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ABSTRACT 

 

 

Biological soil crusts (BSCs) are critical components of semi-arid and arid 

landscapes worldwide. In coastal sage scrub, studies looking at BSC are limited. The 

purpose of this study was to provide a preliminary look at BSC found on the Palos 

Verdes Peninsula (PVP), to see which environmental factors are significant predictors of 

percent cover of BSC and compose a species checklist for bryophytes on the PVP. A total 

of 240 quadrats were analyzed from three study sites in the Forrestal Nature Reserve 

during the fall of 2016. An extensive survey was also conducted for BSC throughout the 

PVP to look at its distribution. Percent cover of organic litter on the soil surface, percent 

cover of loose rock on the soil surface, disturbance, and exposure were found to be 

significant predictors of percent cover of BSC on the PVP. In addition, 56 species of 

bryophytes were found on the PVP. 
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CHAPTER 1 

 

 

INTRODUCTION 

When our soils are gone, we too, must go unless  

we find some way to feed on raw rock  

Thomas C. Chamberlain  

 

Advances in soil ecology have led to a greater understanding of how important 

soil and its biotic components are to human existence and natural communities (Doran 

and Zeiss 2000). Soil provides numerous ecosystem services and contains a large amount 

of biodiversity (Ritz and Putten 2012). Soil is a complex matrix that contains both 

horizontal and vertical heterogeneity (Berg 2012). Numerous terricolous organisms 

exploit this heterogeneous soil matrix to occupy different niches throughout and, in turn, 

ultimately affect the overall characteristics and health of soil (Doran and Zeiss 2000; Ritz 

and Putten 2012). Therefore, soil health, and the ecosystem services it provides, is 

intimately connected with the biota that dwells within it. Worldwide, the upper soil 

matrix is abundant in microorganisms and it is here that a large range of ecosystem 

functions and services are performed (Ritz and Putten 2012).  

Occupying the soil surface between vegetation in semi-arid and arid lands 

worldwide is a microworld that is comprised of highly specialized and unrelated 

terricolous organisms (Belnap et al. 2001a; Belnap et al. 2001b; Rosentreter et al. 2007). 

These terricolous organisms interact with each other and the soil particles to create a 

complex community that ultimately consolidates and transforms the upper portions of the 

soil matrix into a living cover known as biological soil crust (BSC) (Belnap et al. 2001a; 
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Belnap et al. 2001b; Rosentreter et al. 2007). BSC contains diverse taxa and is usually 

composed, in varying proportions, of terricolous organisms such as cyanobacteria, algae, 

microfungi, lichens, and bryophytes (Belnap et al. 2001a; Belnap et al. 2001b). BSC is 

also home to other diverse microbes and microfauna such as microarthropods, diatoms, 

protists, and nematodes (Belnap et al. 2001a; Belnap et al. 2001e; Flechtner et al. 2008; 

Neher et al. 2009). The majority of these BSC organisms are extremely small in size and 

often overlooked (Belnap et al. 2001a).  

There are two other types of crust that can form on the soil surface: physical 

crusts and chemical crusts (Belnap et al. 2001b). These two types of crusts are often 

found on degraded soils and lack the biological component that protects the soil 

(McIntyre 1958; Belnap et al. 2001b; Cheng et al. 2008). A physical crust is created by 

raindrop or trampling impacts to the surface of the soil and is especially common on soils 

that have been intensively cultivated or on soils that have been exposed to prolonged 

grazing (McIntyre 1958; Belnap et al. 2001b; Cheng et al. 2008). This physical crust can 

harden the surface of the soil, reduce the ability of the soil to absorb water, prevent plant 

establishment, and cause the soil to erode away rapidly when disrupted (McIntyre 1958; 

Belnap et al. 2001a; Cheng et al. 2008). A chemical crust develops on soils with high salt 

content where a layer of salt is precipitated out onto the surface of the soil (SQISC 2008). 

A chemical crust also reduces the soil’s ability to absorb water and prevents plant 

establishment (Belnap et al. 2001a; SQISC 2008).  

Colonization of the upper surfaces of the soil matrix by BSC-forming organisms 

happens at varying successional stages (Belnap et al. 2001a). Over time, if soil in semi-
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arid to arid lands experiences minimal disturbances, a diverse assemblage of BSC-

forming organisms can establish and create many morphological groups (Rosentreter et 

al. 2007). Filamentous cyanobacteria such as Microcoleus sp. are often the first to 

colonize and stabilize the upper parts of the soil matrix by creating bundles of sticky, 

negatively charged exopolysaccharide sheaths that weave throughout the upper portions 

of the soil matrix binding with the positively charged soil particles; this greatly stabilizes 

the soil surface (Li et al. 2001; Belnap 2003; Belnap et al. 2008). Along with filamentous 

cyanobacteria are microfungi that through their microfungal filaments (hyphae) also aid 

in binding soil particles together and stabilizing the soil surface (States et al. 2001). 

Saprotrophic microfungi appear to be the most common in BSCs and are represented by 

genera such as Embellisia, Phoma, and Bipolaris (States et al. 2001). Single-celled 

cyanobacteria that tend to be non-mobile, such as members of the genus Nostoc, and 

terrestrial free-living algae represented mainly by coccoid genera such as Chlorococcum, 

Macrochloris, and Stichococcus, can also occupy the soil surface at these early 

successional stages and aid in further stabilization (Falchini et al. 1996; Flechtner et al. 

1998; Belnap et al. 2001a; Belnap et al. 2008).  

Once the early colonizers have stabilized the surface of the soil matrix, the 

colonization by other organisms such as lichens and bryophytes can follow (Nash et al. 

1977; Downing and Selkirk 1993; Eldridge and Tozer 1996; Belnap et al. 2001a; Belnap 

et al. 2001b; Martinez et al. 2006). Phycolichens and cyanolichens in all growth forms 

(crustose, foliose, fructose, and squamulose) are found to occur within BSCs and their 

rhizines help to further bind the soil surface particles together (Nash et al. 1977; Eldridge 
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and Tozer 1997; Belnap et al. 2001a; Rosentreter et al. 2007). Terricolous bryophyte 

components of BSCs are represented by mosses and liverworts and contain both annual 

and perennial species (Eldridge and Tozer 1996; Eldridge and Tozer 1997; Belnap et al. 

2001a; Belnap et al. 2001b; Rosentreter et al. 2007). Moss species can form large turfs or 

can be individual plants where their rhizoids also help to bind soil surface particles 

together (Richardson 1981; Belnap et al 2001c; Buck and Goffinet 2008).  

The majority of organisms that occur within BSCs are poikilohydric and are only 

metabolically active when moisture is available (Proctor et al. 2007; Proctor 2008; Luttge 

et al. 2011). These organisms can remain in a desiccated state for long periods of time 

and can become active again within a matter of minutes after receiving moisture 

(Richardson 1981; Belnap et al. 2001a; Proctor et al. 2007; Proctor 2008; Luttge et al. 

2011). They can also tolerate extreme temperatures, drought, and solar radiation when in 

the desiccated state (Luttge et al. 2011). Since these organisms are only metabolically 

active when moisture is available, growth of these organisms is slow and BSCs can be 

extremely old (> 200 yrs.) (Belnap et al. 2001a; Belnap et al. 2001b; Belnap et al. 2001f). 

It is possible that BSCs, and the organisms associated with them, might have played a 

critical role in creating suitable soil conditions that allowed for the initial colonization of 

terrestrial habitats on Earth by plants (Lipnicki and Ludwik 2015).    

BSCs have now been recognized worldwide as having a major influence on 

terrestrial ecosystems, and they can be used as an indicator of habitat health (Downing 

and Selkirk 1993; Eldridge and Greene 1994; Eldridge and Koen 1998; Belnap et al. 

2001a; Bowker et al. 2005). BSCs are found growing on many soil types. Soils 
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containing higher clay and silt content tend to have more bryophytes and lichens present, 

while soils that are more acidic and less salty tend to favor green algae (Downing and 

Selkirk 1993; Belnap et al. 2001a; Rosentreter and Belnap 2001; Martinez et al. 2006). 

Soils that are more alkaline or soils with a high salt content tend to favor cyanobacteria 

(Belnap et al. 2001a). BSCs also favor thin soil habitats, which are usually composed of 

thin soil over rock (Belnap et al. 2001a, Magney and Knudsen 2006). When BSCs 

experience different climates or disturbance regimes, or are composed of different 

organisms, the external morphology can take on different forms (Eldridge and 

Rosentreter 1999; Belnap et al. 2001b; Rosentreter et al. 2007). Four types of BSC have 

been recognized worldwide; smooth (flat), rugose, pinnacled, and rolling (Belnap et al. 

2001b). All of these types can be dark in color due to high levels of cyanobacteria and 

cyanolichens present within them (Belnap et al. 2008). Certain moss species found in 

BSC, such as Didymodon australiasae, can also contribute to the dark color of BSC 

(personal observation). Each type of BSC may comprise one or more morphological 

groups (Eldridge and Rosentreter 1999). Belnap and colleagues (2001d) define these 

morphological groups as consisting of organisms that are similar in shape and general 

appearance. Some morphological groups that can be found in BSC worldwide are 

cyanobacterial crusts, green algal crusts, bryophyte crusts, and lichen crusts (Belnap et al. 

2001b). There can also be BSC where more than one morphological group can be 

dominant such as in cyanobacteria lichen crusts and cyanobacteria lichen moss crusts 

(Belnap 1994).  
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Worldwide, BSCs provide a suite of ecosystem services and contain a high 

amount of biodiversity (Elridge and Greene 1994; Elridge and Tozer 1996; Belnap 1992; 

Belnap 2001a; Belnap 2001b; Belnap et al. 2001a; Evans and Lange 2001; Warren 

2001a; Belnap 2003). BSCs prevent erosion by stabilizing the soil surface and protect the 

soil by acting as a living shield (Warren 2001b). BSCs influence soil fertility by trapping 

sediment and adding soil nutrients (Belnap et al. 2001a; Belnap 2003, Rosentreter et al. 

2007), contributing organic matter to the soil surface (Belnap et al. 2001a), influencing 

carbon dynamics in the soil (Evans and Lange 2001; Yoshitake et al. 2010), and fixing 

atmospheric nitrogen into bio-available nitrogen (Belnap 1994; Eldridge and Greene 

1994; Belnap 2001b; Belnap 2003; Belnap et al. 2008; Zhao et al. 2010). BSCs also 

influence hydrologic properties such as reducing water velocity across the surface of the 

soil and allowing for a greater rate of absorption and retention of water in the soil matrix 

(Belnap 1992; Eldridge and Greene 1994; Belnap et al. 2001b; Belnap 2003; Rosentreter 

et al. 2007; Chamizo et al. 2012). BSCs influence soil surface temperatures, soil surface 

albedo, and the soil micro-atmosphere (Allen 2005). BSCs act as inhibitors of non-native 

plant species, and they affect vascular plant germination and survival (Lesica and Shelly 

1992; Serpe et al. 2006; Hernandez and Sandquist 2011). 

