the random point), and 50 meters 
perpendicular from the creek in one direction (determined by a coin flip). In the winter of 
2014-2015, fences were erected on five study reaches to exclude cattle and feral pigs. 
Exclosures were slightly larger than 50X50 meters and include the entire study plot. One 
study reach on each stream segment was randomly selected to receive an exclosure fence.  

Vegetation sampling occurred annually at each of the study reaches in late May 
and early June of 2013 through 2016. Each of the 15 study reaches was sampled a total of 
four times for a total of 60 plot*years. At each study reach a “greenline” transect 
followed the toe of the creek bank and sampled vegetation growing near the water’s edge. 
This sampling method was adapted from the greenline sampling technique developed by 
Alma Winward (2000). Vegetation composition was measured along 50 m of the creek in 
three different strata: herbaceous, shrub and tree. 

One camera trap was deployed at each of the study reaches. They were positioned 
to maximize detections of feral pigs, cattle, and wildlife. Cameras were typically put 
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along game trails or along creeks in areas with wide fields of view and few obstructions 
or branches that could trigger the camera in the wind. Cameras recorded 30-second 
videos whenever triggered by movement. Video detections allowed for collection of 
behavioral data. 

To monitor herpetofauna, eight cover boards were installed at each of the study 
reaches within 50 meters of the creek. The cover boards were four-foot by four-foot 
square pieces of ½-inch plywood. Boards were checked in late winter and spring between 
2014-2016. When boards were checked, species were visually identified without 
handling. 

DISSERTATION	CHAPTERS	
This dissertation is divided into three chapters. The first describes the process and 

results of creating ecological site descriptions and state-and-transition models for riparian 
areas in the San Joaquin Valley area of the ranch. The second chapter evaluates the effect 
of cattle and feral pigs on riparian vegetation. The final chapter explores the power of 
ESDs and STMs to predict wildlife community assemblages and individual species 
activity levels in riparian areas of Tejon Ranch. 
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Figure 1. Location of the 15 study reaches at Tejon Ranch. 
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CHAPTER 1. DEVELOPING ECOLOGICAL SITE AND STATE-
AND-TRANSITION MODELS FOR GRAZED RIPARIAN PASTURES 
AT TEJON RANCH 

INTRODUCTION	
Ecological site concepts and state-and-transition models have been widely 

developed to model spatial and temporal vegetation dynamics in arid rangelands. An 
‘Ecological Site’ as defined by the Natural Resources Conservation Service is “a 
distinctive kind of land with specific physical characteristics that differs from other kinds 
of land in its ability to produce a distinctive kind and amount of vegetation, and in its 
ability to respond to management actions and natural disturbances” (Bestelmeyer and 
Brown 2010; Caudle et al. 2013). Describing ecological sites allows land managers to 
prioritize management and conservation objectives and fine-tune management practices 
in heterogeneous landscapes by classifying the management area into discreet units with 
different potential vegetation dynamics and different responses to management actions 
(Bestelmeyer and Brown 2010). 

State-and-transition models are typically organized as box and arrow diagrams 
showing what the potential vegetation states are for a given ecological site and what 
conditions cause transitions between states. States may be quantitatively or qualitatively 
described, but essentially represent a plant community within a range of variation which 
is of ecological or management interest (Westoby, Walker, and Noy-Meir 1989). 
Dynamic soil properties such as erosion and sedimentation may also be used to 
distinguish between states (Duniway, Bestelmeyer, and Tugel 2010). Most often these 
models are used to display transitions due to temporal drivers on a given area such as: 
changes due to management, fire, or precipitation; however, they can also be used to 
catalog spatial transitions occurring within an ecological site as a result of past conditions 
(Bestelmeyer, Goolsby, and Archer 2011; Petersen, Stringham, and Roundy 2009). 

Development of ecological sites and state-and-transition models in the United 
States has been almost entirely limited to upland sites and has largely ignored riparian 
areas (Stringham, Krueger, and Thomas 2001). Riparian systems along creeks in 
California’s semi-arid San Joaquin Valley have the underlying spatial and temporal 
variability in environmental factors required to make them good candidates for non-linear 
plant community succession, and thus for ecological site models.  

In addition to the physical factors responsible for spatial variability in upland 
systems (differences in soils, climate, and landscape position) spatial variation in riparian 
areas is also largely driven by differences in fluvial processes, stream geomorphology, 
and hydrologic cycles between sites (Caudle et al. 2013; Stringham and Repp 2010). 
Processes governing temporal variation within riparian ecological sites differ somewhat 
from those in uplands as well. In addition to climatic and management drivers associated 
with inter-annual variation in uplands, intra- and inter-annual fluvial processes and 
changes in soil water characteristics may drive temporal variation in vegetation 
composition (Stringham, Krueger, and Thomas 2001; Stringham and Repp 2010).  
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Upland ecological site descriptions are largely based on edaphic and 
geomorphological factors that are relatively stable over timescales relevant to 
management. In contrast, soil properties and stream geometry can be highly variable in 
riparian systems where fluvial disturbance can cause large-scale erosion and deposition 
over short timescales (Stringham and Repp 2010). Changes in these properties may 
precipitate changes in riparian vegetation states. Understanding the range of channel 
geomorphologies and soil properties within a riparian ecological site, and linking those to 
differences in riparian vegetation states may help pair riparian ecological site descriptions 
with state-and-transition models. 

Some management practices that have limited effects on species composition in 
California’s upland rangelands may have amplified effects in riparian areas. Livestock 
grazing is thought to be responsible for little of the inter-annual variation seen in 
California’s upland grasslands (Jackson and Bartolome 2002), but even in lightly-stocked 
pastures grazing may have large effects on riparian vegetation as cattle tend to prefer 
these areas to surrounding uplands (George et al. 2011) . The effects of livestock grazing, 
however, are likely contingent on physical attributes of the system and characteristics of 
the plant species present (Kauffman and Krueger 1984).  

Tejon Ranch, located in Southern California, contains 97,124 hectares (240,000 
acres) of conserved lands that are jointly managed by the Tejon Ranch Company, Tejon 
Ranch Conservancy (Conservancy), and two grazing lessees. Riparian area management 
was highlighted in the 2013 Ranch-Wide Management Plan, and the Conservancy’s 
riparian goals and objectives primarily revolve around managing vegetation structure to 
benefit a suite of nesting birds, but also include increasing native plant species cover and 
diversity and eliminating non-native species such as tamarisk (Tamarix ramosissima). 
Cattle grazing is the most widespread management action affecting riparian areas on the 
ranch. In addition to cattle grazing, feral pigs are widespread on the Ranch and significant 
areas of pig disturbance can be observed in riparian areas in the San Joaquin Valley 
portion of the Ranch. In 2013, this study was initiated to investigate whether an 
ecological site and state-and-transition approach could identify baseline characteristics in 
riparian vegetation and demonstrate the effect of cattle and feral pig management on 
riparian resources. 

METHODS	
PROJECT	LOCATION		

Tejon Ranch is located in southern California, encompassing areas of the San 
Joaquin Valley, Sierra Nevada, Mojave Desert, Tehachapi Mountains, and South Coast 
Ranges. The study takes place in the San Joaquin Valley portion of Tejon Ranch and is 
limited to major streams with well-developed woody riparian vegetation.  

Five creek segments were selected for study within the area of interest: Chanac 
Creek (CH), El Paso Creek (EP), Lower Tejon Creek (LT), Tunis Creek (TU), and Upper 
Tejon Creek (UT). Within each of these creek segments, three locations were selected 
randomly within areas with woody vegetation for a total of 15 study reaches. In the 
winter of 2014-2015, fences were erected on five study reaches to exclude cattle and feral 
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pigs. One study reach on each stream segment was randomly selected to receive an 
exclosure fence. Reaches with exclosures include: CH2, EP3, LT1, TU2, UT3. 

ECOLOGICAL	SITE	SAMPLING	
Fourteen variables were used in the Ecological Site cluster analysis (Table 1). 

These include remotely sensed values generated in ArcGIS, such as: elevation, slope, 
sinuosity, watershed size, and geology. Measurements of stream geomorphology were 
made in the field using a total station. Soil samples were collected in the field in 2013 and 
analyzed at the UC Davis Analytical Laboratory for soil texture. 
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Table 1. Variables used in the Ecological Site Cluster analysis.  

Variable Source Description 

Elevation Field Elevation of the greenline at Plot Center. 
Measured using a sub-meter accurate GPS. 

Slope (500m) GIS (10m Digital 
Elevation Map) 

Slope along a 500 m portion of the creek 
centered at the plot center. 

Slope (thalweg) Field Slope of the thalweg on the study reach taken 
from field measurements. 

Sinuosity (500m) GIS Distance along creek divided by Euclidian 
distance between endpoints for 500 m of creek. 

Sinuosity 
(thalweg) 

Field Distance along creek divided by Euclidian 
distance between endpoints of thalweg measured 
in study reach. 

Watershed Size GIS Area of watershed contributing to stream at plot 
center. 

Geology GIS Mapped geology at study reach. 

Dominant 
Upstream 
Geology 

GIS Most common geology mapped along stream 
between study reach and headwaters.  

Width:Depth Field Width of stream channel divided by depth of 
channel. 

Entrenchment 
Ratio 

Field Width of floodprone area divided by width of 
channel. 

Greenline Height 
Above Thalweg 

Field Average height of greenline above thalweg in the 
study reach. 

Sand (%) Field Percent sand in composite soil sample along 
greenline. 

Silt (%) Field Percent silt in composite soil sample along 
greenline. 

Clay (%) Field Percent clay in composite soil sample along 
greenline. 
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STREAM	GEOMORPHOLOGY	
Stream geometry was measured in the field using a Nikon DTM-322 total station. 

The total station was mounted on a tripod in a fixed location. From there it recorded the 
location (in three-dimensional space) of a reflecting prism that was mounted on a 
moveable pole of known height. The pole was placed in different locations around the 
study reach, and the X, Y, and Z coordinates of that location were recorded in the total 
station. In general, points were taken to describe changes in slope and elevation of three 
principal geomorphological features in the study reach. These features were: 

Stream cross-section. Cross-sections are measurements of the perpendicular 
profile of the stream. Cross-sections were started in the upper floodplain of the creek, and 
measured the X, Y, and Z coordinates on a straight line crossing perpendicularly through 
the creek and up to the upper floodplain on the opposite bank. From this cross-sectional 
profile, geomorphological features were calculated, including: width of channel at top of 
bank, depth from top of bank to thalweg, and width of flood prone area. Three cross-
sections were measured per study reach; one at the center of the reach, one approximately 
25 meters upstream, and one approximately 25 meters downstream.  

Long profile. The long profile records the X, Y, and Z location of the thalweg 
(deepest part of the channel) as it passes through the study reach. We measured the long 
profile in each study reach, and included an average of 18 meters upstream and 
downstream of the 50-meter study area to better represent the reach. The long profile was 
then used to calculate the slope and the sinuosity of the thalweg in the study reach. 

Greenline. The location of the greenline in the study reach was recorded in a 
similar fashion as the long profile. This was used to calculate the height of the greenline 
above the thalweg. A detailed description of the greenline is given in the Vegetation 
Sampling Methods section below. 

SOIL	SAMPLING	
Soils were sampled at each of the study reaches in 2013. Three fifteen-centimeter 

deep samples were taken along the greenline in each study reach and compiled to make 
one composite sample. Soil texture was analyzed at UC Davis Analytical Laboratory.  

REMOTELY	SENSED	VARIABLES	
Several features were measured using a Geographic Information System (GIS) in 

ArcGIS 10.3. These include the channel slope along a 500 meter section of the creek 
centered on the study reach, sinuosity along a 500 meter section of the creek centered on 
the study reach, underlying geology of the study reach, and the dominant upstream 
geology of the study reach.   

VEGETATION	SAMPLING		
Vegetation was sampled annually at each of the study reaches in late May and early 

June of 2013 through 2016. A “greenline” transect followed the toe of the creek bank and 
sampled vegetation growing near the water’s edge. This sampling method was adapted 
from the greenline sampling technique developed by Alma Winward (2000). Winward 
defines the greenline as “The first perennial vegetation that forms a lineal grouping of 
community types on or near the water’s edge. Most often it occurs at or slightly below 
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the bankfull stage” (Winward 2000). We decided to move the greenline from the top of 
bank to the toe of the bank for the following reasons:  
	

• The herbaceous vegetation at the top of bank was typically composed of the same 
annual grass species that dominate the adjacent uplands. In order to sample the 
herbaceous species composition most influenced by the stream we needed to sample in 
the wetter soils found at the toe of the bank.  

 
• The first perennial species to form a continuous or semi-continuous line of 

vegetation was either a shrub (typically Baccharis salicifolia) or tree (typically Salix sp. 
or Populus fremontii). These woody plants were recorded in the sampling transects 
regardless of whether they were performed at the toe of the bank or the top of bank.  

At each study reach, greenline vegetation composition was measured along 50 
meters of the creek in three different strata: herbaceous, shrub and tree. To measure 
herbaceous vegetation, a line-point intercept transect was performed whereby a point was 
extended every half-meter along the transect tape and the first hit within the first one-
meter above the ground was recorded. A line-intercept transect was used to record shrub 
and tree composition along the greenline and perpendicular transects. This method 
records the lineal distance occupied by each species overhanging the transect tape within 
each canopy. Any plant overhanging the tape between one and three meters of height was 
recorded in the “shrub” category, and any plant overhanging the tape above three meters 
in height was recorded as a “tree.” It is important to note that the canopy categories were 
distinguished only by height. For example, the vining California grape (Vitis californica) 
could occur in the herbaceous, shrub, or tree category even though it is not technically an 
herb, shrub or tree. 
	

STATISTICAL	METHODS		

VEGETATION	CLUSTER	ANALYSIS	
Hierarchical cluster analysis of plot-level plant species composition can be used 

as a quantitative method of defining states and transitions for state-and-transition models 
(Spiegal et al. 2014). A state can be defined as a vegetation assemblage that occurs on 
study reaches with similar vegetation characteristics and close linkage distances between 
reaches (close distances between plots in the cluster dendrogram). A temporal transition, 
then, is when a study reach moves in cluster space between years (when the vegetation in 
a given reach changes from that characteristic of one cluster to another) (Spiegal et al. 
2014). The theory behind ecological site models is that sites with similar physical 
characteristics have the potential to support the same suite of vegetation states. Given 
that, ‘spatial’ transitions could then be observed when different vegetation clusters occur 
in different areas within the same ecological site.  

A cluster analysis was performed on the greenline vegetation data to investigate 
patterns of riparian plant community structure within the 15 study reaches over 4 years. 
For this analysis the 60 unique Reach*Year combinations were clustered based on 
absolute cover of all live plant hits along transects. Herbaceous layer data were square-
root transformed so that dominant species did not overly-influence the cluster 
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assignments (McCune and Grace 2002). Shrub and Tree cover was not transformed since 
it generally was made up of relatively high cover of just a few species. Similarly, all 
species occurring on less than 2 Reach*Years were removed from the analysis so that 
very rare species did not disproportionately influence the analysis. Species were entered 
for each canopy class separately. For example, the tree Salix laevigata occurring in both 
the shrub and tree canopies would be included twice: SALA_S and SALA_T. This 
allowed us to determine when differences between clusters were due to vegetation 
structure as well as composition. The cluster analysis was performed using Bray-Curtis 
distance which calculates similarity based on species found to be present on study 
reaches, not based on mutual absences (Zuur, Ieno, and Smith 2007).  

Two methods were utilized to prune the cluster dendrogram to the optimal 
number of clusters. First, a Mantel correlation test was used. This test compares a matrix 
of cluster assignments to the original distance matrix used to create the cluster 
dendrogram. This test is repeated for every possible number of clusters, and the number 
with the highest Mantel correlation is considered the optimal number of clusters. Second, 
an Indicator Species Analysis was performed, and the number of groups which contained 
the most significant indicator species was selected (Dufrene and Legendre 1997). 
Indicator species analysis also describes which species best characterize a cluster-based 
on the presence and abundance of species within and between groups (Dufrene and 
Legendre 1997). All statistical tests were performed in R using packages: vegan, cluster, 
and indicspecies (R Core Team 2016; Oksanen et al. 2015; Maechler et al. 2015; De 
Caceres and Legendre 2009). 

ECOLOGICAL	SITE	CLUSTER	ANALYSIS	
Hierarchical cluster analysis can also be used to classify ecological sites based on 

groupings of key environmental variables such as soil type, geology, and topography 
(Spiegal et al. 2014). Similarly, it has been used to classify stream reaches from 
geomorphic and hydrologic measurements of stream channels, and is especially useful if 
applied within a distinct physiographic unit where it can yield objective classifications 
useful for management (Kondolf et al. 2003). A suite of indicators used in stream 
classification and those used in upland ecological site classification were combined in a 
cluster analysis to create the riparian ecological site classification. In all, fourteen 
physical characteristics were used to classify the study reaches into riparian ecological 
sites (Table 1). These included features used in upland ecological site descriptions such 
as: geology, soil texture and elevation; and stream-specific features such as: channel 
gradient, sinuosity and width:depth ratio. 

The ecological site cluster analysis was performed using Gower’s distance, which 
calculates similarity for each variable in the matrix separately (using a method according 
to the variable type) and is therefore able to include both continuous and categorical 
variables together. The final distance metric is an average of the partial similarities 
(Borcard, Gillet, and Legendre 2011). Analysis was performed in R using the packages 
‘vegan’ and ‘cluster’ (R Core Team 2016; Oksanen et al. 2015; Maechler et al. 2015). 
The cluster dendrogram was pruned using the Mantel Test described above.	
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CLASSIFICATION	TREE	
A classification tree was built for the vegetation data using the ‘tree’ package in R 

(Ripley 2016). The response variable (the data to be partitioned) was the clusters from the 
vegetation cluster analysis, and the environmental variables used in the ecological site 
cluster analysis were the independent variables. The categorical variables ‘exclosure’ and  
‘Ecological Site’ were also included as independent variables in the analysis. A 
classification tree uses top-down recursive binary splitting to partition the response data 
into a tree that optimizes the classification of response variables at each node with respect 
to each of the predictor variables (James et al. 2013). The farther up in the tree a node 
occurs, the more variation in the overall response data is explained by that node.  

The tree was pruned using the function ‘cv.tree’ in the ‘tree’ package in R, which 
determines the optimal number of terminal nodes by minimizing the number of mis-
classifications in the terminal nodes (Ripley 2016).  

RESULTS	
ECOLOGICAL	SITES	

The Ecological Site cluster analysis showed that each study reach was most 
closely related to other sites on the same creek (Figure 1). Furthermore, study reaches 
along Chanac, Upper Tejon, El Paso and Tunis Creeks were closely related to each other, 
but there was a large division between these reaches and those in Lower Tejon Creek. 
The Mantel correlation test showed that the optimal number of clusters was 2 (r=0.644). 
The r value for the next highest correlation (for five clusters) was substantially lower at 
r=0.572. 

The two ecological sites differ in several regards. Ecological Site 1 is: higher 
elevation, higher channel slope, smaller watershed size, lower entrenchment ratio, higher 
percentage of silt in soil, and of more diverse geology and upstream geology than 
Ecological Site 2. The variables that do not significantly differ between the two 
ecological sites are:  Sinuosity (500 meter or thalweg in study reach), Width:Depth ratio,  
greenline height above thalweg, percent sand in soil, and percent clay in soil (Table 2).  
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Figure 1. Cluster dendrogram showing the results of the ecological site cluster analysis. 
The closer study reaches appear on the dendrogram, the more similar their environmental 
attributes are. The letters in the study reach names represent the creeks they are on. 
CH=Chanac Creek, EP=El Paso Creek, LT=Lower Tejon Creek, TU=Tunis Creek, 
UT=Upper Tejon Creek. The dotted line shows the optimal location to trim the 
dendrogram.  
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Table 2. Mean values for each of the quantitative values in the environmental data. 
Geology values are a list of all the qualitative values for that ecological site. 

 

Ecological 
Site 1 

Ecological 
Site 2 

Elevation (m) 444 265 

Slope (500m) 0.0310 0.0173 

Thalweg Slope 0.0278 0.00971 

Sinuosity (500m) 1.10 1.15 

Sinuosity of 
Thalweg 1.20 1.14 

Watershed size (m2) 9.68*107 2.82*108 

Width : Depth Ratio 8.49 9.97 

Entrenchment Ratio 3.39 5.86 

Greenline Height 
Above Thalweg (m) 0.213 0.223 

Sand (%) 79.50000 87.00000 

Silt (%) 14.83333 7.333333 

Clay (%) 5.666667 5.666667 

Geology Qt, gn, hdq1 Qa 

Dominant upstream 
geology Qt, gn, hdq Qa 

Geology abbreviations indicate the following geology map units:  

1. gn = Gneissic Rocks 
2. hdq = Maphic Intrusive Rock 
3. Qa = Holocene Alluvium 
4. Qt = Pleistocene Alluvium 
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VEGETATION	STATES	AND	TRANSITIONS	
The cluster analysis showed that in general Reach*Years clustered most closely 

with the same reach in alternate years. The Mantel correlation test pruned the resulting 
dendrogram to 10 clusters (r= 0.663). Indicator species analysis pruned the dendrogram 
to 8 clusters. Since the Mantel correlation coefficient was very close between 8 and 10 
clusters,  (r=0.645 vs. r=0.663), 8 clusters were selected to represent the vegetation states 
(Figure 2, Table 3).  

Three study reaches changed from one vegetation state to another over the course 
of the study. CH2 changed from cluster 2 to 3 between 2014 and 2015, EP3 changed 
from cluster 1 to 6 between 2015 and 2016, and LT2 changed from cluster 7 to 2 between 
2013 and 2014.  

The root split in the classification tree using vegetation cluster as the categorical 
response variable and the environmental variables from the ecological site cluster 
analysis as the predictive variables was channel slope (500 m). After that, a combination 
of soil textures, geology, and elevation best describe the differences in the resulting 
clusters. The categorical variables “exclusion” and “ecological site” were also included in 
the environmental variables for the classification tree. Two of the three study reaches 
which changed vegetation clusters changed after exclosures were installed (Figure 3). 
The stream geomorphological measurements do not show up anywhere on the 
classification tree, indicating that they are not closely tied to the different vegetation 
states.  
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Figure 2. Cluster dendrogram showing the results of the vegetation cluster analysis. The 
units being clustered are Reach*Years. The closer Reach*Years appear on the 
dendrogram, the more similar their vegetation is. The letters in the Reach*Year names 
represent the creeks they are on. CH=Chanac Creek, EP=El Paso Creek, LT=Lower 
Tejon Creek, TU=Tunis Creek, UT=Upper Tejon Creek. The dotted lines show the 
potential locations to trim the dendrogram. 
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Table 3. Vegetation state classification for each of the Reach*Years. Classifications 
resulting from pruning the dendrogram at 8 and 10 clusters are both shown, the only 
difference between them is the classification of UT1 in 2013-2015 as State 9. Bold values 
indicate study reaches that changed vegetation states between years. 

 

Reach*Year 

Vegetation Cluster 

Reach*Year 

Vegetation Cluster 

8 clusters 
10 
clusters 8 clusters 10 clusters 

CH1_2013 1 1 LT3_2013 4 4 

CH1_2014 1 1 LT3_2014 4 4 

CH1_2015 1 1 LT3_2015 4 4 

CH1_2016 1 1 LT3_2016 4 4 

CH2_2013 2 2 TU1_2013 8 8 

CH2_2014 2 2 TU1_2014 8 8 

CH2_2015 3 3 TU1_2015 8 8 

CH2_2016 3 3 TU1_2016 8 8 

CH3_2013 4 4 TU2_2013 8 8 

CH3_2014 4 4 TU2_2014 8 8 

CH3_2015 4 4 TU2_2015 8 8 

CH3_2016 4 4 TU2_2016 8 8 

EP1_2013 5 5 TU3_2013 8 8 

EP1_2014 5 5 TU3_2014 8 8 

EP1_2015 5 5 TU3_2015 8 8 

EP1_2016 5 5 TU3_2016 8 8 

EP2_2013 5 5 UT1_2013 6 9 

EP2_2014 5 5 UT1_2014 6 9 

EP2_2015 5 5 UT1_2015 6 9 

EP2_2016 5 5 UT1_2016 6 6 
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EP3_2013 1 1 UT2_2013 3 10 

EP3_2014 1 1 UT2_2014 3 10 

EP3_2015 1 1 UT2_2015 3 10 

EP3_2016 6 6 UT2_2016 3 10 

LT1_2013 7 7 UT3_2013 3 10 

LT1_2014 7 7 UT3_2014 3 10 

LT1_2015 7 7 UT3_2015 3 10 

LT1_2016 7 7 UT3_2016 3 10 

LT2_2013 7 7    

LT2_2014 2 2    

LT2_2015 2 2    

LT2_2016 2 2    
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Figure 3. Results from a classification tree with vegetation states as the categorical response variable, and the environmental variables 
used in the Ecological Site cluster analysis as the factors used to split the data. The categorical variables “ecological site” and 
“exclosure” were also included as environmental variables.
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In addition to showing the optimal location to prune the cluster dendrogram, 
indicator species analysis also shows which species are most characteristic of each 
cluster. Indicator species are those that are abundant within one cluster, and relatively 
scarce in other clusters. Each of the eight clusters has statistically significant indicator 
species.  All clusters include perennial woody species as indicators, and all clusters 
except 1 and 2 include herbaceous species as significant indicator species (Table 4). 
Indicator species are always the most abundant in the cluster they are assigned to, 
however in this analysis, they generally occur in other clusters, so their mere presence is 
not diagnostic of cluster. Just five of the 41 indicator species occurred in only one cluster, 
and five occurred in all eight vegetation clusters.  

