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Abstract 

 

Distribution Dynamics and Environmental Factors Associated with 

Recruitment of Valley Oak (Quercus lobata Née.) In the Santa Monica Mountains 

 

By 

Tracy R. Valentovich 

Master of Arts 

In Geography 

 

 

Valley oak (Quercus lobata Neé), California’s largest endemic oak, is facing a well-

documented regeneration problem in that aging adult trees are not being replaced by 

saplings at a sufficient rate. This study aims to use a combination of landscape mapping 

and dendrochronology to document the spatial and temporal dynamics of two sites within 

the southernmost population of this species in the Santa Monica Mountains, Los Angeles 

County, CA. The two sites, Paramount Ranch and Cheeseboro Canyon, exhibited varying 

amounts of recruitment, despite being located relatively near one another. Adult and 

juvenile trees at Paramount Ranch were dispersed throughout multiple types of 

topography, while recruitment mainly occurred at Cheeseboro Canyon along a riparian 

floodplain. With each site possessing unique land use histories and hydrological 

characteristics, management of valley oak recruitment must be tailored to fit the 

individual ecological context of each site.   
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Introduction 

Found only in California, the regal valley oak (Quercus lobata Neé) is an 

endemic, keystone species that provides habitat and food resources to many other species. 

Valley oak is the state’s largest oak, and is a major constituent of the woodland, savanna, 

and riparian oak habitats that span most of California. It has become widely observed that 

valley oak is facing a serious recruitment problem,  very few juvenile individuals are 

surviving to replace the aging adult population (Aschmann 1959; Sork et al. 2002; 

Zavaleta et al. 2007; Seabloom et al. 2009; MacDougall et al. 2010). Of the three 

widespread deciduous oak species of the foothill woodland system, valley oak exhibits 

the lowest levels of regeneration (Davis 2010). The cause of the regeneration problem is 

not entirely clear, however. Human development has impacted valley oak habitat, which 

includes deep, loamy soils that are attractive to agriculture and development; much of the 

trees’ habitat has been impacted by grazing and the introduction of nonnative annual 

grasses and forbs (Aschmann 1959, Griffin 1971, Swiecki and Bernhardt 2006, Zavaleta 

et al. 2007, Kittelson et al. 2009, Seabloom 2009). 

Valley oak occurs across a large latitudinal range, yet their populations are very 

patchy throughout California, and while they were once widespread, the species now 

occupies only 2.7% of the state in fragmented and isolated populations (Figure 1, Pavlik 

et al. 1991; Davis 2010; Barbour et al. 2007; Whipple et al. 2011). The populations in the 

southern part of the range are “valuable sources of genetic variation” for global climate 

change-induced range shifts, (Grivet et al. 2008, p. 153), especially since some global and 

regional climate-change models forecast a retraction in optimal habitat for the species 
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(Kueppers et al. 2005). Further, recent research suggests that the valley oak populations 

in Southern California may be genetically isolated from the Northern and Central 

California populations, and it is unclear how much of the current knowledgebase 

regarding valley oak restoration and recruitment patterns – much of which pertains to the 

northern populations – can be applied to populations in the southern part of California 

(Sork et al. 2010). Peripheral populations, especially those that are genetically isolated 

from core populations, have been found to exhibit an increased vulnerability to collapse 

(Leppig and White 2006). For these reasons, the current recruitment patterns of valley 

oak populations in Southern California warrant investigation. 
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Figure 1. Valley oak distribution (green), from Pavlik, 1991, shows a wide latitudinal range 

throughout California, with the Santa Monica Mountains being the southernmost extent of the 

range. 
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Purpose and Research Questions 

This thesis is structured in such a way as to address two research questions, the 

methods and results of which will be individually described in two distinct sections. The 

first section (A) will describe and analyze the spatial patterns of valley oak at two study 

sites in the Santa Monica Mountains. The subsequent section (B) will explore the age 

structure of young valley oak at each site using dendrochronological methods. Thus, this 

thesis explores the two valley oak populations from both spatial and temporal 

perspectives. Finally, these two perspectives will then be combined to infer information 

about the dynamics of regeneration at each site, and to propose suggestions for long-term 

management of this species.  

This thesis asks two specific questions, which are addressed in the corresponding 

sections: 

A. What are the spatial patterns of adult and juvenile valley oak trees at each site?  

B. When did these young valley oak trees become recruited to the current 

population? 

Researchers in other California oak habitats have used various methods to identify 

environmental patterns in the landscape that may help land managers predict successful 

restoration sites (Franklin and Knapp 2010; Whipple et al. 2010). While the sites are 

located fairly near one another, they differ in some important ways including their 

hydrology and topography, as well as their land use histories. The proximity between 

study sites allows them to be influenced by the same precipitation regimes. 
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Valley Oak Ecology and Biogeography 

Much research has been done on the oak trees of California, with many studies 

focusing on blue oak and valley oak (Griffin 1971; Trowbridge et al. 2005; Zavaleta et al. 

2007; Davis 2010 and others). The goal of this literature review is to explore the current 

knowledgebase regarding valley oak ecology and biogeography. This review will work to 

clarify the relationship between valley oaks and their environment, including water 

dynamics and biotic factors like herbivory and competition, and explore how these 

relationships influence recruitment success. It will also identify gaps that exist in the 

research and thereby prompt more questions about the biogeography of valley oak, some 

of which are addressed in this thesis.  

Habitat and Ecology  

The valley oak (Quercus lobata Nee.) is a deciduous tree that can grow to heights 

of 12-36 meters, with a “rounded and open crown with pendulous branches” (Barbour et 

al. 2007; Raven et al. 1986, p. 96). Valley oak is a long-lived species: mature stands are 

typically 100-200 years old (Bartolome et al. 1987). Acorns of this species are relatively 

large, averaging 4cm in length (Raven et al. 1986). Valley oak is found on deep, loamy 

soils that are attractive for agriculture and development, and much of the trees’ habitat 

has been impacted by grazing and the introduction of invasive grasses and forbs 

(Aschmann 1959; Davis 2010). Valley oak reaches its northern limits in Mendocino 

County, where is co-occurs with Oregon oak woodland; it reaches its southern extent in 

the San Fernando Valley, Santa Clarita Valley, and Santa Monica Mountains, intermixing 

with coast live oak woodland (Pavlik et al. 1991).  
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Valley oak is considered a keystone species. In addition to sustaining insect, 

mammal, bird, and reptile populations who feed on acorns and other oak resources, the 

abundance of valley oak was the principle factor in determining human population 

densities in the valleys and foothills of California (Aschmann 1959). Acorns were a food 

staple that supported large populations of Native Americans, who in turn periodically 

burned the areas to kill grasses but leave oaks (Aschmann 1959).  

In low densities, valley oak can coexist with grasses to make up oak savanna; in 

higher densities, they create oak woodland habitat. In addition to woodlands and 

savannas, valley oak also occur in riparian habitat. Riparian habitats act as important 

natural corridors that allow the movement of species; in these environments, oaks are 

late-successional species, following early-settlers such as willows and cottonwoods 

(Trowbridge et al. 2005). In an historical ecology study, Grivet et al. (2008) identified 

riparian habitats as “corridors where greater animal movements and suitable valley oak 

habitat…facilitated the migration of the oaks throughout the state” (p. 151).  