BSC establishment, functionality, recolonization, and overall longevity are 

dependent upon intensity and frequency of disturbances (Anderson et al. 1982; Belnap 

and Eldridge 2001; Hilty et al. 2004; Barger et al. 2006; Liu et al 2009; Chamizo et al. 

2012). Since the organisms that form BSCs are often minute, they can be easily smashed 

or disrupted by disturbances such as cattle grazing (Anderson et al. 1982; Beymer and 
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Klopatek 1992; Belnap et al. 2001b; Ponzetti and McCune 2001; Liu et al. 2009), foot 

traffic (Studlar 1980; Pietrasiak et al. 2011; Yan et al. 2014; Jagerbrand and Alatalo 

2015), and mountain bikes or off-road vehicles (Belnap and Eldridge 2001; Belnap 

2003). These types of disturbance can destroy BSC communities exceptionally quickly 

and allow for non-native plants to colonize the disturbed areas (Belnap and Eldridge 

2001; Hernandez and Sandquist 2011). If disturbances are chronic they can hinder BSC 

recolonization and growth as well as arrest BSCs in an early successional stage where 

only cyanobacteria might be present (Belnap et al. 2001b; Belnap and Eldridge 2001). 

Many types of disturbance that threaten BSC worldwide have been identified, including 

certain anthropogenic land uses (Belanp et al. 2001d; Belnap and Eldridge 2001; Ponzetti 

and McCune 2001), non-native grasses and other invasive species (Belnap et al. 2001f; 

Hernandez and Sandquist 2011), altered fire regimes (Johansen 2001), and climate 

change (Evans et al. 2001).      

BSCs have a worldwide distribution (Budel 2001d) and have been documented in 

Australia (Downing and Selkirk 1993; Eldridge and Tozer 1996; Eldridge and Tozer 

1997; Eldridge 2001), Spain (Martinez-Sanchez et al. 1994; Budel 2001b; Martinez et al. 

2006; Ochoa-Hueso et al. 2011; Concostrina-Zubiri et al. 2014), South America (Budel 

2001a), Asia (Budel 2001c), the Middle East (Galun and Garty 2001), Africa (Ullman 

and Budel 2001), Antarctica (Green and Broady 2001), Arctic Greenland (Hansen 2001), 

the Alps (Turk and Gartner 2001), and North America (Rosentreter and Belnap 2001). 

The factors influencing this worldwide distribution and the species composition of BSC 

communities include elevation, soil type, topography, disturbance, timing of 
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precipitation, vascular plant community structure, ecological gradients, and microhabitats 

(Belnap et al. 2001f; Concostrina-Zubiri et al. 2014). BSCs are a major component of 

many habitats within the semi-arid and arid portions of western North America (Belnap 

et al. 2001f; Rosentreter and Belnap 2001). In North America, most BSC research has 

been focused in the western portions of the United States, primarily in the Great Basin 

Desert, the Mojave Desert, and the Sonoran Desert (Ponzetti and McCune 2001; 

Rosentreter and Belnap 2001; Serpe et al. 2006; Belnap et al. 2008; Neher et al. 2009; 

Hernandez and Sandquist 2011; Hernandez and Knudsen 2012; Antoninka et al. 2015). 

Throughout North America, factors influencing the distribution and composition of BSCs 

are elevation, precipitation, temperature, soils, and vascular plant community structure 

(Belnap et al. 2001f; Rosentreter and Belnap 2001). Studies conducted in the western 

United States have indicated that BSC cover decreases with an increase in vascular plant 

cover, elevation, loose rock on the soil surface, soil depth, and soil texture (Belnap et al. 

2001f). However, more research on BSC is needed, especially from more regions and 

localities throughout the western portions of the United States to determine whether 

factors influencing the distribution and composition of BSCs are the same (Garcia-Pichel 

and Belnap 2001).   

California is a known biological hotspot and contains an exceptionally high 

diversity of species, habitats, and endemic species (Ornduff 1974; Myers et al. 2000). Its 

unique geology, topography, climate, and soils together have produced many complex 

heterogeneous landscapes throughout the state (Munz 1974; Ornduff 1974; Rundel and 

Gustafson 2005; Baldwin and Goldman 2012). Much of the ecology of these landscapes 
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and the macro-organisms that inhabit them have been studied; however, soil ecology of 

California, especially in regards to BSCs, has not been adequately explored (Rosentreter 

and Belnap 2001; Hernandez and Sandquist 2011; Hernandez and Knudsen 2012). The 

valley foothills, woodland foothills, grasslands, coastal chaparral, coastal sage scrub, and 

the maritime channel islands of California are areas where BSCs have been documented 

(Belnap 1994; Rosentreter and Belnap 2001; Magney and Knudsen 2006; Flechtner et al. 

2008; Hernandez and Sandquist 2011; Hernandez and Knudsen 2012). Many of these 

habitats are found within southern California, and the BSCs in these areas are often well 

developed, but inconspicuous and variable, across the landscape (Rosentreter and Belnap 

2001; Hernandez and Sandquist 2011; Hernandez and Knudsen 2012). Belnap and 

colleagues (2001c) state that further research on BSCs should be focused in habitats 

throughout the world that are under-studied and especially areas where anthropogenic 

impacts are destroying habitat at an alarming rate. Coastal sage scrub (CSS) is a plant 

community that is disappearing rapidly due to urban sprawl and little is known about 

BSC in this habitat (Davis et al. 1994; Riordan and Rundel 2009; Hernandez and 

Sandquist 2011; Hernandez and Knudsen 2012). CSS is composed primarily of drought 

deciduous, low-growing, soft, aromatic shrubs, and it extends along the coastal portions 

and some inland valleys of California from Ventura County to San Diego County 

(Ornduff 1974; Gray and Schlesinger 1981; Rundel and Gustafson 2005; Riordan and 

Rundel 2009). CSS can be subdivided further into a more northern form known as 

Venturan sage scrub and a more southern form known as Diegan sage scrub (Rundel and 

Gustafson 2005). In CSS and chaparral areas, late-successional rugose cyanobacteria-
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lichen-dominated crusts and late-successional rugose bryophyte crusts have been 

observed (Rosentreter and Belnap 2001; Magney and Knudsen 2006; Hernandez and 

Sandquist 2011; Hernandez and Knudsen 2012). However, research on BSC in CSS is 

limited and further research is needed (Hernandez and Sandquist 2011; Hernandez and 

Knudsen 2012). Hernandez & Sandquist (2011) examined late-successional rugose BSCs 

in CSS of Orange County and their response to disturbance. They suggested that BSCs 

act as an inhibitor of certain non-native plant species and could possibly facilitate the 

emergence of certain native plant species in CSS of Orange and Riverside counties. 

Hernandez & Knudsen (2012) found that BSCs in Orange and Riverside counties are 

extremely biodiverse and act as a critical refugium for BSC-forming lichens and mosses, 

describing five distinct late-successional BSC communities in CSS and chaparral. These 

include riversidian, spike moss, casperian, alisian, and lagunian. However, their study 

only examined BSCs of Diegan sage scrub. There is limited information on BSCs from 

Venturan sage scrub. 

The Palos Verdes Peninsula (PVP), which is located in the South Bay area of 

southern California, is known for its scenic coastline, island feel, and remnant patches of 

CSS. These CSS patches dot the landscape and provide some of the last remaining CSS 

between Orange County and the Santa Monica Mountains. The PVP’s remnant patches of 

CSS are also considered the southernmost distribution of Venturan sage scrub and a 

transition zone from Venturan to Diegan sage scrub (Westman 1981; Brylski et al. 1994). 

The remaining open spaces on the PVP also contain a suite of other native vegetation 
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types (Brylski et al. 1994; Verdone and Evens 2010). BSC can be found on the soil 

surfaces of the PVP in the spaces between and under shrubs (Fig. 1 and 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. BSC on the PVP with close-ups of what it can look like on the soil surface. 

Note: original material collected by the author of this thesis. 
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Figure 2. BSC on the PVP. Note: original material collected by the author of this  

thesis. 
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To my knowledge, there has been no effort to date to document and study BSC on 

the PVP and its presence is only mentioned in two sources. Lipman et al. (1999) briefly 

mention BSC occurring on the PVP and that research on it is needed. In the RPESBB 

(1998), BSC is again briefly mentioned as occurring on the Airport Dunes in El Segundo, 

north of the PVP. 

The purpose of this research is to provide a preliminary look at BSC found on the 

PVP as well as to see which environmental factors are significant predictors of percent 

cover of BSC. In addition, the bryophytes of the PVP were examined and a checklist was 

produced. It is hoped that this information will bring awareness to these unique biological 

resource and aid land managers in their protection. 
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CHAPTER 2 

 METHODOLOGY 

Study Region 

 
The study was conducted on the Palos Verdes Peninsula (PVP) (Fig. 3), which is 

located at the southwest tip of Los Angeles County. It falls within the South Coast 

geographic subdivision of California as defined in the second edition of the Jepson 

Manual (Baldwin and Goldman 2012).  

 

 

    

 

 

 

 

 

 

 

 

Figure 3.  The Palos Verdes Peninsula, CA, USA (N33° 46´ 15´´ W118° 22´ 40´´). Maps 

created using ArcGIS® and ArcMap™ by Esri. 

 

 

N 

https://pvpnativeplants.files.wordpress.com/2015/04/pv-peninsula2.jpg
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The PVP projects out from the Los Angeles County mainland into the Pacific 

Ocean and is about 14.5 kilometers long and 8 kilometers wide (Ehlig 1982). 