Significant indicator species are also not necessarily the most abundant species in 
their cluster. Species that are dominant, but widespread would not be selected as 
indicators if they are equally common in multiple clusters. In total, 30 of the 41 indicators 
had less than 10% absolute cover, 19 had less than 5% cover, and 3 had less than 1% 
cover (Appendix B). Thirty-five of the 41 indicators were also in the top 5 species (by 
cover) for their canopy layer in the cluster they belong to, and six were not.  

Just as significant indicator species are not necessarily dominant, the most 
common species in a cluster are also not necessarily good indicators for that cluster. This 
is partly because each cluster has varying amounts of cover in each of the canopy classes 
(Appendix D). A few species have high relative cover on almost all the clusters (though 
their absolute cover is variable), and therefore aren’t useful for distinguishing between 
plots. Bromus diandrus and Baccharis salicifolia were the most abundant herbaceous 
canopy species in seven of the eight clusters, although they each only indicate one 
cluster. Baccharis salicifolia and Salix laevigata were the most abundant species in the 
shrub canopy in seven of the eight clusters, yet they each also only indicate one cluster. 
Salix laevigata and Populus fremontii each were the most abundant species in the tree 
canopy in six of the eight clusters, yet they only are indicator species for one cluster each 
(Appendix C).   
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Table 4. Significant indicator species for each of the eight vegetation clusters. Canopy 
class refers to which canopy each indicator species was found (e.g. herbaceous, shrub or 
tree). Wetland codes indicate the wetland status of each species as described in the 
‘National Wetland Plant List’ (Lichvar et al. 2016).  

Vegetation 
Cluster 

Indicator 
Species 

Canopy 
Class 

Wetland 
Code 

Indicator 
value p value 

1 

Salix laevigata Herbaceous FACW 0.534 0.002 

Vitis 
californica Herbaceous FACU 0.671 0.001 

Vitis 
californica  Shrub FACU 0.636 0.003 

Quercus lobata  Tree FACU 0.492 0.032 

Vitis 
californica  Tree FACU 0.752 0.001 

2 

Baccharis 
salicifolia Herbaceous FAC 0.483 0.03 

Platanus 
racemosa Herbaceous FAC 0.517 0.034 

Platanus 
racemosa Tree FAC 0.519 0.032 

3 

Bromus 
diandrus Herbaceous UPL* 0.491 0.001 

Bromus rubens Herbaceous UPL* 0.837 0.001 

Hirschfeldia 
incana Herbaceous UPL** 0.632 0.003 

Nicotiana 
glauca Herbaceous FAC 0.548 0.031 

4 

Eleocharis 
parishii Herbaceous FACW 0.659 0.009 

Juncus 
xiphioides Herbaceous OBL 0.721 0.001 

Polypogon 
viridis Herbaceous FACW 0.614 0.001 
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Baccharis 
salicifolia Shrub FAC 0.623 0.002 

Baccharis 
salicifolia Tree FAC 0.859 0.001 

5 

Carduus 
pycnocephalus Herbaceous FACU* 0.824 0.001 

Melilotus 
indicus Herbaceous FACU 0.711 0.003 

Mimulus 
guttatus Herbaceous OBL 0.583 0.009 

Rumex sp. Herbaceous FAC* 0.534 0.025 

Populus 
fremontii Tree FAC* 0.635 0.001 

6 

Anemopsis 
californica Herbaceous OBL 0.734 0.002 

Juncus 
bufonius Herbaceous FACW 0.498 0.049 

Juncus 
mexicanus Herbaceous FACW 0.541 0.027 

Veronica 
anagallis-
aquatica 

Herbaceous OBL 0.554 0.009 

Salix lasiolepis Shrub FACW 0.775 0.003 

Salix lasiolepis Tree FACW 0.894 0.001 

7 

Apium 
graveolens Herbaceous FACW** 0.694 0.001 

Berula erecta Herbaceous OBL 0.715 0.003 

Distichlis 
spicata Herbaceous FAC 0.718 0.001 

Populus 
fremontii Herbaceous FAC* 0.531 0.033 

Xanthium 
strumarium Herbaceous FAC 0.885 0.001 
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Populus 
fremontii Shrub FAC* 0.582 0.018 

Salix 
gooddingii Shrub FACW 0.908 0.001 

Salix 
gooddingii Tree FACW 0.769 0.001 

8 

Bromus 
hordeaceus Herbaceous FACU 0.499 0.034 

Hordeum 
murinum Herbaceous FACU 0.651 0.001 

Polypogon 
monspeliensis Herbaceous FACW 0.638 0.001 

Salix laevigata 
(Shrub) Shrub FACW 0.544 0.001 

Salix laevigata 
(Tree) Tree FACW 0.513 0.002 

* indicates species not included in ‘The National Wetland Plant List’ (Lichvar et al. 2016). The wetland 
status of these species is inferred from congeners on the list. 

** indicates species AND genus not included on the ‘The National Wetland Plant List’. The wetland status 
of these species (Apium graveolens and Hirschfeldia incana) is hypothesized from authors’ field 
observations. 

DISCUSSION	
The ecological site and vegetation state classifications highlight the underlying 

diversity of riparian site characteristics and vegetation communities in the San Joaquin 
Valley area of Tejon Ranch. Upon first glance, the two ecological sites represent large 
differences in underlying environmental factors such as elevation, slope, watershed size, 
entrenchment ratio, soil texture, and underlying geology. The magnitude of these 
differences can be seen in the large divide on the ecological site cluster dendrogram 
(Figure 1).  

The variation in the eight vegetation clusters is explained reasonably well by the 
two ecological sites. Five vegetation clusters (clusters 1, 3, 5, 6, and 8) occur exclusively 
on study reaches classified as Ecological Site 1. Three vegetation clusters (clusters 2, 4, 
and 7) occur almost entirely on reaches classified as Ecological Site 2, with two reaches 
classified as Ecological Site 1 mixed in. The three vegetation clusters that make up 
Ecological Site 2 are all closely related to each other as well. If we had pruned the 
vegetation cluster dendrogram to 4 clusters (instead of 8) to show deeper divisions in the 
vegetation data, then all the reaches in Ecological Site 2 would have been contained in 
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one vegetation cluster. In that scenario, the three other clusters would contain all the 
reaches classified as Ecological Site 1 (except for CH3 and CH2 in select years).  

Ecological site is also strongly related to variation in plant cover observed in each 
Reach*Year. An NMDS plot based on plant cover in each Reach*Year with ecological 
site symbols overlaid, shows that plots in Ecological Site 2 form one distinct cluster in 
ordination space (Appendix H). This is significant as it validates that the ecological site 
classification (based purely on abiotic conditions) does a reasonable job of predicting 
vegetation characteristics on study reaches. 

The classification tree highlights which environmental factors correspond to 
differences seen in the vegetation communities. Ecological sites were included as an 
independent variable in this analysis, however they did not show up on the classification 
tree because there wasn’t a clean division in vegetation clusters based on ecological site. 
Instead criteria that resulted in more dichotomous divisions were shown. These 
emphasize the importance of the underlying site variables: elevation, channel slope, 
geology and soil texture. Major splits in vegetation type occurred among these 
environmental gradients and categories.  

Interestingly, differences in stream geomorphology were not evident in the 
classification tree results. This reflects the fact that these parameters varied between 
study reaches classified as any given vegetation cluster. None of the geomorphological 
measurements were diagnostic in their relationship to any of the vegetation states (e.g., 
low entrenchment ratio did not predict upland grass dominated states). These 
measurements may still be important in classifying riparian ecological sites, in fact they 
varied substantially between ecological sites, but they were not shown by the CART 
analysis to precipitate any differences in vegetation cluster within an ecological site.  

VEGETATION	STATES	AND	PHASES	
The vegetation cluster analysis results suggest that there is high spatial variation 

in riparian vegetation across Tejon Ranch. With the exception of Tunis Creek, where all 
the Reach*Years aggregated in one exclusive cluster, all the creeks had study reaches 
classified as more than one vegetation cluster. In particular, some vegetation classes were 
repeated multiple times among Chanac, El Paso, and Upper Tejon Creeks.   

Though not as prominent as the spatial variation, there is some temporal variation 
in vegetation composition indicated by the cluster analysis. Temporal variation is shown 
by a given study reach changing from one vegetation cluster in one year to another 
vegetation cluster in another year. This happened with three of the 15 study reaches 
(CH2, EP3, and LT2) over the four-year study. Viewed in one light, it is surprising that 
so few of the study reaches changed clusters. On the other hand, four years may be a 
relatively short time frame to see changes in plant communities containing long-lived 
perennial species. 

How should this spatial and temporal variation in vegetation composition be 
categorized? The original state-and-transition models proposed by Westoby et al. (1989) 
included transient as well as more-permanent states as boxes in the box and arrow 
diagrams. More recently, the NRCS convention has been to differentiate between minor 
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reversible changes in vegetation, “phase-shifts” or “community pathways”, and the more 
resilient “states” they occur within (Bestelmeyer et al. 2003). Given the range of variation 
seen within and between the vegetation clusters, should all vegetation clusters be given 
equal weight as “states”, or should differences in resilience of a state be represented? 

Based on this 4-year data set, there is no empirical answer to this question. Longer 
study would likely be required to gage the temporal permanence of these states. 
However, by considering potential drivers of spatial and temporal variation, the 
differences in Bray-Curtis distance between the clusters, the indicator species of each 
cluster, and the types of changes or “transitions” observed, reasonable hypotheses can be 
formed about which clusters represent resilient states and which represent more 
reversible phase shifts. 

Although vegetation in most of the Reach*Years classified as Ecological Site 1 
cluster in a relatively cohesive area of the dendrogram, one cluster (Cluster 3) is isolated 
from the rest of the Ecological Site 1 clusters (Figure 2). Vegetation in Cluster 3 is 
characterized by upland annual grasses and forbs in the herbaceous layer, and lacks any 
woody plant indicator species except Nicotiana glauca. None of the indicator species in 
Vegetation Cluster 3 is considered hydrophilic compared with the other clusters in 
Ecological Site 1, which have between one and four hydrophilic indicator species. The 
study reaches that make up this cluster UT2, UT3, and CH2 (in 2015 and 2016 only) 
were predominantly dry reaches in the Monte Field region of Tejon Ranch. Vegetation on 
these reaches is strikingly different from other reaches in Ecological Site 1, and the 
ephemeral flow of water in UT2 and UT3 makes it seem unlikely that these reaches will 
shift to a community dominated by more hydrophilic species characteristic of the other 
vegetation clusters in Ecological Site 1 without a major event. For that reason, Cluster 3 
is included as a unique vegetation state (State 2) in the state-and-transition diagram 
(Figure 4, Table 5).  

Four of the vegetation clusters (clusters 1, 5, 6 and 8) in Ecological Site 1 occur 
close together on the cluster dendrogram. These clusters have many hydrophilic indicator 
species. Study reaches generally had multi-tiered canopies of Salix laevigata, Populus 
fremontii, Quercus lobata and Vitis californica. Their proximity in cluster space as well 
as the ecological similarities of their indicator species suggests that changes between 
these plant community types may happen frequently and without major outside forcing. 
For that reason they are included in the state-and-transition diagram as community phases 
all occurring within Vegetation State 1 (Figure 4, Table 5). 

In Ecological Site 2, there are three closely related vegetation clusters (clusters 2, 
4, and 7). All three share a common branch of the cluster dendrogram and share similar 
hydrophilic shrub and tree species. The clusters have relatively high cover of Salix 
goodingii, Populus fremontii and Baccharis salicifolia, relatively low cover of Salix 
laevigata and no Quercus lobata cover. The three clusters vary most markedly from one 
another in their herbaceous species cover and composition. Cluster 2 has the lowest 
percent cover of herbaceous species (21%) compared with (40%) in Cluster 4 and (57%) 
in Cluster 7. Clusters 4 and 7 both contain numerous hydrophilic herbaceous indicator 
species. Given the similarities in perennial vegetation and their proximity on the cluster 
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dendrogram, these three vegetation clusters were all considered phases in one vegetation 
state (State 3; Figure 4, Table 5). 

	
Table 5. Crosswalk of vegetation clusters, states, and phases. Cluster assignments are 
those given by the cluster analysis. States represent deeper divisions in the vegetation 
data. Phases include each of the original vegetation clusters organized by vegetation state. 

Vegetation	Cluster	 Vegetation	State	 Vegetation	Phase	

Cluster	1	 Vegetation	State	1	 S1.1	
Cluster	2	 Vegetation	State	3	 S3.3	
Cluster	3	 Vegetation	State	2	 S2.1	
Cluster	4	 Vegetation	State	3	 S3.2	
Cluster	5	 Vegetation	State	1	 S1.3	
Cluster	6	 Vegetation	State	1	 S1.2	
Cluster	7	 Vegetation	State	3	 S3.1	
Cluster	8	 Vegetation	State	1	 S1.4	
 

	
TRANSITIONS	AND	PHASE	SHIFTS	

In theory, a transition is a community change that takes place in a given location 
over time (Bestelmeyer et al. 2003). In practice, transitions and phase shifts can be 
observed in two ways. The first is a temporally-observed transition (e.g., a change in 
vegetation state observed over time). The second is a spatially-observed transition 
(Bestelmeyer, Goolsby, and Archer 2011; Petersen, Stringham, and Roundy 2009). This 
can be seen when two areas within the same ecological site are classified as different 
vegetation states or phases. Since areas within the same ecological site theoretically share 
the same potential vegetation states, it follows that transitional pathways likely exist 
between the different states observed in space not just in time. Unfortunately, it is not 
always clear what caused transitions that occurred in the past, so spatially-observed 
transitions may yield fewer clues about the conditions that led to each vegetation state.  

Spatial variation within each of the ecological sites was much more prominent 
than temporal change. In total, eight community phases were observed across all the 
Reach*Years comprising three vegetation states. By contrast, only two phase shifts and 
one transition were observed over the four years of the study. In the case of the temporal 
transitions, we can form plausible hypotheses about the drivers of change. It is much 
more difficult to ascribe drivers to the spatially-observed transitions. Of all the potential 
transitions observed spatially, compelling evidence exists for the cause of one transition 
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between Vegetation State 2 and Vegetation State 1 (Figure 4).  The observed transitions 
and phase shifts were:  

 

Transition from Vegetation State 3 to Vegetation State 2  

The study reach CH2 changed from Vegetation State 3 (Vegetation Cluster 2--
characterized by Platanus racemosa and Baccharis salicifolia) in 2013 and 2014 to the 
upland annual-dominated Vegetation State 2 (Vegetation Cluster 3) in 2015 and 2016. 
This occurred the same year a grazing exclosure was placed on CH2, which may have 
driven the higher annual grass growth and higher annual grass cover seen in 2015 and 
2016, but also reflects a major die-back of perennial woody vegetation on the reach over 
the course of the study which may be due to prolonged drought conditions (Appendix E, 
G). Populus fremontii absolute cover in the tree canopy decreased from 40% in 2013 and 
2014 to 5% in 2015 and 0% in 2016; and Salix laevigata cover in the tree canopy 
decreased from 35% in 2013 to 13% in 2015 and 0% in 2016. Given the die-back of 
established perennials it will likely take a high-flow event or several years of wet 
conditions before these plants re-establish enough cover to shift the reach back to 
Vegetation State 3. While the removal of cattle and feral pigs may have resulted in higher 
annual grass growth along the greenline, their continued exclusion (especially in wet-
years) may facilitate the establishment of Populus and Baccharis needed to shift back to 
Vegetation State 3.  

 

Transition from Vegetation State 2 to Vegetation State 1 (Spatially-observed) 

This transition occurs when Vegetation State 2 (Vegetation Cluster 3—
characterized by dry stream reaches dominated by upland annual grasses) changes to 
Vegetation State 1 (Vegetation Cluster 6, Phase S1.2—characterized by perennially-wet 
stream reaches dominated by hydrophilic plant species). Vegetation State 2 occurs on 
study reaches UT2 and UT3 that are not far upstream from study reach UT1, which was 
classified in all years as Vegetation State 1 (Phase S1.2). UT2 and UT3 are both multi-
channel reaches with high entrenchment ratios (5.1 for both reaches) and a small distance 
between thalweg and historical floodplain elevations (2.0 and 1.5 meters for UT2 and 
UT3 respectively). By contrast, UT1 has a lower entrenchment ratio (2.9) and a much 
larger distance between the elevation of the thalweg and the historic floodplain (7.2 
meters). UT1 is downstream from a head cut, while UT2 and UT3 are upstream. Below 
the head cut the channel is greatly incised and surface water flows year-round, above it 
there is no flowing surface water and the channel is shallower and braided. Therefore the 
movement of the head cut and the resulting changes in channel geomorphology are a 
potential driver of the transition from State 2 to State 1. This transition may not be linked 
to management. Cattle grazing is sometimes considered to accelerate incision in creeks 
(Belsky, Matzke, and Uselman 1999); however, it has not been shown to increase 
incision along streams in California’s Central Valley (Allen-Diaz, Jackson, and Fehmi 
1998). Regardless of the cause, this transition is likely irreversible on any time horizon 
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relevant to management. It is unlikely that any weather events or management practices 
would cause Vegetation State 1 to transition in any permanent way to Vegetation State 2. 

 

Phase Shift from S1.1 to S1.2 

The study reach EP3 changed from Phase S1.1 (Vegetation Cluster 1) to Phase 
S1.2 (Vegetation Cluster 6) between 2015 and 2016 sampling. This represented a phase 
shift from community dominated by Vitis californica and Salix laevigata in the 
herbaceous layer to one characterized by a suite of herbaceous hydrophilic plants. The 
shift occurred on EP3 one year after a grazing exclosure was installed, which possibly led 
to an increase in herbaceous hydrophytes. It also followed the 2015 summer flood that 
wiped out much of the Vitis californica and low-growing Salix laevigata on the study 
reach. Even after the phase shift, Salix laevigata and Vitis californica are still abundant 
on the reach and it is likely that multiple years without a significant flood will result in 
the regrowth of these perennial species causing a shift back to Vegetation State 1. 

 

Phase shift from S3.1 to S3.3  

The study reach LT2 changed from S3.1 (Vegetation Cluster 7) to S3.3 
(Vegetation Cluster 2) between 2013 and 2014 sampling. This represented a shift from a 
community characterized by Salix goodingii, Populus fremontii, and a suite of 
herbaceous hydrophytes to a community characterized by high cover of Baccharis 
salicifolia in the herbaceous canopy. It appears that the shift occurred because herbaceous 
hydrophyte and Salix goodingii cover dropped off in 2014. In 2013, 12 species were hit 
in the herbaceous layer with a combined cover of 45%. Ten of these plants were 
herbaceous, one was Baccharis salicifolia and one was Salix laevigata. In 2014, there 
were only 5 plants hit in the herbaceous layer with a combined cover of only 21% (only 3 
of these were herbaceous species). Herbaceous cover in 2015 and 2016 was very similar 
to that of 2014. In addition, Salix goodingii cover in the shrub and tree canopies dropped 
precipitously between 2013 and 2014. In 2013, Salix goodingii shrub cover was 13%. 
This dropped to 3% in 2014 and to 2% in 2015 and 2016. Salix goodingii tree canopy 
cover also dropped from 45% in 2013 to 36% in 2014, 13% in 2015 and 2% in 2016. 
There was a subsequent increase in Salix laevigata cover between 2013 and 2016. No 
management changes were observed that precipitated the shift, however vegetation may 
have been altered by successive years of drought leading to a reduction in herbaceous 
hydrophytes. 

 
Effects of Drought 
The four years encompassed by this study coincided with a severe drought in California. 
Between 2012 and 2015 the already arid southern San Joaquin Valley experienced 
extremely dry conditions, however during the last year of this study (2016), precipitation 
was more normal. Average rain-year (measured July to June) precipitation between 1996 
and 2016 at the nearby Arvin, California weather station was 20.7 centimeters 
(http://ipm.ucanr.edu/WEATHER/wxactstnames.html). Between 2012 and 2015, the 
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average annual precipitation was only 15.7 centimeters. 2015 had approximately average 
rainfall (20 centimeters), however six centimeters of this fell between July and October of 
2014, a time period that on average receives only 0.6 centimeters of rainfall. Summer 
rainfall may run off or evaporate at higher rates and is out of sync with the plant growing 
season in the southern San Joaquin Valley; therefore it may impact plants less than 
rainfall in the fall, winter and spring. Vegetation dynamics may be different in wetter 
years. Indeed, the cumulative effect of four years of drought may have directly driven 
several of the observed changes, particularly the die-off of trees on the study reach CH2. 

CONCLUSION	
Ecological site descriptions and state-and-transition models provide a useful 

framework for understanding the diversity or riparian plant communities and the drivers 
of change in riparian systems. At Tejon Ranch, the models were able to define two 
ecologically-significant riparian ecological sites that explained much of the observed 
diversity in riparian plant communities. Although more years of study would better link 
all the components in the state-and-transition model and validate the hypothesized drivers 
of transitions, the states and transitions observed over four years of monitoring describe 
the diversity riparian states and provide plausible hypotheses linking weather, 
management and site characteristics to vegetation changes over time.  

A generalized approach for developing riparian ecological site descriptions that 
expands on existing ecological site theory to include hydrologic and geomorphic 
considerations of riparian areas is still needed. This study validates the prescriptions of 
Stringham and Repp (2010) for building riparian ecological site descriptions by showing 
that by including riparian-specific criteria, management-relevant ESDs can be built for 
riparian systems. However, this data-driven, site-specific method would need to be 
adapted for different systems. Extending this method to other systems will require 
including new site variables. In particular a broader array of hydrologic variables such as: 
depth to redoxomorphic features, depth to water table and period of inundation, would 
further refine understanding of differences between riparian ecological sites and variation 
seen within sites. At Tejon Ranch, these factors would help define the boundaries of 
ecological sites occurring over relatively small spatial scales (such as on Upper and 
Lower Tejon Creek). 

The results of this model are observational, not experimental, in nature; and 
therefore may be updated as more data become available. Nevertheless, they inform 
hypotheses about the role of management which can be used to guide management and 
monitoring in an adaptive framework. It is still to be seen whether the phase-shifts and 
transitions observed in the exclosures will reverse when the multi-year drought ends, or 
whether they will persist or even continue to change. As the Tejon Ranch Conservancy 
continues to adapt riparian monitoring and management to meet habitat and conservation 
goals, these questions will be critical to understanding the role of cattle and feral pig 
management in shaping riparian habitats. 
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Figure 4. State-and-transition diagram for riparian study areas. The red region of the diagram shows the states and phases occurring 
on study reaches in Ecological Site 1, and the light blue portion of the diagram shows states and phases occurring on reaches in 
Ecological Site 2. 
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Table 5. States, phases, phase shifts and transitions in the state-and-transition diagram. “Hydrophilic” plants refer to those classified 
as Facultative Wet (FACW) or Obligate (OBL) wetland plants in the 2016 National Wetland Plant List (Lichvar et al. 2016). 
“Facultative” refers to plants listed as Facultative (FAC), and “Upland” refers to those listed as Facultative Upland (FACU) or Upland 
(UPL). 

Name Type Description 

Vegetation 
State 1 

State State occurs on all the creeks classified as Ecological Site 1 and does not occur in Ecological Site 2. 
Major floristic components of the state are: Salix laevigata, Quercus lobata, Populus fremontii, Vitis 
californica, and a suite of hydrophilic herbs such as: Anemopsis californica, Mimulus guttatus, and 
Veronica anagalis-aquatica and upland herbaceous plants such as: Carduus pycnocephalus, 
Hordeum murinum, and Bromus hordeaceous. 

Vegetation 
State 2 

State State occurs exclusively in Ecological Site 1 on Upper Tejon and Chanac Creeks. Major floristic 
components of the state are: exotic upland annual grasses such as: Bromus diandrus and Bromus 
rubens, exotic shrubs and subshrubs such as: Hirschfeldia incana and Nicotiana glauca.  

Vegetation 
State 3 

State State occurs on all the reaches classified as Ecological Site 2. Also occurs on CH2 and CH3 
(classified as Ecological Site 1). Major floristic components include riparian shrubs and trees such 
as Salix goodingii, Populus fremontii, and Baccharis salicifolia, and hydrophilic herbaceous plants 
such as: Berula erecta, Apium graveolens, Distichilis spicata, Juncus xiphioides, and Polypogon 
viridis.   

S1.1 Phase Phase in Vegetation State 1 characterized by Vitis californica, Salix laevigata, and Quercus lobata. 

S1.2 Phase Phase in Vegetation State 1 characterized by Salix lasiolepis, Anemopsis californica, Juncus 
mexicanus, Juncus bufonius, and Veronica anagallis-aquatica. 

S1.3 Phase Phase in Vegetation State 1 characterized by Populus fremontii and a mix of upland and hydrophilic 
herbs such as: Carduus pycnocephalus, Melilotus indicus, Rumex sp., and Mimulus gutattus. 

S1.4 Phase Phase in Vegetation State 1 characterized by near-monoculture shrub and tree canopies of Salix 
laevigata, and a mix of upland and hydrophilic grasses in the herbaceous layer which include: 
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Bromus hordeaceous, Hordeum murinum and Polypogon monspeliensis. 

S2.1 Phase The only phase found in Vegetation State 2. Indicator species same as that of state. 

S3.1 Phase Phase found in Vegetation State 3 characterized by riparian trees such as: Salix goodingii, Populus 
fremontii, and hydrophilic herbaceous plants such as: Berula erecta, Apium graveolens, Distichilis 
spicata, and Xanthium strumarium. 