Valley oak is common in relatively moist environments; leaves have relatively 

thin cuticles and the physiological structure of the leaf stomata are not adapted to 

efficiently deal with limited water availability (Pavlik et al. 1991). Mature valley oak 

trees are phreatophytic, tapping into perennial groundwater sources that allow them to 

avoid summer drought conditions (Rizzo and Garbelotto 2003; Sork et al. 2010). 

Seedlings lack the deep root systems that can reach the deep water, leaving them more 

susceptible to drought stress (Mahall et al. 2009).  
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Oak dispersal occurs both passively (whereby acorns find their place on the 

ground by simply falling from the tree) and actively, usually by being transported by 

seed-hoarding animals that bury acorns, such as the western scrub jay and California 

ground squirrel (Howard 1992). Valley oak is a deciduous species, and the understory 

grasses and forbs that grow beneath its canopy have been known to present heavy 

competition for resources to valley oak seedlings when gaps in the canopy allow access 

to sun. According to Tyler et al. (2008), seedlings are at their most vulnerable between 

the ages of 1.5 to 5 years, where their survival is impacted by rodents. The negative effect 

of herbivory on valley oak seedlings has also been documented in riparian habitats 

(Trowbridge et al 2005). Grazing by cattle in many oak savanna and woodland systems 

has led to the introduction of exotic species, many of which pose significant competitive 

threats to oak seedlings. Decreased growth and increased mortality of oak seedlings are 

attributed to competition with nonnative annual grasses which utilize the same shallow 

surface water resources that oak seedlings need to survive (Danielsen 1990). Q. lobata 

seedlings have been found to grow larger in the presence of the native bunchgrass 

Nassella (Stipa) pulchra than with nonnative annual grasses like Avena fatua (Danielsen 

1990). The nonnative annual grasses are believed to cause a rapid decline in soil moisture 

leading to water stress and reduced growth. Oak seedlings that were “exposed to a slower 

decline of soil moisture (as is seen with native bunch grasses) avoided water stress, 

through physiological adjustments, and continued growth” (Danielsen 1990, p. 60). Sub-

optimal environmental factors can compound the stress induced by grasses; seedlings 

growing on south-facing slopes, especially during dry years, experience additional stress 

(Griffin 1971).  
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Valley oak seedlings tend to be found beneath the canopy of adult conspecific 

oaks, bringing up the idea that, perhaps, they are shade tolerant. The growth rates of 

valley oak seedlings are greater in an open floodplain along riparian habitat than beneath 

an oak canopy, suggesting shade intolerance and an affinity to relatively mesic 

environments (Trowbridge et al. 2005). Competition for light from different sources 

(conspecific adults and understory canopy) may affect the shade intolerance of valley oak 

seedlings in different ways. A growth behavior termed “light foraging,” by which 

juveniles displace their crowns away from neighbors and toward more available light, 

was identified as a compensation behavior in understory (sub-canopy) juveniles (Holmes 

1995, p. 1440). Because of gaps in the canopy and sun flecks that reach the ground 

beneath adult oaks, juveniles may not be competing for light with the adults until they 

reach a few meters in height (Holmes 1995).  

Any shading from the understory canopy can hinder seedling growth, although the 

negative effects of canopy shading may only be part of the reason seedlings experience 

mortality. Competition with the understory canopy for water and soil nutrients can further 

stress the seedlings’ ability to adapt to shade (Holmes 1995). The finding of this work is 

supported by earlier experimental evidence that “response of Q. lobata seedlings to shade 

was characteristic of shade intolerant plants and corresponds with poor survival in natural 

and experimental shade…” (Callaway 1992b, p. 439). In the Santa Monica Mountains, 

the understory in these communities is often composed of non-native, annual grasses and 

forbs that, in addition to creating shade, out-compete valley oak seedlings for soil 

resources (Trowbridge et al. 2005; Danielsen 1990; Holmes 1995). 



 

9 

 

The Recruitment Problem 

 Immediately following a rain event, many newly-germinated seedlings can be 

found popping up throughout a valley oak landscape.  Unfortunately, most of these do not 

survive their first year, and never make the transition from seedling to sapling.  If an 

individual survives to successfully make the transition from seedling to sapling, this tree 

is said to have been “recruited”. Researchers have noticed that valley oak recruitment 

throughout California has been extremely low in recent decades (Davis 2010, Sork et al 

2010). Based on the estimated longevity of valley oak (up to 500 years), adults are being 

replaced at a rate of approximately “0.1-0.01 saplings per adult” (Zavaleta et al. 2007, 

p.742). Regional patterns of recruitment success and failure in valley oak and blue oak 

throughout California suggest that less than half of valley oak survey sites contain 

seedlings or saplings, compared to blue oak seedlings or saplings which can be found at 

79% of sites (Zavaleta et al. 2007). Results from the same study showed that saplings 

were rarer than seedlings in valley oak populations, suggesting the existence of a barrier 

to young valley oak survival (Zavaleta et al. 2007). Acorn seedling experiments likewise 

show that blue oak and valley oak are more vulnerable to mortality during the seedling 

and sapling stages than during germination and emergence (Adams et al. 1992). 

Coast live oak co-occurs with valley oak in its Southern Californian population 

and has been found to have nurse-plant interactions with shrubs; however valley oak has 

not been found to benefit from the same nurse plant interactions with shrubs (Callaway 

1992a; Callaway and Davis 1998). Research suggests that mature oaks provide a safe site 

where seeds can successfully emerge, however these adult trees also shade seedlings so 

much that they may have trouble growing into saplings (Weltzin and McPherson 1999). It 
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may be that valley oak seedlings experience a negative interaction with nearby shrubs 

and conspecific competitors, a detriment that is only overcome when the plant’s roots are 

deep enough to reach the water table, and when the death of an adult tree allows the 

overhead canopy to open.   

As previously discussed, seedling survival is effected by damage by herbivore 

browsers and water stress (Berhardt and Swiecki, 1991). Others agree that the major 

factors that limit the recruitment of valley oak are “drought stress, predation by deer, 

ground squirrels, gophers, insects and livestock, and competition with annual herbaceous 

species” (Callaway 1992a, p. 2119). In the late 1980s, local historian and environmental 

activist Dave Brown associated cattle grazing with the decline in valley oak recruitment, 

noting that “cattle eat acorns and seedlings, (so) there are no seedlings or young trees to 

replace the oaks now standing in Cheeseboro Canyon, most of which are at least a 

century old” (Brown, undated). In Central California valley oak populations, first-year 

survival was observed to have been significantly positively impacted by the combination 

of weeding of surrounding herbs, and screened protection from ground squirrels and 

other herbivores (Adams et al. 1992).  

Other native oak species also have difficulty recruiting new juveniles into the 

adult population. The work of MacDougall and his team found that Q. garryana 

seedlings face “an almost insurmountable barrier for recruitment” owing to herbivory 

from small mammals, competition from exotic grasses, and drought, which all increase 

seedling mortality (2010). A study by Kittelson et al. (2009) used tree cores and DBH 

(diameter-at-breast-height) measurements to estimate the demographic structure of 4 
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populations of Q. macrocarpa in Minnesota. The results identified two main age cohorts: 

those younger than 30 years, and older than 70 years old, with very few individuals in 

between; this age gap corresponded to a period of grazing and fire suppression. In 

addition to grazing by domesticated livestock, browsing from deer has also been found to 

impact the growth and survival of oak seedlings (Griffin 1976). Limited adult recruitment 

of Q. buckleyi was documented in Texas, where a large cohort of older recruits coincided 

with a past period of low deer browsing (Russell and Fowler 2002).  