Surrounding the boundaries of the PVP is the Pacific Ocean on the south and west, the 

Los Angeles Harbor and parts of the South Bay area on the east, and the greater South 

Bay and Los Angeles metropolitan area to the north (Ehlig 1982). The climate is 

classified as semi-arid (Kauffman 2003). Rainfall and cooler temperatures are winter and 

spring dominant, while summer and fall are usually drier and warmer (Gale 1974). Due to 

its close proximity to the Pacific Ocean, the PVP also experiences thick marine layers 

throughout the year and has relatively cooler temperatures than the surrounding greater 

Los Angeles area (Gale 1974). The PVP is also unique in that it was an island during the 

early Pliocene and was connected to the mainland during the late Pleistocene to early 

Holocene (Dibblee 2000; Dibblee and Ehrenspeck 2000). Thus, much of the terrain of the 

PVP is island-like and reminiscent of nearby Catalina Island. The dominant plant 

community on the PVP is coastal sage scrub (CSS) (Brylski et al. 1994). However, due to 

the PVP’s diverse topography, soils, and climate it hosts a wide diversity of plant 

communities and vegetation types (Verdone and Evens 2010). The soil of the PVP is 

composed mostly of clay loam or gravelly clay soils (Woodring et al. 1946). 

 

Study Site 

The study was conducted in the Forrestal Nature Reserve on the PVP. The 

Forrestal Nature Reserve is a 115-acre nature reserve within the Palos Verdes Nature 

Preserve system and is managed by the Palos Verdes Peninsula Land Conservancy 

(PVPLC). This reserve contains some of the most intact portions of the native vegetation 
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in the area and is mostly dominated by CSS (FNPMP 2005). In addition, a vegetation 

mapping project conducted by the California Native Plant Society (CNPS) in 2010 

revealed that several other vegetation alliances and associations also exist within the 

Forrestal Nature Reserve (Verdone and Evens 2010).  

The Forrestal Parcel experienced mining operations that began in the 1920s and 

ceased in 1956, which altered portions of the native habitat; however, much of it 

remained undisturbed (FNPMP 2005). The geological strata that are found near the 

surface of the Forrestal Parcel are characterized by basalt volcanics and Altamira shale 

(Woodring et al. 1946; Dibblee and Ehrenspeck 2000; FNPMP 2005). The Altamira shale 

component is composed of interbedded tuff, bentonite, clayey siltstone, shale, silicious 

shale, fine grained dolomite, and minimal amounts of sandstone (Woodring et al. 1946; 

Dibblee and Ehrenspeck 2000; FNPMP 2005). The majority of the soil type in the 

Forrestal Parcel is a moderately fine clay loam that contains crystalline materials such as 

quartz, barite, and dolomite (FNPMP 2005). Many thin-soil areas are also present 

throughout the reserve (personal observation).  

 

Methods 

In September 2015, I conducted a survey for BSC throughout the Forrestal Nature 

Reserve. From visual assessment of the reserve, multiple locations were found containing 

BSC and three study sites were established (Fig. 4). These sites were selected based on 

the criterion that the ground contained significant cover of BSC (> 60%) on the soil  

surface (Beymer and Klopatek 1992; Hernandez and Sandquist 2011). The study sites are 

referred to as sites 1-3 (Fig. 4).  
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Figure 4. Forrestal Nature Reserve – study sites 1, 2, 3 (purple polygons) and other BSC 

locations (white triangles). Source: “Forrestal Nature Reserve.” 33°44´25.80´´ N and 

118°21´00.19´´ W. Google Earth. February 2, 2016. October 31, 2016. 

 

In addition, within each study site multiple study areas were chosen: these are 

referred to as 1A, 1E, 2B, 3C, and 3D. Study areas were selected to capture as much 

heterogeneity in microtopography, disturbances, and vascular plant cover as possible. 

Within each study area a 240 cm long primary transect was set out to capture the longest 

transect across BSC. Points along the primary transect were generated using a random 

number generator. At the primary transect points, secondary transects of varying lengths, 

based on topographic barriers  were then established perpendicular to the primary transect 

(Table 1). Using a random number generator, points were generated along the secondary 

1 

2 

3 



 
 

   18 

 

 

transects and those points were sampled. Following Belnap et al.’s (2001b) 

recommendations for quadrat size, a small quadrat (5 cm x 5 cm) was used to sample.  A 

total of 240 quadrats were sampled among the three study sites. While sampling, organic 

litter and loose rock on the soil surface, if present, were moved to see if BSC was present 

underneath. For each quadrat, data on environmental variables, as described below, were 

collected in the field. 

Exposure – Exposure was determined as the amount of sun exposure that the BSC 

within the quadrat would receive. Exposure was classified as either direct sunlight 

(for at least part of the day) or no direct sunlight.  

 

Disturbance – All visible signs of disturbances to the BSC were recorded. If the 

source of disturbance was known (i.e. trail, water erosion, etc.) this was also 

recorded. 

 

Slope – If the surface of the soil had any change in microtopography (i.e. flat, 

mounded, hill) it was recorded. 

 

Vascular plants providing shade – If BSC within the quadrat was in the shade of 

any vascular plant, then the species of vascular plant was recorded. 

 

Vascular plants within quadrat – If any vascular plants (or seedlings) were found 

growing in the quadrat, then the species of vascular plant was recorded. 
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Table 1. Primary and secondary transect lengths. Note: table developed by the author of 

this thesis. 

 

Study Site Study area Primary Secondary 
    

1 A 240 cm 500 cm 

1 E 240 cm 160 cm 

2  B 240 cm 170 cm 

3 C 240 cm 730 cm 

3 D 240 cm 160 cm 

    

 

In addition to the data on the variables described above, a photograph was taken 

of the quadrat at the time of sampling. Visual measurements of the following were made 

from the photographs captured in the field: % cover of crust, % cover of loose rock on the 

soil surface, and % cover of organic litter on the soil surface.  

BSC samples (4cm x 4cm) from the study sites, as well as at other locations 

within the Forrestal Nature Reserve, were collected. Samples were hydrated with distilled 

water to allow for identification of the organisms within them. Moss species present 

within the samples were identified down to the species level when possible, using Sharp 

et al. (1994) and FNA (2007; 2014). Lichens were identified to the genus level when 

possible using Nash et al. (2002). If cyanobacteria were encountered, they were identified 

down to the genus level using Belnap et al. (2001a) and Rosentreter and Belnap (2001). If 

any other BSC-forming organisms were encountered, then the type of organism was 

recorded and described. 
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An extensive survey was conducted from spring 2015 to spring 2016 throughout 

the PVP for BSC as well as bryophytes. Overall, 283 samples of bryophytes were 

collected and identified down to species using Sharp et al. (1994) and FNA (2007; 2014).  

In order to determine which environmental factors are significant predictors of 

percent cover of BSC, a generalized linear model (GLM) was performed in JMP 12.1.0 

(SAS Institute, Cary NC). 
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CHAPTER 3 

       RESULTS 

In total, 65% of the 240 quadrats that were analyzed contained BSC. The mean 

percent cover of BSC encountered at each study site ranged from 30.9% to 43.6 % (Table 

2). However, the high standard deviations indicate heterogeneity within the study sites. 

BSC was found in multiple locations throughout the Forrestal Nature Reserve and often 

on thin soil habitats (Fig. 4). The most commonly encountered type of BSC at all three 

study sites and throughout the PVP was late-successional rugose BSC. Early-successional 

BSC was also observed. 

Twelve of the 240 quadrats had a vascular plant within them. Seven of those 12 

quadrats contained Stipa lepida (California native) and the remaining five contained 

stunted Melilotus indicus (non-native). Of the five quadrats containing M. indicus, four 

had evidence of disturbance. The three most commonly encountered shrubs in the area of 

the study sites were Artemisia californica, Salvia mellifera, and Rhus integrifolia. All are 

California natives. Seedlings of A. californica, S. mellifera, and Stipa lepida were also 

observed growing within the BSC in the Forrestal Nature Reserve. 

Disturbance and exposure were categorical variables. Disturbance was found to 

be a significant predictor of percent cover of BSC (p = 0.0001). Overall, disturbance was 

in 28 % of the quadrats. Exposure was also found to be a significant predictor of percent 

cover of BSC (p = 0.04). Overall, 58 % of the quadrats were exposed to direct sunlight 

for at least part of the day. Site 3 had the highest rate of disturbance, while site 1 had the 

lowest (Table 3).  

Percent organic litter on soil surface and percent loose rock on soil surface were 

numerical variables. Percent loose rock on soil surface was also found to be a significant 
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negative predictor of percent cover of BSC (R2 = 0.15; p = 0.0001) (Fig. 6).  Percent 

organic litter on soil surface was found to be a significant negative predictor of percent 

cover of BSC (R2 = 0.26; p = 0.0001) (Fig. 7). BSC was not observed growing either 

under or on top of the organic litter or the loose rock on the soil surface. 

Cyanobacteria, mosses, and lichens were commonly encountered in the BSC on 

the PVP. Thirteen terricolous moss species were found within the BSC and all were 

acrocarpous mosses (Table 4). These 13 terricolous moss species represented three 

families, with 10 of the 13 mosses belonging to the family Pottiaceae. Of the 13 species 

of mosses, seven appeared to be restricted to BSC on the PVP (Table 4). Seven of the 13 

moss species also possessed an awn-like projection at the apex of the leaf. No liverwort 

species were observed in the BSC. 

Crustose, squamulose, and gelantinous lichen growth forms were commonly 

encountered in the BSC. Three genera of lichens were present representing three families 

(Table 4). The gelatinous lichen genera Collema and Endocarpon were most commonly 

encountered, while the genus Toninia was uncommon and was only found occurring in 

the late-successional rugose BSC of the Forrestal Nature Reserve. Three unknown 

crustose lichens, found on rock embedded within the BSC, were also observed within the 

BSC of the study sites.  

Cyanobacteria were commonly encountered in the BSC, representing two genera 

(Microcoleus and Nostoc) (Table 4). Following early rains, cyanobacteria were abundant 

on the soil surface. 

BSC was found throughout the PVP in 40 different locations (Fig. 5). Canyon 

walls and coastal bluffs contained BSC. Hillside scrubland of intact CSS contained BSC 

in the spaces between vascular plants. Sandy soil sites such as Linden H. Chandler Nature 

Preserve and the Defense Fuel Supply Point also contained BSC.  
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Prior to this study there had been no survey of the bryophytes of the PVP. The 

survey resulted in a checklist of 66 species, all of which have been previously reported in 

California. From the 283 samples collected, 58 species of mosses and eight species of 

liverworts were found (Table 5). Overall, 57 of the 58 species of mosses, and seven of the 

eight species of liverworts, are native to California. Gemmabryum demaretianum was the 

only non-native species of moss and Lunlaria cruciata was the only non-native species of 

liverwort encountered. No hornworts were encountered during the survey. Mosses 

occurred throughout the PVP, while liverworts were only encountered on the northeast 

side of the PVP in mesic areas. Thallose liverworts and leafy liverworts were found, but 

were locally uncommon. One species of moss, Tortula californica, is a CNPS 1B.2 

species (rare, threatened, or endangered in California and elsewhere; California Native 

Plant Society rare plant program) and occurred in BSC at one location in the Forrestal 

Nature Reserve. The finding of the liverwort Sphaerocarpos michelli, which occurs in 

northern California, is a large range extension for this species and this is the first record 

of it occurring in southern California. 