S3.2 Phase Phase found in Vegetation State 3 characterized by the hydrophilic shrub Baccharis salicifolia, and 
wetland herbaceous plants such as: Juncus xiphioides, Polypogon monspeliensis, and Eleocharis sp. 

S3.3 Phase Phase found in Vegetation State 3 characterized by the hydrophilic shrub and tree species: 
Baccharis salicifolia and Platanus racemosa. 

PS1 Phase-shift 
(observed) 

Phase shift from community dominated by Vitis californica and Salix laevigata in the herbaceous 
layer to one characterized by a suite of herbaceous hydrophilic plants. Shift occurred on EP3 a year 
after grazing exclosure was installed. Lack of grazing possibly led to an increase in herbaceous 
hydrophytes. It also followed the 2015 summer flood that wiped out much of the Vitis californica 
and low-growing Salix laevigata on the study reach. 

PS2 Phase-shift 
(hypothetical) 

Phase shift from community characterized by hydrophilic herbs to one characterized by Salix 
laevigata and Vitis californica in the herbaceous layer. Vitis californica and Salix laevigata may 
gain prominence in herb, shrub and tree layers in the absence of flooding and heavy grazing. Cattle 
grazing and trampling and feral pig disturbance on greenline limits the extent of herbaceous 
hydrophytic plants. 

PS3 Phase-shift 
(observed) 

Phase shift from community dominated by Salix goodingii, Populus fremontii, and a suite of 
herbaceous hydrophitic vegetation to a community characterized by high cover of Baccharis 
salicifolia in the tree canopy and Platanus racemosa. No management changes were observed, 
however plant community may have been altered by successive years of drought leading to a 
reduction in herbaceous hydrophytes. 
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T1 Transition 
(observed) 

Transition from Vegetation State 3, which is characterized by high cover of hydrophilic woody 
species to Vegetation State 2 which is characterized by the absence of any hydrophilic vegetation 
and high cover of non-native annual grasses and forbs. Transition occurred on CH2 the year the 
exclosure was installed, and also followed successive years of drought. Removal of cattle grazing 
resulted in taller vegetation in the herbaceous layer, and successive years of drought may have 
favored upland annuals. 

T2 Transition 
(hypothetical) 

Transition from Vegetation State 2 which is characterized by the absence of any hydrophilic 
vegetation and high cover of non-native annual grasses and forbs to Vegetation State 3, which is 
characterized by high cover of hydrophilic herbaceous and woody species. This transition may 
occur when drought conditions are reversed for a long-enough period of time that hydrophilic 
perennials are allowed to establish and become dominant.  

T3 Transition 
(hypothetical) 

Transition from Vegetation State 2 which is characterized by dry stream reaches dominated by 
upland annual grasses to Vegetation State 1 (phase S1.2) which is characterized by perennially-wet 
stream reaches dominated by hydrophilic herbaceous and woody plant species. Vegetation State 2 
occurs on study reaches UT2 and UT3 that are not far upstream from study reach UT1, which was 
classified in all years as Phase S1.2. UT2 and UT3 both are multi-channel reaches with high 
entrenchment ratios (5.1 for both reaches) and a low distance between thalweg and historical 
floodplain height (2.0 and 1.5 meters for UT2 and UT3 respectively). By contrast, UT1 has a lower 
entrenchment ratio (2.9) and a much larger distance between the elevation of the thalweg and the 
historic floodplain (7.2 meters). UT1 is downstream from a head cut, while UT2 and UT3 are 
upstream. This may explain the difference in entrenchment ratios and distances between historical 
floodplain and thalweg between the plots. Below the head cut the channel is greatly incised and 
surface water flows year-round, above it there is no flowing surface water and the channel is 
shallower and braided. Therefore the movement of the head cut and the resulting changes in channel 
geomorphology are a potential driver of the transition from State 2 to State 1. 
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APPENDICES	
Appendix A. Species recorded on greenline transects on the study reaches. The table contains relevant attributes of each species.  

Scientific 
name1 

Common 
name 

Species 
Code Origin Annual/ 

Perennial2 
Functional 
group 

Cal-IPC 
rating3 Family Wetland 

Status4 
Congener 
Status 

Anemopsis 
californica 

Yerba 
Mansa ANCA native perennial forb   Sauraceae OBL   

Apium 
graveolens Celery APGR exotic annual/bie

nnial forb   Apiaceae     

Artemisia 
douglasiana Mugwort ARDO native perennial forb/shrub   Asteraceae FAC   

Avena barbata Slender 
Wild Oats AVBA exotic annual grass Moderate Poaceae   UPL 

Baccharis 
salicifolia Mule Fat BASA native perennial shrub   Asteraceae FAC   

Berula erecta Water 
parsnip BEER native perennial forb   Apiaceae OBL   

Brassica nigra Black 
Mustard BRNI exotic annual forb Moderate Brassicaceae   FACU 

Bromus 
diandrus 

Ripgut 
Brome BRDI exotic annual grass Moderate Poaceae   FACU or 

UPL 

Bromus 
hordeaceus Soft Chess BRHO exotic annual grass Limited Poaceae FACU   
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Bromus 
madritensis 

Foxtail 
Brome BRMA exotic annual grass   Poaceae UPL   

Bromus 
rubens Red Brome BRRU exotic annual grass High Poaceae   FACU or 

UPL 

Bromus 
tectorum Cheatgrass BRTE exotic annual grass High Poaceae   FACU or 

UPL 

Carduus 
pycnocephalu
s 

Italian 
Thistle CAPY exotic annual forb Moderate Asteraceae   FACU 

Cynodon 
dactylon 

Bermuda 
Grass CYDA exotic perennial grass Moderate Poaceae FACU   

Distichlis 
spicata Saltgrass DISP native perennial grass   Poaceae FAC   

Eleocharis 
parishii 

Parish's 
Spikerush ELPA native perennial graminoid   Cyperaceae FACW   

Eleocharis sp. spike rush ELEO
XX native perennial graminoid   Cyperaceae   FACW or 

OBL 

Festuca 
myuros 

Foxtail 
Fescue FEMY exotic annual grass Moderate Poaceae FACU FACU 

Festuca 
perennis 

Italian rye 
grass FEPE exotic perennial grass Moderate Poaceae FAC FAC 

Galium Common GAAP native annual forb   Rubiaceae FACU   
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aparine Bedstraw 

Gnaphalium 
sp. cudweed GNXX native annual/per

ennial forb   Asteraceae     

Hirschfeldia 
incana 

Shortpod 
Mustard HIIN exotic perennial forb Moderate Brassicaceae     

Hordeum 
murinum 

Foxtail 
Barley HOMU exotic annual grass Moderate Poaceae FACU   

Juncus 
bufonius 

Common 
Toad Rush JUBU native annual graminoid   Juncaceae FACW   

Juncus 
mexicanus 

Mexican 
Rush JUME native perennial graminoid   Juncaceae FACW   

Juncus sp. Rush JUXX unkno
wn unknown graminoid   Juncaceae   FACW or 

OBL 

Juncus 
xiphioides 

iris leaved 
rush JUXI native perennial graminoid   Juncaceae OBL   

Lactuca 
serriola 

Prickly 
Lettuce LASE exotic annual forb 

 
Asteraceae FACU   

Lemna sp. Duckweed LEXX3 native perennial forb   Araceae   OBL 

Medicago 
polymorpha Bur Clover MEPO exotic annual forb Limited Fabaceae FACU   

Melilotus 
indicus 

Annual 
Yellow 

MEIN exotic annual forb   Fabaceae FACU   
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Sweetclove
r 

Mimulus 
guttatus 

Common 
Monkeyflo
wer 

MIGU native perennial forb   Phrymaceae OBL   

Nasturtium 
officinale Watercress NAOF native perennial forb   Brassicaceae OBL   

Nicotiana 
glauca 

tree 
tobacco NIGL exotic perennial shrub   Solanaceae FAC   

Persicaria 
lapathifolia 

Common 
knotweed  PELA native annual forb   Polygonaceae FACW   

Platanus 
racemosa 

California 
Sycamore PLRA native perennial tree   Platanaceae FAC   

Poa annua Annual 
Bluegrass POAN exotic annual grass   Poaceae FAC   

Polypogon 
monspeliensis 

Annual 
Beard 
Grass 

POMO exotic annual grass Limited Poaceae FACW   

Polypogon sp. Beard 
Grass POXX2 exotic unknown grass   Poaceae   FACW 

Polypogon 
viridis 

Water 
beard grass POVI exotic perennial grass   Poaceae FACW   
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Populus 
fremontii 

Fremont 
cottonwood POFR native perennial tree   Salicaceae   

FACW, 
FAC, or 
FACU 

Quercus 
lobata Valley oak QULO native perennial tree   Fagaceae FACU   

Rumex sp. dock RUXX unkno
wn unknown forb   Polygonaceae   

 FACW, 
FAC, 
FACU 

Salix 
gooddingii 

Goodding's 
black 
willow 

SAGO native perennial tree   Salicaceae FACW   

Salix 
laevigata 

Red 
Willow SALA native perennial tree   Salicaceae FACW   

Salix 
lasiolepis 

Arroyo 
willow SALA2 native perennial tree   Salicaceae FACW   

Silybum 
marianum Milk thistle SIMA exotic annual/per

ennial forb Limited Asteraceae     

Sonchus sp. Sow 
Thistle SOXX exotic annual/per

ennial forb   Asteraceae    FAC or 
FACU 

Stachys sp. Hedge 
Nettle STXX2 native perennial forb   Lamiaceae   OBL or 

FACW 

Stellaria 
media Chickweed STME exotic annual forb   Caryophyllac

eae FACU   
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Tamarix 
ramosissima Saltcedar TARA exotic perennial tree high Tamaricaceae   FAC 

Torilis 
arvensis 

Hedge 
Parsley TOAR exotic annual forb Moderate Apiaceae     

Urtica dioica Stinging 
nettle URDI native perennial forb/shrub   Urticaceae FAC   

Urtica urens 
Annual 
Stinging 
Nettle 

URUR exotic annual forb   Urticaceae     

Veronica 
anagallis-
aquatica 

water 
speedwell VEAA exotic perennial forb   Plantaginacea

e OBL   

Vitis 
californica 

California 
grape VICA native perennial vine   Vitaceae FACU   

Xanthium 
strumarium Cocklebur XAST native annual forb   Asteraceae FAC   

1. Scientific names consistent with “The Jepson Manual” (Baldwin 2012) 
2. Annual/Perennial information taken from Calflora. http://www.calflora.org 
3. Cal-IPC ratings taken from California Invasive Plant Council “California Invasive Plant Inventory Database” http://www.cal-ipc.org/paf/ 
4. Wetland status taken from the Army Corps of Engineers “National Wetland Plant List” (Lichvar et al. 2016) 

http://rsgisias.crrel.usace.army.mil/NWPL/ The wetland plant codes are: 
a. OBL = Obligate  Wetland 
b. FACW = Facultative Wetland 
c. FAC = Facultative 
d. FACU = Facultative Upland 
e. UPL = Upland 
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Appendix B. Mean absolute percent cover of each indicator species in each vegetation cluster. Grey cells indicate the cluster that each 
species is a significant indicator for. Codes refer to species in Appendix A. Codes followed by “Shrub” and “Tree” refer to those 
species occurring in the shrub or tree canopy. Otherwise species were recorded in the herbaceous canopy. 

 

Indicator	
Species	

Cluster	
1	

Cluster	
2	

Cluster	
3	

Cluster	
4	

Cluster	
5	

Cluster	
6	

Cluster	
7	

Cluster	
8	

SALA	 4.7	 2.6	 0.5	 0.4	 0.4	 1.4	 0.2	 3.7	

VICA	 7.1	 0.0	 0.0	 1.6	 2.4	 1.6	 0.0	 0.1	

VICA_Shrub	 20.7	 0.0	 0.0	 9.3	 10.0	 11.2	 0.0	 0.0	

VICA_Tree	 29.4	 0.0	 0.0	 5.1	 9.8	 7.7	 0.0	 0.0	

QULO_Tree	 5.2	 0.0	 0.0	 0.0	 0.0	 0.0	 0.0	 4.0	

PLRA_Tree	 0.0	 4.8	 2.3	 0.0	 0.0	 0.0	 0.0	 0.0	

PLRA	 0.0	 1.6	 0.8	 0.0	 0.0	 0.0	 0.0	 0.0	

BASA	 0.7	 11.4	 6.0	 8.6	 2.3	 0.8	 10.0	 1.7	

BRRU	 0.0	 0.0	 2.9	 0.0	 0.0	 0.0	 0.0	 0.0	

HIIN	 0.0	 0.0	 2.5	 0.0	 0.0	 0.0	 0.0	 0.0	

NIGL	 0.0	 0.0	 0.9	 0.0	 0.0	 0.0	 0.0	 0.0	

BRDI	 10.0	 2.2	 25.8	 1.4	 11.4	 2.2	 9.2	 12.2	
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BASA_Tree	 0.6	 0.0	 0.0	 16.5	 0.0	 0.0	 2.4	 0.0	

JUXI	 0.0	 0.0	 0.0	 1.1	 0.0	 0.4	 0.0	 0.0	

ELPA	 0.0	 0.0	 0.0	 5.3	 0.0	 2.4	 0.2	 0.0	

BASA_Shrub	 6.1	 32.9	 9.5	 62.2	 8.2	 7.1	 32.9	 1.6	

POVI	 1.6	 0.0	 0.1	 6.9	 1.0	 2.6	 0.6	 1.0	

CAPY	 3.6	 0.0	 0.0	 0.0	 9.8	 0.6	 0.0	 0.1	

MEIN	 0.3	 0.0	 0.1	 0.6	 8.1	 0.0	 1.6	 0.0	

POFR_Tree	 0.9	 40.1	 4.8	 7.9	 53.0	 6.8	 18.0	 0.0	

MIGU	 0.0	 0.0	 0.2	 0.0	 3.5	 1.2	 0.0	 0.5	

RUXX	 0.1	 0.0	 0.0	 0.1	 2.8	 1.6	 0.0	 5.6	

SALA2_Tree	 0.0	 0.0	 0.0	 0.0	 0.0	 8.2	 0.0	 0.0	

SALA2_Shrub	 0.0	 0.0	 0.0	 0.0	 0.0	 4.4	 0.0	 0.0	

ANCA	 0.0	 0.0	 0.0	 2.3	 0.0	 9.8	 0.2	 0.0	

VEAA	 0.0	 0.0	 0.0	 0.3	 0.1	 1.0	 0.0	 0.6	

JUME	 0.0	 0.0	 0.0	 0.3	 0.0	 1.2	 0.0	 0.0	

JUBU	 0.0	 0.0	 0.0	 0.3	 0.0	 0.8	 0.0	 0.1	

SAGO_Shrub	 0.0	 1.6	 0.0	 0.7	 0.0	 0.0	 10.6	 0.0	
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XAST	 0.0	 0.2	 0.0	 0.0	 0.0	 0.6	 4.6	 0.0	

SAGO_Tree	 0.0	 10.3	 0.0	 5.8	 0.0	 0.0	 23.3	 0.0	

DISP	 0.0	 0.2	 0.0	 0.5	 0.0	 1.2	 5.2	 0.0	

BEER	 0.0	 0.0	 0.0	 0.0	 0.0	 1.6	 4.0	 0.0	

APGR	 1.0	 0.0	 0.0	 1.0	 0.0	 2.2	 6.2	 0.0	

POFR_Shrub	 0.0	 2.0	 0.8	 1.7	 1.9	 0.0	 3.3	 0.0	

POFR	 0.0	 0.8	 0.4	 0.0	 0.1	 0.2	 1.4	 0.0	

HOMU	 0.3	 0.0	 1.6	 0.3	 0.1	 0.0	 0.0	 2.3	

POMO	 0.0	 0.4	 0.2	 1.1	 5.1	 2.8	 0.2	 8.9	

SALA_Shrub	 13.5	 13.1	 2.1	 5.4	 12.8	 20.6	 7.4	 31.4	

SALA_Tree	 59.7	 33.8	 4.2	 14.7	 19.4	 36.5	 12.0	 64.5	

BRHO	 0.0	 0.0	 0.0	 0.0	 0.1	 0.0	 0.0	 0.4	
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Appendix C. Percent cover of the most abundant five species in each canopy class of each vegetation cluster. Blank cells in the shrub 
and tree canopy columns indicate that less than five species occurred in that canopy for that cluster. 

Vegetation	
Cluster	

Herbaceous	
Dominants	

Absolute	
Cover	

Shrub	
Dominants	

Absolute	
Cover	

Tree	
Dominants	

Absolute	
Cover	

1	 BRDI	 10.0	 VICA_Shrub	 20.7	 SALA_Tree	 59.7	

1	 VICA	 7.1	 SALA_Shrub	 13.5	 VICA_Tree	 29.4	

1	 SALA	 4.7	 BASA_Shrub	 6.1	 QULO_Tree	 5.2	

1	 CAPY	 3.6	 	 	 POFR_Tree	 0.9	

1	 POVI	 1.6	 	 	 BASA_Tree	 0.6	

2	 BASA	 11.4	 BASA_Shrub	 32.9	 POFR_Tree	 40.1	

2	 SALA	 2.6	 SALA_Shrub	 13.1	 SALA_Tree	 33.8	

2	 BRDI	 2.2	 PLRA_Shrub	 6.6	 SAGO_Tree	 10.3	

2	 CYDA	 1.6	 POFR_Shrub	 2.0	 PLRA_Tree	 4.8	

2	 PLRA	 1.6	 SAGO_Shrub	 1.6	 	 	

3	 BRDI	 25.8	 BASA_Shrub	 9.5	 POFR_Tree	 4.8	

3	 BASA	 6.0	 PLRA_Shrub	 4.5	 SALA_Tree	 4.2	

3	 BRRU	 2.9	 SALA_Shrub	 2.1	 PLRA_Tree	 2.3	
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3	 NAOF	 2.7	 POFR_Shrub	 0.8	 BASA_Tree	 0.0	

3	 HIIN	 2.5	 NIGL_Shrub	 0.7	 QULO_Tree	 0.0	

4	 BASA	 8.6	 BASA_Shrub	 62.2	 BASA_Tree	 16.5	

4	 POVI	 6.9	 VICA_Shrub	 9.3	 SALA_Tree	 14.7	

4	 ELPA	 5.3	 SALA_Shrub	 5.4	 POFR_Tree	 7.9	

4	 NAOF	 2.6	 URDI_Shrub	 2.4	 SAGO_Tree	 5.8	

4	 ANCA	 2.3	 POFR_Shrub	 1.7	 VICA_Tree	 5.1	

5	 BRDI	 11.4	 SALA_Shrub	 12.8	 POFR_Tree	 53.0	

5	 CAPY	 9.8	 VICA_Shrub	 10.0	 SALA_Tree	 19.4	

5	 MEIN	 8.1	 BASA_Shrub	 8.2	 VICA_Tree	 9.8	

5	 POMO	 5.1	 POFR_Shrub	 1.9	 	 	

5	 MIGU	 3.5	 	 	 	 	

6	 ANCA	 9.8	 SALA_Shrub	 20.6	 SALA_Tree	 36.5	

6	 NAOF	 3.2	 VICA_Shrub	 11.2	 SALA2_Tree	 8.2	

6	 POMO	 2.8	 BASA_Shrub	 7.1	 VICA_Tree	 7.7	

6	 POVI	 2.6	 SALA2_Shrub	 4.4	 POFR_Tree	 6.8	

6	 ELPA	 2.4	 	 	 	 	
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7	 BASA	 10.0	 BASA_Shrub	 32.9	 SAGO_Tree	 23.3	

7	 BRDI	 9.2	 SAGO_Shrub	 10.6	 POFR_Tree	 18.0	

7	 APGR	 6.2	 SALA_Shrub	 7.4	 SALA_Tree	 12.0	

7	 DISP	 5.2	 POFR_Shrub	 3.3	 BASA_Tree	 2.4	

7	 XAST	 4.6	 APGR_Shrub	 0.5	 PLRA_Tree	 0.0	

8	 BRDI	 12.2	 SALA_Shrub	 31.4	 SALA_Tree	 64.5	

8	 POMO	 8.9	 BASA_Shrub	 1.6	 QULO_Tree	 4.0	

8	 RUXX	 5.6	 URDI_Shrub	 0.1	 	 	

8	 NAOF	 4.7	 	 	 	 	

8	 SALA	 3.7	 	 	 	 	
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Appendix D. Average absolute percent cover of vegetation in each canopy class (herbaceous, shrub and tree) in each of the vegetation 
clusters.  
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Appendix E. Percent cover in each canopy layer at CH2. The study reach changed from Vegetation State 3 (characterized by Platanus 
racemosa and Baccharis salicifolia) in 2013 and 2014 to the upland annual-dominated Vegetation State 2 in 2015 and 2016.  
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Appendix F. Percent cover in each canopy layer at LT2. The study reach changed from phase S3.1 (Vegetation Cluster 7) to S3.3 
(Vegetation Cluster 2) between 2013 and 2014 sampling. Note the decrease in herbaceous cover in 2014. 
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Appendix G. Plot photos at CH2 taken from 50 meters from Chanac Creek, facing towards the creek. Note the 
substantial die-back in tree canopy between 2013 and 2016. The photo in 2015 is cut-off, however thinning of 
the shrubby vegetation and decreased tree canopy is still evident. Vegetation on the plot was classified as 
Vegetation State 3 in 2013 and 2014, but changed to Vegetation State 2 in 2015 and 2016. 
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Appendix H. NMDS output with Reach*Years arranged based on similarities in vegetation data. Absolute cover was used for shrub 
and tree layers; herbaceous layer cover was square-root transformed before analysis. Symbols show which plots were classified as 
Ecological Site 1 and Ecological Site 2. 
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Appendix I. NMDS output with Reach*Years arranged based on similarities in vegetation data. Absolute cover was used for 
shrub and tree layers; herbaceous layer cover was square-root transformed before analysis. Symbols show which Reach*Years 
were classified as each vegetation cluster.
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Appendix J. Percent absolute cover in each canopy class for each vegetation state. Cover in the herbaceous layer is relatively 
constant between states, whereas shrub and tree cover is highly variable between states. 
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CHAPTER 2. EFFECTS OF CATTLE AND FERAL PIGS ON 
RIPARIAN VEGETATION IN THE SAN JOAQUIN VALLEY, 
CALIFORNIA 

INTRODUCTION 
Riparian areas are high-priority conservation areas because they provide habitat 

for fish and wildlife, boost landscape biodiversity by hosting different species than 
adjacent uplands (Sabo et al. 2005), provide habitat for sensitive and endangered species 
(Kus 1998; Golet et al. 2008), and filter and convey fresh water (Tate et al. 2006; Atwill 
et al. 2006). Many of these ecosystem services can be directly or indirectly attributed to 
the composition, spatial distribution and structure of riparian vegetation and, accordingly, 
managing riparian vegetation is a common target of rangeland conservation strategies 
(George et al. 2011). Riparian vegetation provides food, cover, shade and nesting grounds 
for mammalian and avian wildlife (Matos et al. 2009; PRBO 2004); regulates in-stream 
ecology by maintaining cool creek temperatures, providing nutrient inputs, and altering 
flow regimes (Knight and Bottorff 1984; Baltz and Moyle 1984); and filters and retains 
nutrients and water-borne pathogens (Tate et al. 2006; Atwill et al. 2006). 

The role non-native ungulates play in structuring riparian plant communities is 
often ill-defined, and in the case of cattle, highly contentious (Sarr 2002). Riparian zones 
offer high-quality forage, shade, and water, attracting both livestock and wildlife. As 
such, the impacts of herbivory, trampling, and other biotic disturbance in these systems 
can be higher than their upland counterparts (Kauffman and Krueger 1984). 

The effect of any particular species or management system largely depends on the 
underlying ecological drivers of that system. In particular, the effects of livestock grazing 
depend largely on whether the system behaves more in an equilibrium or non-equilibrium 
manner (Vetter 2005). Equilibrium systems are those with relatively stable environmental 
conditions in which inter-species competition structures biological communities and 
endogenous biotic processes like herbivory exert a strong influence on species 
composition. In contrast, non-equilibrium systems occur in variable environments, where 
stochastic exogenous factors such as annual rainfall exert a strong influence on the 
structure of biological communities and prevent competition from becoming a strong 
determinant of species composition. In general, arid areas with highly variable 
precipitation (coefficient of variation of precipitation >30%) exhibit more non-
equilibrium behavior, and more mesic systems with less-variable precipitation display 
more equilibrium characteristics (Vetter 2005). These underlying drivers have 
implications for how we understand the role of biotic disturbance (e.g., ungulate 
disturbance) in these systems, and conversely, the extent to which biotic disturbance 
shapes these systems may shed light on the underlying processes governing community 
dynamics (Jackson and Bartolome 2002). It is important to note that the terms 
‘equilibrium’ and ‘non-equilibrium’ represent two ends of a theoretical spectrum, and 
most ecosystems exhibit both processes when viewed at different scales (Briske, 
Fuhlendorf, and Smeins 2003). 
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TEJON RANCH RIPARIAN STUDY 
At 270,000 acres, the Tejon Ranch is the largest contiguous private land holding 

in California. The ranch is located in southern California, encompassing areas of the San 
Joaquin Valley, Sierra Nevada, Mojave Desert, and South Coast Ranges. In 2008 the 
Tejon Ranch Company and five environmental non-profit organizations signed a land use 
and conservation agreement that created the Tejon Ranch Conservancy (Conservancy) 
and limited development on 240,000 acres of the ranch. Under the conservation and land 
use agreement, the landowner retains other land uses rights on this portion of the ranch, 
and two extensive areas of the ranch continue to be grazed by leased cattle operations. In 
the San Joaquin Valley portion of the ranch, large pastures and continuous year-round 
grazing have created concern that riparian plant and wildlife habitat could suffer due to 
cattle grazing.  