Fire and Other Anthropogenic Effects  

Opinions regarding how valley oak responds to fire have changed over time. In 

1976, Pavlik stated that valley oak does not regenerate well after burns; however Pavlik 

(1991) later described the thick bark which acts as insulation and protection from 

moderate fires, and went on to explain that they can “crown sprout” after a burn (p. 56). 

Current studies have witnessed the relationship between oak woodland and fire as well. 

As long as a moderate fire does not reach the tree canopy, black, blue, and valley oaks 

have been found to be fairly resistant to them (Fry 2008).  

Normal conditions for valley oak habitat include fire and flood events.  Valley 

oak is tolerant of these disturbances; however, land managers have suppressed natural 

fires for the sake of protecting developed areas near the urban-wildland interface 

(Barbour et al. 2007). Fire and flood suppression have "adversely affected the 

sustainability of valley oak woodlands" (Barbour et al. 2007, p. 318). Fires help to reduce 

the understory canopy plants that compete with oak seedlings, yet can hinder the survival 

of the seedlings themselves (Fry 2008). Russell and Fowler (2002) found that a key to 
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helping seedlings and saplings reach adulthood (thus, grow beyond the browse line) is to 

reduce fire suppression and keep deer from browsing.  

Valley oak populations have experienced a widespread decline throughout its 

geographic range. In the Santa Clara Valley of central California, valley oak has 

experienced an estimated 99% decline in populations from 1880 to 1930, and further 

decline of 50% over the last 80 years (Whipple et al. 2011). Brown and Davis compared 

historic aerial photographs from 1939 to 1989 to look at the change in adult valley oak 

populations (1991). While a steady decline in valley oak populations was observed over 

this fifty-year period, no definite cause for the higher-than-expected die-off trends could 

be discerned, as the die-off patterns did not coincide with either precipitation or human 

population growth (Brown and Davis 1991).  

Since valley oak favors fertile, well-drained bottomland soils, streambeds, and 

lower foothills, conversion to intensive agriculture and residential development is one of 

the biggest causes of decline (Barbour et al. 2007). Prime valley oak habitat has also been 

attractive to land developers over the past century. In 1976, Pavlik wrote about the effects 

of human development in Southern California, saying "the once oak-filled San Fernando 

Valley has been reduced to a handful of isolated trees surrounded by oceans of cement 

and asphalt" (p. 28). Optimal oak habitat occurs in valleys and gently rolling foothills, 

which are locations that have been popular sites for many of California’s reservoirs, 

another form of land conversion that threatens oak habitat (McShea and Healy 2002). 
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Predictive Vegetation Modeling and Future Valley Oak Distribution  

Many researchers have concluded that in the face of changing climates the 

survival of a population is primarily dependent upon on the capacity for adaptive change 

found in individuals of the current population (Ackerly 2009; Sork et al. 2010). That is to 

say that maintaining a diverse gene pool is of paramount importance for the sustainability 

of the species in a given locale (McLaughlin and Zavaleta 2012). While valley oak 

naturally occurs in low densities (210 trees/ha) in savanna landscapes, anthropogenic 

disturbance has further thinned populations and isolated individuals, which can limit 

pollen movement among small, sparse populations (Dutech et al. 2005, p. 252).  

When it comes to studying demographic patterns on a landscape, the scale of the 

study affects the conclusions that investigators draw, and at each scale, different factors 

seem to influence the success of oak seedlings (Barnhart et al. 1991). A major macro-

scale factor found to influence oak seedling survival is water availability, as measured by 

soil type and aspect (Barnhart et al. 1991).  

Predictive models using topographic and climatic data have been used to 

interpolate the distribution of features on the landscape that are too costly to map 

manually, including soils and vegetation, and that incorporate climatic data in addition to 

topography (Riordan and Rundel 2009; Scull et al. 2003; Franklin 1995). Traditionally, 

topography has been used to model water use and stress over large-scale landscapes. The 

topography of an area influences the way water travels through, or stays, in the soil, 

which in turn controls the species composition. Soil moisture is a central idea in physical 

geography, as the amount of moisture surplus or deficit dictates the types of biota that 
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exist in a given place and provides an excellent predictor for how plants will be dispersed 

on the landscape (Legates et al. 2011). The problem is that all of the formerly-used 

methods for modeling water stress with topography use only the physical, stagnant 

features of the landscape, and ignore more fluid and biologically-relevant aspects, 

particularly evapotranspiration, as well as factors that also influence moisture availability, 

like climate change-caused fluctuations in precipitation and temperature (Dyer 2009).  

Global and regional climate models developed by Kueppers and her colleagues 

predict an overall contraction of valley oak habitat by 54-73% by the end of this century 

(2005). These models also predicted range shifts toward higher latitudes and elevations, 

with populations contracting in the southern part of the range, and persisting or even 

expanding in the northern part of the range (Kueppers et al. 2005). Lenoir et al. (2008), 

observed similar trends in Europe of a general increase in optimal elevation of plant 

species over time, which follows a pattern of increasingly extreme temperature 

anomalies. While this thesis addresses localized geographic patterns, models like the ones 

mentioned above could be employed in larger-scale studies of valley oak recruitment.  

Gaps in Research 

Most oak research is short-term (1-2 years), so we know very little about long-

term phenomena associated with the biogeography of the species (Tyler et al. 2006). 

There is a need for long-term studies to address the recruitment problem, as “recruitment 

patterns of these long-lived species are likely to become apparent only after several 

decades” (Seabloom et al. 2009, p. 1363). A study by Bernhardt and Swiecki (1991) is 
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one of the few that has monitored survivorship over a longer period (6 years). One 

method that may shed light on long-term demographic patterns is dendrochronology.  

There is a wealth of knowledge about oak ecology, especially concerning habitats 

in Central California. Some researchers have chosen different routes to address the oak 

recruitment problem yet a consensus seems to be lacking as to what is really driving the 

lack of recruitment, and how to best conserve the dwindling oak populations. While most 

of the research has been conducted using blue oak, much of the information can be 

applied to valley oak. The southernmost populations of valley oak are found in the Santa 

Monica Mountains, and these peripheral populations could be a source of genetic 

variability that is important for environmental adaptations. 

The majority of valley oak research has been conducted in Northern and Central 

California, however very little has been done in the southern extent of the species’ range. 

In a more recent paper, Tyler, et al. (2008) call for more long-term, large-scale studies 

that look at valley oak at the regional scale, and in geographic locations that are 

underrepresented in valley oak literature. Most research on valley oak has been 

conducted on University of California Reserves, especially in the Bay Area and Central 

Coast of California, and there is a significant gap in knowledge about what is happening 

in the Southern California populations (Tyler et al. 2006). The southernmost populations 

of valley oak are found in the Santa Monica Mountains of Los Angeles County, and the 

nearby “Cheeseboro Canyon contains one of the last undisturbed examples of valley oak 

savanna in Los Angeles County" (Pavlik et al. 1991, p. 158).  
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There is value of conserving populations that are locally rare, even if they are 

common in other places (Leppig and White 2006). The valley oak woodland and savanna 

habitats have been so severely degraded by human use that the trees are on their way to 

becoming a rarity; even if their populations are more robust in the north, there is still an 

urgency in protecting the populations on the southern periphery of the range. Peripheral 

populations possess unique qualities that necessitate their conservation: they “tend to 

exhibit lower and more variable densities and are more fragmented than central 

populations in a species range,” and their genetic isolation can give way to new 

evolutionarily advantageous traits (Leppig and White 2006). Further, valley oak 

populations in southern California possess three attributes that warrant their 

conservational significance: geographic isolation, environmental distinctiveness, and 

intrinsic human value (Leppig and White 2006).  This study aims to satisfy that research 

gap by focusing on the species’ southernmost populations, those in the Santa Monica 

Mountains.  