Commonly encountered bryophyte families were Pottiaceae, Bryaceae, 

Fissidentaceae, Funariaceae, and Brachytheciaceae. Commonly encountered bryophyte 

genera were Didymodon, Tortula, Bryum, Rosulabryum, Scleropodium, and Targionia. 

Mosses were found growing on soil, rock, brick, and bark. Liverworts were found 

growing on soil, rock, and bark. Overall, the bryoflora of the PVP appears very similar to 

the bryoflora of the Channel Islands (Carter 2015) and the Santa Monica Mountains 

(Sagar and Wilson 2007).  
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Table 2. Mean percent cover for scored cover classes at the three study sites at Forrestal 

Nature Reserve (mean ± 1 sd). Note: table developed by the author of this thesis. 

 

  

    Site 1 

  

    Site 2 

 

    Site 3 
    

% Cover of crust 

% Cover of organic litter 

% Cover of rock on soil surface 

 

31.4 ± 31.1 

25.5 ± 32.8 

35.0 ± 23.7 

43.6 ± 38.1 

14.1 ± 29.5 

23.6 ± 26.1 

30.9 ± 35.1 

20.4 ± 30.6 

32.8 ± 26.7 

    
 

 

 

 

 

 

 

Table 3. Percentage of quadrats with disturbance and exposure at the three study sites at 

Forrestal Nature Reserve. Note: table developed by the author of this thesis. 

 

  

Site 1 

 

Site 2 

 

Site 3 
    

% with disturbance present 

% with exposure to direct sunlight 

 

10 

59 

 

24 

70 

 

45 

67 
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Figure 5. Locations where BSC was found throughout the PVP. Map created using 

ArcGIS® and ArcMap™ by Esri. 
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Figure 6. Relationship between total crust cover and surface rock cover at the 

three study sites at Forrestal Nature Reserve. Note: figure developed by author 

of this thesis. 
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Figure 7. Relationship between total crust cover and organic litter cover at the 

three study sites at Forrestal Nature Reserve. Note: figure created by the author 

of this thesis 
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Table 4. Mosses, lichens, and cyanobacteria encountered in late-successional BSC on the 

PVP. Note: table created by author of this thesis. 

 

Mosses Lichens Cyanobacteria 
   

POTTIACEAE 

 

Alonina bifrons° 

 

Alonia aloides var. ambigua° 

 

Didymodon vinealis 

 

Didymodon australasiae° 

 

Didymodon brachyphyllus 

 

Tortula brevipes 

 

Tortula inermis 

 

Tortula californica (CNPS 1B.2)°* 

 

Crossidium squamiferium° 

 

Crossidium seriatum° 

 

BRYACEAE 

 

Bryum lanatum° 

 

Bryum argenteum 

 

FUNARUACEAE 

 

Funaria hygrometrica 

VERRUCARIACEAE 

Endocarpon sp. 

COLLEMATACEAE 

Collema sp.  

BACIDIACEAE 

Toninia sp. ° 

Crustose lichens x3 

(genera unknown – on 

rocks that are 

embedded in BSC) 

MICROCOLEACEAE 

Microcoleus sp. 

NOSTOCACEAE 

Nostoc sp. 

   

   

°Appears to be restricted to late-successional BSC. 

*(CNPS 1B.2) indicates rare, threatened, or endangered in California and elsewhere. 
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Table 5. Checklist of the bryophytes of the PVP. Note: table created by author of this 

thesis  

 

DIVISION FAMILY Species 

 
  

BRYOPHYTA 

(MOSSES)  

 
  

 

AMBLYSTEGIACEAE 
 

 
 

Amblystegium serpens 

 
 

Leptodictyum riparium 

 

BRACHYTHECIACEAE 
 

 
 

Brachythecium bolanderi 

 
 

Brachytheciastrum velutinum 

 
 

Homalothecium arenarium 

 
 

Scleropodium californicum 

 
 

Scleropodium cespitans 

 
 

Scleropodium touretti 

 

BRYACEAE 
 

 
 

Bryum argenteum 

 
 

Bryum lanatum 

  

Gemmabryum caespiticium 

 
 

Gemmabryum demaretianum* 

 

 

Gemmabryum gemmiferum 

Gemmabryum gemmilucens 

 
 

Gemmabryum kunzei 

 
 

Gemmabryum radiculosum 

 
 

Gemmabryum ruderale 

 

 

Gemmabryum valparaisense 

Gemmabryum vinosum 

 
 

Gemmabryum violaceum 

 
 

Rosulabryum gemmascens 

 
 

Rosulabryum torquescens 

 

DITRICHACEAE 

 

FISSIDENTACEAE 

Ditrichum schimperi 

Pleuridium subulatum 

 
 

Fissidens crispus 

 
 

Fissidens curvatus 

 
 

Fissidens sublimbatus 
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FUNARIACEAE 

 
 

Funaria hygrometrica 

 
 

Funaria muhlenbergii 

 

GRIMMIACEAE 
 

 
 

Grimmia lisae 

 

HEDWIGIACEAE 

 

LEUCODONTACEAE 

Hedwigia dentonsa 

 
 

Nogopterium gracile 

 

LESKEACEAE 
 

 
 

Claopodium whippleanum 

 

MNIACEAE 
 

 
 

Pohlia atropurpurea 

 

ORTHOTRICHACEAE 
 

 
 

Orthotrichum franciscanum 

 

POTTIACEAE 
 

 
 

Aloina aloides var. ambigua 

 
 

Aloina bifrons 

 
 

Crossidium seriatum 

 
 

Crossidium squamiferium 

 
 

Didymodon australasiae 

  

Didymodon brachyphyllus 

Didymodon eckeliae 

 
 

Didymodon rigidulus 

 
 

Didymodon tophaceus 

 
 

Didymodon vinealis 

 
 

Hennediella stanfordensis 

 
 

Stegonia hyalinotricha 

 
 

Syntrichia princeps 

 
 

Syntrichia ruralis 

  

Timmiella anomala 

 
 

Tortula brevipes 

 
 

Tortula californica (CNPS 1B.2)** 

 
 

Tortula guepinii 

  

Tortula inermis 

  

Tortula muralis 

  

Tortula obtusifolia 

  

Tortula plinthobia 

  

Weissia controversa 
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MARCHANTIOPHYTA 

(LIVERWORTS) 
 

 

 

AYTONIACEAE  

 
 

Asterella californica 

 

CEPHALOZIELLACEAE 
 

  

Cephaloziella hampeana 

 

FOSSOMBRONIACEAE 
 

 
 

Fossombronia longiseta 

 

LUNULARIACEAE 
 

  

Lunularia cruciata* 

 

PORELLACEAE 
 

 
 

Porella bolanderi 

 

RICCIACEAE 
 

 
 

Riccia sorocarpa 

 

SPHAEROCARPACEAE 
 

 
 

Sphaerocarpos michelli 

 

TARGIONIACEAE 
 

  

Targionia hypophylla 

   

*Introduced to California  

**(CNPS 1B.2) indicates rare, threatened, or endangered in California and elsewhere. 
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CHAPTER 4 

DISCUSSION  

The results of this study provide a preliminary look at BSC on the PVP 

concerning its distribution, morphology, and species composition. The study also 

provides future research topics that could be explored. 

 

Organic Litter on the Soil Surface 

Results from the study showed that percent cover of organic litter is negatively 

correlated with percent cover of BSC in the Forrestal Nature Reserve (Fig. 7). If a large 

amount of organic litter was present on the soil surface in the study sites (Fig. 8), then the 

percent cover of BSC was greatly reduced or absent. Spaces between shrubs that had 

minimal organic leaf accumulation often had BSC present in the Forrestal Nature 

Reserve. A survey of BSC in other locations throughout the PVP produced similar 

observations. Slopes and steep bluffs along the coastline often had minimal accumulation 

of organic litter and frequently had BSC present. 
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              Figure 8. Organic litter on soil surface. Note: original 

  material collected by the author of this thesis. 

 

 

Peintinger and Bergamini (2006) also found that the amount of organic litter 

present on the soil surface can greatly influence the species composition occupying that 

portion of the soil matrix. Smaller non-mobile organisms such as bryophytes and lichens 

that occupy the soil surface cannot compete with large amounts of organic litter 

accumulating, and they eventually become shaded or buried (Peintinger and Bergamini 

2006). Research on BSC in parts of western North America has shown that BSC 

decreases with an increase in organic litter on the soil surface (Belnap et al. 2001a; 

Belnap et al. 2001b). However, the effects of organic litter on BSC in CSS had not been 

examined previously. Organic leaf litter accumulation in CSS predominantly occurs 

around the bases of vascular perennial plants and the amount of organic litter produced 

varies depending upon what species of vascular plant it is (Gray and Schlesinger 1981). 
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The soil surface in the spaces between shrubs in CSS tends to have a low accumulation of 

organic litter and this is often where BSC is observed occurring in CSS (Magney and 

Knudsen 2006; Hernandez and Sandquist 2011; Hernandez and Knudsen 2012), 

consistent with the results of this study.  

 

Loose Rock on Soil Surface 

The effects of loose rock cover on BSC in CSS had not been examined prior to 

this study. At the Forrestal Nature Reserve study sites, high accumulation of loose rock 

was negatively correlated with percent cover of BSC (Fig. 6), as it was at other locations 

throughout the PVP (Fig. 9).  

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Loose rock on soil surface. Note: original material collected by the author of 

this thesis. 
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These results agree with findings from shrublands of western North America 

(Belnap et al. 2001a; Belnap 2001d). Another observation from the study sites was that 

where loose rock was embedded in the soil surface, the percent cover of BSC was higher 

(Fig. 10). This concurs with other research that has found that embedded rock near the 

surface of BSC allows for an increase in the percent cover of BSC (Belnap 2001d). 

Embedded rock creates even more microtopography on the soil surface that traps more 

water, and it acts like armor that protects BSC from certain physical disturbances (Belnap 

2001d). In areas where BSC occurred on the Palos Verdes Peninsula, embedded rock was 

commonly encountered on the soil surface. 

 

 

 

 

 

 

 

 

 

 

 

                     Figure 10. Rock embedded in soil surface (black arrow). 