Feral pigs became established on the ranch in the 1990s after an accidental release 
from a nearby hunting ranch. Pigs from this introduction have become numerous in many 
habitat types across the ranch. The Tejon Ranch Company has an active pig hunting 
program, however despite large pig harvests (1200 pigs in the 2012-2013 season) feral 
pig populations remain robust (Christie et al. 2014). Given their large population size and 
frequent observations of pig rooting in riparian areas by Conservancy staff, understanding 
feral pig damage is a high priority for the Conservancy (Tejon Ranch Conservancy 2013). 

This study aims to understand the relative roles of cattle and feral pig disturbance 
on riparian plant resources in the San Joaquin Valley portion of the Tejon Ranch and to 
determine whether the observed changes are characteristic of equilibrium or non-
equilibrium systems. To answer this we investigated when and how these ungulate 
species used riparian areas and how their use affected the relative abundance of different 
components of the flora, such as: native plants, wetland plants, upland plants, grasses, 
forbs, and woody plant seedlings. Management considerations are formulated based on 
the results. 

 

BACKGROUND 
EQUILIBRIUM VS. NON-EQUILIBRIUM MODELS 

For decades rangeland plant succession models were based on the assumption that 
ecosystem processes resulted from environments at equilibrium. These models assumed a 
linear progression of plant community composition towards a stable ‘climax’ community 
dominated by species that compete well in environments with relatively stable conditions. 
This assumes that competition between plant species creates a tendency for communities 
to change in predictable ways. In this paradigm, endogenous biotic disturbances such as 
herbivory exert a strong regulatory effect and select for early-successional species, 
forcing communities backwards on the successional path to earlier stages dominated by 
disturbance-adapted species (Dyksterhuis 1949). 

In the 1980s, the successional paradigm began to change, and a new 
understanding emerged that arid rangelands were largely non-equilibrium systems 
(Westoby, Walker, and Noy-Meir 1989). Non-equilibrium ecology asserts that in variable 
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environments the major determinants of species composition and ecosystem function 
come from extrinsic stochastic disturbances such as rainfall, rather than from the 
successional tendencies created by inter-species competition in an equilibrium 
environment. 

The dynamics structuring ecosystems in equilibrium and non-equilibrium 
environments are not mutually exclusive. Infrequent abiotic disturbances may 
periodically shape plant communities in systems considered equilibrium (e.g., when a 
volcano erupts in the tropics). Similarly, inter-species competition is present in systems 
considered non-equilibrium and may structure biological communities during periods 
with no overriding abiotic disturbances (Gasith and Resh 1999). Equilibrium and non-
equilibrium are two ends of a continuum with many variations in between (Briske, 
Fuhlendorf, and Smeins 2003).  

Riparian areas in arid and semi-arid rangelands exist in an upland matrix largely 
characterized by non-equilibrium dynamics (Jackson and Bartolome 2002). In 
Mediterranean systems, temporal conditions such as high inter- and intra-annual variation 
coupled with a “flashy” hydrology produced during the relatively short wet season 
creates periodic fluvial disturbances and drought which structure biological communities, 
but also prolonged wet periods where competition and predation exert greater influence 
over species composition (Gasith and Resh 1999).  

Spatial variability also may influence how a system functions. In California, 
climate, hydrology, geomorphology, and species composition of riparian areas is highly 
variable, and differences in these characteristics may influence whether a site behaves in 
an equilibrium or non-equilibrium manner.  

Several studies have shown that as spatial and temporal patterns of water 
availability become more variable, rangeland riparian sites behave in a more non-
equilibrium manner. Campbell and Green acknowledged that vegetation in arid riparian 
areas likely never reached ‘climax’ due to the frequency of flood disturbances such as 
erosion, inundation and deposition (Campbell and Green 1968). Riparian vegetation 
adjacent to intermittent streams has been shown to respond more to annual fluctuations in 
precipitation than to cattle grazing exclusion (Lunt et al. 2007). In the active channel of 
Dry Creek in Sonoma County, California, fluvial processes shaping and controlling 
channel geomorphology and subsequent changes in hydrology were found to be the major 
factors regulating establishment and survival of woody plant seedlings (McBride and 
Strahan 1984; Stella et al. 2010). Fine-scale spatial and temporal community dynamics 
may also be structured by abiotic drivers in arid riparian areas. Variation in depth to 
water table and soil moisture content were the main determinants of vegetation 
composition in an Oregon riparian study (Stringham, Krueger, and Thomas 2001). 

Where environmental conditions are more stable over time, vegetation in riparian 
areas may also display equilibrium characteristics and the role of biotic disturbance from 
ungulate species may be more important. In spring-fed wetlands in California where 
summer water availability is both predictable and abundant, vegetation cover and 
composition were sensitive to cattle grazing disturbance (Jackson 2002).  
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CATTLE EFFECTS ON RIPARIAN VEGETATION 
Despite the central role of extrinsic abiotic factors in structuring many riparian 

plant communities in arid areas, heavy grazing by livestock can influence plants, wildlife, 
and geomorphologic processes in these systems (Belsky, Matzke, and Uselman 1999; 
Fleischner 1994). Periodic abiotic disturbances may reduce the relative influence of biotic 
disturbances such as livestock grazing, but riparian areas receive inordinate levels of 
livestock grazing and may therefore experience heightened impacts (Kauffman and 
Krueger 1984; Bailey 2004). Caution is warranted when applying these results to 
Californian streams because: 1) relatively few grazing studies have been performed in 
Mediterranean-climate riparian areas (Allen-Diaz and Jackson 2005), and 2) riparian 
grazing studies generally lack replicated experimental treatments, pre-treatment data and 
quantitative description of the grazing practice making it difficult to reliably assess the 
impact of grazing management practices (Larsen et al. 1998; Sarr 2002).   

Studies of cattle grazing in riparian areas have shown:  

• Exclusion of cattle grazing in late-season (August to September) led to plant 
composition changes including: an increase in hydrophyllic species, increase in 
cottonwood seedlings, and increases in biomass of some herbaceous communities 
(Kauffman, Krueger, and Vavra 1983). 

• Moderate grazing led to a steady reduction in plant cover compared to ungrazed 
areas along spring-fed creeks in California. There was a significant interaction 
between grazing treatment and year on vegetation cover (Allen-Diaz and Jackson 
2000). 

• Cattle grazing affected springs and creeks in California’s Central Valley 
differently. Grazing was a major control of community composition in both 
systems, but streams were more sensitive to the effects of cattle grazing. At 
springs, plant diversity was unaffected by cattle grazing, whereas on creeks with 
moderate grazing, Simpson’s diversity index increased over time (Jackson and 
Allen-Diaz 2006).  

• Exclusion of grazing led to larger inter-annual differences in vegetation 
composition (as measured by Sorensen’s dissimilarity) compared to light and 
moderately grazed sites (Jackson 2002).  

A variety of management interventions and best management practices have been 
developed to minimize or mitigate the negative effects of riparian cattle grazing. 
Management strategies include: adjusting the timing, duration, and intensity of livestock 
grazing, using prescribed grazing to control target plant species (Bush 2006), developing 
access to upland water and nutrient supplements to lure cattle away from riparian areas 
(George et al. 2007; Bailey 2004), and maintaining grassland and wetland buffers to 
attenuate waterborne pathogens and nutrients (Kenneth Tate and et al. 2006; Knox et al. 
2008). 

In 2011, the Natural Resources Conservation Service (NRCS) published a 
comprehensive review evaluating the effectiveness of a variety of riparian grazing 
management practices with respect to their effects on wildlife habitat, water quality, 
stream bank and soil stability, carbon storage and plant diversity (George et al. 2011). 
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The authors reviewed 270 papers pertaining to riparian ecology, function and 
management and concluded that managing grazing intensity, duration, and timing can 
impact herbaceous species composition and alter woody species structure and 
composition. They found that late season (summer and fall) grazing can lead to increased 
consumption of woody plants. However, they repeatedly stressed that the effects of 
grazing practices and riparian management are largely contingent on environmental 
factors such as: climate, soil parent material, geomorphology, and watershed-scale 
disturbances (George et al. 2011). 

FERAL PIGS IN CALIFORNIA 
Domestic pigs were first brought to California by the Spanish in the 1500s 

(Cushman 2007). The Spanish allowed the pigs free range to forage in oak woodlands in 
coastal California, and by the late 1700s, multiple feral pig populations were established 
near settlements in the Central Coast (Cushman 2007; Barrett 1978). Domestic swine 
were introduced to northern California as early 1812 by Russian settlers at Fort Ross 
(Barrett 1978). Wild boar were introduced into California for hunting starting in the 
1920s, and as early as 1925, hybrids of feral hogs and wild boar occurred in Monterrey 
County (Mayer and Brisbin 1991; Barrett 1978).  

Until the 1960s the distribution of feral pigs in California was restricted to 10 
coastal counties in the state. Following the designation of feral pigs as a game mammal in 
1957, feral pig range spread rapidly across the state. A combination of natural range 
expansion, numerous introductions for hunting, and releases or escapes of domestic pigs 
led to a rapid range expansion, and by 1996 feral pigs were in 49 of California’s 58 
counties (Waithman et al. 1999; Sweitzer and Van Vuren 2008). In 2016, the California 
Department of Fish and Wildlife reported feral pigs in 56 of 58 counties 
(https://www.wildlife.ca.gov/Conservation/Mammals/Wild-Pig). While the geographic 
range of feral pigs has expanded, reported wild pig harvests have fallen in the past fifteen 
years from 7770 in 2002 to 1605 in 2015 (CDFW 2016).  

Feral pigs’ habit of rooting for food by overturning large areas of soil and 
vegetation causes a patchwork of disturbance with varying intensities (Cushman 2007). 
Pigs can affect vegetation in multiple ways. They can directly destroy plants and through 
herbivory or displacement by rooting (Kotanen 1995; Cushman 2007; Sweitzer and Van 
Vuren 2002); pig rooting can excavate and turn soils to a depth of 5-15 cm (Kotanen 
1995), and the resulting soil disturbance can favor some plant species over others 
(Kotanen 1995; Kotanen 1994; Cushman 2007; Cushman, Tierney, and Hinds 2004; 
Tierney and Cushman 2006). 

 Most research into the effects of feral pigs on vegetation in California has focused 
on the effect of pig rooting in coastal grasslands. A study at the Angelo Reserve in the 
Coast Ranges of Mendocino County showed that pig rooting in grasslands did not favor 
exotic or native species. Species richness of disturbed plots was lower than undisturbed 
plots one year following disturbance, but increased above non-disturbed plots in 
subsequent years as annual forbs and grasses established in disturbed areas (Kotanen 
1995; Kotanen 1994). In a simulated pig disturbance study, Kotanen (2004) found 
increases in non-native annual grasses in three years following disturbance, but after 10 
years these annuals were replaced by native perennials (Kotanen 2004). 
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 In Coastal Sonoma County, Cushman et al. (2004) found differential effects of pig 
disturbance in communities dominated by native perennial grasses and those dominated 
by annual grasses and forbs. Following pig rooting, areas dominated by perennial grasses 
saw a 69% decrease in exotic annual grass biomass and a 79% increase in exotic forb 
biomass. Areas dominated by annual grasses and forbs experienced a 62% increase in 
exotic annual grass biomass and no change in exotic forb biomass. Across both plant 
community types species richness of exotic and native species increased (29% and 24% 
respectively) after rooting (Cushman, Tierney, and Hinds 2004). 

 Sweitzer and Van Vuren (2002, 2008) investigated the effects of feral pigs on oak 
woodland communities in California’s North and Central Coast Regions. They found that 
feral pigs significantly reduced acorn survival, and exclosure plots had up to 400% more 
oak seedlings than plots with pig access (Sweitzer and Van Vuren 2002; Sweitzer and 
Van Vuren 2008). Additionally, above-ground herbaceous biomass was greater in 
exclosure plots and oak seedling height was taller (Sweitzer and Van Vuren 2002; 
Sweitzer and Van Vuren 2008).  

 The impacts of feral pigs go beyond affecting vegetation resources. A 2009 study 
investigating stomach contents of feral pigs in the California Coast Ranges showed that 
40.4% of 104 pig stomachs contained vertebrate remains. Remains of 20 species were 
identified, the majority being California voles (Microtus californicus) and Botta’s pocket 
gophers (Thomomys bottae), and the findings strongly suggest that feral pigs are actively 
predating small vertebrates (Wilcox and Van Vuren 2009). The proportion of animal 
material in feral pig stomach contents has been found to be highly variable by season, 
with highest amounts in the summer in fall. This is potentially related to a seasonal 
reduction in available plant protein (Loggins et al. 2002; Wilcox and Van Vuren 2009).  

 Taken as a whole these studies suggest that feral pig herbivory and rooting can 
significantly alter plant species composition and structure. Long-term effects of pig 
disturbance	may	 include	altered	herbaceous	species	composition,	 increase	 in	exotic	
annual	grasses	and	reduced	oak	regeneration	(Peter	M.	Kotanen	2004;	Sweitzer	and	
Van	Vuren	2002).	Importantly,	the	effects	of	feral	pig	disturbance	are	contingent	on	
site-specific	 factors	 such	 as	 climate,	 soils	 and	 plant	 community	 composition	
(Cushman	2007).	
 

Methods 
STUDY AREA 
 

Climate 

 The San Joaquin Valley portion of Tejon Ranch has a semi-arid Mediterranean 
climate. The closest weather station is the Arvin-Edison station (latitude 35.206, 
longitude -118.778), which is approximately 15 kilometers north of the study area. 
Station data is available beginning in 1995. Mean annual precipitation over the past 21 
years is 20.7 cm. The vast majority of this rainfall occurs between November and April. 
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Winters are cool and wet, with average maximum daily temperatures from November to 
March ranging between 14° and 20° C. Summers are hot and dry with average maximum 
daily temperatures ranging between 32° and 35° C from June to September.  

Study reaches 

This study takes place in the San Joaquin Valley portion of the Tejon Ranch and 
is limited to major streams with well-developed woody riparian vegetation. Five creek 
segments were selected for study within the area of interest: Chanac Creek (CH), El Paso 
Creek (EP), Lower Tejon Creek (LT), Tunis Creek (TU), and Upper Tejon Creek (UT). 
On each of these creek segments, three locations were selected randomly using ArcGIS 
within areas with woody vegetation for a total of 15 study reaches. Each of the study 
reaches extends 50 meters along the creek (25 meters upstream and 25 meters 
downstream from the random point), and 50 meters perpendicular to the creek in one 
direction (determined by a coin flip). In the winter of 2014-2015, fences were erected on 
five study reaches to exclude cattle and feral pigs. Exclosures were slightly larger than 
50X50 meters and include the entire study plot. One study reach on each stream segment 
was randomly selected to receive an exclosure fence. Reaches with exclosures are: CH2, 
EP3, LT1, TU2, UT3. 
 
CAMERA TRAPPING METHODS 

Between July 2013 and June 2015, one Moultrie M880 camera trap was deployed 
at each of the 15 study reaches to monitor wildlife. They were positioned to maximize 
detections of feral pigs, cattle, and wildlife. Cameras were typically put along game trails 
or along creeks in areas with wide fields of view and few obstructions or branches that 
could trigger the camera in the wind. Cameras were not baited. 

The cameras were set to record 30-second videos with a 15-second time lapse 
between videos. Videos were chosen instead of still photographs to more accurately 
assess animals’ behavior and assess the number of feral pigs, which often occur as large 
groups of unidentifiable individuals. 

VEGETATION SAMPLING METHODS 
Vegetation sampling occurred annually at each of the study reaches in late May 

and early June of 2013 through 2016. A “greenline” transect followed the toe of the creek 
bank and sampled vegetation growing near the water’s edge. This sampling method was 
adapted from the greenline sampling technique developed by Alma Winward (2000). 
Winward defines the greenline as “The first perennial vegetation that forms a lineal 
grouping of community types on or near the water’s edge. Most often it occurs at or 
slightly below the bankfull stage” (Winward 2000). We decided to move the greenline 
from the top of bank to the toe of the bank for the following reasons:  

• The herbaceous vegetation at the top of bank was typically composed of the same 
annual grass species that dominate the adjacent uplands. In order to sample the 
herbaceous species composition most influenced by the stream we needed to 
sample in the wetter soils found at the toe of the bank.  
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• The first perennial species to form a continuous or semi-continuous line of 
vegetation was either a shrub (typically Baccharis salicifolia) or tree (typically 
Salix sp. or Populus fremontii). These woody plants were recorded in the 
sampling transects regardless of whether they were performed at the toe of the 
bank or the top of bank.  

At each study reach, greenline vegetation composition was measured along 50 m 
of the creek in three different strata: herbaceous, shrub and tree. To measure herbaceous 
vegetation, a line-point intercept transect was performed whereby a point was extended 
every half-meter along the transect tape and the first hit within the first one-meter above 
the ground was recorded. A line-intercept transect was used to record shrub and tree 
composition along the greenline and perpendicular transects. This method records the 
lineal distance occupied by each species overhanging the transect tape within each 
canopy. Any plant overhanging the tape between one and three meters of height was 
recorded in the “shrub” category, and any plant overhanging the tape above three meters 
in height was recorded as a “tree”. It is important to note that the canopy categories were 
distinguished only by height. For example, the vining California grape (Vitis californica) 
could occur in the herbaceous, shrub, or tree category even though it is not technically an 
herb, shrub or tree. 

A two-meter wide belt transect was sampled along the 50 meter greenline transect 
tape to record the number and location of woody plant seedlings. Woody plants included 
any tree, shrub or perennial vine species. Number of seedlings was recorded, and age 
(greater or less than one year old) was also recorded. “Seedlings” were any woody plant 
between germination and growth to a height of one-meter (but did not include re-sprouts 
from older established woody plants). 

	
STATISTICAL	METHODS	

For all statistical tests, only data from the “herbaceous layer” (anything under 
one-meter in height) was used. Data from the shrub and tree canopies were excluded 
because these canopies were not expected to respond to cattle and feral pig activity on the 
short timeline of this study. 

Activity Indices 

Cattle and feral pig activity indices were produced in different ways depending on 
the summary statistic. In general, the camera trap video with the maximum number of 
cattle and feral pigs was used to represent a given temporal sampling unit at a given study 
reach and these units were summed into the timeframes of interest. For annual and 
seasonal indices, daily maximum numbers were summed over camera trap years (June to 
May) and seasons, respectively. Seasons were defined as the following 3-month intervals: 
December through February (Winter), March through May (Spring), June through August 
(Summer), September through November (Fall).  

For time-of-day indices, the video containing the highest number of individuals in 
each time category was used to represent that time category. This number was then 
multiplied by (1-the proportion of the 24 hour day represented by the time category). For 
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instance, if the “day” category was 10 hours and the maximum video from that day 
contained 20 feral pigs, then the “day” index for that day would be  

20 ∗ 1 − &'
() = 11.66. 

The daily values were then averaged over the entire 2-year sampling period. The resulting 
index is therefore highly subjective, but illustrates the relative difference in feral pig and 
cattle activity per time of day. Dawn and dusk were defined as the period from ½ hour 
before to ½ hour after sunrise and sunset respectively. Sunrise and set times taken from: 
http://aa.usno.navy.mil/cgi-
bin/aa_rstablew.pl?ID=AA&year=2016&task=0&state=CA&place=Bakersfield  

for Bakersfield in 2016. 2015, 2014 and 2013 were all checked too, and the times are 
either identical to the 2016 times or off by one minute for all the dates checked. They 
appear to be nearly identical for each year.  

Activity Index Correlation 

Spearman’s rank correlation was used to determine whether cattle and feral pig 
activity were correlated with any of the vegetation response variables. Spearman’s 
correlation was used because cattle and pig activity were not normally distributed. In 
each correlation, both “year-round” and “seasonal” activity were evaluated.  

Correlations were considered statistically significant if the ‘r’ value was greater 
than 0.349 or less than -0.349. The probability of getting an r value greater than 0.349 or 
less than -0.349 from 30 uncorrelated random samples is approximately 0.05 (Snedecor 
1946). 

Exclosure Analysis 

Linear regression was used to test whether exclosures had a significant effect on 
any riparian plant characteristics. Each plant characteristic was used as a response 
variable in a separate model and “exclosure”, “year” and “plot” were independent 
variables in each model. Each vegetation cover response variable was tested as both 
absolute and relative cover to show whether changes occurred in absolute terms or 
relative to total plant cover. Ordinary least squares regression with Gaussian residual 
distribution was used to test for relationships. Nine right-skewed response variables were 
square-root transformed before analysis to approximate normal distribution. Bare cover, 
absolute cover of exotic species, relative cover of upland plants, relative cover of grasses, 
and plant heights were approximately normally distributed and were therefore not 
transformed before analysis. 

A total of 14 individual regression tests using different response variables from 
the same vegetation composition data set were performed. Multiple testing increases the 
overall probability of committing a Type I error, however this analysis is considered a 
hypothesis-generating exercise, so an unadjusted alpha=0.05 value is used instead of the 
vastly more conservative Bonferroni-corrected alpha value of 0.0036 which would be 
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nearly-impossible to meet in a study of this scope. Nevertheless, while the type I error 
rate for any individual test is still 0.05, the cumulative type I error is inflated to 0.51.  

Seedling Analysis 

The relationship of cattle and feral pig activity to woody plant seedlings was 
evaluated in much the same manner as the other vegetation response variables. 
Spearman’s correlation was used to test whether there was a “significant” correlation 
between cattle and feral pig activity and woody plant seedlings.  

Linear regression was used to test whether the number of woody plant seedlings 
was related to exclosure treatment. The seedling data had many zeros, and was heavily 
right skewed, so negative binomial regression was used. Negative binomial regression is 
useful for modeling over-dispersed (variance > mean) right-skewed count data. 

Negative binomial regression failed to model data for seedlings greater than 1 
year old. Even after removing outliers, the over-dispersion parameter in the model failed 
to converge, so the non-parametric Kruskal-Wallis test was used instead. Since the test is 
essentially a non-parametric one-way ANOVA that assumes independence of 
observations, data from 2015 and 2016 were averaged before analysis to avoid pseudo-
replication due to multiple observations at the same study plot. 

Community Dissimilarity Analysis 

Overall plant community change on a plot between years was estimated using 
Bray-Curtis (Sorensen’s) dissimilarity measure. Bray-Curtis distance measures the 
overlap of species abundance based on shared species (McCune, Grace, and Urban 2002). 
It is ideal for assessing similarities between study plots with incomplete overlap in 
species because it ignores shared absences. 

Ordinary least squares regression with a Gaussian residual distribution was used 
to test whether there was more inter-annual variation in plant cover inside or outside the 
exclosures. The regression equation was: 

-./0 − 12.345	74554849/.430	~	;<=9>52.? + A?/. + B9>3 + .?54C2/9	?..>. 

where Bray-Curtis distance was the dependent variable, and exclosure, year and plot were 
independent variables. Bray-Curtis dissimilarity values range between 0 and 1, with 0 
indicating complete similarity between communities, and 1 indicating complete 
dissimilarity. 
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RESULTS 
CAMERA TRAP RESULTS 

For annual and seasonal cattle or feral pig activity indices, the activity index is 
built using the maximum number of cattle or pigs observed per day at a study plot and 
summing that number over different time periods (annual or seasonal). The time of day, 
temperature and behavior analyses use the entire dataset (not just the maximum number 
per day). 

Annual Activity 

Overall activity of cattle and feral pigs was highly variable between plots and 
between years (Figures 1 and 2). In the first year of camera trapping, the maximum cattle 
activity index on a plot was 579 on CH2 and minimum index was 47 on LT1. In the 
second year of camera trapping the maximum cattle use index was 519 on TU3, and the 
minimum was zero on EP1. In general, cattle were more active in the first year of the 
study. The average activity index per plot in the first year was 292, and was 130 in the 
second year. Cattle activity was also variable on plots occurring within the same pasture 
in the same year (Figure 1). 

In both years of camera trapping, the highest feral pig activity index was at the 
plot LT2, with 1418 and 775 in year one and two respectively. The lowest index in year 
one was at plot CH1 with 86, and in year two was at plot TU2 with 48. On average there 
was more feral pig activity in the first year, with an average activity index of 419 over all 
plots. The average activity index in the second year was only 322.  
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Figure 1. Annual cattle activity by plot. Annual cattle activity is the sum the maximum 
number of cattle in any one video per day per plot over the first and second years of the 
study. The dotted red lines indicate plots that fall within the same pastures. There was 
substantial variation in the number of cattle on the plots within pastures as well as on the 
same plot between years. 
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Figure 2. Annual pig activity by plot. Annual pig activity is the sum the maximum 
number of pigs in any one video per day per plot over the first and second years of the 
study. 

	
Season 

Feral pig activity on the study plots was higher in the fall (32% of year-round 
activity) and lower in the spring (18%). Cattle had a higher proportion of their year-round 
activity concentrated in summer (34%), and a much lower proportion in the spring (11%; 
Table 1). 

 

Table 1. Percent of year-round cattle and feral pig activity observed in each season. 

 

Fall Spring Summer Winter 

Cattle 28% 11% 34% 26% 

Pig 32% 18% 24% 26% 
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Time of Day 

Results from two years of camera trapping at each of the 15 study plots suggest 
that cattle and feral pigs have similar patterns of use, with a few notable exceptions. Both 
species are active during the day, however for cattle, daytime activity accounts for the 
vast majority of overall activity (76%), whereas, feral pigs are also active around the 
clock (with a slight lull at dawn) (Figure 3 and 4). Both species show a midday dip in 
activity (Figure 4). 