Study Area 

The two study sites, located approximately 4 km apart, are located on the north 

slope and foothills of the Santa Monica Mountains, within the Santa Monica Mountains 

National Recreation Area (SMMNRA), a 23,185-ha recreation area in southwestern Los 

Angeles County which is owned and managed by the National Park Service. Although 

few studies have focused on valley oak populations in Southern California, there has been 

at least one study from the 1980s that provides baseline population structure data for four 

sites in the Santa Monica Mountains, including Cheeseboro Canyon and Paramount 
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Ranch (Thomas 1987). The study identifies patterns of insufficient recruitment, 

particularly in Cheeseboro Canyon (Thomas 1987). Two sites representing the 

southernmost populations of valley oak in California, Cheeseboro Canyon (CHE) and 

Paramount Ranch (PAR), were chosen based upon prior valley oak mapping work done 

by Dr. James Hayes at California State University, Northridge (Hayes, 2013; Figure 2).  

The climate at Cheeseboro Canyon and Paramount Ranch are representative of 

the region, and are characterized as Mediterranean with winter mean temperatures 

ranging from 8° to 21° C, and summer mean temperatures ranging from 9° to 28° C 

(Prism Climate Group, 2011). Summertime highs in the canyons can regularly approach 

and exceed 37° C, and morning frosts are not uncommon in winter. Average annual 

precipitation is approximately 43 cm, falling primarily from November to March with 

January and February being the wettest months (NCDC 2002).  Temperatures range from 

a January mean of 11.4° C to a July mean of 22.6° C (NCDC 2002).   

Soils at PAR tend to be loamy, overlaying relatively shallow bedrock. Data on 

soils occurring at each site was acquired from SSURGO (Soil Survey Staff 2013), and is 

described in Table 1 and shown in Figure 3.  

 

Table 1. Soils found at the study sites within the Santa Monica Mountains, CA.  

Map 
Unit 

Symbol 
Map Unit Name Description 

Study Site Where 
Soil Occurs 

200 

Cumulic 
Haploxerolls, 0 
to 9 percent 
slopes 

A well-drained soil that typically occurs on inset fans 
in mountain valleys and canyon; 10 – 900 feet; 
alluvium from parent material consisting of volcanic 
and sedimentary rock. Depth to water table is greater 
than 80 inches. Available water capacity is moderate. 

CHE 
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Table 1. Soils found at the study sites within the Santa Monica Mountains, CA.  

Map 
Unit 

Symbol 
Map Unit Name Description 

Study Site Where 
Soil Occurs 

202 

Fluvaquents-
Riverwash 
complex, 0 to 5 
percent slopes 

A well-drained soil that typically occurs on floodplains 
in mountain valleys and canyon; 700 – 1,900 feet; 
alluvium from parent material consisting of sandstone 
and shale. Depth to water table is 6 to 18 inches. 
Available water capacity is low. 

PAR 

241 

Cotharin-Rock 
outcrop-Tongva 
complex, 30 to 
75 percent slopes 

A well-drained soil that typically occurs in hills and 
mountains; 800 – 1,400 feet; colluvium and/or 
residuum weathered from andesite. Depth to water 
table is greater than 80 inches. Available water 
capacity is very low. 

PAR 

311 

Gaviota-Rock 
outcrop 
association, 50 to 
100 percent 
slopes 

A somewhat excessively well-drained soil that 
typically occurs in hills and mountains; 1,200 – 2,400 
feet; residuum weathered from sandstone. Depth to 
water table is greater than 80 inches. Available water 
capacity is very low. 

PAR 

330 

Linne-Los Osos-
Haploxerepts 
association, 30 to 
75 percent slopes 

A well-drained soil that typically occurs in hills and 
badlands; 800 – 1,700 feet; residuum weathered from 
shale. Depth to water table is greater than 80 inches. 
Available water capacity is low. 

CHE 

332 
Linne silty clay 
loam, 9 to 15 
percent slopes 

A well-drained soil that typically occurs in hills; 800 – 
1,200 feet; residuum weathered from shale. Depth to 
water table is greater than 80 inches. Available water 
capacity is low.  

CHE 
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Figure 2. Location of study sites, Paramount Ranch (PAR) and Cheeseboro Canyon (CHE), Los 

Angeles County. Green areas represent National Park Service lands.  
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Figure 3. Soils occurring at Paramount Ranch (PAR) and Cheeseboro Canyon (CHE), Los 

Angeles County (SSURGO, NRCS, 2012). Study areas are outlined in yellow.  



 

21 

 

Paramount Ranch (PAR) 

Boundaries of Study Area: Paramount Ranch is located in the Santa Monica Mountains 

National Recreation Area and is managed by the National Park Service (NPS). The study 

area within Paramount Ranch lies 2.9 km south of CA Highway 101 and covers 22.4 

hectares (Figure 4). The study site is bordered to the east by Madera Creek, and to all 

other sides by chaparral scrub habitat along the uplands. 

Surface Hydrology: Medea Creek, which once flowed only intermittently, is now a 

perennial water source due to run off from upstream development to the north. Due to 

this increase in flow, a riparian woodland community comprised primarily of willows, 

walnut trees, and cattails has developed along the creek over the last 20 years.  Oak 

woodland communities are located near the streams and are dominated by live oak 

(Quercus agrifolia), scrub oak (Q. berberidifolia), and valley oak (Q. lobata).   

History and Culture of the Site: During the 1800s, Paramount Ranch was a part of the 

Rancho Las Virgenes, where the land was used mainly for grazing. From 1927 to the 

mid-1950s, Paramount Ranch was owned by Paramount Studios, who used the area as a 

filming backdrop for a variety of their television shows and movies (NPS, 2012). The 

rolling oak savannah and woodland that lie to the west of Madera Creek, and are included 

in the study area, have been used to recreate various Western landscapes in film. In 1980, 

the National Park Service began managing Paramount Ranch as part of the Santa Monica 

Mountains National Recreation Area (NPS 2012).  Grazing in the area ended in the late 

1970s.  In 1980, the NPS established a seven-acre valley oak restoration area on the site 
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of an old parking lot, adjacent to but not included in the study area for this thesis 

(Thomas 1987). 

 

Figure 4. Paramount Ranch (PAR) study site (yellow). Map indicates Medea Creek and 

associated tributaries (blue) throughout the site. The western town is a popular visitor attraction.  
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Cheeseboro Canyon (CHE) 

Boundaries of Study Area: The study area within Cheeseboro Canyon covers 40.1 

hectares. It is located approximately 1.2 km north of CA Highway 101, and is bordered 

along the western edge by Chesebro Canyon Road (Figure 5). The Calabasas landfill is 

located approximately 0.8 km to the east of the study site. Cheeseboro Canyon trail 

borders the study site along the northern boundary. The southern border of the site runs 

along the grassland-upland chaparral interface.  