         Note: original material collected by the author of this thesis. 
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Disturbance to the BSC 

Research on disturbance and BSC has shown that both anthropogenic and  

naturally occurring disturbances can greatly effect BSC cover (Belnap 1995; Belnap et al. 

2001b). Duration and intensity of disturbance can influence the composition of BSC as 

well as its recovery rate (Belnap 1993; Belnap and Eldridge 2001). If disturbances are 

chronic and intense, then BSC will be replaced by bare soil or it will only stay in an 

early-successional stage composed mostly of cyanobacteria (Belnap 1995; Belnap and 

Eldridge 2001). However, if disturbances are of a less intense nature and short lived, then 

BSC can recover (Belnap and Eldridge 2001). Recovery of BSC from most disturbances 

can be extremely slow, especially in semi-arid to arid lands (Belnap and Eldridge 2001). 

Only one study had previously looked at the effects of disturbance on BSC in CSS 

(Hernandez and Sandquist 2011).  

Disturbance was found to be a significant predictor of percent cover of BSC. 

Within all the study sites, there were disturbances of either natural or anthropogenic 

origin. Some disturbances appeared to have a large impact on the BSC, while others had 

a minimal impact. In spots where certain disturbances occurred, BSC was greatly reduced 

or completely absent. Spur trails and boulder strikes created the largest impact to the BSC 

seen in the study sites. These types of disturbances smashed and fragmented the BSC. In 

study site 3, the upper cliff face experiences periodic erosion of large boulders that 

tumble down to the lower areas (personal observation). These boulders punch large holes 

in the BSC and pulverize the BSC in the impact spots (Fig. 11). 
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Figure 11.  Boulder impact site to BSC. Impact site contains M. indicus. Note: original 

material collected by the author of this thesis 

 

The loss of BSC in the impact spots allowed for Melilotus indicus, a non-native 

vascular plant, to establish in some of them. This concurs with Hernandez and 

Sandquist’s (2011) study where disturbance to BSC allows for the colonization of non-

native species. Since boulder strikes did not repeatedly occur in the same location, 

recolonization of BSC within some of the holes was observed. Spur trails were another 

type of disturbance observed in the study sites; these appeared to be caused by off-trail 

hikers and mountain bikers. The soil found within these spur trails was very loose and 

completely void of BSC (Fig 12). No recolonization of BSC on the surface of the soil of 

the spur trails was observed in the study sites. 
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Figure 12. Bike spur trail through area with BSC and soil within spur trail devoid of BSC. 

Note: original material collected by the author of this thesis. 

 

  

 However, an interesting observation was made during the survey conducted in 

the Portuguese Bend Nature Reserve. An old spur trail bisecting a portion of remnant 

intact habitat near the Ailor Cliff area, that had been closed by the Palos Verdes 

Peninsula Land Conservancy, had early successional BSC starting to form on the soil of 

the spur trail (Fig. 13). Cessation of the disturbance appears to have allowed the soil 

within the spur trail to consolidate and allow for BSC to recolonize. Since the PVP has a 

strong maritime influence and experiences fog banks throughout the year, this source of 

moisture coupled with removal of a disturbance might be playing a crucial role in BSC 
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on the PVP, allowing BSC to recolonize disturbed areas more quickly than in more arid 

locations. 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Closed spur trail has allowed for early successional BSC to appear on the soil 

(black arrow). Note: original material collected by the author of this thesis. 

 

Disturbance via water erosion was also observed in some of the study sites, but 

this type of disturbance appeared to be less intense and appeared to facilitate the 

movement of fragmented chunks of BSC to other locations (Fig. 14). Water erosion could 

possibly be acting as an incidental means of dispersal of BSC to other locations where it 

could then recolonize the soil surface. It has been shown in a greenhouse experiment that 

transplants of BSC from the field can be cultivated, and that inoculation of the soil 
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surface with crushed BSC can enhance recovery of BSCs on disturbed soils (Belnap 

1993; Bowker 2007; Antoninka et al. 2015). 

 

 

 

 

 

 

 

 

 

   Figure 14. Loose chunks of BSC on soil surface. Note: original 

   material collected by the author of this thesis. 

 

The PVP during the early to mid 19th century experienced long-term 

anthropogenic disturbances that altered the landscape and greatly impacted the soil 

surface (Gale 1974). These included dryland farming, cattle ranching, military activities, 

mining, landslides, and housing development (Gale 1974; FNPMP 2005). These 

disturbances reduced native habitat and destroyed or augmented native soils, which 

probably resulted in large losses of BSC throughout the landscape.  
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Exposure and BSC 

Exposure was found to be a significant predictor of percent cover of BSC. BSC 

was found occurring in full sun, partial shade, and full shade (Fig. 15). However, the 

percent cover of BSC was greater in full sun conditions than in full shade.  Based on 

observations made of BSC in sites with full shade, BSC appears to have a slight shift in 

species composition. In full shade Didymodon sp. formed larger turfs that appeared to 

occur more often (Fig. 15). In addition, other moss species (Aloina bifrons, Aloina 

aloides var. ambigua, Tortula brevipes, Tortula inermis, Didymodon australasiae, 

Crossidium squamiferium, Crossidium seriatum, and Bryum lanatum) which tended to be 

more abundant in full sun and partial sun appeared to be far less abundant in full shade. 

BSC in full sun appeared to have less extensive coverings of Didymodon sp. turfs and 

more moss species that are annuals and do not form turfs. Lichens also appeared to be 

less abundant in partial shade with the more gelatinous and squamulose lichens being 

more abundant in full sun. Further research is needed to confirm this change in species 

composition within BSC on the PVP with different types of exposure. 
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 Figure 15. BSC in partial shade (A) with Didymodon vinealis turf and in full sun (B) 

with Aloina aloides var. ambigua and Bryum argenteum. Note: original material 

collected by the author of this thesis. 

 

 

Distribution of BSC on the PVP 

In addition to the study sites, BSC was also surveyed in other locations 

throughout the PVP (Fig. 5). In total, BSC was found in 40 locations throughout the PVP. 

BSC was commonly encountered on thin soil habitats, which matches other observations 

made of BSC in other parts of southern California (Magney and Knudsen 2006). These 

thin soil habitats were found along coastal bluffs, canyon walls, historical road cuts, and 

in many of the nature reserves (Three Sisters, Portuguese Bend, Forrestal, George F 
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Canyon, and Alta Vicente) (Fig. 16). Portions of the coastal bluffs contained large 

coverings of BSC, especially on more north-facing bluffs.  

The BSC of these coastal bluffs gives the soil surface a brownish black and gray 

color in the summer and a greenish black color in the wet season. The coastal bluffs of 

Bluff Cove, Christmas Cove, Abalone Cove, Sacred Cove, Lunada Bay, and Malaga 

Cove were found to contain extensive coverings of BSC. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. #. 

Figure 16. BSC of PVP coastal bluffs. Note: original material collected by the author of 

this thesis. 
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Surveys conducted in areas off trail in remnant intact CSS throughout the Palos 

Verdes Peninsula Nature Preserve often contained BSC on the soil surface between the 

shrubs. Canyon walls throughout the PVP also contained BSC. Lunada Canyon contained 

extensive coverings of BSC along portions of its walls (Fig. 17). Biological soil crust was 

also observed on the sandy soils of Linden H. Chandler Nature Preserve and on the sandy 

soils of the Defense Fuel Supply Point in San Pedro (Fig. 19). Another interesting 

location for BSC was in areas where the landscape has been shaped into a bench cut, 

which create pocket areas where BSC accumulates (Fig. 18). These bench cuts were 

observed in the Forrestal, Portuguese Bend, and Three Sisters Nature Reserves. 
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Figure 17. BSC along canyon walls. Note: original material collected by the author of this 

thesis. 
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Figure 18. Bench cuts – pockets contain crust (1) and (2) showing pockets or low 

areas. Note: original material collected by the author of this thesis. 
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Figure 19. BSC of the Defense Fuel Supply Point in San Pedro. Note: original material 

collected by the author of this thesis. 
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Overall, BSC was found throughout the PVP in coastal bluff scrub, CSS, canyon 

riparian, and sandy soil sites. However, in these areas it had a sporadic distribution. This 

sporadic nature of the PVP BSC concurs with studies of BSC in CSS from Orange 

County (Hernandez and Sandquist 2011; Hernandez and Knudsen 2012). The distribution 

of BSC on the PVP has probably been greatly reduced due to the loss of habitat, invasion 

of non-native plants, altered fire regimes, and massive soil surface disturbance from 

historical land uses (for example, agriculture, and cattle grazing). Interestingly, the 

locations where BSC was found on the PVP appear to correlate with relict habitat seen in 

1952 aerial imagery of the PVP.  

 

Morphology of the PVP BSCs 

In all three study sites, and throughout the Forrestal Nature Reserve, the overall  

form of the BSC was late-successional rugose. The surface of the BSC was 

predominantly comprised of cyanobacteria, mosses, and lichens, which matches BSC 

from Orange County and Riverside County (Henandez & Sandquist 2010; Hernandez & 

Knudsen 2011). In the dormant state, the late-successional rugose BSC in the study sites 

gave the soil surface a blackish gray and brown color (Fig. 20). It also has a fuzzy 

appearance and rough look due to slight changes in the soil surface topography. 
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Figure 20. Ground view of late-successional rugose BSC on the PVP demonstrating the 

fuzzy appearance due to leaf awns of certain moss species (black arrow). Note: original 

material collected by the author of this thesis. 

 

The fuzzy look is the result of a large presence of moss species (Aloina bifrons, 

Aloina aloides var. ambigua, Crossidium serreatum, Crossidium squamiferium, Bryum 

argenteum, Bryum lanatum, Didymodon vinealis, and Tortula brevipes) on the surface of 

the BSC, which possess leaf awns or awn-like extensions (Fig. 20). The thalli of various 

lichens and the sporophytes of various mosses present in the late-successional rugose 

BSC contribute to its roughened appearance. The blackish-gray color of the late-

successional rugose BSC in the study sites is a result of a large amount of cyanobacteria 
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and cyanolichens present within it (Fig. 23). Another contributing factor to the overall 

blackish-gray and brown color of the late-successional rugose BSC in the study sites is 

the blackish and grayish colors that certain mosses and lichens take on in their desiccated 

state (Fig. 21). 

 

 

 

 

 

 

 

 

 

 

 

         Figure 21. Color change of Toninia sp. (1) and Didymodon  

        australasiae (2) from the desiccated state to hydrated state. Note: 

        original material collected by the author of this thesis. 