 

 

Figure 3. Mean number of cattle and feral pigs by time of day adjusted for proportion of 
day in each category. Y axis represents the maximum observation of cattle and feral pigs 
per plot in each of the day categories (night, dawn, day, dusk) multiplied by (1-the 
proportion of the 24 hour day in each category).  
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Figure 4. Mean cattle and feral pig activity by hour of the day (over the entire sampling 
period). X-axis is hour, and y-axis is mean number of cattle and feral pigs observed in 
that hour of day summed across the 15 study plots. 

 
Temperature 

Corresponding to the time of activity, cattle are generally more active at higher 
temperatures than pigs. The average temperature of a recorded cattle video was 20.1° c 
whereas for feral pigs it was 11.3° c (Figure 5). 
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Figure 5. Mean cattle and feral pig activity for every recorded temperature. The dotted 
red line indicates the mean temperature of the occurrences. It is not multiplied by the 
acitivity level, but is based on number of videos at each temperature. For pigs the mean 
temperature of activity is 11.3 c, for cattle the mean temperature of activity is 20.1 c.  

 
Behaviors 

Regardless of season, the most common behavior observed for both cattle and 
feral pigs was travelling.  Across all seasons, cattle were recorded as travelling in (41%) 
of videos, and pigs were travelling in (67%). The major differences between cattle and 
feral pig behaviors are that cattle were much more likely to be observed actively eating 
(consuming vegetation), drinking, or resting on site. Feral pigs were more likely to be 
observed travelling, and were occasionally observed rooting (Figure 6). 

There were few seasonal differences in behaviors observed within each species. 
Cattle tended to drink less water from creeks in the winter (2% compared to overall 
average of 7%) and spend less time resting in the winter (8% compared to overall average 
of 13%). Feral pigs were most frequently observed rooting in the fall (8% compared to 
year-round average of 4%), were seldom seen resting on plots in spring and summer (1% 
compared to 3% in winter and fall), and were seen eating the least frequently in fall (3% 
compared to overall average of 5%; Figure 6). 

The location of cattle herbivory differed between seasons. In general, summer 
herbivory included much more consumption in the shrub layer (>1 meter in height), 
whereas fall, winter and spring herbivory tended to focus more on the herb layer (<1 
meter in height; Table 2).   
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Figure 6. Cattle and feral pig behaviors in each season.  
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Table 2. Percent of cattle herbivory in herb canopy (<1 meter) and shrub canopy (>1 
meter) in each season. Location of herbivory was estimated from camera trap videos. 

Location 
of 
herbivory Fall Spring Summer Winter 

both 3.6 6.2 10.3 2 

herb 88.9 91 70 96.2 

shrub 7.5 2.9 19.7 1.8 

 

 

CORRELATION BETWEEN CATTLE AND PIG ACTIVITY AND PLANT ATTRIBUTES 
Several plant attributes were significantly correlated with cattle activity in at least 

one season, however none were significantly correlated with winter activity. In general, 
summer grazing had the most significant correlations. Summer activity was negatively 
correlated with absolute and relative cover of upland plants, grasses, and exotic species, 
and absolute cover of total vegetation. It was positively correlated with relative cover of 
wetland plants and native plants, and absolute cover of bare soil. Year-round activity 
showed very similar correlations, however it was not significantly correlated with relative 
wetland plant or grass cover, and it was strongly correlated with absolute cover of forbs 
(Table 3). 

Summer pig activity was also correlated with several plant attributes. Year-round 
pig activity had zero significant correlations with the vegetation variables, and winter and 
fall had very few strong correlations. Spring activity had the most significant correlations. 
It was negatively correlated with absolute cover of upland plants, exotic plants and total 
plant cover, and both absolute and relative cover of forbs. It was positively correlated 
with relative cover of exotic species and absolute cover of bare soil (Table 4). 
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Table 3. Spearman’s correlation coefficients (r) for correlations between seasonal and 
year-round CATTLE activity and vegetation variables. The rows represent absolute and 
relative cover of select vegetation variables. The columns represent cattle activity in the 
fall, spring, summer, winter, and year-long. Yellow highlight indicates r > 0.349, Red= r 
< -0.349. The probability of getting an r value > 0.349 or < -0.349 from 30 uncorrelated 
random samples is roughly 0.05 (Snedecor 1946). 

Vegetation 
Variable 

Variable Type Fall Spring Summer Winter 
Year-
long 

Upland %	Absolute	Cover -0.505 -0.388 -0.493 -0.323 -0.725 

Upland % Relative Cover -0.379 -0.318 -0.422 -0.231 -0.576 

Wetland % Absolute Cover 0.114 -0.080 0.234 0.084 0.130 

Wetland % Relative Cover 0.243 0.005 0.374 0.222 0.336 

Forb % Absolute Cover -0.258 -0.267 -0.264 -0.245 -0.438 

Forb % Relative Cover -0.101 -0.137 -0.119 -0.233 -0.264 

Grass % Absolute Cover -0.279 -0.464 -0.546 -0.171 -0.585 

Grass % Relative Cover -0.008 -0.212 -0.350 -0.051 -0.204 

Native % Absolute Cover 0.057 -0.032 0.208 -0.141 0.047 

Native % Relative Cover 0.217 0.222 0.448 0.066 0.401 

Exotic % Absolute Cover -0.384 -0.338 -0.518 -0.144 -0.589 

Exotic % Relative Cover -0.272 -0.155 -0.395 -0.001 -0.362 

Bare % Absolute Cover 0.559 0.217 0.369 0.279 0.632 

Plant Cover % Absolute Cover -0.347 -0.455 -0.446 -0.319 -0.650 

Height 
Average Height 
(cm) -0.021 0.162 0.198 0.083 0.183 
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Table 4. Spearman’s correlation coefficients (r) for correlations between seasonal and 
year-round PIG activity and vegetation variables. The rows represent absolute or relative 
percent cover of select vegetation variables, except height which is a measured variable. 
The columns represent pig activity in the fall, spring, summer, winter, and year-long. 
Yellow highlight indicates r > 0.349, Red= r < -0.349. The probability of getting an r 
value > 0.349 or < -0.349 from 30 uncorrelated random samples is roughly 0.05 
(Snedecor 1946). 

Vegetation 
Variable 

Variable Type Fall Spring Summer Winter 
Year-
long 

Upland % Absolute Cover -0.326 -0.606 -0.458 -0.460 0.169 

Upland % Relative Cover -0.321 -0.460 -0.246 -0.259 0.156 

Wetland % Absolute Cover 0.186 -0.037 -0.206 -0.259 -0.201 

Wetland % Relative Cover 0.163 0.053 -0.073 -0.159 -0.245 

Forb % Absolute Cover -0.247 -0.412 -0.517 -0.405 0.126 

Forb % Relative Cover -0.245 -0.331 -0.395 -0.287 0.058 

Grass % Absolute Cover -0.092 -0.433 -0.241 -0.453 0.046 

Grass % Relative Cover -0.117 -0.203 0.208 -0.168 -0.074 

Native % Absolute Cover 0.216 0.187 -0.191 0.100 -0.111 

Native % Relative Cover 0.282 0.412 0.093 0.347 -0.116 

Exotic % Absolute Cover -0.371 -0.573 -0.397 -0.494 0.144 

Exotic % Relative Cover -0.379 -0.418 -0.159 -0.304 0.175 

Bare % Absolute Cover -0.116 0.385 0.382 0.449 0.181 

Plant Cover % Absolute Cover -0.040 -0.462 -0.499 -0.497 0.039 

Height 
Average Height 
(cm) 0.077 0.050 -0.150 0.021 -0.013 
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EXCLOSURE ANALYSIS 
Linear regression results showed that several attributes were significantly affected 

by cattle/pig exclosure treatments. Significant effects of grazing exclosures were found 
for: bare ground (p=0.009), absolute and relative cover of exotic species (p=0.0025 and 
0.0126 respectively), relative wetland plant cover (p=0.0470), absolute and relative 
upland cover (p=0.0003 and 0.005 respectively), absolute and relative forb cover (p= 
0.0131 and 0.0246 respectively), and absolute cover of grass (p=0.0015) (Table 5).  

On average, exclosure plots had less bare soil (15% compared to 26% in non 
exclosure plots), more exotic species absolute cover (40% compared to 27%) and relative 
cover (65% compared to 52%), less relative wetland plant cover (26% compared to 40%), 
more upland plant absolute cover (34% compared to 21%) and relative cover (56% 
compared to 41%), more forb absolute cover (26% compared to 15%) and relative cover 
(40% compared to 27%), and more absolute cover of grasses (29% compared to 23%). 
Variables that did not have significant p-values also had little difference between 
exclosure and non-exclosure plots. Absolute cover of wetland plants was 18% inside 
exclosures and 20% outside exclosures. Native absolute cover was 20% inside exclosures 
and 17% outside exclosures and native relative cover was 31% in exclosures and 39% 
outside exclosures. Relative cover of grass was 48% inside and 46% outside exclosures. 
Mean herbaceous height was 31.9 cm in exclosures and 30.1 cm outside exclosures 
(Table 5, Figures 7 and 8). 
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Table 5. Results from linear regression models with the vegetation variable as the dependent variable and ‘years in exclosure’ + 
‘study year’ + ‘plot’ as categorical independent variables. Significant p-values (p<0.05) are indicated in bold. Vegetation attributes 
with an * were square root transformed before analysis. The data show that there are significant differences between plots with and 
without exclosures.  

 

Plot 
(Factor) 

Year (Factor) Exclosure (Factor) 

Vegetation Attribute p value 2015 Mean 2016 Mean p value Exclosure 
Plot Mean 

Non-Exclosure 
Plot Mean 

p value  

Bare Ground 0.1471 0.17 0.27 0.0096 0.15 0.26 0.0094 

Native (ABS COV) * 0.0240 0.14 0.22 0.0182 0.20 0.17 0.6102 

Native (REL COV) * 0.0006 0.30 0.44 0.0069 0.31 0.39 0.1232 

Exotic (ABS COV) 0.0005 0.35 0.27 0.0239 0.40 0.27 0.0025 

Exotic (REL COV) * 0.0002 0.64 0.49 0.0020 0.65 0.52 0.0126 

Wetland (ABS COV) * <0.0001 0.15 0.24 0.0039 0.18 0.20 0.5678 

Wetland plant (REL COV) * <0.0001 0.28 0.42 0.0033 0.26 0.40 0.0470 
Upland Plant (ABS COV) * 0.0002 0.33 0.17 <0.0001 0.34 0.21 0.0003 
Upland Plant (REL COV) 0.0002 0.59 0.33 <0.0001 0.56 0.41 0.0050 
Grass (ABS COV) * <0.0001 0.28 0.22 0.0040 0.29 0.23 0.0015 

Grass (REL COV) 0.0014 0.54 0.40 0.0039 0.48 0.46 0.6449 

Forb (ABS COV) * 0.0232 0.17 0.21 0.2091 0.26 0.15 0.0131 

Forb (REL COV) * 0.0102 0.28 0.35 0.0961 0.40 0.27 0.0246 

Heights  0.2344 27.7 33.8 0.0561 31.9 30.1 0.5727 
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Figure 7. Barchart showing the mean cover of plant functional groups, overall plant cover, and bare soil by year across all 15 plots 
(regardless of treatment). The red outlines show the mean cover of each attribute in the exclosures in 2015 and 2016.  
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Figure 8. Barchart showing the difference between plant attributes on plots with exclosures and on plots without exclosures in 2015 
and 2016. 
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Seedling Results 

The 2015-2016 seedling data were analyzed to test for differences between 
exclosure and non-exclosure plots. The data were highly right-skewed, with many zeros 
and some large outliers. Negative binomial regression was used to test whether number of 
seedlings (less than one-year-old) was related to exclosures, years or plots. Exclosures 
had a near-significant effect on number of seedlings (p=0.06) and ‘year’ and ‘plot’ had 
significant effects on the number of seedlings (p=0.004 and <0.001 respectively). On 
average there were 23.7 seedlings per non-exclosure plot and 11.7 seedlings per 
exclosure plot.  

For seedlings greater than one-year-old, the Kruskal-Wallis test failed to reject the 
null hypothesis of no difference between exclosure and non-exclosure plots (p=0.22); 
however, similar to the (less than one-year-old) seedling data, there were more seedlings 
greater than one year old on non-exclosure plots than on exclosure plots (an average of 
4.9 on non-exclosure plots vs. 0.3 in exclosures). 

 Correlation between seedling abundance and cattle and feral pig activity showed a 
few significant relationships. Summer cattle activity was significantly positively 
correlated with seedling and seedling (>1 yr) abundance. Summer feral pig activity was 
nearly significantly negatively correlated with seedling abundance (Table 6).  

Table 6. Correlation between cattle and feral pig activity and seedling abundance on the 
greenline belt transect. 

Variable Fall Spring Summer Winter Year-long 

Cattle 

Seedling -0.070 -0.021 0.352 0.163 0.058 

Seedling 
(>1yr) 0.123 -0.124 0.371 0.169 0.128 

Feral Pigs 

Seedling 0.034 -0.080 -0.324 -0.237 -0.136 

Seedling 
(>1yr) 0.139 0.079 -0.079 0.004 0.134 
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Community Dissimilarity Analysis 

Another trend emerged from examining changes in the values of vegetation 
attributes between years. Here, no consistent directional trend was evident with regard to 
change between years (i.e., exclosures did not always result in a positive or negative 
change each year). Instead, when the percent cover of a vegetation attribute changed on 
non-exclosure plots between years, the change on the exclosure plots went in the same 
direction. This happened for every vegetation variable, and in every case except bare soil 
and absolute wetland cover in 2015, the magnitude of the change was greater on the 
exclosure plots than on the non-exclosure plots (Figure 9).       

Overall plant community turnover also appears to be higher in exclosure plots 
compared to non-exclosure plots. Mean Bray-Curtis distance (based on absolute plant 
cover) between plot_years and the same plot in the previous year was 29 percent higher 
in exclosure plots compared with non-exclosure plots (p=0.003; Table 7). Mean Bray-
Curtis distance for exclosure plots was 0.585 compared to 0.454 in non-exclosure plots. 
In a multiple-factor regression using ‘exclosure,’ ‘plot,’ and ‘study year,’ as independent 
variables, ‘exclosure’ was the only variable that significantly affected Bray-Curtis 
distance (Table 7). 
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Figure 9. Barplot showing the mean inter-annual difference in absolute and relative cover of plant attributes, bare soil, and plant 
height by year across all 15 plots regardless of treatment. Differences are measured as:  

!"#$%	'(	)$*%	(,) − !"#$%	'(	)$*%	 , − 1  

The red outlines show the mean difference in cover of each attribute in the exclosures. Plant heights were only measured in 2014-
2016, since there are no height data for 2013, there is no ‘difference’ for 2014. 
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Table 7. Regression results from a test for differences in Bray-Curtis values in exclosure 
vs. non-exclosure plots. The linear regression formula was:  

Bray-Curtis distance ~ exclosure + year + plot + residual error 

Factor Estimate Std.Error p value 

Exclosure 0.1000 0.0926 0.003 

Year NA NA 0.388 

Plot NA NA 0.111 

 

DISCUSSION 
There is broad agreement between the activity and exclosure analyses on the 

effects of cattle and feral pigs on riparian vegetation in the herbaceous canopy (<1 meter 
in height). Absolute and relative cover of upland plants, exotic plants, and forbs, relative 
cover of wetland plants, and absolute cover of grasses and bare soil were all found to 
significantly differ between exclosure and non-exclosure plots. The effect of exclosures 
on each of these variables was the same effect seen in statistically significant correlations 
for seasonal and year-round cattle and pig activity (Table 8).  
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Table 8. Comparison of results of changes in vegetation attributes in the exclosure and activity index analyses. The “Correlation” 
columns indicate whether there was a statistically significant positive or negative correlation between cattle or feral pigs and the 
vegetation attribute. The “Significant Seasons” columns indicate which season’s activity had significant correlations (r > 0.349) to the 
vegetation variable. Sp = spring, Su = summer, F = fall, W = winter, Y= year round, and NS = no statistically significant correlations. 
 

Vegetation Attribute Exclosure 
Plot 
Mean 

Non-
Exclosure 
Plot 
Mean  

Exclosure  
p-value 

Correlation 
with Cattle 
Activity  

Significant 
Seasons--
Cattle 

Correlation 
with Pig 
Activity  

Significant 
Seasons--Pigs 

Bare Ground 0.15 0.26 0.0094 Positive 
 
F, Su, Y Positive Sp, Su, W 

Native (ABS COV) * 0.20 0.17 0.6102 NS NS NS NS 
Native (REL COV) * 0.31 0.39 0.1232 Positive Su, Y Positive Sp 
Exotic (ABS COV) 0.40 0.27 0.0025 Negative F, Su, Y Negative F, Sp, Su, W 
Exotic (REL COV) * 0.65 0.52 0.0126 Negative Su, Y (Neg) Negative F, Sp (Neg) 
Wetland (ABS COV) * 0.18 0.20 0.5678 NS NS NS NS 
Wetland plant (REL COV) * 0.26 0.40 0.0470 Positive Su NS NS 
Upland Plant (ABS COV) * 0.34 0.21 0.0003 Negative F, Sp, Su, Y Negative Sp, Su, W 
Upland Plant (REL COV) 0.56 0.41 0.0050 Negative F, Su, Y Negative Sp 
Grass (ABS COV) * 0.29 0.23 0.0015 Negative Sp, Su, Y NS NS 
Grass (REL COV) 0.48 0.46 0.6449 Negative Su NS NS 
Forb (ABS COV) * 0.26 0.15 0.0131 Negative Y Negative Sp, Su, W 
Forb (REL COV)* 0.40 0.27 0.0246 NS NS Negative Su 
Heights (cm) 31.9 30.1 0.5727 NS NS NS NS 
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 Several variables that were not significantly affected by exclosures had significant 
correlations with cattle and pig activity. One trend seen in the correlations was an 
increase in relative cover of native plants and subsequent decrease in cover of exotic 
plants as cattle and feral pig activity increased. This agrees with the (not statistically 
significant) trend of more relative cover of native plants outside exclosures (39%) 
compared to inside exclosures (31%) -- but it stands in contrast to the slightly higher 
absolute cover of native vegetation in exclosures (20% compared to 17% outside). This 
means that while absolute cover of native plants was lower outside exclosures, it was not 
proportionally reduced as much as exotic plant cover. Exotic cover was greatly reduced 
outside exclosures, meaning relative cover of native plants got a boost outside exclosures 
despite their absolute cover decreasing slightly. 

 Summer cattle activity had the most significant correlations with vegetation 
variables of any seasonal activity (Table 2 and 8), and cattle activity was highest on the 
plots in the summer and fall — more than a third of year-round activity occurred in the 
summer. This could be due to higher stocking rates during these seasons, but likely is 
also a result of limited late-season opportunities for upland water and shade, high summer 
and fall temperatures, and high quality riparian forage. These conditions have been 
shown to result in cattle spending a disproportionate amount of their time in riparian 
areas (Bailey 2004). There were no major differences in cattle behaviors in the summer 
and fall (or other seasons), although there was slightly more travelling behavior in 
summer months. Still it seems unlikely that the difference in significance of summer 
cattle activity correlations results from an increase in travelling behavior. It is more likely 
related to the sheer increase in cattle activity during those months.   

One interesting attribute of summer cattle herbivory is an increase in the 
proportion of vegetation eaten in the shrub layer (1-3 meters in height). In the summer, 
30% of cattle herbivory included forage in the shrub layer, while only 11% of fall and 
spring herbivory, and 4% of winter herbivory included forage in the shrub layer (Table 
2). When location of herbivory is viewed by month, the summer and early fall months 
have much more shrub herbivory. 30.4% of observed herbivory in June through 
September included forage from the shrub layer, compared with the annual average of 
16.8%. This trend suggests that summer and early fall cattle grazing may impact woody 
plants more than grazing in other seasons, however it probably doesn’t explain the 
differences in correlation between grazing and elements of the herbaceous plant 
community observed in this study. 

Spring feral pig activity had the highest number of statistically significant 
correlations with the vegetation variables (Table 3 and 8). It was significantly correlated 
with nine of the thirteen vegetation variables. There were no statistically significant 
correlations with year-round activity. Pig activity was lowest in the spring, so it may be 
that behavioral differences between seasons explain the stronger correlations between 
spring activity and the vegetation variables. Travelling and eating were more frequent 
behaviors in the spring than in all other seasons. Rooting, which is thought to be the most 
ecologically impactful pig behavior, was least frequent in the spring. It may be that the 
most common pig behavior, travelling, had a bigger impact on riparian plants and soils 
after herbaceous plants had germinated and when the soil was wetter in the spring. This is 
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consistent with field observations of extensive animal trails and pig prints near the creeks, 
and relatively fewer areas of pig rooting in riparian soils.  

It is useful to consider how absolute cover differed between exclosure and non-
exclosure plots to understand how each of these attributes directly responds to the 
presence of cattle and feral pigs. On average, exclosure plots had higher vegetation cover 
than non-exclosure plots (62% compared to 49%). This is also reflected in the lower bare 
soil levels in exclosures than outside exclosures (15% compared to 26%). Thirteen 
percent of the overall increase in vegetation cover in exclosures occurred in the upland 
plant category. This was offset by a 2% reduction in wetland plant cover. Forb cover was 
much higher in exclosures compared to non-exclosure plots (26% compared to 15%), and 
absolute cover of grasses was moderately higher in exclosures (29% compared to 23%).  

Since cattle and feral pigs reduce overall vegetation cover through herbivory and 
trampling, it is assumed that each of the plant attributes will increase when these animals 
are excluded. Indeed average total vegetation cover per plot was 13% higher in 
exclosures representing a proportional increase of 27% from the average total vegetation 
cover seen on non-exclosure plots. If cattle and pigs affected all plants equally one would 
expect absolute cover of all functional groups in exclosures to proportionally increase by 
27% (compared to percent cover outside exclosures). Upland plant and forb cover 
proportionally increased inside exclosures much more than expected (62% and 73% 
respectively), grasses proportionally increased 23% -- slightly less than expected in 
exclosures. The most notable break from expectations was wetland plant cover, which 
was actually slightly lower in exclosures.  

Given that the absolute cover of the vegetation attributes appear to respond 
differently to the exclosures, and since there is a general trend of higher plant cover 
inside exclosures, it is interesting to consider how the relative cover of each plant 
attribute changes as an overall fraction of the living plant community. Changes in relative 
cover of each vegetation attribute (except native plant cover) had the same directional 
change as the changes in absolute cover, with differing magnitudes. Relative cover of 
upland plants increased 15% in exclosures, which is 1.2 times the increase in absolute 
cover. Relative cover of forbs increased 13% in exclosures, which is also 1.2 times the 
increase in absolute cover. By contrast relative cover of wetland plants was 14% lower in 
exclosures, which is seven times the decrease in absolute cover. This exaggerated 
difference illustrates why it is important to consider both absolute and relative cover 
when trying to tease apart the impact of management treatments. Relative cover values on 
study reaches with high overall vegetation cover (i.e., in exclosures) will only be adjusted 
up a small amount from the absolute cover values—as the proportion of plant cover 
approaches one, the relative cover values approach absolute cover values. The opposite is 
true too: on study reaches with low total vegetation cover, relative cover values are 
significantly increased relative to absolute cover values. Therefore, the ratio of 
differences in relative cover to absolute cover in exclosure and non-exclosure plots is 
larger when the plant attribute in question has higher absolute cover in the area with 
lower total vegetation cover. This is the case with wetland plant cover, and is probably 
responsible for the statistically significant finding of differences in relative cover. 
Comparing differences in absolute and relative cover suggests that there was a (not 
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statistically significant) difference in absolute cover of wetland plants between exclosure 
and non-exclosure plots; however, the slightly higher cover of wetland plants outside 
exclosures went against the general trend of lower plant cover outside exclosures and 
resulted in a statistically significant change in the relative proportion of wetland plant 
cover. 

The effect of cattle and feral pig grazing may be more complicated than just the 
main effects seen in the exclosure regressions. As well as having significant effects on six 
of the twelve vegetation variables, the effect of the exclosures was to amplify whatever 
background variation was occurring in a given year (Figure 9). An increase in vegetation 
turnover may be a result of the perturbation associated with excluding cattle after more 
than 100 years of grazing. However, since plant attributes did not show a directional 
change but rather an amplification of background variance, it may be an affect that 
continues over time. This finding is also consistent with another riparian grazing 
exclosure study in California which showed that cattle-exclosure plots had greater Bray-
Curtis differences in vegetation composition between years than plots that were lightly or 
moderately grazed (Jackson 2002). Increases in the variance of ecosystem dynamics can 
be an early warning signal that the system is approaching a bifurcation or catastrophic 
shift (Carpenter and Brock 2006; Scheffer et al. 2009), and exclosure plots may as a 
result be more prone to transitions between vegetation states. Indeed, two of the three 
observed transitions in vegetation communities in chapter one of this dissertation 
occurred on plots after an exclosure was installed, despite the fact that exclosures were 
only on 2/9 (22%) of the potential plot-years where transitions could have been observed. 