Surface Hydrology: The study site is located at the southern end of a long, narrow north-

south oriented valley and is part of the Malibu Creek Watershed. Cheeseboro Creek is a 

perennial stream that flows south through the valley, toward the 19
th

-century ranch 

buildings that lie on the eastern boundary of the study site (Brown, undated). An 

intermittent tributary of Cheeseboro Creek runs westward through the study site, 

supporting a rich riparian community. Valley oak savannah covers the rolling hills 

throughout the open areas of the study site, and denser oak and sycamore woodland occur 

nearer to the streambed.  

History and Culture of the Site: Shortly after 1800, mission cattle began grazing in 

Cheeseboro Canyon and the surrounding area. The native perennial grasses were not 

adapted to heavy grazing and were replaced by escaped cultivars and annual grasses, such 

as mustard, oats, and foxtail (Brown, undated). Grazing activities went on until 1985 

when the land went under the management of the National Park Service as part of the 

Santa Monica Mountains National Recreation Area (Brown, undated).  
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Figure 5. Cheeseboro Canyon (CHE) study site (yellow). Map indicates the ephemeral stream and 

associated tributaries (blue) throughout the site. 
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Section A: Spatial Patterns of Valley Oak 

Rationale/Hypotheses 

While seedlings are relatively infrequent in established valley oak woodlands, 

saplings that have survived to become recruited into the adult population are even more 

rare (Davis et al 2011). The dynamics that affect the distribution of acorns and seedlings 

play an important role in the ultimate distribution of trees in a population, and 

environmental factors influence the survival of seedlings into saplings and recruitment 

patterns exhibited on a landscape. A goal of this study is to explore the local factors 

associated with recruitment into the adult population. There are many qualities about a 

microsite that can affect the probability that a valley oak seedling will be recruited into 

the next generation of adult trees. A basic tenet of biogeography states that plant 

distributions are dictated by “climate, soil, fire, drainage, man (and) animals” (Mather 

and Yashioka 1968). It has been thought that saplings will cluster around microhabitats 

that enhance soil moisture availability (McLaughlin and Zavaleta 2012). It is 

hypothesized that areas within each site with better moisture conditions will have greater 

recruitment. This section aims to analyze the spatial relationships between valley oak 

sapling and adults in relation to environmental factors that may influence the survival of 

valley oak in the Santa Monica Mountains. 
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Methodology and Analysis  

The mapping methodology was consistent between both sites, and was performed 

during the summer of 2009. All valley oak individuals with a diameter at breast height 

(DBH) greater than or equal to 1 cm were mapped using a Garmin GeoXH GPS unit 

(average accuracy 30 cm) (Hayes, 2013). Each tree was given a unique identifying 

number, and DBH and topographic position were recorded. The topographic positions 

were categorized following Ruhe and Walker (1968): (1) flat or low slope in a floodplain 

or riparian zone; (2) flat or low slope in swales or plateaus among hills, i.e. savanna; (3) 

hillsides with moderate to high slope, regardless of aspect; and (4) hill tops or ridges.  

The size at which a valley oak seedling becomes a sapling is defined rather arbitrarily 

and varies among researchers. For the purposes of this analysis, trees smaller than 10 cm 

DBH were categorized as saplings, and trees larger than 10 cm DBH were considered 

adults. Some analyses were performed by distinguishing each age group (saplings and 

adults) and some were performed for the dataset as a whole.  

Size Distribution – For each site, a histogram of trees by size (DBH) was created, and 

the distribution was analyzed for normality. Descriptive statistics were used to calculate 

the skew and kurtosis of the size distribution. The sapling:adult ratio was used to gain an 

overall idea of the age structure at each site.  

Spatial Distribution by Topographic Position – The number of individiauls found on 

each of the four topographic positions at each site was measured. Leven’s test was used 

to analyze the variance in stems per topographic position. The proportion of stems in 

each class was calculated for 3 groups at each site: (1) all stems combined, (2) adult 
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stems only (DBH ≥ 10 cm), and (3) saplings only (1 ≤ DBH <10 cm).  The proportion of 

each stem group in a topographic position class was compared with the proportion of the 

study site occupied by that class.  If valley oak establishment patterns followed a 

completely random pattern, then the expected proportion of stems in a topographic 

position class would be approximately equal to the proportion of the study area occupied 

by that class. While valley oak is not expected to establish randomly and independent of 

topographic position, comparing stem distribution to relative area of available habitat can 

shed light on site-scale factors that lead to observed variations from site to site, helping to 

rule out chance as an explanatory factor.  

Distance to Nearest Adult Tree – Using the Near tool, trees marked as “adult” were 

used as the Near features and “saplings” were the input features (ArcGIS 10.1). Average 

Nearest Neighbor among all trees at each site was calculated using the ArcMap 10.1 tool 

(ESRI 2013).  

Distance to Stream – Stream data was acquired from the National Hydrography 

Dataset (USGS 2008). At PAR, two streams were used in this analysis: Medea Creek, a 

perennial stream that supports a dense riparian habitat; and an unnamed ephemeral stream 

that joins Medea Creek on the southern end of the study site. Three streams are found 

within the CHE study site: Cheeseboro Creek, which is ephemeral and supports a riparian 

corridor, and two ephemeral unnamed streams that join Cheeseboro Creek on either end 

of the study area. The “near” tool was used to calculate the shortest Euclidean Distance 

between each tree of any size and the nearest perennial or ephemeral stream (ArcEditor 

10, ESRI 2013).  
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Results 

Size Distribution – Each site contained valley oak in a range of sizes; the sapling size 

class was most populated at Paramount Ranch (PAR), while more adults than saplings 

were found at Cheeseboro Canyon (CHE). The sapling:adult ratio at PAR was 1.12, while 

at CHE it was 0.53. CHE had greater variability in DBH compared to PAR; the 

interquartile range at CHE was 82.5 cm, while at PAR it was 44.7 cm.  

The population at PAR contained 270 individuals, or 12.05 plants per hectare. At 

PAR the median DBH was 9.2 cm, with the smallest measured valley oak saplings with 

DBH of 1cm ranging up to the largest tree with a DBH of 162 cm. The mean DBH at 

PAR was 28.93 cm, with one standard deviation of 36.07; the data are not normally 

distributed but rather are skewed heavily toward small saplings (Figure 6). Trees at PAR 

seem to consistently populate all sizes, and no gap in recruitment is apparent. Patches of 

valley oak at PAR were most dense in the southern half of the study site (Figure 7).  

The CHE site contained 198 individuals, or 4.94 plants per hectare. More large trees 

with a DBH greater than 110 cm were found at CHE with a maximum DBH of 171.2 cm; 

the median DBH was 54.40 cm (Figure 6). The mean DBH at CHE was 52.22 cm, with 

one standard deviation of 45.17; the data are not normally distributed, but are slightly 

skewed toward smaller saplings. The CHE population exhibited a bimodal distribution in 

size classes, with a noticeable lack of individuals with a DBH of 20-50 cm. This site also 

exhibited a distinct peak in trees 80 – 100 cm DBH. Saplings at CHE were primarily 

concentrated in the western third of the study site, with adults scattered throughout the 

rest of the site (Figure 8). 
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Figure 7. All valley oaks by size class, sapling (green dot) or adult (purple dot), at Paramount 

Ranch (PAR) (yellow). Map indicates the ephemeral stream and associated tributaries (blue) 

throughout the site. 