 

When the BSC of the study sites received moisture in late winter of 2016, the soil 

surface color changed from a blackish-gray and brown color to a greenish-black color 

(Fig 21, 22). 
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Figure 22. BSC desiccated state (1) to hydrated state (2) following rains. Note: original 

material collected by the author of this thesis. 

 

The green color comes primarily from the rehydration of the mosses and from the 

phycolichens (Placidium sp., Toninia sp.) dwelling in the BSC in the study sites. Further, 

the BSC also took on a gelatinous shiny look when in the hydrated state because of the 

cyanolichens and cyanobacteria in it (Fig. 23). Late-successional rugose BSC was also 

observed at other locations throughout the PVP. 
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 Figure 23. Gelatinous shiny look of the cyanobacteria and cyanolichens in PVP BSC. 

Note: original material collected by the author of this thesis. 

 

BSC containing lichens, mosses, or both indicate a more successionally mature 

BSC, while the lack of one or more of these organisms can indicate an earlier 
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successional stage (Belnap et al. 2001b). Early successional stages of BSC were also 

observed on the PVP primarily occurring in recently disturbed areas (Fig. 24). The 

overall form of the early-stage BSC is flat (Belnap et al. 2001b) and fuzzy in appearance. 

The early successional stages of the BSC on the PVP consisted primarily of 

cyanobacteria (Microcoleus sp.) and only a few ruderal moss species (Didymodon 

vinealis, Bryum argenteum, Funaria hygrometrica), which give the BSC its fuzzy 

appearance. The BSC of this early successional stage gives the soil surface a reddish tan 

color, which is also a result of the moss component (Fig. 24). Early successional stages of 

the BSC were commonly seen along trail margins and in disturbed areas throughout the 

PVP. 

 

 

 

 

 

 

 

 

 

Figure 24. Early successional stage BSC on the PVP. Note: original material collected by 

the author of this thesis. 
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Preliminary observations of the late-successional rugose BSC on the PVP showed 

that it contained a high taxon diversity. Numerous moss species and lichen genera were 

observed as well as two cyanobacteria genera (Table 4). Late-successional rugose BSC 

on the PVP appears to be acting as a refugium for these minute soil-surface dwellers. 

With further examination of the BSC of the PVP, no doubt additional species of mosses, 

lichens, cyanobacteria and other microrganisms (for example, diatoms, algae, fungi, and 

microarthropods) within the BSC will be discovered. 

 

Cyanobacteria of PVP BSC 

Cyanobacteria are a crucial component to the formation of BSC (Belnap 1992; 

Belnap 1994; Belnap 2003). Cyanobacteria are often the pioneer species that, through 

biological activities, stabilize the soil surface which ultimately allows for the colonization 

of other BSC-associated organisms and greatly reduces surface soil erosion (Belnap 

1994; Li et al. 2001; Belnap 2003). Cyanobacteria can be found in BSC worldwide and 

prefer soils that are more alkaline in composition (Belnap  2003). Cyanobacteria in BSC 

act as carbon sinks while at the same time fixing atmospheric nitrogen into bio-available 

nitrogen, which can enhance soil fertility in nutrient-poor soils (Belnap 1994; Li et al. 

2001; Belnap 2003; Zhao et al. 2010). BSC contains a high diversity of cyanobacteria 

(Belnap 1994; Flechtner et al. 1998; Flechtner et al. 2008). Flechtner et al. (2008) found 

that BSCs of San Nicholas Island off of the southern California coast contained 19 genera 

of cyanobacteria and discovered several new species. Flechtner et al. (1998) found that 

BSC of the Central Desert of Baja California contained 18 different species of 

cyanobacteria.   
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Southern California shares similar cyanobacteria species composition with the 

Channel Islands, southern Arizona, and Baja California (Belnap 1994; Flechtner et al. 

1998; Flechtner et al. 2008). During the course of this study, two cyanobacteria were 

encountered in the BSC on the PVP, and these were only identified to the genus level. 

There was a filamentous cyanobacterium, which appeared to belong to the genus 

Microcoleus, that created gelatinous sheaths on and within the first few millimeters of the 

soil surface (Fig. 25). The sheaths of this filamentous cyanobacterium would appear on 

the soil surface following rehydration of the BSC from a rain event (personal 

observation). Review of the literature shows that the genus Microcoleus is one of the 

most abundant and commonly encountered cyanobacterium found in BSC of the western 

half of North America and within BSC of California’s Channel Islands and Baja 

California (Belnap 1994; Flechtner et al. 1998; Flechtner et al. 2008). The Microcoleus 

species observed on the PVP could possibly be Mircocoleus vaginatus, which is a 

common filamentous cyanobacterium of BSC on California’s Channel Islands and Baja 

California (Belnap 1994; Flechtner et al. 1998; Flechtner et al. 2008). 
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Figure 25. Microcoleus sp. observed in PVP BSC. Note: original material collected by 

the author of this thesis. 

 

The second cyanobacterium encountered was of the genus Nostoc, and it was 

present throughout the PVP. It would form minute mucilaginous spheres (< 2 mm) on the 

surface of the BSC following a rain event. Dissection of the gelatinous spheres revealed a 

community of filaments of moniliform cells (Fig. 26). The genus Nostoc contains single 

celled cyanobacteria that often group together to form mucilaginous rounded colonies 

composed of filaments of moniliform cells that will appear on the soil surface following 

hydration of the soil (Rosentreter et al. 2007; Flechtner et al. 2008). Based on the 

description in Rosentreter et al. (2007) of Nostoc punctiforme, it appears that the second 

cyanobacterium observed might be this species. Nostoc punctiforme is another species of 
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cyanobacteria in BSC (especially of later successional BSC) that is widespread and 

abundant (Belnap 2003; Flechtner et al. 2008). 

 

 

 

 

 

 

 

 

 

 

 

Figure 26. Nostoc sp. observed in PVP BSC. Note: original material collected by the 

author of this thesis. 

 

Belnap et al. (2008) developed a non-destructive visual technique that 

incorporated a system of classes (1-10) to assess soil surface stability and different levels 

of cyanobacterial development (LOD) such as cyanobacteria biomass/number and 

polysaccharide content of BSC. Based on this classification system and factoring in BSCs 

with greater lichen and/or moss cover as mentioned, it appears that the late-successional 

rugose BSC within the study sites ranged from LOD classes 7 to 10. This indicates that 

within the study sites there is a high level of cyanobacterial development, the soil surface 
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is very stable, and lichen and moss cover is high. Coastal bluff BSC appeared to range 

from LOD classes 6 to 8, which also indicates a high cyanobacterial development and 

soil surface stability, and a moderate covering of mosses and lichens. It seems probable 

that, further research on the cyanobacteria of BSC on the PVP will uncover many more 

species.      

 

Lichens of PVP BSC 

Lichens are composite organisms that can grow in harsh environments where 

most other organisms are unable to survive (Beckett et al. 2008; Galloway 2008). They 

are often restricted to stable or sheltered microsites and play a crucial role in many 

environments (Seaward 2008). BSCs of arid to semi-arid lands worldwide have been 

shown to contain an abundant lichen diversity (Nash et al. 1977; Martinez-Sanchez et al. 

1994; Eldridge and Tozer 1997; Martinez et al. 2006; Rosentreter et al. 2007; Ochoa-

Hueso et al. 2011; Hernandez and Knudsen 2012). Terricolous lichens of BSC play a 

large role in increasing soil microtopography, influencing soil hydrological properties, 

contributing nutrients to the soil, acting as carbon and nitrogen sinks, and preventing soil 

erosion (Nash et al. 1977; West 1990; Belnap et al. 2001b; Belnap 2003).  All lichen 

growth forms (crustose, foliose, fruticose, squamulose) have been found to occur within 

BSCs; however, crustose, squamulose, and foliose growth forms are the most common 

(Belnap et al. 2001a). Gelatinous lichens, which are lichens that have homoiomerous 

thalli and are most commonly formed with cyanobacteria, are also common in BSC 

worldwide (Nash et al. 2002). Since BSCs occur in arid to semi-arid environments, the 

lichen flora of these BSCs are able to withstand extreme temperatures and are 
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poikilohydric (Belnap 2003; Beckett et al. 2008). In the western United States, numerous 

studies have shown that the BSC of this geographic region contains an abundant lichen 

flora (Nash et al. 1977; Ponzetti and McCune 2001; Nash et al. 2002; Belnap 2003; 

Knudsen 2005; Rosentreter et al. 2007).  

Southern California possesses a rich lichen flora from its coastline to its deserts 

(Hasse 1913; Nash et al. 2002; Knudsen 2005; Magney and Knudsen 2006; Knudsen et 

al. 2013; Tucker 2012). Maritime habitats of California, especially along southern 

California’s coastline, contain a high lichen diversity due to the strong influence of fog 

from the Pacific Ocean (Magney and Knudsen 2006; Sharnoff 2014). As a result of 

habitat loss throughout southern California, numerous lichen species have become rare, 

and it has been estimated that as many as 94 lichenicolous fungi species have been 

extirpated from Los Angeles and Ventura Counties since 1915 (Knudsen 2010). Many of 

these southern California lichen species that are now rare are mostly terricolous lichens 

(Knudsen 2010). Terricolous lichen habitat was abundant during the early stages of the 

20th century (Hasse 1913; Knudsen 2010), but it is now rare or greatly reduced in 

southern California due to anthropogenic disturbances such as historical ranching, 

development, introduction of non-native species, altered fire regimes, recreation use, and 

grazing (Knudsen 2010). BSC is a terricolous lichen habitat in southern California 

(Magney and Knudsen 2006; Hernandez and Sandquist 2011; Hernandez and Knudsen 

2012). From a 41 km east-west environmental gradient conducted through Orange and 

Riverside Counties, looking at the biodiversity of BSC-forming lichens and mosses, a 

total of 31 species of lichens were observed representing 22 genera and 17 families 
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(Hernandez and Knudsen 2012). Henrnandez and Knudsen (2012) also found that BSC in 

shrublands of southern California are more species-rich for lichens than North America’s 

hot and cold deserts.  

Work done by lichenologists in Santa Barbara and Ventura Counties has shown 

that both these areas have extremely diverse lichen flora (Knudsen 2005; Magney and 

Knudsen 2006; Tucker 2012). Geographically, these counties are quite close to the PVP. 