The exclosure regression models demonstrate that changes in riparian vegetation 
composition are likely affected by a mixture of equilibrium and disequilibrium processes. 
Excluding cattle and feral pigs resulted in significant changes in plant functional groups, 
wetland affinity, and bare ground; however bare ground, native vegetation, exotic 
vegetation, wetland vegetation and upland vegetation cover differed significantly 
between years and plots regardless of exclosure treatment (Table 5). This suggests that 
inter-annual differences in climatic variables likely played a significant role in 
determining plant composition. Further evidence of the relative importance of 
environmental versus management variables is provided in Chapter 1. In that chapter, a 
CART analysis showed that the most important spatial drivers of vegetation composition 
were slope, soil texture, and geology. Cattle exclosures were included on the CART tree, 
however they accounted for a relatively small amount of the observed differences in plant 
communities. 

There were important methodological differences between the exclosure and the 
activity data and analyses that should be mentioned. In particular: 

1) The two analyses covered different date ranges. The correlation analysis used 
camera trap data from 2013-2015 and vegetation data from 2014-2015, while 
the exclosure analysis took place over 2015-2016.  

2) In the correlation analysis, cattle and feral pig activity is a continuous variable 
based on the activity index. In the exclosure regression, ‘exclosure’ is a 
categorical variable, and is therefore a test of difference between groups not 
trend. 
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MANAGEMENT IMPLICATIONS  
Given the heightened impacts of summer and early-fall cattle activity on riparian 

vegetation, managing grazing in this window will have the biggest impact on achieving 
management goals. In the 2013 Ranch-Wide Management Plan (Tejon Ranch 
Conservancy 2013), the Tejon Ranch Conservancy includes the following riparian 
management objectives:  

• Restore desired vegetation structure (i.e., the desired amount of riparian 
vegetation in three dimensions) as appropriate.  

• Increase the overall extent of native riparian and wetland plant species in riparian 
habitats.  

• Increase populations of wetland and riparian target species (largely birds and 
herpetofauna).   

The results from this study suggest that achieving these management goals is 
consistent with some amount of cattle and pig use in certain seasons. Summer cattle 
activity was positively correlated with relative cover of wetland plants and native plants. 
It was also negatively correlated with absolute and relative cover of exotic plants. Spring 
pig activity was positively correlated with relative cover of native plants as well, and was 
negatively correlated with absolute and relative cover of exotic plants. From this 
perspective, these non-native ungulate species may benefit riparian conservation values. 
However the results from the exclosure analysis show a more complex story. Absolute 
cover of native and wetland vegetation are not statistically significantly higher outside of 
exclosures, meaning cattle and feral pig activity probably do not directly benefit these 
plant groups. Absolute cover of total vegetation is reduced outside of exclosures. Upland 
plants, exotic plants and forbs account for most of that reduction, whereas native plants 
are reduced much less and wetland plants seem to slightly increase. This resulted in 
proportionally larger increases in relative cover of wetland and native plants outside 
exclosures, which illustrates that community composition is affected by the presence of 
cattle and feral pigs, while at the same time most plant attributes are reduced outside of 
exclosures. Pastures at Tejon Ranch are not typically intensively stocked with cattle, and 
it is doubtful that these trends would continue linearly with higher cattle and feral pig 
activity, but some amount of cattle and feral pig use appears to reduce upland exotic plant 
cover without significantly compromising wetland and native cover. Indeed, wetland 
plants and native vegetation show the greatest gains in absolute and relative cover at the 
lower to moderate levels of cattle activity observed in this study, and gains are smaller or 
even negative at higher levels. Upland and exotic plants, on the other hand, show a 
consistent strong negative response to cattle that appears to track activity level more 
linearly (Appendix B).   

It makes intuitive sense that increases in cattle and feral pig activity can lead to 
decreases in total vegetation cover and increases in bare soil. Herbivory, trampling and 
pig rooting remove living biomass and expose bare soil. Similarly, if you assume that 
cattle and pig activity reduce overall vegetation cover, it follows that these species’ 
activities would lead to decreases in absolute cover of vegetation attributes across the 
board. If this were to happen one would expect that changes in relative cover between 
exclosure and non-exclosure plots would not be proportionally different for any of the 
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vegetation attributes – but that was not observed in this study. Why did exclosure plots 
have lower relative cover of wetland vegetation, and higher relative cover of upland and 
exotic vegetation?  

Differences in wetland plant cover between exclosures and non-exclosures appear to 
depend on the location that a given species is rooted. Emergent wetland plant species 
rooted in the water of the active channel all increased in cover. These plants include: 
celery (Apium graveolens), cutleaf water parsnip (Berula erecta), watercress (Nasturtium 
officinale), and common knotweed (Persicaria laplathifolia). Wetland plants that were 
predominantly rooted on banks (above the water line) decreased in cover. These include: 
yerba mansa (Anemopsis californica), annual beard grass (Polypogon monspeliensis), 
water beard grass (Polypogon viridis), Parish’s spike rush (Eleocharis parishii), and iris-
leaved rush (Juncus xiphioides). The differences in responses to exclosures by these two 
groups of wetland plants may be a result of increased competition with upland plants in 
exclosures. The plant that increased the most in exclosures was the tall upland grass 
ripgut brome (Bromus diandrus). This species was the most common plant regardless of 
exclosure treatment, accounting for 9% of absolute cover on non-exclosure plots and 
20% of absolute cover on exclosure plots. Increased competition resulting from this 
increase in Bromus diandrus, as well as the general increase of upland plant cover in 
exclosures could reduce the extent of wetland plants rooted on banks. These upland 
plants cannot grow in water or in permanently saturated soils, so they do not compete 
with and have little effect on emergent wetland plants. 

It is important to note that this study only evaluated short-term effects of cattle 
and feral pig use. Over longer temporal scales, cattle and pigs may significantly alter the 
structure and function of riparian areas. Seedling recruitment and survival past the first 
year is one indicator of regeneration potential of woody riparian vegetation. Contrary to 
expectation, there were more seedlings outside exclosures than inside exclosures. 
Similarly, summer cattle activity was positively correlated with seedling abundance. It 
could be that seedlings and cattle are both just more abundant at wet sites, or conversely 
it is possible that as cattle reduce plant biomass and increase bare soil, they encourage 
seedling growth. Blue oak (Quercus douglasii) seedling establishment has been shown to 
decrease as soil moisture decreases with increasing density of the upland annual grass 
Bromus diandrus and the upland forb Erodium botrys (Gordon, Menke, and Rice 1989). 
Cottonwood and willow establishment also depends on having adequate soil moisture 
(McBride and Strahan 1984). Given the strong negative correlation between grazing and 
upland exotic plants, it is reasonable to infer that grazing could indirectly benefit 
establishment of these trees. 

We only measured seedlings up to 1 meter in height and did not follow the fates 
of individual plants, so it is not possible to say at this point whether seedlings observed in 
this study were ever recruited into the shrub or tree canopies. Research has shown that 
oak seedlings greater than two meters in height are resilient to cattle herbivory, whereas 
shorter seedlings are more likely to lose height in response to cattle herbivory (McCreary 
and George 2005). We observed increased cattle herbivory in the shrub canopy (greater 
than one meter high) in the summer and early fall, and while young seedlings may be 
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encouraged by summer cattle grazing, overall recruitment into the tree canopy may also 
be suppressed.  

The vast majority of seedlings observed were less than one year old and belonged 
to the species California grape (Vitis californica). Ninety-four percent of seedlings were 
less than one year old, and of these, 95% were California grape. Of the 6% of seedlings 
greater than one year old, only 43% were California grape, and 53% were mulefat 
(Baccharis salicifolia). The lack of germination and survival of woody tree seedlings past 
one year suggests that dominant patterns of establishment in this system are driven by 
periodic fluvial events and their resulting hydrologic and geomorphologic conditions. 
Fremont’s cottonwood (Populus fremontii) and red willow (Salix laevigata) are adapted 
to establishing on recent alluvium deposited on floodplains (McBride and Strahan 1984).  

This study highlights the importance of opportunistic, adaptive management to 
achieve vegetation management goals in rangeland riparian systems. The mixture of 
equilibrium and non-equilibrium processes affecting riparian species composition and 
woody plant establishment suggests that the effects of cattle and feral pigs, while 
significant, are also contingent on temporally- and spatially-variable factors. Significant 
variation of vegetation variables between years and plots suggests that temporally 
variable processes such as precipitation and fluvial disturbance play a major role in 
structuring riparian plant communities regardless of exclosure treatment. Moderate 
amounts of cattle and feral pig activity resulted in decreased cover of upland plants, 
exotic plants, forbs and grasses in riparian areas, but did not decrease wetland or native 
plant cover at the same rate. Cattle grazing may therefore be a useful tool for promoting 
native vegetation in years with high upland or exotic plant cover. Moderate amounts of 
cattle grazing were also correlated with higher numbers of seedlings, and spring grazing 
on floodplains could be an effective tool for reducing competition for soil moisture 
between seedlings and annual grasses and forbs. This may prove particularly effective 
before woody plant seedling emergence. 

On an inter-annual time scale, the presence of cattle and feral pigs may decrease 
the overall community turnover (less Bray-Curtis dissimilarity). This moderating effect 
could be useful for maintaining desirable riparian plant communities, but may also hinder 
recovery of undesirable ones. More work is needed to better identify what climatic 
variables are linked to desired riparian restoration outcomes, but it may be that excluding 
cattle and feral pigs (at least seasonally) from riparian areas during favorable conditions 
is the best method for achieving these results. If these species are excluded, monitoring 
should focus on detecting differences in the abundance of wetland plants and upland 
annual grasses. If upland grasses increase in exclosures, light to moderate cattle grazing 
may be the best tool for reducing upland grass cover and promoting wetland plants.  
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APPENDICES	
Appendix A. Species recorded on greenline transects on the study reaches. The table contains relevant attributes of each species.  

Scientific 
name1 

Common 
name 

Species 
Code Origin Annual/ 

Perennial2 
Functional 
group 

Cal-IPC 
rating3 Family Wetland 

Status4 
Congener 
Status 

Anemopsis 
californica Yerba Mansa ANCA native perennial forb   Sauraceae OBL   

Apium 
graveolens Celery APGR exotic annual/bienni

al forb   Apiaceae     

Artemisia 
douglasiana Mugwort ARDO native perennial forb/shrub   Asteraceae FAC   

Avena 
barbata 

Slender Wild 
Oats AVBA exotic annual grass Moderate Poaceae   UPL 

Baccharis 
salicifolia Mule Fat BASA native perennial shrub   Asteraceae FAC   

Berula erecta Water 
parsnip BEER native perennial forb   Apiaceae OBL   

Brassica 
nigra 

Black 
Mustard BRNI exotic annual forb Moderate Brassicacea

e   FACU 

Bromus 
diandrus 

Ripgut 
Brome BRDI exotic annual grass Moderate Poaceae   FACU or 

UPL 

Bromus 
hordeaceus Soft Chess BRHO exotic annual grass Limited Poaceae FACU   
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Bromus 
madritensis 

Foxtail 
Brome BRMA exotic annual grass   Poaceae UPL   

Bromus 
rubens Red Brome BRRU exotic annual grass High Poaceae   FACU or 

UPL 

Bromus 
tectorum Cheatgrass BRTE exotic annual grass High Poaceae   FACU or 

UPL 

Carduus 
pycnocephalu
s 

Italian 
Thistle CAPY exotic annual forb Moderate Asteraceae   FACU 

Cynodon 
dactylon 

Bermuda 
Grass CYDA exotic perennial grass Moderate Poaceae FACU   

Distichlis 
spicata Saltgrass DISP native perennial grass   Poaceae FAC   

Eleocharis 
parishii 

Parish's 
Spikerush ELPA native perennial graminoid   Cyperaceae FACW   

Eleocharis 
sp. spike rush ELEO

XX native perennial graminoid   Cyperaceae   FACW or 
OBL 

Festuca 
myuros 

Foxtail 
Fescue FEMY exotic annual grass Moderate Poaceae FACU FACU 

Festuca 
perennis 

Italian rye 
grass FEPE exotic perennial grass Moderate Poaceae FAC FAC 

Galium Common GAAP native annual forb   Rubiaceae FACU   
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aparine Bedstraw 

Gnaphalium 
sp. cudweed GNXX native annual/perenn

ial forb   Asteraceae     

Hirschfeldia 
incana 

Shortpod 
Mustard HIIN exotic perennial forb Moderate Brassicacea

e     

Hordeum 
murinum 

Foxtail 
Barley HOMU exotic annual grass Moderate Poaceae FACU   

Juncus 
bufonius 

Common 
Toad Rush JUBU native annual graminoid   Juncaceae FACW   

Juncus 
mexicanus 

Mexican 
Rush JUME native perennial graminoid   Juncaceae FACW   

Juncus sp. Rush JUXX unkno
wn unknown graminoid   Juncaceae   FACW or 

OBL 

Juncus 
xiphioides 

iris leaved 
rush JUXI native perennial graminoid   Juncaceae OBL   

Lactuca 
serriola 

Prickly 
Lettuce LASE exotic annual forb 

 
Asteraceae FACU   

Lemna sp. Duckweed LEXX3 native perennial forb   Araceae   OBL 

Medicago 
polymorpha Bur Clover MEPO exotic annual forb Limited Fabaceae FACU   

Melilotus 
indicus 

Annual 
Yellow 

MEIN exotic annual forb   Fabaceae FACU   
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Sweetclover 

Mimulus 
guttatus 

Common 
Monkeyflow
er 

MIGU native perennial forb   Phrymacea
e OBL   

Nasturtium 
officinale Watercress NAOF native perennial forb   Brassicacea

e OBL   

Nicotiana 
glauca tree tobacco NIGL exotic perennial shrub   Solanaceae FAC   

Persicaria 
lapathifolia 

Common 
knotweed  PELA native annual forb   Polygonace

ae FACW   

Platanus 
racemosa 

California 
Sycamore PLRA native perennial tree   Platanaceae FAC   

Poa annua Annual 
Bluegrass POAN exotic annual grass   Poaceae FAC   

Polypogon 
monspeliensis 

Annual 
Beard Grass POMO exotic annual grass Limited Poaceae FACW   

Polypogon 
sp. Beard Grass POXX2 exotic unknown grass   Poaceae   FACW 

Polypogon 
viridis 

Water beard 
grass POVI exotic perennial grass   Poaceae FACW   

Populus 
fremontii 

Fremont 
cottonwood POFR native perennial tree   Salicaceae   FACW, 

FAC, or 



	

	 	 	

96	

FACU 

Quercus 
lobata Valley oak QULO native perennial tree   Fagaceae FACU   

Rumex sp. dock RUXX unkno
wn unknown forb   Polygonace

ae   
 FACW, 
FAC, 
FACU 

Salix 
gooddingii 

Goodding's 
black willow SAGO native perennial tree   Salicaceae FACW   

Salix 
laevigata Red Willow SALA native perennial tree   Salicaceae FACW   

Salix 
lasiolepis 

Arroyo 
willow SALA2 native perennial tree   Salicaceae FACW   

Silybum 
marianum Milk thistle SIMA exotic annual/perenn

ial forb Limited Asteraceae     

Sonchus sp. Sow Thistle SOXX exotic annual/perenn
ial forb   Asteraceae    FAC or 

FACU 

Stachys sp. Hedge Nettle STXX2 native perennial forb   Lamiaceae   OBL or 
FACW 

Stellaria 
media Chickweed STME exotic annual forb   Caryophyll

aceae FACU   

Tamarix 
ramosissima Saltcedar TARA exotic perennial tree high Tamaricace

ae   FAC 
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Torilis 
arvensis 

Hedge 
Parsley TOAR exotic annual forb Moderate Apiaceae     

Urtica dioica Stinging 
nettle URDI native perennial forb/shrub   Urticaceae FAC   

Urtica urens 
Annual 
Stinging 
Nettle 

URUR exotic annual forb   Urticaceae     

Veronica 
anagallis-
aquatica 

water 
speedwell VEAA exotic perennial forb   Plantaginac

eae OBL   

Vitis 
californica 

California 
grape VICA native perennial vine   Vitaceae FACU   

Xanthium 
strumarium Cocklebur XAST native annual forb   Asteraceae FAC   

5. Scientific names consistent with “The Jepson Manual” (Baldwin 2012) 
6. Annual/Perennial information taken from Calflora. http://www.calflora.org 
7. Cal-IPC ratings taken from California Invasive Plant Council “California Invasive Plant Inventory Database” http://www.cal-ipc.org/paf/ 
8. Wetland status taken from the Army Corps of Engineers “National Wetland Plant List” (Lichvar et al. 2016) 

http://rsgisias.crrel.usace.army.mil/NWPL/ The wetland plant codes are: 
a. OBL = Obligate  Wetland 
b. FACW = Facultative Wetland 
c. FAC = Facultative 
d. FACU = Facultative Upland 
e. UPL = Upland 
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Appendix B. Graphs showing the relationship between cattle and feral pig activity 
and the vegetation variables. The top two graphs of each panel show absolute plant 
cover, and the bottom two graphs show relative cover. The two graphs on the left of 
each panel show year-round cattle or feral pig activity. For cattle the two graphs on 
the right show summer activity. For pigs, the two graphs on the right show spring 
activity. These seasons were chosen because they each had the highest number of 
significant correlations with the vegetation variables. The dotted red line is the 
least-squares regression estimate. The curving black line is a smoothed curve using the 
loess() function in r which fits a smooth line between x and y variables using local 
fitting. One value (study reach CH2 in 2014) was dropped from the summer cattle 
graphs, and another value (study reach LT2 in 2014) was dropped from the year-
round and spring feral pig graphs because they were outliers that were 
disproportionately affecting the smoothed line.   
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CHAPTER 3. USING ECOLOGICAL SITES TO PLAN FOR 
WILDLIFE CONSERVATION MANAGEMENT 

INTRODUCTION  
Rangeland managers are often required to simultaneously manage multiple 

resources and enhance ecosystem services; often balancing livestock production and 
other land uses with biological conservation (Bartolome et al. 2014). Due to the unique 
biological and physical features of these environments, ecosystem service-based 
management goals are often a priority in riparian areas. Rangeland riparian areas are 
managed to enhance water quality, stream bank stability, carbon storage, plant diversity, 
and wildlife habitat (George et al. 2011).    

Federal programs administered by the Natural Resources Conservation Service 
(NRCS) provide cost-sharing incentives to land managers to protect and enhance riparian 
areas (George et al. 2011); and numerous federal and state agencies and non-profits have 
invested more than two billion dollars in stream restoration in California over the past 25 
years (Kondolf et al. 2007). Increasing wildlife diversity and abundance of key wildlife 
species is a common goal of these programs (Kondolf et al. 2007; George et al. 2011), yet 
restoration projects frequently do not have measureable objectives which would indicate 
an increase in wildlife populations or wildlife habitat in restored areas (Kondolf et al. 
2007). 

	
Ecological Site and State-and-Transition Models 

Ecological site descriptions and associated state-and-transition models provide 
rangeland managers a predictive modeling framework for understanding drivers of 
vegetation composition and change in spatially and temporally variable arid rangelands, 
and have proven to be useful models for informing management in semi-arid rangeland 
systems with high spatio-temporal heterogeneity (Bestelmeyer et al. 2009; Spiegal et al. 
2014). 

Ecological site descriptions (ESDs) classify the landscape into recurring units 
with shared similarities in environmental characteristics (climate, soils, geomorphology, 
etc.). These units in turn are hypothesized to support a similar range of potential 
vegetation communities or ‘states’. Associated with each ESD is a state-and-transition 
model (STM) which catalogs the full range of known (and hypothesized) states for a 
given ESD and provides information on the conditions that cause ‘transitions’ between 
the states (Bestelmeyer et al. 2010). Although these models are useful for predicting and 
managing vegetation dynamics, there are no formal connections between ESDs, STMs 
and wildlife communities (Bestelmeyer and Briske 2012; Gilgert and Zack 2010; 
Williams et al. 2011).  

The NRCS requirements for ecological site publication require authors to include 
information on ecological site characteristics, physiographic features, climatic features, 
water features, soil features, and vegetation states and community phases (Caudle et al. 
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2013). Authors are encouraged to include information about wildlife associated with the 
ecological site, however no formal linkages between vegetation states, ecological sites, 
and wildlife communities are required. Given that wildlife conservation is often the 
impetus behind riparian management and restoration, explicitly and quantitatively linking 
wildlife community dynamics to ESDs and STMs would provide managers and planners 
predictive tools for setting and assessing management objectives.  

BACKGROUND 
In California’s Central Valley, riparian vegetation before European settlement 

was extensive, covering an estimated 312,400 hectares (Katibah 1984). Today, due 
largely to flood control measures and conversion to agriculture, the extent has shrunk to 
an estimated 2-6% of the pre-settlement area (Vaghti and Greco 2007; Katibah 1984).  

Despite (and because of) this reduction, the remaining Central Valley riparian 
areas are important areas for regional wildlife conservation. These areas provide food, 
water, retreat cover, thermal cover, nesting habitat, and movement corridors for a wide 
range of terrestrial wildlife (Grenfell 1982). Riparian systems in California are habitat for 
more than 225 species of terrestrial vertebrates, more than any other terrestrial ecosystem 
in the state (Vaghti and Greco 2007). Many studies have shown the importance of 
riparian areas to wildlife at multiple spatial scales, and have addressed habitat selection 
and wildlife populations in riparian areas. In California, these studies have mainly 
focused on birds (Seavy, Viers, and Wood 2009; Nur, Ballard, and Geupel 2008; PRBO 
2004; Gardali et al. 2006); and some studies have focused on mammalian carnivores 
(Hilty and Merenlender 2004) and endangered species (Kus 1998; Golet et al. 2008). 

Most studies investigating terrestrial wildlife use of riparian areas use resource 
selection functions (RSFs) to determine which riparian resources individual species of 
wildlife respond to. RSFs are generally species-specific models relating differences in 
abundance of a species to predictive variables such as: vegetation composition and 
structure, or physical attributes of the landscape such as: presence of water, proximity to 
landscape features, or proximity to human development (Sinclair et al. 2006). These 
models provide a foundation for understanding relationships between individual species 
and attributes of the environment, but they do not typically evaluate linkages between 
wildlife community composition and management-relevant environmental attributes. 
Given the popularity of ESDs and STMs, it is important to test whether these models can 
provide reliable predictions of wildlife species occurrence and/or community 
composition. In order to adequately assess rangeland management effects on wildlife 
communities, it is important to consider both species-specific models and community 
responses.  

Between 2013 and 2015 we investigated mammalian and reptilian wildlife 
relationships to environmental and management factors at Tejon Ranch in southern 
California. In addition to recording habitat attributes, we also classified the ecological site 
and vegetation state at each study location (Chapter 1 of this dissertation). This chapter 
aims to describe the relationship between ecological sites, vegetation states, and wildlife 
species and communities. In particular it tries to determine whether the categorical 
ecological site or vegetation state classifications can be used to predict mammalian and 
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reptilian community composition, and how these factors compare to models using 
discrete environmental and management factors. 

 
WHAT IS KNOWN FROM RSF MODELS 

BIRDS IN RIPARIAN AREAS 
Most of the studies on wildlife in Californian riparian systems focus on birds. 

From these studies it is apparent that riparian systems provide nesting, wintering, and 
migration habitat for birds, and many predominantly upland species use riparian areas 
during migration or for thermal cover during summer months (Knopf 1988). In 
California, many bird species rely on riparian areas at some point in the year. In one 
study on the Sacramento River, 174 bird species were detected during a 5-year period on 
an 18 hectare plot (Laymon 1984). 

Studies in California’s Central Valley have shown that tree height, heterogeneity 
in canopy height, and species composition are important predictive variables of riparian 
bird occurrence during the breeding season (Nur, Ballard, and Geupel 2008; Seavy, 
Viers, and Wood 2009), and that the effect of these factors varies between sub-regions of 
the Central Valley (Nur, Ballard, and Geupel 2008). Breeding-season occurrence of 
riparian birds may also respond to changes in understory cover following restoration or 
the removal of livestock grazing from riparian areas (Nur, Ballard, and Geupel 2008; 
Krueper, Bart, and Rich 2003; Saab et al. 1995). 

MAMMALS IN RIPARIAN AREAS 
Riparian areas provide multiple resources to mammals. In Mediterranean 

climates, riparian areas often form long, thin inclusions of perennial woody vegetation 
among more open-structured uplands. These areas provide movement corridors for 
carnivores with large home ranges which often encompass a variety of habitat types 
(Hilty and Merenlender 2004; Santos et al. 2011). Mammalian carnivores are also drawn 
to riparian areas because of the availability of water, prey, and thermal regulation (Santos 
et al. 2011).  

HERPETOFAUNA IN RIPARIAN AREAS 
Riparian areas are critical components of many reptile and amphibian species life 

histories. An estimated 83% of California’s amphibian species and 40% of its reptiles use 
riparian areas for some part in their life-cycle (Brode and Bury 1984). Most amphibian 
species in California (all those except Plethodontid salamanders) have aquatic larvae 
requiring streams or bodies of water for reproduction (Stebbins and McGinnis 2011). 
While salamanders in the diverse family Plethodontidae do not require standing water for 
reproduction, many species occur in damp riparian forests. Some reptile species, such as 
turtles and some garter snakes, are obligately tied to water (Stebbins and McGinnis 
2011). Riparian areas also provide habitat for many upland reptile species at some point 
in their life history, and can provide areas of mesic refuge in otherwise arid environments 
(Brode and Bury 1984). 
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OTHER RIPARIAN WILDLIFE 
Several studies have also focused on the value of riparian areas to endangered 

wildlife species in California, ranging from invertebrates like the Valley Elderberry 
Longhorn Beetle (Golet et al. 2008), to birds such as the Yellow-Billed Cuckoo (Girvetz 
and Greco 2009). 