 



 

31 

 

 

Figure 8. All valley oaks by size class, sapling (green dot) or adult (purple dot), at Cheeseboro 

Canyon (CHE) (yellow). Map indicates the ephemeral stream and associated tributaries (blue) 

throughout the site. 
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Spatial Distribution by Topographic Position – Valley oak was found on 4 topographic 

positions: floodplain bottoms, savannas, slopes/hillsides, and on hilltops and ridges, 

however the size and spatial distribution of trees in each type of topographic position 

varied among sites (Figure 9). Few trees were found on the dry expanses of savanna or on 

hilltops and ridges, especially at CHE.  

While oak savannas are formed on low rolling hills, they tend to be located further 

from streams than trees in other topographic positions. Leven’s test (median) shows 

F=5.26549; p=0.00152, signifying that the variance between the four topographic 

position groups is unequal, thereby making use of the T-test and ANOVA inappropriate. 

Floodplains, especially those along the western side of PAR, tended to be full of valley 

oaks, and flanked by steep slopes also inhabited by valley oak (Figure 10). This spatial 

pattern was also observed at CHE, with many trees occurring in the floodplain along the 

stream, followed by trees on the adjacent slopes, and finally those further out on the flat 

savannas (Figure 11). Fourteen trees were found on hilltops at PAR, while only one tree 

was found on a hilltop at CHE.  

The mean size of trees occupying each topographic position varied among sites 

(Figure 12). Trees on the slopes and savannas of CHE were significantly larger than those 

found at other topographic positions. Leven’s test (median) shows F=6.00921; 

p=0.00062, therefore the variance among topographic position groups is unequal and t-

test and ANOVA is inappropriate to use. The mean DBH for trees found at both of these 

positions at CHE fell within the adult size class (above 50 cm). Trees at these same 

positions at PAR tended to be much smaller; with the mean DBH between 10 and 25 cm, 
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slopes and savannas at PAR tended to be occupied by seedlings and saplings. The mean 

sizes of trees in floodplains and on hilltops were roughly the same among PAR and CHE, 

approximately 40 cm in DBH.  

At PAR, saplings were found on all four topographic positions (Figure 13). The 

greatest numbers of saplings and adults were found on slopes.  Saplings at PAR occurred 

in similarly low numbers among floodplain bottoms, savannas, and hilltops. At CHE, 

saplings were only found in floodplain bottoms (Figure 14). Adults at CHE were found 

on all four topographic positions: in high numbers on slopes and in floodplain bottoms, 

and in lower numbers in savannas and hilltops. Floodplain bottoms, where the majority of 

valley oak of any size was found, contained a relatively low number of saplings when 

compared to how many adults occurred in the same area at CHE.  
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Figure 10. All valley oaks by topographic position: Floodplain (blue), Savanna (green), Slopes 

(orange), and Hilltops and ridges (red) at Paramount Ranch (PAR) (yellow). Background shows 

slope of area, indicated by degrees slope.  
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Figure 11. All valley oaks by topographic position: Floodplain (blue), Savanna (green), Slopes 

(orange), and Hilltops and ridges (red) at Cheeseboro Canyon (CHE) (yellow). Background 

shows slope of area, indicated by degrees slope.  
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Distance to Nearest Stream – Valley oak trees at both sites were located up to a 

maximum distance of 300m from a stream (Figure 15). At PAR, saplings were found 

throughout a wide range of distances to a stream, from right next to one (1m) up to 

almost 300m away. The median distance that saplings occurred relative to a stream at 

PAR was 59.04 m, with a 25
th

-percentile of 39.91 m, and a 75
th

-percentile of 90.06 m. 

Similarly, adults at PAR were found at a median distance of 56.24 m, with a 25
th

-

percentile of 30.60 m, and a 75
th

-percentile of 78.16 m. At CHE, saplings were only 

found near streams; the median distance a sapling was found from a stream was 45.99 m, 

with a 25
th

-percentile of 39.05 m, and a 75
th

-percentile of 55.56 m. The adult trees at 

CHE, however, were found at a wider range of distances; the median distance adults 

occurred at CHE was 58.37 m, with a 25
th

-percentile of 27.77 m, and a 75
th

-percentile of 

102.86 m. At distances greater than 100m, the smallest trees that were found at CHE 

were adults with a DBH of at least 40cm. The largest trees at CHE, those with DBH 

greater than 140cm, were found relatively close to the streams.  

Trees at PAR were located generally nearer to a stream than trees at CHE (Figure 16). 

As expected by the definition of the topographic position, trees that occurred along 

floodplain bottoms were located closer to a stream than in any other topographic position. 

The trees found on savannas tended to be further from streams at CHE than at PAR. 

Slopes and hilltops were intermediately distanced from streams, occuring further away 

from streams than floodplains but nearer to streams than savannas.  

Distance to Nearest Adult – Valley oak saplings at CHE were found, on average, further 

from the nearest adult tree than those at PAR.  The median distance to nearest adult at 
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PAR was 12.18 m, with a 25
th

-percentile of 5.50 m, and a 75
th

-percentile of 20.73 m; the 

data are not normally distributed. The median distance to nearest adult at CHE was 15.36 

m, with a 25
th

-percentile of 10.31 m, and a 75
th

-percentile of 24.99 m; the data are not 

normally distributed.  
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Section B: Dendrochronological Analysis of Juvenile Valley Oak 

Rationale/Hypotheses 

Some environmental characteristics that may influence recruitment vary over time, 

and it would be valuable to determine if there has been a period of time when certain 

environmental factors may have suppressed valley oak recruitment at these sites. 

Dendrochronological methods were used to determine the approximate recruitment dates 

for a sample of valley oak trees with a DBH less than 50 cm at each site. It is 

hypothesized that individuals of similar size (DBH) were recruited at the same time.  

 

Methodology and Analysis 

An increment borer was used to extract cores at both sites (Stokes and Smiley 1968). 

Trees cored were at least 3 cm in DBH. Core samples were collected from randomly 

selected valley oak trees at Paramount Ranch in the springs and summers of 2010 and 

2011. Cores were collected from Cheeseboro Canyon during the spring and summer of 

2011; all saplings with a DBH of 3 cm or greater were sampled within the study area. 

Cores were stored in paper straws and placed in a drying oven at 60 degrees C for 24 

hours. Valley oak is susceptible to heart rot with age and thus do not allow for reliable 

core dates to be extracted when their trunks reach a DBH of approximately 50 cm. Trees 

larger than 50 cm DBH were not sampled.  

Out of 27 trees cored at PAR, 21 trees produced measureable recruitment dates. At 

CHE, a total of 34 trees were cored, and recruitment dates were recovered from 16 trees. 
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One reason that a core sample may not have resulted in a recruitment date was if the 

cores did not hit the pith of the tree. The pith is needed to accurately estimate the year 

that the individual reached the core height. To ensure that a dateable core was obtained, 

two to four core samples were collected from a given tree, and the sample that included 

wood closest to the pith was used to attain a recruitment year. If, after four samples were 

taken, no cores satisfactorily included part of the pith, sampling resumed on another 

individual so as to limit excess damage to the tree. 