The Channel Islands, also close to the PVP, have also been shown to have a high 

diversity and abundance of lichens (Belnap 1994). The PVP lies in a unique location in 

southern California where its flora and fauna have connections to the mainland as well as 

to the Channel Islands. However, the PVP lichen flora is poorly understood. Hollinger 

(2012) performed the only preliminary survey for lichens on the PVP, consisting of four 

coastal bluff areas (Bluff Cove, Arroyo top of Paseo Lunado, Cliff tops north of Point 

Vicente, and Sacred Cove), and this survey resulted in a list of 64 lichen species. No 

BSC-dwelling lichens were mentioned in that preliminary survey. 

Lichens were found to be abundant components of the BSC from the study sites at 

the Forrestal Nature Reserve as well as throughout the PVP. Lichen genera observed in 

the BSC of the study sites are listed in Table 4. Numerous crustose lichens were often 

present on embedded rock in the BSC (Fig. 28), but these were not identified. In addition, 

other terricolous lichens, also unidentified, were observed in the BSC throughout the PVP 

(Fig. 28). Cyanolichens appeared to be the most abundant type of lichen in the BSC of 

the PVP (Fig. 27).  
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Figure 27. Collema sp., a blackish gray gelantinous cyanolichen of PVP BSC (white 

arrow). Note: original material collected by the author of this thesis. 

 

The most commonly encountered lichen genera in the BSC of the study sites and 

throughout the PVP were Endocarpon and Collema (Fig. 29). The genus Toninia was 

uncommon in the BSC on the PVP and was only found in the Forrestal Nature Reserve 

(Fig 29). 

 

 

 

 



 
 

   62 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 28. Examples of some lichens observed in the BSC of the study areas. Note: 

original material collected by the author of this thesis. 

 

Surrounding the study sites and throughout the PVP a very high diversity of 

crustose, foliose, squamulose, and fruticose lichens were observed. These types of lichens 
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were found on shrubs (Salvia leucophylla, Salvia mellifera, Rhus integrifolia, Artemisia 

californica, and Heteromeles arbutifolia), and on various rock and soil types (Fig # 30, 

31). Further research is needed on the species composition of lichens on the PVP and 

within its BSC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure 29. Lichens in BSC going from desiccated to hydrated:  

        Toninia sp. (1), Endocarpon sp. (2), and Collema sp. (3). Note: 

        original material collected by the author of this thesis. 
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Figure 30. Examples of lichens observed throughout the PVP and around study sites. 

Note: original material collected by the author of this thesis. 
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Figure 31. Examples of lichens observed throughout the PVP and around study sites.    

Note: original material collected by the author of this thesis. 
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Bryophytes of PVP BSC 

Bryophytes are nonvascular spore-producing herbaceous plants made up of 

mosses, liverworts, and hornworts that have a worldwide distribution and can be found in 

almost all terrestrial and semi-aquatic environments (Raven 2005; Tan and Pocs 2008). 

Bryophytes of these terrestrial and aquatic environments are extremely important and 

greatly influence many ecosystem functions (Richardson 1981; Smith 1982; Raven 2005; 

Turetsky 2003). Bryophytes produce organic matter, trap sediment, alter hydrological 

processes, stabilize soil and debris, contribute and alter nutrients, act as nurseries, 

influence carbon/nitrogen cycling, provide food, and act as habitat for a wide diversity of 

micro and macro organisms (Richardson 1981; Smith 1982; Belnap et al. 2001b; Raven 

2005; O’Neill 2008; Turetsky 2003). Bryophytes are often thought of as only occurring in 

non-hostile environments that have relatively high moisture levels; however, bryophytes 

can be found in many semi-arid to arid environments worldwide (Flowers 1973; 

Richardson 1981; Scott 1982; Downing and Selkirk 1993; Eldridge and Tozer 1997; 

Rosentreter and Belnap 2001; Belnap 2003; Ingerpuu et al. 2005; Sagar and Wilson 2009; 

Ochoa-Hueso et al. 2011). Bryophytes are able to occur in semi-arid to arid environments 

because of a diverse array of strategies such as being pokilohydric and desiccation-

tolerant (Richardson 1981; Scott 1982; Rosentreter and Belnap 2001; Belnap 2003; 

Proctor et al. 2007; Proctor 2008; Luttge et al. 2011). In addition, bryophytes have also 

evolved a whole suite of morphological structures that aid them in surviving in semi-arid 

and arid environments (Scott 1982; Rosentreter and Belnap 2001; Buck and Goffinet 

2008). Some morphological features of bryophytes in semi-arid and arid environments 
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are concave leaves, leaf lobules, hairs, papillae, lamellae, semi-hyaline to hyaline leaves, 

pigmentation, and thallus scales (Scott 1982; Rosentreter and Belnap 2001; Glime 2015) 

(Fig. 32). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. Aloina bifrons of PVP BSC using leaf hair points to  

condense moisture from the marine layer (white arrow). Note: 

original material collected by author of this thesis. 

 

 Movement of the gametophyte also greatly aids bryophytes in surviving in semi-

arid to arid environments. Leaves of mosses can shrink, fold, or twist when drying out 

(Scott 1982; Rosentreter and Belnap 2001; Glime 2015). These movements help to 

protect the photosynthetic tissues of the leaves as well as the overall gametophyte from 

solar radiation and other harsh environmental conditions when in the desiccated state 
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(Scott 1982; Rosentreter and Belnap 2001; Glime 2015). These changes in leaf shape can 

give the gametophyte a twisted look, which is commonly seen in desiccated mosses in 

semi-arid and arid environments (Scott 1982; Rosentreter and Belnap 2001) (Fig. 33). 

Some thallose liverworts when drying out roll up into a tubular form and the dorsal side 

of the thalli tubes are covered in dark pigmented scales (Fig. 33). These dark pigmented 

scales protect the gametophyte in the desiccated state from solar radiation (Belnap 2001). 

Bryophytes of semi-arid to arid environments can be perennial or annual, and mosses of 

these environments are usually acrocarpous mosses (Richardson 1981; Scott 1982).  

 

 

 

 

 

 

 

 

 

 

Figure 33. Twisted form of desiccated moss (1) and rolled up thallus of desiccated 

liverwort (2) from the PVP. Note: original material collected by the author of this  

thesis. 

 

Dominant moss families in semi-arid and arid environments as well as in BSC 

worldwide are Pottiaceae, Bryaceae, Funariaceae, Dittricaceae, and Gigaspermaceae 
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(Rosentreter and Belnap 2001). For liverworts, the dominant family is Ricciaceae 

(Rosentreter and Belnap 2001). Research has shown 62 moss and liverwort genera are 

found to occur within BSC worldwide (Budel 2001b). Typical moss genera of BSC 

worldwide are Bryum, Crossidium, Didymodon, and Tortula, while for liverworts it is the 

genus Riccia (Budel 2001d). BSCs, especially late-successional BSCs, are habitat for 

numerous bryophyte species of semi-arid and arid environments (Nash et al. 1977; 

Richardson 1981; Scott 1982; Downing and Selkirk 1993; Martinez-Sanchez et al. 1994; 

Eldridge and Tozer 1997; Rosentreter and Belnap 2001; Belnap 2003; Ingerpuu et al. 

2005; Martinez et al. 2006; Sagar and Wilson 2009; Ochoa-Hueso et al. 2011). However, 

research on bryophytes of BSC is still limited (Budel 2001d). 

Much is known about the taxonomy, ecology, and geography of vascular plants of 

California but the bryoflora, especially regarding ecology and biogeography, is still 

largely unknown (Koch 1954; Thiers and Emory 1992; Shevock 2015). Preliminary work 

has shown that California contains a high diversity of bryophytes (Koch and Ikenberry 

1949; Koch 1954; Koch and Ikenberry 1954; Harthill et al. 1979; Stark and Whittemore 

1992; Thiers and Emory 1992). However, much of this preliminary work has been 

focused on bryophytes from northern California. However, southern California has 

received some attention regarding its bryoflora (Koch 1954; Harthill et al. 1979; Stark 

and Whittemore 1992; Thiers and Emory 1992; Sagar and Wilson 2007; Sagar and 

Wilson 2009; Carter 2015). Recently, work in southern California on bryophytes has 

focused around the Santa Monica Mountains, Channel Islands, Orange County, and 
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Riverside County (Sagar and Wilson 2007; Sagar and Wilson 2009; Hernandez and 

Sandquist 2011; Hernandez and Knudsen 2012; Carter 2015).   

Research has shown that bryophytes in North America are commonly associated 

with BSC (Rosentreter and Belnap 2001). However, research on bryophytes of BSC in 

California and especially in southern California is limited (Rosentreter and Belnap 2001; 

Hernandez and Sandquist 2011; Hernandez and Knudsen 2012). Work by Hernandez and 

Knudsen (2012) has provided preliminary information on what species of bryophytes are 

associated with BSC in Orange and Riverside Counties. North of Orange County, this 

information is lacking. BSC dominated by bryophytes are a common crust component of 

chaparral and CSS in southern California, more than in the inland deserts because of the 

strong maritime influence along the coast (Rosentreter and Belnap 2001). 

Mosses were found to be abundant components of the BSC within the study sites 

and throughout the PVP (Fig. 34, 35). A list of species encountered in the BSC is 

provided in Table 4. No liverwort species were observed in the BSC during the course of 

this study. The moss flora of the BSC on the PVP was composed entirely of acrocarpous 

mosses. Of the 13 moss species found within the PVP BSC, six appeared to be restricted 

to it. 
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Figure 34. Moss component of BSC on the PVP. Note: original material collected by the 

author of this thesis. 

 

The two dominant moss families encountered in the BSC of the PVP were 

Pottiaceae and Bryaceae. The most common species encountered in the BSC on the PVP 

were Didymodon vinealis, Didymodon australiase, Tortula brevipes, Aloina aloides var. 

ambigua, and Bryum argenteum.   
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 Figure 35. Examples of mosses observed in BSC on the PVP. Note: original material 

collected by the author of this thesis. 

 

Outside of the BSC, bryophytes were also found to be common on the PVP. The 

survey resulted in 66 species being found (Table 5). Of the three kinds of bryophytes 

(hornworts, liverworts, and mosses), only mosses and liverworts were found (Fig. 36). 

The survey was conducted during years were the peninsula received minimal rainfall 

(2014-2016), and this may explain the lack of hornworts. Bryophytes were found in 

scrubland, hillside mesic areas, canyons, streams, coastal bluffs, and sandy soil areas. 