METHODS 
STUDY AREA 

The study takes place on the 270,000-acre Tejon Ranch in the San Joaquin Valley 
of southern California. Five creek segments were selected in the low-elevation portions 
the Ranch based on their geomorphological position, watershed, and the extent of woody 
plant cover. The five study segments represent portions of four named creeks (Chanac, El 
Paso, Tejon and Tunis Creeks). Two study segments occurred on Tejon Creek. “Upper 
Tejon” is the portion of Tejon Creek above the confluence with Chanac Creek, and 
“Lower Tejon” is the portion below the confluence. Three sampling locations (hereafter 
“study reaches”) were randomly selected within each of the five study segments for a 
total of fifteen study reaches. Study reaches were rejected in the field if there was no 
shrub or tree cover or if there was excessive anthropogenic disturbance. Study reaches 
occurred between 250 and 525 meters in elevation.  

ECOLOGICAL SITE DESCRIPTIONS 
A classification of riparian ecological sites was created for the study reaches using 

environmental data for each of the study reaches. Criteria used to classify ecological sites 
included: elevation, watershed size contributing to the study reach, slope, stream 
sinuosity, channel geomorphology, soil parent material, and percent sand, silt and clay in 
the soils along the greenline (Chapter 1 of this dissertation). All of the metrics were 
derived from ArcGIS with the exception of the soils data and geomorphological data that 
were from field samples at each reach.  

Study reaches were classified into ecological sites by using cluster analysis to 
reveal similarities in environmental variables between study reaches. The optimal number 
of clusters was determined using a Mantel correlation test which determined which 
cluster assignment best correlated to the environmental distance matrix used in the 
ecological site cluster analysis (Borcard, Gillet, and Legendre 2011). 

VEGETATION STATES 
Vegetation States were classified for each of the study reaches based on 

vegetation composition data from annual field surveys performed in the first week of 
June (Ratcliff et al. 2015). Hierarchical cluster analysis was used to determine which 
study reaches in which years had the most similar plant species composition. The cluster 
dendrogram was pruned using a combination of a Mantel correlation test and Indicator 
Species Analysis (Dufrene and Legendre 1997). The analysis revealed three different 
Vegetation States that were characterized by a variety of tree, shrub, and herbaceous 
species (Table 1).  
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Table 1. Descriptions of the three vegetation states. Percent cover in herb, shrub and tree 
canopies refers to average absolute cover of living vegetation in each canopy. 

 State Description 

% 
herb 
cover 

% 
shrub 
cover 

% 
tree 
cover 

1 
Occurs on all the creeks classified as Ecological Site 1 
and does not occur in Ecological Site 2. Major 
floristic components of the state are: Salix laevigata, 
Quercus lobata, Populus fremontii, Vitis californica, 
and a suite of hydrophilic herbs such as: Anemopsis 
californica, Mimulus guttatus, and Veronica anagalis-
aquatica and upland herbaceous plants such as: 
Carduus pycnocephalus, Hordeum murinum, and 
Bromus hordeaceous. 46.9 36.2 76.5 

2 Occurs exclusively in Ecological Site 1 on Upper 
Tejon and Chanac Creeks. Major floristic components 
of the state are: exotic upland annual grasses such as: 
Bromus diandrus and Bromus rubens, exotic shrubs 
and subshrubs such as: Hirschfeldia incana and 
Nicotiana glauca.  50.4 17.6 11.3 

3 Occurs on all the reaches classified as Ecological Site 
2. Also occurs on CH2 and CH3 (classified as 
Ecological Site 1). Major floristic components include 
riparian shrubs and trees such as Salix goodingii, 
Populus fremontii, and Baccharis salicifolia, and 
hydrophilic herbaceous plants such as: Berula erecta, 
Apium graveolens, Distichilis spicata, Juncus 
xiphioides, and Polypogon viridis.   38.7 67.2 62.4 

 
STRUCTURAL VEGETATION STATES 

To test whether vegetation states based on species composition performed better in 
models than states based purely on vegetation structure, structural vegetation states 
(hereafter ‘structural states’) were created using a similar methodology as the vegetation 
states. Instead of clustering study reaches based on differences in species abundance, the 
study reaches were clustered based on the absolute cover of live vegetation in each of 
three canopy classes:  

• Herbaceous--from 0-1 meter in height 
• Shrub--from 1-3 meters in height  
• Tree—above 3 meters in height  
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Indicator Species Analysis suggested that four clusters was the optimal number, and 
the Mantel Test (see community level analysis below) suggested that two clusters was 
optimal. A visual inspection of the cluster dendrogram made it clear that three clusters 
was the best number because it allowed for comparison of ‘Tree’ dominated sites 
(Structural State #1), ‘Shrub’ dominated sites (Structural State #2), and ‘Open’ sites not 
dominated by trees or shrubs (Structural State #3). 

CAMERA TRAP METHODOLOGY 
Between July 2013 and June 2015, one Moultrie M880 camera trap was deployed 

at each of the 15 study reaches to monitor wildlife. They were positioned to maximize 
detections of feral pigs, cattle, and wildlife. Cameras were typically put along game trails 
or along creeks in areas with wide fields of view and few obstructions or branches that 
could trigger the camera in the wind. Cameras were not baited. 

The cameras were set to record 30-second videos with a 15-second time lapse 
between videos. Videos were chosen instead of still photographs to more accurately 
assess the number of feral pigs, which often occur as large groups of unidentifiable 
individuals.  

COVER BOARDS 
In June and July 2013, eight cover boards were installed at each of the 15 study 

reaches to monitor diversity and relative abundance of reptiles and amphibians. Four-foot 
by four-foot pieces of ½ inch plywood were used to maximize the chances of catching 
larger species, such as gopher and king snakes. The overall 50X50 meter study reach was 
divided into four 25X25 meter quadrants, and two cover boards were placed within each 
quadrant. Where possible cover boards were placed on level ground, and were nestled 
into the soil to improve moisture retention. When cover boards were checked, the species 
and number of reptiles and amphibians under the boards were recorded. Also, the 
temperature, time of day, cloud cover, and wind speed were recorded at each study reach.  

	
STATISTICAL METHODS 

COMMUNITY-LEVEL ANALYSIS 
Hierarchical cluster analysis was used for both the camera trap and cover board 

data to examine the underlying structure in the community data for both mammals and 
reptiles. The clustering unit for camera trap data was the individual study reach in a given 
year and just study reach for cover board data. In both cases, the sampling units were 
clustered based on similarities in species composition from either the camera trap or 
cover board data. Sorensen’s Distance (aka: Bray-Curtis Distance) was used to build the 
distance matrix because it clusters based on shared abundances, not shared absences 
(McCune, Grace, and Urban 2002), and a flexible linkage method was used (alpha = 
0.625, beta = -0.25). A Mantel correlation test was used to determine the optimal number 
of clusters. In this test, a matrix of cluster assignments is compared against the original 
distance matrix used to create the cluster dendrogram. This test is repeated for every 
possible number of clusters, and the number with the highest Mantel correlation is 
considered the optimal number of clusters (Borcard, Gillet, and Legendre 2011).  
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BioENV was used to determine which environmental variables were best 
correlated with the observed variation in wildlife communities for both camera trap and 
cover board data. BioENV compares the similarity matrix used to create the cluster 
dendrogram to a matrix of environmental variables and determines which environmental 
variables (or combinations of variables) are best correlated to the similarities observed in 
wildlife data (Clarke and Ainsworth 1993). Bray Curtis distance was used to calculate the 
similarity matrix using absolute abundances from the camera trap and cover board data. 
Gower distance was used to calculate the matrix of environmental distances because it 
can simultaneously incorporate categorical and continuous data (Oksanen et al. 2015). 
Fifteen environmental variables were included in the camera trap BioENV analysis, and 
17 in the cover board analysis (Table 2). 
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Table 2. Variables used in Bio-ENV analysis. Fifteen variables were used in the Bio-
ENV analysis for the camera trap data. The cover board data used the same fifteen 
variables and also contained three soil variables.  

	
Camera Trap Variables Cover Board Variables 

Ecological Site Ecological Site 

Vegetation State Vegetation State 

Structural State Structural State 

Stream Segment Stream Segment 

Seasonal Water (Winter) Seasonal Water (Winter) 

Seasonal Water (Spring) Seasonal Water (Spring) 

Seasonal Water (Summer) Seasonal Water (Summer) 

Seasonal Water (Fall) Seasonal Water (Fall) 

Watershed Size Watershed Size 

Stream Order Stream Order 

Geology Geology 

Elevation Elevation 

Slope Slope 

Stream sinuosity Stream sinuosity 

Study Year Study Year 

 Soils—Percent Sand 

 Soils—Percent Silt 

 Soils—Percent Clay 
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SPECIES-SPECIFIC MODELS 
 

Camera Traps 

In addition to the community-level analysis, species-specific models were built to 
determine whether ecological site or vegetation state explained the activity or occurrence 
of target species, and how these models compared to models using continuous 
environmental variables (e.g. percent shrub cover) and to models using the categorical 
variable structural state. For data from the camera traps, models were created using 
activity of five mammal species that had sufficient rates of detection. Species-specific 
models were also built for the three most prevalent lizard species from the cover board 
arrays (Plestiodon gilberti, Sceloporus occidentalis and Uta stansburiana). These three 
lizard species accounted for 87.6% of all reptile detections under cover boards.  

For camera trap data, generalized linear mixed-effects models with negative 
binomial distributions were used to model individual species activity. Two model sets 
were created. One using the categorical variables: ecological site, vegetation state, 
structural state, and season; and another using the (mostly) continuous environmental 
variables: % herbaceous cover, % shrub cover, % tree cover, elevation, seasonal water 
availability, cattle activity, feral pig activity, and season. A correlation matrix of all 
continuous variables was created prior to building models, and no continuous variables 
were found to be strongly correlated (e.g. |r| > 0.6) (McDonald, Vojta, and McKelvey 
2013). The factor “study reach” was treated as a random effect in all the models since 
there were multiple consecutive observations at each study reach. In all, 25 models were 
built for the camera trap data (Table 3). Models always included ‘season’ as a fixed effect 
because we were interested in the effect of season on wildlife activity and because we 
needed to account for seasonal differences in the model. The response variable in each 
camera trap model was the seasonally adjusted index of a species activity on the study 
reach, calculated as: 

!"#$%&$'	)*+,)-#	+*	)	#$)#.* ∗	 01,"$%	.2	')3#	+*	#$)#.*
01,"$%	.2	)45+&$	4),$%)	')3#	+*	#$)#.* 

Where “observed animals in a season” is the sum of the maximum number of 
animals observed in a single video on each day within each season. The seasonally 
adjusted index was used to account for missing observations due to non-operational 
cameras. Models were implemented using the ‘R2admb’, ‘glmmADMB’, and ‘MASS’ 
packages in R (Fournier et al. 2012; Venables and Ripley 2002; Bolker, Skaug, and Laak 
2015). 

Models for the camera trap data were built with and without a zero-inflation 
factor, and compared using AIC to see which best fit the data. AIC was also used to 
determine which of the models in the overall model set (of 25 models) best fit the data. 
Models with ΔAIC values within 2 points of the best performing model were considered 
well-supported (Burnham and Anderson 2004), and covariate estimates were obtained 
from the model that incorporated all the variables contained in models supported by AIC.  



	

	122	

Table 3. Model sets used in the species-specific analysis for the camera trap data. 
Analysis for pigs used a different set of models that did not include the term “pig 
activity”. Two sets of models are presented here: categorical (those with ecological site, 
vegetation state, and structural state as predictive variables), and continuous (those with a 
suite of mostly continuous environmental predictive variables). For all models, ‘study 
reach’ was included as a random effect to account for repeated sampling at each sampling 
location. 

Model 
Number 

Fixed Effect Parameters 

 

Categorical 
or 
Continuous 
Model Set 

1 Ecological Site + Vegetation State + Season Categorical 

2 Ecological Site + Season Categorical 

3 Vegetation State + Season Categorical 

4 Ecological Site + Structural State + Season Categorical 

5 Structural State + Season Categorical 

6 Season Categorical 

7 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Water + Elevation + Cattle.Activity + Pig.Activity + Season 

Continuous 

8 Avg.Shrub.Cover + Avg.Tree.Cover + Water + Elevation + 
Cattle.Activity + Pig.Activity + Season 

Continuous 

9 Avg.Herb.Cover + Avg.Tree.Cover + Water + Elevation + 
Cattle.Activity + Pig.Activity + Season 

Continuous 

10 Avg.Herb.Cover + Avg.Shrub.Cover + Water + Elevation + 
Cattle.Activity + Pig.Activity + Season 

Continuous 

11 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Elevation + Cattle.Activity + Pig.Activity + Season 

Continuous 

12 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Water + Cattle.Activity + Pig.Activity + Season 

Continuous 

13 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Water + Elevation + Pig.Activity + Season 

Continuous 

14 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Water + Elevation + Cattle.Activity + Season 

Continuous 

15 Water + Elevation + Cattle.Activity + Pig.Activity + Season Continuous 
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16 Avg.Herb.Cover + Avg.Shrub.Cover + Avg.Tree.Cover + 
Season 

Continuous 

17 Cattle.Activity + Pig.Activity + Season Continuous 

18 Water + Elevation + Season Continuous 

19 Avg.Herb.Cover + Season Continuous 

20 Avg.Shrub.Cover + Season Continuous 

21 Avg.Tree.Cover + Season Continuous 

22 Water + Season Continuous 

23 Elevation + Season Continuous 

24 Cattle.Activity + Season Continuous 

25 Pig.Activity + Season Continuous 

 

Cover Boards 

Occurrence of lizards from cover board data was modeled using linear mixed-
effects models with a binomial residual distribution. In these models, the response 
variable was a binary (0/1) variable indicating whether a given species was absent or 
present under a given board. All continuous independent variables were scaled before 
analysis—each value subtracted the mean for that variable then was divided by the 
standard deviation—to improve model performance with variables on vastly different 
scales. Each board was given a unique identifier (Board ID). The random effects in this 
model were ‘board ID’ nested within ‘study reach’. Three model sets were built for each 
of the three most common lizard species using a combination of management variables 
(cattle activity and pig activity), between-plot environmental variables (ecological site 
and vegetation state), and within-plot variables (distance to thalweg and presence of ant 
nest under board) (Table 4).  

Each model set contained the same set of explanatory variables, however 
vegetation state was added as a fixed effect in one model set, ecological site was added as 
a fixed effect in another model set, and one model set contained neither vegetation state 
nor ecological site. Models were also built with just vegetation state and ecological site as 
explanatory variables. Continuous fixed-effect variables were checked for correlation 
before inclusion in the model. By comparing models with and without vegetation state 
and ecological site, the relative predictive value of these variables was tested.  

Models were fit using the ‘lme4’ package in R (Bates et al. 2015). For each 
species, the best model was selected using AIC. All models within 2 AIC points of the 
top model were considered supported by AIC (Burnham and Anderson 2004) and 
coefficient estimates were obtained from the model containing all the variables that 
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occurred in a model supported by AIC. Statistical significance of fixed-effects was 
evaluated using a Chi-Squared test in R, which compares two nested models and tests 
whether there is a reduction in the residual sum of squares with the addition of a model 
term.   

Table 4. Model sets used in the species-specific analysis for the cover board data. The 
same basic suite of models is repeated with vegetation state, with ecological site, and 
without either variable. For all models, ‘Board ID’ and ‘Study Reach’ were included as 
random effects.  

 

Model Number Fixed Effects Parameters 

1 Veg State 

2 Ecological Site 

3 Ant Nest + Cattle + Pig + Distance.TH 

4 Cattle + Pig + Distance.TH 

5 Ant Nest + Pig + Distance.TH 

6 Ant Nest + Cattle +  Distance.TH 

7 Ant Nest + Cattle + Pig 

8 Ant Nest 

9 Cattle 

10 Pig 

11 Distance 

12 Cattle + Pig 

13 Veg State + Ant Nest + Cattle + Pig + Distance.TH 

14 Veg State + Cattle + Pig + Distance.TH 

15 Veg State + Ant Nest + Pig +  Distance.TH 

16 Veg State + Ant Nest + Cattle +  Distance.TH 

17 Veg State + Ant Nest + Cattle + Pig 

18 Veg State + Ant Nest 

19 Veg State + Cattle 
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20 Veg State + Pig 

21 Veg State + Distance 

22 Veg State + Cattle + Pig 

23 Ecological Site + Ant Nest + Cattle + Pig + Distance.TH 

24 Ecological Site + Cattle + Pig + Distance.TH 

25 Ecological Site + Ant Nest + Pig + Distance.TH 

26 Ecological Site + Ant Nest + Cattle +  Distance.TH 

27 Ecological Site + Ant Nest + Cattle + Pig 

28 Ecological Site + Ant Nest 

29 Ecological Site + Cattle 

30 Ecological Site + Pig 

31 Ecological Site + Distance 

32 Ecological Site + Cattle + Pig 

 

RESULTS 
CAMERA TRAP RESULTS 

COMMUNITY-LEVEL ANALYSIS 
Cluster Analysis: The cluster analysis using the camera trap data showed that 

there was clustering of study reaches based on the mammal community data (Figure 1). 
The Mantel Test identified the optimal number of clusters as 3. The coefficient for the 
correlation between the dissimilarity matrix of cluster assignments and the plot-based 
dissimilarity matrix based on observed species was r=0.68. 
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Figure 1. Cluster dendrogram of plot_years (each study reach in each year) using camera 
trap data. The red line shows where the Mantel Test indicates the optimal number of 
clusters. All the ‘branches’ of the dendrogram below each segment of the red line are 
considered part of the same cluster. 

Indicator Species Analysis combines a species’ relative abundance with the 
relative frequency that they occur in any given group to determine which species are most 
characteristic of a group. Species with high abundance and high fidelity to a particular 
group, occurring with a high frequency in the sites of that group have higher indicator 
values (Dufrene and Legendre 1997). There were four statistically significant indicator 
species for the three clusters. Rocky Mountain Elk (Cervus canadensis nelsoni) are an 
indicator species for cluster 1, mule deer (Odocoileus hemionus) and cottontail 
(Sylvilagus audubonii) are indicator species for cluster 2, and coyote (Canis latrans) is an 
indicator species for cluster 3 (Table 5). 
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Table 5. Significant indicator species for each of the clusters. The ‘cluster’ column 
shows which cluster the indicator species is indicative of. 

Species Wildlife 
Cluster  

Indicator 
Value 

Indicator  
p-value	

elk (Cervus canadensis 
nelsoni) 

1 0.619 0.049  

deer (Odocoileus 
hemionus) 

2 0.894 0.001  

cottontail (Sylvilagus 
audubonii) 

2 0.845 0.001  

coyote (Canis latrans) 3 0.845 0.001  

 

The Bio-ENV analysis using two years of data indicated that two environmental 
variables best describe the observed species composition patterns: stream segment and 
channel slope (Table 6). The correlation between these three variables and the species 
dissimilarity matrix was r=0.29. Stream segment alone had a correlation of r=0.24, so 
while the two variables together had the best correlation, stream segment was the single-
best correlated variable. Ecological site, vegetation state and structural state were not in 
the top model selected by Bio-ENV. 
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Table 6. Results of wildlife cluster analysis. Bio-ENV showed that the variables: 
vegetation state, stream, and channel slope were best correlated the variation observed in 
wildlife community data. Plot_Year is each study reach sampled in the first and second 
year of the study. 

  

Plot_Year 

Stream 

Segment 
Channel 
Slope 

Wildlife 
Cluster 

Vegetation 
State 

Ecological 
Site 

CH1_First 
Year Chanac 0.032 One One One 

CH1_Second 
Year Chanac 0.032 One One One 

CH2_First 
Year Chanac 0.02 Two Three One 

CH2_Second 
Year Chanac 0.02 Two Three/Two One 

CH3_First 
Year Chanac 0.03 Three Three One 

CH3_Second 
Year Chanac 0.03 Three Three One 

EP1_First Year El Paso 0.036 Two One One 

EP1_Second 
Year El Paso 0.036 Two One One 

EP2_First Year El Paso 0.026 Three One One 

EP2_Second 
Year El Paso 0.026 One One One 

EP3_First Year El Paso 0.036 Three One One 

EP3_Second 
Year El Paso 0.036 One One One 

LT1_First Year 
Lower 
Tejon 0.018 Three Three Two 

LT1_Second 
Year 

Lower 
Tejon 0.018 Three Three Two 
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LT2_First Year 
Lower 
Tejon 0.018 One Three Two 

LT2_Second 
Year 

Lower 
Tejon 0.018 Three Three Two 

LT3_First Year 
Lower 
Tejon 0.016 Three Three Two 

LT3_Second 
Year 

Lower 
Tejon 0.016 Three Three Two 

TU1_First Year Tunis 0.044 Three One  One 

TU1_Second 
Year Tunis 0.044 One One  One 

TU2_First Year Tunis 0.05 Three One  One 

TU2_Second 
Year Tunis 0.05 One One  One 

TU3_First Year Tunis 0.03 Three One  One 

TU3_Second 
Year Tunis 0.03 One One  One 

UT1_First Year 
Upper 
Tejon 0.034 Two One One 

UT1_Second 
Year 

Upper 
Tejon 0.034 Two One One 

UT2_First Year 
Upper 
Tejon 0.02 Two Two One 

UT2_Second 
Year 

Upper 
Tejon 0.02 Two Two One 

UT3_First Year 
Upper 
Tejon 0.014 Two Two One 

UT3_Second 
Year 

Upper 
Tejon 0.014 Two Two One 
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SPECIES-SPECIFIC MODELS 
Species-specific models were created for all species that were captured in at least 

half of the plot_seasons. There were 8 seasons on 15 study reaches for a total of 120 
sampling units. This meant a species had to be captured on videos in at least 60 unique 
plot_seasons. Six species fit this criterion, including cattle and feral pigs. Species-specific 
models were built for all of these species except cattle. These were: bobcat, coyote, deer, 
pig, and raccoon (Table 7).  

 

Table 7. Wildlife occurrence rates for all the mammal species detected by camera traps. 
Bold species were included in the species-specific analyses.  

Species Average Occurrence 

American badger (Taxidea taxus)  <0.01 

black bear (Ursus americanus) 0.07 

bobcat (Lynx rufus)  0.69 

cottontail (Sylvilagus audubonii) 0.18 

cow (Bos taurus) 0.74 

coyote (Canis latrans) 0.93 

deer (Odocoileus hemionus) 0.61 

elk (Cervus canadensis nelson) 0.06 

ground squirrel (Otospermophilus 
beecheyi) 0.15 

horse (Equus ferus cabaullus) <0.01 

mountain lion (Puma concolor) 0.05 

opossum (Didelphus virginiana) <0.01 

pig (Sus scrofa) 0.97 

raccoon (Procyon lotor) 0.62 

striped skunk (Mephitis mephitis) 0.03 
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BOBCAT 
Bobcats were present in 69% of sampling units (plot_seasons). The model set that 

did not use a zero inflation factor had AIC scores that were on average 1.64 points lower 
than the model set accounting for zero inflation. Since bobcats were present in the 
majority of sampling units and AIC scores were slightly better for models without a zero-
inflation factor, the model set without the zero inflation factor was used. All of the 
models in the model set without a zero-inflation factor performed well. 

The model with the lowest AIC score was Model 23 (elevation + season), 
however Model 18 (water + elevation + season) and Model 2 (ecological site + season) 
were within 2 AIC points of the top model. All continuous explanatory variables 
contained in models chosen by AIC are contained in Model 18, and all categorical 
explanatory variables chosen by AIC are contained in Model 2, therefore results are 
presented are from those two models. 

From the continuous data model set, the explanatory variables that significantly 
affected bobcat activity were elevation, season and ecological site. Bobcat activity 
generally increased as elevation increased. Bobcats were most active on study plots in 
the summer and fall with mean activity of 5.6 per sampling unit, and least active in winter 
and spring with average activity of 3.8 and 3.6 respectively. They were most active in 
Ecological Site 1, with a mean activity index of 5.3 per sampling unit compared to 2.0 in 
Ecological Site 2. (Tables 8a and 8b).  

Table 8a. P-values and covariate estimates from bobcat Model 18.  

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-value 

Seasonal Water -0.06873 0.23479 0.6315 

Elevation 0.00446 0.00145 0.0002086 * 

Season NA NA 2.20E-16 * 

 

Table 8b. P-values and covariate estimates from bobcat Model 2. 

Ecological Site NA NA 0.00698 * 

 

COYOTE 
Since coyotes were present in 93% of sampling units (plot_seasons), the model 

set that did not account for zero inflation was used. The top model selected by AIC was 
Model 14 (average herbaceous cover + average shrub cover + average tree cover + water 
+ elevation + cattle activity + season). Three models were within two AIC points of the 
top model selected by AIC. These included the full continuous model (Model 7) with the 
following variables: average herbaceous cover + average shrub cover + average tree 
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cover + water + elevation + cattle activity + pig activity + season. None of the models 
containing vegetation state, structural state, or ecological site were within two AIC points 
of the top model. 

Estimates and p-values were derived from the full model from the continuous data 
model set (Model 7). Average herbaceous cover, average tree cover, seasonal water, 
elevation, and season all had statistically significant relationships to coyote activity. 
Coyote activity decreased as herbaceous cover and tree cover increased, increased when 
seasonal water was available and increased as elevation increased. Coyotes were most 
active on study reaches in summer, with an average of 27.0 animals per summer sampling 
unit, and least active in winter with an average of 12.2 animals per winter sampling unit 
(Table 9). 