The cores were dried in a drying oven for at least 24 hours and mounted in wooden 

core mounts. They were then sanded and polished to create a smooth surface conducive 

to viewing the wood anatomy. Skeleton plots were created by first examining each 

specimen under a microscope and noting the “narrowness” of each individual ring on a 

piece of graph paper (Speer 2010). The date of the outermost ring of the core corresponds 

to the year in which the sample was collected, while the innermost ring, or the pith, 

corresponds to the earliest year represented or the year in which the tree reached coring 

height.  All trees were sampled at a point on the tree approximately 60 cm above the 

ground, at a height where the pith would have begun to grow when the tree had been 

recruited. The date of recruitment was determined by counting rings from the outside ring 

to the pith and crossdating the pith of each core with the others in the site sample. 
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To determine if there were any temporal patterns in recruitment, Poisson analysis was 

performed on estimated recruitment dates for both PAR and CHE. Poisson analysis 

enables comparison between an observed distribution (actual number of recruits per year) 

and a random distribution (expected number of recruits per year if the distribution is 

generated by a random process (i.e. a Poisson process). If annual recruitment was 

occurring randomly, then every year there would be an equal probability of recruitment 

occurring.  Furthermore, strong evidence of randomness in the observed variables 

suggests a greater likelihood that this pattern is being influenced by multiple interacting 

factors rather than a single factor.  

 

Results 

The largest tree cored at PAR that produced a reliable recruitment date was 28.7 cm 

DBH (n=21). The cores showed that recruitment of cored trees at PAR occurred from 

1976 to 2001. At CHE, the largest cored tree that produced a reliable recruitment date 

was 19 cm DBH (n=16). The cores showed that recruitment of cored trees at CHE 

occurred from 1994 to 2001. It is important to note that the recruitment events reported 
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here represent a sub-sample of trees (47% at CHE, and 75% at PAR) that were cored in 

the field. Not all cored trees resulted in reliable recruitment dates and these trees were not 

used in the analysis.   

Some years exhibited a higher number of recruitment occurrences than others (Figure 

17). At PAR, the greatest number of trees to be recruited in a single year occurred in 

1995, but other minor recruitment events occurred periodically throughout the 1980s until 

2001 (Figure 18). The year 1998 was another year when many trees were recruited. 

Poisson analysis of the frequency of recruitment events per year indicates a pattern fairly 

close to what would be expected in a random situation (Figure 19). Reliable recruitment 

dates were obtained from tree cores located broadly across the PAR site where most 

valley oak are found. 



 

48 

 

 

 



 

49 

 

 

Figure 18. Estimated recruitment dates of valley oaks at Paramount Ranch (PAR) (yellow). Size 

of green dot indicates size of cored tree, by DBH (cm).  
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With the exception of two valley oak located toward the interior of the site, all of the 

core samples that produced reliable recruitment dates at CHE were located along the 

western edge of the study site and adjacent to Chesebro Road (Figure 20). The core 

samples showed that recruitment of cored trees at CHE occurred from 1994 to 2001. It 

should be noted that the recruitment year did not significantly correlate to the size of a 

tree; the earliest recruit from 1994 had a DBH of 6 cm, while a tree recruited more 

recently in 1998 had a DBH of 19 cm (Figure 21). This is likely a result of the microsite 

characteristics influencing growth patterns.  

There appears to be one major and two smaller recruitment events within this sample 

set at CHE. For example, 1997 and 1998 were particularly good years for recruitment at 

CHE, while only one core recorded a recruitment date earlier than 1997 (1994). Poisson 

analysis of the frequency of recruitment events per year suggests a pattern different from 

what would be expected in a random situation, with various isolated periods of relatively 

higher recruitment surrounded by periods of little to none (Figure 22). Due to the small 

sample size, Pearson’s chi square test, commonly used to compare the expected versus 

observed frequencies of events, is not appropriate for this dataset.  

In relation to topographic position, all 16 recruitment events observed at CHE 

occurred in areas with flat topography near floodplain bottoms, while recruitment at PAR 

was observed at all topographic positions (Figure 23). At PAR, the greatest number of 

recruits was observed on hillsides (13), with three trees being recruited each on 

floodplains and hilltop, and only one recruitment event occurring in the savanna.  
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Figure 20. Estimated recruitment dates of valley oaks at Cheeseboro Canyon (CHE) (yellow). 

Size of green dot indicates size of cored tree, by DBH (cm).   
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Discussion 

 My results support the conclusion that the regeneration and recruitment patterns 

are quite different at the two sites. The size distribution of trees at both sites were not 

normally distributed, and were skewed toward smaller trees, however the PAR 

population was more uniform relative to the CHE population. Both sites still contained 

many adults but the largest adult trees at PAR were not as large as those at CHE. The size 

classes and sapling:adult ratios indicate a larger gap in recruitment at CHE than at PAR, 

particularly in trees 20-50 cm DBH. This suggests that, like many sites throughout 

California, CHE has experienced a period of time where little-to-no recruitment has 

occurred (Zavaleta et al. 2007).  

CHE may be a drier site, as evidenced by the topographically-restricted pattern of 

sapling distribution along floodplains near streams. Within drier sites, any areas with 

relatively more mesic conditions have been positively associated with greater recruitment 

(Borchert et al. 1989). Conversely, saplings at PAR are found on all topographic classes 

and while many oaks were located close to a stream, others were also located far from 

streams suggesting that suitable soil moisture may not be confined to areas in direct 

proximity to surficial water sources; PAR may be an overall wetter site than CHE.  

The location of the streams in relation to nearby topography likely influenced the 

results of this study. At PAR, both Medea Creek and the unnamed ephemeral stream are 

bordered by slopes/hillsides on at least one side, while the streams at CHE are bordered 

by relatively flat floodplain expanses. This confounds the topographic position results, 

because valley oak at PAR may be present on hillsides predominantly because those 
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slopes are stream-adjacent. The presence of a nearby stream may serve to increase the 

soil moisture conditions on slopes at PAR, possibly due to a high water table associated 

with the perennial stream. Valley oak were found on a variety of topographic positions 

throughout PAR, though, implying that all types of topographic position at the site are 

suitable for sapling survival. In this case, analysis of recruitment by topographic position 

should be done within the hydrological context of the site.  

National Park Service staff has noted that, since the 1980s, runoff from residential 

developments north of PAR has increased water flow in Medea Creek, converting it from 

an ephemeral stream to a perennial stream lined with dense willow-riparian habitat. This 

anthropogenic alteration may be influencing the soil moisture availability throughout the 

study site, raising the water table and thereby creating an artificially wetter habitat that 

encourages valley oak recruitment. By contrast, the water flowing through Cheeseboro 

Creek and its adjoining streams in the CHE study area remain ephemeral sources of 

water, likely due to less development upstream of Cheeseboro Creek compared to Medea 

Creek. The widespread occurrences of non-native forbs and grasses at CHE, likely a 

result of the site’s recent grazing history, may have further altered the soil moisture 

regime, creating drier conditions in all areas except for those directly adjacent to the 

streambed. It should also be noted that a paved road borders the western edge of CHE, 

along which there is a dense clump of valley oak saplings. While not a water source in 

the form of a stream or channel, runoff from this paved road may act as an anthropogenic 

source of water for the saplings that have been recruited nearby.  
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 Large adult oaks that are reproductively-mature are a seed-source; however, the 

spatial pattern of saplings at CHE does not follow the spatial pattern of adults (and thus 

seed sources) on the landscape; suggesting an spatially-heterogeneous moisture regime 

that has restricted saplings to only survive near surficial sources of water. This is 

evidenced by the clusters of saplings at the southern end of CHE, which are relatively far 

from the nearest adult tree, but adjacent to a paved road. In this case, the microhabitat in 

this location is likely more favorable than further away from the road, and thus nearer to 

the closest adult tree. Ground squirrel and gophers are active throughout the site, which 

may explain the distance that seeds seem to travel away from their seed sources. It may 

be that valley oak seeds are randomly, or evenly dispersed throughout the landscape, but 

the microclimate of the deposition site plays a dominant role in successful recruitment.  