Bryophytes were found on soil, sand, rock, brick, bark, and rotting hardwood (Fig. 37, 

38). Bryophytes were most commonly encountered on soil and rock, and only a few were 

found growing on rotting hardwood (of various plant species), sand, or brick. The only 

vascular plant that was found to have bryophytes growing on its trunk and branches was 

old growth Sambucus nigra subsp. caerulea (Blue Elderberry) (Fig. 39). The bryoflora of 

the PVP is predominantly composed of mosses with most of the moss species being 

acrocarpous. Only a few pleurocarpous moss species were found. The moss families 

Pottiaceae, Bryaceae, and Brachytheciaceae were the dominant moss families on the PVP 

Didymodon australisae Aloina bifrons Tortula brevipes 
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(Fig. 40). These three families contained numerous species from different genera (Table 

5). The most commonly encountered genera on the PVP were Didymodon, Tortula, 

Bryum, Gemmabryum, Rosulabryum, Fissidens, Homalthecium, and Scleropodium. Both 

thallose and leafy liverworts were found. Thallose liverworts appeared to be more 

common than leafy liverworts and were found growing on soil. Leafy liverworts were 

very uncommon and were found growing in cracks of rock and on bark (Fig 41). The 

PVP bryoflora shares similarities in species composition with the Santa Monica 

Mountains (Sagar & Wilson 2007) and the Channel Islands (Carter 2015).  

 

 

 

 

 

 

 

 

Figure 36. Examples of bryophytes on the PVP. Note: original material collected by the    

author of this thesis. 

 

 

 

 

 



 
 

   74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37. Substrates that bryophytes are found growing on throughout the PVP: soil (1), 

rock (2), brick (3), and bark (4). Note: original material collected by the author of this 

thesis. 
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         Figure 38. Sandy soils on the PVP also contain bryophytes: Malaga Dunes 

         (1), Defense Fuel Supply Point (2). Note: original material collected by 

         the author of this thesis. 
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    Figure 39. Several species   

 

 

 

 

 

 Figure 39. Bryophytes growing on bark of old growth Sambucus nigra subsp. caerulea.   

Note: original material collected by the author of this thesis. 
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               Figure 40. Pottiaceae (1); Bryaceae (2); Brachytheciaceae (3). Note:  

   original material collected by the author of this thesis. 
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Figure 41. Thallose liverworts found growing on soil (1) and leafy liverworts  

found growing in cracks of rock (2) and on bark (3). Note: original material 

collected by the author of this thesis. 
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Non-native Plants and PVP BSC 

Only one non-native plant, Melilotus indicus, was observed growing in the BSC 

of the study sites. Throughout the PVP, the BSC appeared to have very few non-native 

plants present within in it (Fig. 42). Disturbed BSC often contained non-native plants, but 

at a low density. Another observation was that cracks could sometimes form in the BSC 

when it was fully dry (Fig. 43). These cracks would occasionally contain non-native 

vascular plants growing out of them. In addition, non-native grass spikelets and florets 

were observed on top of the BSC in locations throughout the PVP. However, the florets 

of these non-native grasses spikelets never appeared to germinate (Fig. 44). It would be 

interesting to conduct further research to test whether the dark color of the BSC could be 

increasing soil surface temperatures to a high enough degree, during the summer months, 

to result in mortality of the grass florets.  

Hernandez and Sandquist’s (2011) study found that intact late-successional 

rugose BSC of CSS in Orange County can inhibit the establishment of certain non-native 

plants. From the survey of BSC on the PVP, it appears that the BSC is acting like a 

barrier and preventing the establishment of non-natives in areas where it occurs. Further 

research looking at the potential of BSC to inhibit the establishment of non-native plants 

on the PVP is needed. 
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Figure 42. BSC of PVP with minimal non-native plants present in the intact  

portions of it. Note: original material collected by the author of this thesis. 

 

 

 

 

 

 

 

 

 

 

            Figure 43. Cracks that can form in dry BSC of the PVP (white arrow).  

            Note: original material collected by the author of this thesis. 
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Figure 44. Grass (Bromus sp.) florets found within the BSC on the PVP. Note:    

original material collected by the author of this thesis. 

 

 

Native Vascular Plant Seedlings and PVP BSC 

BSCs have been shown to facilitate or hinder the establishment of vascular native 

plant species (Belnap et al 2001b; Serpe et al. 2006; Su et al. 2007). BSC in the study 

sites and throughout the PVP was observed with seedlings of Artemisia californica, 

Salvia mellifera, and Stipa lepida present within it (Fig. 45). However, the seedlings were 

few and greatly spaced out. Interestingly, these particular vascular native plant species 

have minute seeds (S. mellifera, A. californica) or a mechanism for drilling into the soil 

(S. lepida). Further research looking at how BSC could influence the establishment of 

PVP native plants should be explored. 
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Figure 45. Salvia mellifera (1), A. californica (2), and S. lepida (3) seedlings found in 

BSC of the PVP. Note: original material collected by the author of this thesis. 

 

 

Future Studies 

Since this study is the first to look at BSC on the PVP, it provides information and 

questions that will ideally spark interest in the research, conservation, restoration, 

monitoring, and long-term study of this biologically diverse and critical component of the 

PVP wildlands. Listed below are some additional future research avenues to explore. 

 

Algae 

Research on BSC has shown that it contains a large diversity of both single-celled 

and filamentous algae (Flechtner et al. 1998; Hawkes and Flechtner 2002; Smith et al. 

2004; Flechtner et al. 2008; Wu et al. 2011). Information on algae associated with BSC in 

CSS and on the PVP is lacking. During the course of this study, free-living algae on the 
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soil surface in mesic areas of the PVP were observed. One alga was determined to be of 

the genus Vaucheria (Fig. 46). The PVP probably contains a diverse composition of algae 

within its soils, waterways, and BSC. Further research is needed on the algae of the PVP 

as well as on the composition of algae within its BSC.  

BSCs of the Channel Islands and Baja California have been shown to contain a 

large diatom diversity, with 10 and eight species of diatoms, respectively (Flechtner et al. 

1998; Flechtner et al. 2008). In this study, one diatom was observed while preparing a 

moss leaf mount from a BSC sample from study site 1. Further research is needed on 

diatom composition of BSC on the PVP. 

 

 

      

 

 

 

 

 

 

 

Figure 46. Vaucheria sp. growing on clay soil of the PVP. Note: original material     

collected by the author of this thesis. 

 

 

 

 

 

40 x 



 
 

   84 

 

 

Mircoarthropods 

BSC contains a large diversity of microarthropods (Belnap 2001c; Neher et al. 

2009). The microarthropod component of BSC in CSS and on the PVP has not been 

examined. Two microarthropods were observed from BSC samples from the Forrestal 

Nature Reserve, mites and a psuedoscorpion (Fig. 47). Further research is needed looking 

at the microarthropod composition of BSC on the PVP. 

 

 

 

 

 

 

 

 

 

 

Figure 47. Mite (1) and psuedoscorpion (2) observed in BSC samples. Note: original 

material collected by the author of this thesis. 

 

 

Microfungi 

Fungi play a large role in the formation of BSCs worldwide; however, their 

composition and functional roles in BSC are still largely unstudied (States et al. 2001). 

BSC contains a diverse assemblage of fungi and these fungi have many functional roles 
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(States and Christensen 2001; States et al. 2001; Hawkes 2003; Bates et al. 2012). There 

has been no research on the fungal component of BSC in CSS or on the PVP as a whole, 

and this would be a good topic for future research.    

 

BSC in Select Preserves 

BSC occurs on many soil types (Belnap et al. 2001a). On sand, BSC is primarily 

composed of algae, mosses, cyanobacteria and diatoms (Belnap et al. 2001a.; Hawkes 

and Flechtner 2002; Smith et al. 2004; Wu et al. 2011). During the winter of 2016, what 

appeared to be an early stage of BSC comprising mosses, cyanobacteria, and possibly an 

alga was observed on sandy soil in the spaces between shrubs in the Linden H. Chandler 

Nature Preserve restoration areas (Fig. 48).  

During a visit to the Defense Fuel Supply Point (DFSP) in San Pedro, BSC was 

observed on the sandy soils (Fig. 49). Another interesting observation made was in an 

area adjacent to the PVPLC nursery. A large portion of this site has an extensive covering 

of BSC, and where the BSC is present, a large amount of Acmispon glaber var. glaber is 

present. It appears that there may be greater recruitment of Acmispon glaber var. glaber 

in the areas where the BSC occurs and a minimal amount in adjacent areas. The BSC of 

the sandy soil of Linden H. Chandler Nature Preserve and the DFSP should be explored 

further.  
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    Figure 48. Linden H. Chandler Preserve – Early stage BSC on sand with a possible 

    algae (black arrow). Note: original material collected by the author of this thesis. 
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Figure 49. Palos Verdes Blue Butterfly area adjacent to PVPLC nursery within the DFSP. 

Area within it that contains large covering of BSC (red circle) with a large amount of 

Acmispon glaber var. glaber (white arrow) within. Note: original material collected by 

the author of this thesis. 
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Catalina Island and Venturan Sage Scrub BSC Comparison 

Since the PVP was once a Channel Island and shares many similarities (flora and 

geology) with Catalina Island, a comparison of BSC between the PVP and Catalina 

Island in regards to its community composition and distribution would be interesting. 

During a visit to Catalina Island in the spring of 2016, large coverings of late-

successional rugose BSC were observed throughout portions of its open spaces. The 

Catalina Island BSC appeared to contain a large moss and lichen diversity as well. In 

addition, since the PVP is believed to be closely associated with Venturan sage scrub 

(Westman 1981; Brylski et al. 1994) it would be interesting to compare the community 

composition of BSC on the PVP with BSC from other Venturan sage scrub locations. 

 

Soil Chemistry 

 BSC cover and species composition has been shown to be influenced by soil 

chemistry in parts of North America and other parts of the world (Belnap et al. 2001b; 

Ochoa-Hueso et al. 2011). Soils that are composed of gypsum or soils that are calcareous 

have been shown to have a higher cover of BSC as well as a greater diversity of species 

within it (Belnap et al. 2001b; Ponzetti & McCune 2001). Detailed data on soil chemistry 

is lacking for the PVP, and further research on the soil chemistry of the PVP and how it 

might influence the cover of BSC should be explored.   

 

Restoration 

Biological soil crusts provide numerous ecosystem services and are important 

refugia for biodiversity (Belnap et al. 2001b). As a result, research on restoration of BSC 
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is increasing (Bowker 2007). Cultivation of BSC in greenhouse experiments is showing 

promising signs (Antoninka et al. 2015), as is establishment by way of slurry inoculants 

(Maestre et al. 2006). Since BSC appears to be a prevalent component of the wildlands of 

the PVP, restoration of BSC on the PVP should be explored. 
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