Table 9. P-values and covariate estimates from coyote Model 7. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Average Herbaceous 
Cover -2.173655 0.66158 0.001991 * 

Average Shrub 
Cover -0.213441 0.53611 0.691 

Average Tree Cover -1.333184 0.31217 0.0001388 * 

Seasonal Water 0.596755 0.20947 0.005577 * 

Elevation 0.003871 0.001193 0.002365 * 

Cattle Activity -0.000746 0.000911 0.4208 

Pig Activity 
-0.000239 0.000919 0.7973 

Season NA NA 0.001213 * 

 

DEER 
Deer were present in 61% of sampling units (plot_seasons). The model set that used a 
zero inflation factor had AIC scores that were on average 14.4 points lower than the 
model set that didn’t account for zero inflation. Therefore the model set containing a zero 
inflation factor was used for the analysis. The top model selected by AIC was Model 4 
from the categorical data model set with fixed effects: ecological site + structural state + 
season. Model 14 with fixed effects: average herbaceous cover + average shrub cover + 
average tree cover + water + elevation + cattle activity + season was also within 2 AIC 
points of this top model, indicating that AIC could not differentiate between these 
models. None of the models containing vegetation state were within 2 AIC points of the 
top model. 
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Estimates and p-values were derived from model 4 from the categorical data set 
and from Model 14 from the continuous data set. From the continuous data model set, 
average herbaceous cover, average tree cover, seasonal water, and elevation all had 
statistically significant relationships to deer activity. Deer activity increased as 
herbaceous cover and tree cover increased, and decreased when seasonal water was 
available and as elevation increased. From the categorical data model set, ecological site 
and structural state had significant relationships to deer activity. Deer did not vary greatly 
between ecological sites, but were most common in Ecological Site 1 with 9.7 animals 
observed per sampling unit and least common in Ecological Site 2 with an average of 8 
animals observed per sampling unit. They were most common in Structural State #3 
(open state) with an average of 16.7 animals seen per sampling unit, and least common in 
Structural State #2 (shrub-dominated state) with an average of 3.0 animals seen per 
sampling unit (Tables 10a and 10b). 

Table 10a. P-values and covariate estimates from deer Model 14. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Average Herbaceous 
Cover 4.19417 1.0279 0.0009151 * 

Average Shrub 
Cover -1.47944 0.99598 0.1487 

Average Tree Cover 1.20527 0.62336 0.04134 * 

Seasonal Water -0.94722 0.31026 0.008197 * 

Elevation -0.00444 0.00204 0.0302 * 

Cattle Activity 0.0016 0.00115 0.1577 

Season 
NA NA 0.9267 

 

Table 10b. P-values and covariate estimates from deer Model 4. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Ecological Site NA NA 0.01662 * 

Structural State NA NA 0.001352 * 
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RACCOON 
Raccoons were present in 62% of sampling units (plot_seasons). Models without 

a zero inflation factor were an average of 1.85 AIC points lower than models with the 
zero inflation factor indicating that the zero inflation factor added very little to the 
analysis except another parameter in the model. Given the relatively high occurrence of 
raccoons across the sampling units and the overall lower AIC scores, models with no 
zero-inflation parameter were selected for this analysis.  

AIC selected Model 8 from the model set using continuous environmental factors 
as the top model. Models 6, 7, 10, 12, 13, 14, 19, 20, and 22 were also within 2 AIC 
points of the top model and therefore were all supported by AIC. Model 7 is the full 
model from the continuous data set with the fixed-effect variables: average herbaceous 
cover + average shrub cover + average tree cover + water + elevation + cattle activity + 
pig activity + season. None of the models containing ecological site, vegetation state, or 
structural state were selected by AIC.  

Estimates and p-values were derived from the full model from the continuous data 
model set (Model 7). Average shrub cover and availability of seasonal water were the 
only two explanatory variables that had statistically significant effects on raccoon 
activity. Raccoon activity decreased as shrub cover increased, and increased when 
seasonal water was available (Table 11). 

Table 11. P-values and covariate estimates from raccoon Model 7. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Average Herbaceous 
Cover 0.969 1.202 0.4166 

Average Shrub 
Cover -2.69393 1.0011 0.009302 * 

Average Tree Cover -0.61622 0.535 0.2492 

Seasonal Water 1.17147 0.39491 0.003938 * 

Elevation -0.00221 0.00203 0.2749 

Cattle Activity -0.00211 0.00158 0.1965 

Pig Activity 
0.0021 0.00174 0.2123 

Season NA NA 0.6535 
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PIG 
Pigs were present in 97% of sampling units (plot_seasons), and therefore the 

models with no zero inflation factor were used. The best model chosen by AIC was 
Model 2 with the categorical variables: ecological site + season. No other models were 
within 2 AIC points of the top model. 

Estimates and p-values for categorical variables were derived from Model 2. 
Ecological site showed a statistically significant relationship to feral pig activity (Table 
12). Feral pigs were most active in Ecological Site 1, with an average 103.5 animals 
observed in each sampling unit. In Ecological Site 2, only 49 animals were observed per 
sampling unit. 

Table 12. P-values and covariate estimates from Model 2. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Ecological Site NA NA 0.04693 * 

Season NA NA 0.3846  

 

COVER BOARD RESULTS 

COMMUNITY-LEVEL ANALYSIS 
Cluster Analysis: The cluster analysis using the cover board data showed that 

there was clustering of study reaches based on the community data (Figure 2). The 
Mantel Test identified the optimal number of clusters as 4.  The correlation coefficient 
for the correlation between the dissimilarity matrix of cluster assignments and the plot-
based dissimilarity matrix based on observed species was r=0.62. 

Indicator species analysis showed there were only two significant indicator 
species in the cover board analysis. These were Uta stansburiana, which is indicative of 
Cluster 1, and Plestiodon gilberti which indicates Cluster 4. These two clusters each have 
only two study reaches within them (Table 13). The majority of the study reaches are not 
differentiated by an indicator species. 
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Figure 2. Cluster dendrogram of study reaches using cover board data. The red line 
shows where the Mantel Test indicates the optimal number of clusters. All the ‘branches’ 
of the dendrogram below each segment of the red line belong to the same cluster. 

	
Table 13. Significant indicator species for each of the cover board clusters.   

Species  Cluster 
Indicator 

Indicator 
Value 

Indicator  
p-value	

Uta stansburiana 1 0.865    0.003 ** 

No Significant Indicator 
Species 

2 NA NA 

No Significant Indicator 
Species 

3 NA NA 

Plestiodon gilberti 4 0.716    0.004 ** 
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Bio-ENV: Bio-ENV determined that three variables: ecological site, elevation and 
structural vegetation state, best described the variation seen in the reptile community 
between study reaches. The overall correlation between the matrix built using those three 
environmental variables and the reptile community dissimilarity matrix was 0.268. 
Ecological site was the most strongly correlated single variable to the community 
dissimilarity matrix with an overall correlation of r=0.255.  

Table 14. Cover board clusters, ecological sites, and the study reaches they occur on.  

Study Reach Year Stream Cover 
Board 
Cluster 

Ecological Site 

CH1 First Chanac One One 

CH1 Second Chanac One One 

CH2 First Chanac Two One 

CH2 Second Chanac Two One 

CH3 First Chanac Three One 

CH3 Second Chanac Three One 

EP1 First El Paso Three One 

EP1 Second El Paso Three One 

EP2 First El Paso Two One 

EP2 Second El Paso Two One 

EP3 First El Paso Four One 

EP3 Second El Paso Four One 

LT1 First Lower Tejon Two Two 

LT1 Second Lower Tejon Two Two 

LT2 First Lower Tejon Two Two 

LT2 Second Lower Tejon Two Two 

LT3 First Lower Tejon Two Two 

LT3 Second Lower Tejon Two Two 

TU1 First Tunis Four One 
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TU1 Second Tunis Four One 

TU2 First Tunis Two One 

TU2 Second Tunis Two One 

TU3 First Tunis One One 

TU3 Second Tunis One One 

UT1 First Upper Tejon Two One 

UT1 Second Upper Tejon Two One 

UT2 First Upper Tejon Three One 

UT2 Second Upper Tejon Three One 

UT3 First Upper Tejon Three One 

UT3 Second Upper Tejon Three One 
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SPECIES-SPECIFIC MODELS 
	
Table 15. Model sets and AIC values for models fit for Sceloporus, Plestiodon, and Uta. * indicates the model with the lowest AIC 
value for a given species, bold values indicate models within 2 ΔAIC points of the best model. NA indicates that the model did not 
perform well because the model failed to converge. Variables in the models are: vegetation state, ecological site, ant nest = presence or 
absence of ant nest under board, cattle = index of cattle activity on study reach over 6 months prior to sampling, pig = index of pig 
activity on study reach over 6 months prior to sampling. 

Model 
Sceloporus  
AIC Δ AIC 

Plestiodon 
AIC Δ AIC 

Uta 
AIC Δ AIC 

Vegetation State 318.46 17.55 386.45 11.00 369.28 27.44 

Ecological Site 313.76 12.85 385.47 10.02 372.91 31.07 

Ant Nest + Cattle + Pig + Distance.TH 306.38 5.47 376.87 1.43 344.15 2.31 

Cattle + Pig + Distance.TH 380.31 79.40 380.31 4.86 344.85 3.01 

Ant Nest + Distance.TH 376.78 75.88 376.78 1.34 347.72 5.88 

Ant Nest + Cattle +  Distance.TH 375.45 74.54 375.45* 0.00 342.82 0.98 

Ant Nest + Cattle + Pig 382.26 81.35 382.26 6.81 368.82 26.98 

Ant Nest 382.64 81.73 382.64 7.19 370.76 28.92 

Cattle 384.84 83.94 384.84 9.39 368.41 26.57 

Pig 320.23 19.32 385.97 10.52 373.81 31.97 
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Distance.TH 318.24 17.34 379.55 4.11 346.69 4.85 

Cattle + Pig 307.75 6.85 386.45 11.00 369.98 28.14 

Veg State + Ant Nest + Cattle + Pig + 
Distance.TH 305.62 4.72 378.31 2.86 342.92 1.08 

Veg State + Cattle + Pig + Distance.TH 307.07 6.16 381.57 6.12 343.83 1.99 

Veg State + Ant Nest + Distance.TH NA NA 378.03 2.59 346.45 4.61 

Veg State + Ant Nest + Cattle +  
Distance.TH 306.67 5.77 376.46 1.02 341.84* 0.00 

Veg State + Ant Nest + Cattle + Pig 305.73 4.83 384.27 8.82 NA NA 

Veg State + Ant Nest 318.00 17.09 383.37 7.93 367.80 25.96 

Veg State + Cattle 308.36 7.45 386.34 10.90 365.95 24.11 

Veg State + Pig 320.39 19.49 387.62 12.18 371.10 29.26 

Veg State + Distance 318.40 17.50 379.68 4.23 345.49 3.65 

Veg State + Cattle + Pig 307.55 6.65 388.25 12.80 367.21 25.37 

Ecological Site + Ant Nest + Cattle + Pig + 
Distance.TH 300.90* 0.00 NA NA 345.39 3.55 

Ecological Site + Cattle + Pig + Distance.TH 301.94 1.04 380.83 5.39 346.15 4.31 



	

	

141	

Ecological Site + Ant Nest + Distance.TH 315.67 14.77 376.85 1.40 348.97 7.13 

Ecological Site + Ant Nest + Cattle +  
Distance.TH 303.43 2.52 375.48 0.03 344.19 2.35 

Ecological Site + Ant Nest + Cattle + Pig 300.98 0.07 382.60 7.16 369.61 27.77 

Ecological Site + Ant Nest 313.46 12.55 382.16 6.72 371.53 29.69 

Ecological Site + Cattle 304.77 3.87 385.11 9.66 369.35 27.51 

Ecological Site + Pig 315.52 14.61 386.30 10.85 374.65 32.81 

Ecological Site + Distance 313.83 12.92 379.41 3.96 347.92 6.08 

Ecological Site + Cattle + Pig 302.29 1.38 386.91 11.46 370.80 28.96 
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SCELOPORUS 
The top models for Sceloporus selected by AIC (those within 2 AIC points of the 

best model) included the model with all of the variables except vegetation state: 
ecological site + ant nest + cattle activity + pig activity + distance to thalweg. Model 23 
contained all these variables and was used to obtain the coefficient estimates for each 
predictor variable. Estimates and standard errors are reported for all continuous variables, 
p-values are reported for all variables (Table 16). 

Ecological site, cattle activity and pig activity were found to significantly 
(p<0.05) affect Sceloporus occupancy rates under cover boards (Table 16). Occupancy 
rates varied among the ecological sites with the lowest occupancy found in Site 2 (1.4%) 
and the highest in Site 1 (6.8%; Figure 3a). Cattle and pig activity on the study reaches 
had a positive effect on the probability of occurrence for Sceloporus (Figure 3b). Ant 
nests under cover boards had a near-significant positive effect (p=0.081) on Sceloporus 
occupancy.  

Table 16. P-values and covariate estimates from full Sceloporus model. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide p-
value 

Ecological Site NA NA 0.006263 * 

Ant Nest 0.6926 0.3813 0.08136 

Cattle Activity 0.5377 0.1209 4.23E-05 * 

Pig Activity 0.4115 0.1823 0.03345 * 

Distance to Thalweg -0.2472 0.1749 1.0 
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Figure 3a. Occurrence rates of Sceloporus occidentalis among the two ecological sites 
and the three vegetation states. 
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Figure 3b. Fitted values from the full model (with all variables except ecological site) and from the model with only cattle. Both 
models estimate that as cattle activity increases, the estimated occurrence rate of Sceloporus under the cover boards also increases. 
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Figure 3c. Fitted values from the full model (with all variables except ecological site) and from the model with only pig activity. Both 
models estimate that as pig activity increases, the estimated occurrence rate of Sceloporus under the cover boards also increases, 
although the relationship is not as strong or as clear as with cattle. 
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PLESTIODON 
The top models for Plestiodon selected by AIC included all the variables: 

ecological site, vegetation state, ant nest, cattle, pig, and distance to thalweg. Model 
coefficient estimates were obtained from the full model with all the variables selected by 
AIC, and p-values were calculated using Chi-Squared tests comparing the full model to 
one without each variable. The model with all predictor variables except vegetation state, 
did not converge and therefore could not be used to obtain the p-value estimate for 
vegetation state. Instead, the p-value for vegetation state was calculated by comparing a 
model with all variables except ant nest to a model containing all variables except ant 
nest and vegetation state. 

Ant nest and distance to thalweg were the only variables that were found to 
significantly (p<0.05) affect the probability of occurrence for Plestiodon. Plestiodon 
lizards were significantly more likely to be found under boards with ant nests compared 
to boards without ant nests (14% compared to 6.4% respectively). As distance to thalweg 
increased, probability of occurrence decreased. The most pronounced drop in occurrence 
rate occurs between 10-30 meters from the thalweg, showing a strong preference for 
Plestiodon to be close to the creeks (Figure 4a).  

Table 17. P-values and covariate estimates from Plestiodon model with fixed effects: 
ecological site, vegetation state, ant nest, cattle activity, pig activity, and distance to 
thalweg. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide  
p-value 

Ecological Site NA NA 0.3089 

Vegetation State NA NA 0.3322 

Ant Nest 0.79848 0.3285 0.02063* 

Cattle Activity 0.18435 0.13937 0.204 

Pig Activity -0.06306 0.20484 0.7588 

Distance to Thalweg -0.45189 0.16116 0.004891* 
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Figure 4a. Fitted values from the full model with all variables and from the model with only distance to thalweg. Both models 
estimate that as distance to thalweg increases, the estimated occurrence rate of Plestiodon under the cover boards decreases. 	
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UTA 
The top models for Uta selected by AIC included the variables: vegetation state + 

ant nest + cattle activity + pig activity + distance to thalweg. They did not include the 
variable ecological site. Model coefficient estimates were obtained from a model with all 
the variables selected by AIC, and p-values were calculated using Chi-Squared tests 
comparing the full model to one without each variable. Estimates and standard errors are 
reported for all continuous variables. 

Cattle activity and distance to thalweg were the only variables found to 
significantly (p<0.05) affect the probability of occurrence for Uta. As cattle activity and 
distance to thalweg increased, probability of occurrence also increased (Figure 5a, 5b). 
Vegetation state was nearly significant (p=0.073). State 1 had the highest occurrence rate 
(15%), and States 2 and 3 had the lowest rates (4.7% and 2.9% respectively). Ant nest 
was also nearly significant (p=0.088), and had a negative effect on Uta abundance. 

Table 18. P-values and covariate estimates from the Uta model with fixed effects: 
vegetation state, ant nest, cattle activity, pig activity, and distance to thalweg. 

Explanatory 
Variable 

Estimate Standard Error Factor-wide  
p-value 

Vegetation State  NA NA  0.07335 

Ant Nest -0.9406 0.5841 0.08846 

Cattle Activity 0.3254 0.141 0.01876 * 

Pig Activity 0.216 0.2244 0.3386 

Distance to Thalweg 1.1885 0.26 5.86E-07 * 
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Figure 5a. Fitted values from the full model (with all variables except ecological site and vegetation state) and from the model with 
only distance to thalweg. Both models estimate that as distance to thalweg increases, the estimated occurrence rate of Uta under the 
cover boards also increases.  
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Figure 5b. Fitted values from the full model (with all variables except ecological site) and from the model with only cattle activity. 
Both models estimate that as cattle activity increases, the estimated occurrence rate of Uta under the cover boards also increases. 
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DISCUSSION 
The camera trap and cover board results do not support using the categorical 

variables ecological site, structural state or vegetation state for predicting mammalian 
wildlife community assemblages. None of these factors were selected by Bio-ENV for 
the camera trap data. Ecological site and structural vegetation state were both selected by 
Bio-ENV for the cover board data. Of these variables, ecological site appears to explain 
the greatest amount of variation in the reptile community (as sampled by the cover 
boards).  

Vegetation state and ecological site did a reasonably good job of predicting 
individual species’ activities however. Ecological site or vegetation state were included in 
several models of individual species activity selected by AIC. Ecological site was 
included in selected models for three of the five mammal species and in each case it was 
also a statistically significant independent variable (p<0.05). Ecological site was included 
in model sets for two of the three reptile species, however it was only a statistically 
significant predictor for Sceloporus. Vegetation state was not included in any of the 
mammal models selected by AIC, but it was included in two reptile models. It was not a 
statistically significant variable in either of the reptile models however. 

It is unclear why the categorical variables vegetation state and ecological site 
would be better predictors of individual species activities than community assemblages. 
One possible explanation is that the species chosen for this analysis were the most 
common and widespread species observed. For large mammals, the study reaches 
represent a small portion of their home range, and the choice by individuals of any given 
species to visit a study reach appears to be mostly influenced by resources available on 
the study reach such as presence of water and vegetation cover; or larger-scale spatial and 
temporal factors such as a preference for higher elevation plots and seasonal use. 
Vegetation state and ecological site may reflect key differences in these broad attributes 
but may not reflect differences in more specific attributes selected by less common 
wildlife species (e.g., presence on an uncommon plant or proximity to some other 
resource). The indicator species analysis for the wildlife assemblages shows that some of 
the less-common mammalian wildlife species (e.g., elk and cottontail) are key 
determinants of the wildlife states.  

Structural state was not selected in the mammalian community model by 
BioENV, however it was included in the BioENV model for reptiles. The only species-
specific model it was selected for was deer. It therefore appears to be a slightly better 
predictor of reptile community dynamics than the compositionally-defined ‘vegetation 
state’, but a poor predictor of individual species’ activity. Three of the five mammal 
species responded to differences in herbaceous, shrub, or tree cover, which also suggests 
that individual, continuous structural metrics may be more effective in determining 
species activity than bundled variables represented by categorical variables such as 
‘structural state’. 
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While the categorical variables ecological site and vegetation state were not 
included in species-specific models selected by AIC for every mammal and reptile 
species, models containing some subset of continuous variables were selected by AIC for 
three of the five mammal species (bobcat, deer and raccoon), and all three reptile species.  

For mammals, the variables most frequently included in selected models were: 
elevation, seasonal water availability and season; however herbaceous, shrub, tree canopy 
cover and cattle activity were included in selected models for 3 species (Table 19). There 
were no clear trends across species in response to these variables, however the inclusion 
of canopy cover data in selected models for 3 of the 5 species indicates that while species 
composition as represented by vegetation state does not explain mammal activity on the 
study reaches well, vegetation extent and structure is an important factor for most of the 
species in this study. It should be noted that detection probabilities were not estimated in 
this study and dense herbaceous and shrub canopy cover could have affected detectability 
of some species. However, cameras were placed in open areas with wide fields of view 
unencumbered by shrubs, so it is unlikely that these factors significantly affected 
detectability. 

For reptiles, the variables ant nest, cattle activity, pig activity, and distance to 
thalweg were in models selected by AIC for all three species (Table 20). Each of the 
lizard species relies on ground-dwelling insects for a substantial part of their diet. 
Therefore it is not surprising that the only statistically significant relationship with ant 
nest (Plestiodon) was positive. Distance to thalweg had different effects on each species, 
but ones that make sense given their life histories. Uta were more abundant as distance to 
thalweg increased. These are lizards of open habitats, generally with sand or gravel 
substratum (Stebbins and McGinnis 2011), so it is not surprising that they would be more 
abundant in the open grasslands further from the riparian corridor. Sceloporus and 
Plestiodon, by contrast are habitat generalists that both occur in streamside riparian 
habitats (Stebbins and McGinnis 2011; Brode and Bury 1984), so it is not surprising that 
these species were more abundant closer to the creeks.  

Similar to findings for lizards in northern Californian rangelands, Cattle activity 
had a positive relationship with all three lizard species occurrences (Riensche 2008). 
Recent work in the southern San Joaquin Valley suggests that a variety of desert-adapted 
reptile and small mammal species may benefit from lower amounts of herbaceous 
biomass and greater levels of bare ground, which are more representative of the 
vegetation in the region that these species evolved with before the introduction of exotic 
annual grasses to California (Germano, Rathbun, and Saslaw 2012).  
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Table 19. Effect and significance of model variables selected by AIC for each mammal 
species. ‘Pos’ and ‘Neg’ indicate whether the effect was positive or negative, and NA 
indicates when a categorical variable was selected by AIC. An * signifies the relationship 
was statistically significant (p<0.05). Blank cells indicate variables not included in 
models selected by AIC for a given species. 

Variable Bobcat Coyote Deer Pig Raccoon 

Ecological 
Site NA	*  NA	* NA	*  

Vegetation 
State      

Structural 
State   NA	*   

Herbaceous 
Cover  NEG	* POS	*  POS 

Shrub Cover  NEG NEG  NEG	* 

Tree Cover  NEG	* POS	*  NEG 

Seasonal 
Water NEG POS	* NEG	*  POS	* 

Elevation POS	* POS	* NEG	*  NEG 

Cattle 
Activity  NEG POS  NEG 

Pig Activity  NEG   POS 

Season NA	* NA	* NA NA NA 
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Table 20. Model variables selected by AIC for each reptile species. ‘Pos’ and ‘Neg’ 
indicate whether the effect was positive or negative, and NA indicates when a categorical 
variable was selected by AIC. An * signifies the relationship was statistically significant 
at p<0.05. Blank cells indicate variables not included in models selected by AIC for a 
given species. 

 

Variable Plestiodon Sceloporus Uta 

Ecological Site 
NA NA	*  

Vegetation State 
NA  NA 

Ant Nest 
POS	* POS NEG 

Cattle Activity 
POS POS	* POS	* 

Pig Activity 
NEG POS	* POS 

Distance to 
Thalweg NEG	* NEG POS	* 

 

MANAGEMENT	IMPLICATIONS	
These results suggest utility in building quantitative links between topo-

edaphically defined ecological sites and to a lesser extent vegetation-defined state-and-
transition models and wildlife species of interest. Ecological sites are classified based on 
their potential to support different vegetation states which in turn can effect wildlife, yet 
they may also be correlated with other landscape features related to wildlife activity 
patterns. Differences in soils, geology, and topography may be correlated with seasonal 
availability of water, overall vegetation structure and productivity, or proximity to other 
resources. Vegetation states, while not selected in most species-specific models appear to 
be useful in explaining lizard occurrence. 

Understanding how wildlife occurrence varies between ecological sites is a useful 
starting point for conservation management. For bobcat, deer, pig, Sceloporus and 
Plestiodon, ecological site was included in the selected models. Management actions 
designed to increase or control populations of these species should first consider which 
ecological site they are most prevalent on, then refer to state-and-transition models to 
create hypotheses about how management could affect variables known to affect the 
species activity. Sceloporus are most common in Ecological Site 1. They also appear to 
be more common on plots with more cattle grazing. One plausible management 
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hypothesis is that increasing cattle grazing in lightly utilized portions of Ecological Site 1 
would lead to increased Sceloporus occurrence in those areas. 

The correlation between structural vegetation state and reptile community 
assemblages, and the inclusion of vegetation state in two reptile model sets, suggests that 
changes in vegetation states may precipitate changes in reptile communities. Describing 
the wildlife communities associated with different vegetation states may be an important 
first step in understanding how transitions between vegetation states can influence 
wildlife assemblages in a given riparian area, and rangeland managers using ecological 
site descriptions and state-and-transition models to predict vegetation community 
dynamics could potentially use these models to understand how changing vegetation 
states could impact wildlife communities. 

It is important to note that the relationship between vegetation state and wildlife 
assemblage is correlative, and it is possible that some wildlife species potentially 
influence vegetation state (Gilgert and Zack 2010). However, describing the links 
between wildlife communities and Vegetation States gives managers a starting point 
upon which to base management hypotheses, which is a integral component of adaptive 
management and is important to the implementation and ongoing refinement of STMs 
(Spiegal et al. 2014; Herrick et al. 2012). 
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