Microclimate likely plays an equally important role in recruitment success at 

PAR; however microclimate and proximity to nearest adult are not as easily decoupled at 

that site. Saplings were not as clumped together as they were at CHE, and their 

distribution more closely resembles that of the adult trees. This suggests that seed source, 

as well as microclimate suitability, is more homogeneous at PAR.  

At CHE, adults, but not saplings, occur away from streams, which suggests that at 

the time of their recruitment, conditions may have been wetter and more conducive to 

recruitment than at present. Due to heartrot the large adults at CHE were not cored, 

however they are estimated to be at least 100 years old. This could be a result of changes 

in land use practices, such as grazing, as CHE was more recently grazed than PAR. The 
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introduction of non-native grasses and forbs as a result of decades of grazing at CHE may 

also have altered the natural soil moisture regime in areas that are not adjacent to streams.   

Temporally, recruitment at PAR indicated a more random pattern than at CHE. 

This suggests that over the last 30 years, annual recruitment is more evenly distributed at 

Paramount than at Cheeseboro. The inter-annual probability that some recruitment will 

take place is more variable at CHE than at PAR. This also implies that valley oak 

juveniles at CHE may be more sensitive to climatic extremes, like drought or heat waves, 

because there is a less dependable moisture source, thereby only producing successful 

recruits in very good years. In light of climate change models indicating an increase in 

extreme climatic events, years with promising recruitment at CHE may become fewer 

and more far between (McLaughlin and Zavaleta 2012).  

The results of this study suggest potential shifts in the landscape-scale pattern of 

stem distribution toward cooler and wetter topographic positions. Such a shift would be 

expected based on forecasts of spatial shifts in the climatic envelope for valley oak under 

future climate scenarios (Kueppers et al. 2005). The results presented here, along with 

previous research, suggest that valley oak regeneration dynamics may also be highly 

influenced by site-specific factors and that demographic parameters are not consistant 

between sites or habitat types.  

 



 

60 

 

Conclusions 

Valley oak is a long-lived species with juvenile life stages that are known to be 

sensitive to variations in climatic conditions. This study aimed to identify spatial and 

temporal patterns in valley oak to assess the potential restrictions to recruitment at two 

sites in the Santa Monica Mountains. The difference in recruitment patterns between the 

sites demonstrates the complexity of valley oak population dynamics. If sites that are 

relatively geographically near one another, as CHE and PAR are, vary this substantially 

in the successful annual recruitment of valley oaks, it can be inferred that similar 

heterogeneity exists among sites throughout the species’ range. This highlights the value 

in studying this species throughout California, and also emphasizes the importance of 

modifying management techniques in concert with local needs. 

In an effort to boost recruitment, land managers have used a variety of methods to 

protect young seedlings from the elements. Caging seedlings has proven to be an 

effective method for protecting seedlings from browsing. There are multiple sources of 

experimental evidence for the removal of exotic annual grasses and forbs as a successful 

method for decreasing the water deficit (Bernhardt and Swiecki 1991; Callaway 1992b). 

One method of applying one meter-tall plastic tubes over the growing seedlings has been 

found to be effective with blue oak (Q. douglasii), which protects the seedling from 

grazers (Adams et al.1992). Mulching has also been found to have a positive effect on 

soil moisture and the success of seedling establishment (Bernhardt and Swiecki 1991; 

McCreary et al. 2011).  
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Land use limitations may be leading to promising patterns in valley oak 

recruitment. Reserves are seven times more likely to have regeneration occurring there, 

most likely as a result of limited grazing and human activity, which may lead to improved 

environmental conditions conducive to seedling survival (Zavaleta et al. 2007). Research 

done by Seabloom et al. (2009) similarly found high levels of recruitment on a reserve 

that had not been grazed for the past 70 years.   

One novel technique that may be used for identifying promising sites for future 

restoration efforts includes a model developed by Dyer (2009) to assess the landscape in 

the context of its water budget. This model, and others like it, is based on well-

established methods for estimating water surplus and deficit - a major environmental 

constraint – by incorporating factors such as solar radiation, precipitation, temperature, 

and soil moisture properties to calculate potential and actual evapotranspiration rates.  

The model thus reveals spatial patterns of water stress and surplus to allow for more 

informed interpretations of valley oak seedling distributions (Dyer 2009). While the scale 

of this project was too small for this model to show definitive patterns in 

evapotranspiration on the landscape, perhaps it could be used to identify restoration sites 

statewide or across the entire Santa Monica Mountains region.  

Whipple et al. (2011) suggest methods for restoration in the midst of the current 

urban and agricultural landscape that has replaced the natural habitat. They suggest 

planting valley oak in neighborhoods and urban areas to create more genetic connectivity 

for the species’ isolated populations. One local not-for-profit group, Million Trees LA, 
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encourages Los Angeles citizens to get involved in planting native trees throughout the 

urban and suburban areas of the city.  

The Santa Monica Mountains Conservancy is particularly interested in conserving 

the valley oak woodlands that occur in these mountains, and more information on the 

dynamics of the southernmost populations would help them manage what is left of the 

habitat. McShea and Healy (2002) offer steps for better management of oak woodlands, 

including: assessment of current stand structure; evaluation of the health and vigor of 

existing trees; and determining the number of seedlings and saplings. These are three 

goals that could be addressed to determine the biogeographical dynamics and recruitment 

status of Southern Californian valley oak populations. 

Overall, PAR exhibits better recruitment patterns than are currently observed at 

CHE, which may be linked to the increase in surface water in the adjacent stream at PAR 

due to upstream development. With climate change research pointing to a future of 

warmer, drier weather and more unreliable annual rainfall, sites with increased surface 

water – even if it is an anthropogenic source of water – may provide areas where allow 

valley oak can continue to thrive. The history of extensive grazing and other land use at 

CHE may have created an unnatural soil moisture situation that, over time, the valley oak 

population has not been able to keep up with. As a result of this study, a suggestion to 

land managers of CHE could be to possibly increase the stream flow through Cheeseboro 

Creek with runoff from nearby developments.  

This study uses presence as a proxy for the health of an existing tree, and of the 

suitability of a site for valley oak recruitment. A potential future study assessing the 
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actual soil hydrological characteristics throughout the sites would shed light on the actual 

conditions that valley oaks are experiencing. Alternately, a physiological study that 

examines photosynthetic or transpiration rates of valley oak seedlings, saplings, and 

adults may help elucidate suitability of microclimate in real time.  
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