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Introduction

Santa Clara County, located in the Floristic Province of California, is an area high in biodiversity.  The former species richness of its Foothill Oak Woodland has been deeply threatened and changed by invasive plants, particularly annual grasses.  State-wide, California's biodiversity is inherently linked with its high rate of endemism, which can be separated into two classes; paleoendemics (relicts) and neo-endemics.  Neoendemics are concentrated, among other areas, in Santa Clara County, among the Santa Cruz and Mount Hamilton ranges.  

Biological diversity can also be linked to cultural diversity.  The concept of biocultural diversity is often illustrated using an example of Native American tribes of north-central California.  GIS analysis has shown that areas with high cultural and linguistic diversity in North Central California overlay comprehensively with areas of high biodiversity. 

Acterra is a non-profit agency conducting habitat restoration on Enid Pearson Arastradero Preserve, in Santa Clara County.  Much of the Preserve's habitat restoration efforts are volunteer based, working with youth who need to fulfill mandated community service hours.  Biocultural diversity may be a useful teaching tool which could prove more compelling to Acterra's youth volunteers than the idea of 'weeding out bad apples' or ‘pulling bad plants’.  Suggested alterations in Acterra's workday schedule and two sample handouts to include biocultural diversity as a teaching tool are included.
Biodiversity and Invasions
Biodiversity has been defined as the natural variety and variability among living organisms, and amongst the ecological complexes in which these organisms occur (Redford and Richter, 1999).  With over 1,800 animal species and more than 5,000 native plant species, California is one of the nation's leaders in biodiversity (Nature Conservancy, 2000).  Biodiversity is linked to endemism, or local specificity; the natural occurrence of a species in only one area.  Stebbins and Major (1965), in a review of classic taxonomic literature, cite the endemism rate for California's native species as between 29% and 40% which, as the following figure shows, is comparatively high.  
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Figure 1. shows the patterns in the US of species diversity, endemism, and rarity.
Arastradero Preserve is located in the Santa Cruz Mountains in Santa Clara County, which is part of the California Floristic Province, an internationally acknowledged hub of endangered biodiversity (Conservation International, 2006, Wilson, 2000).  The Floristic Province was designated a global hotspot in 1996, and has received conservation attention in part because of its high number of endemic species (California Academy of Sciences, 2006).  Of the nearly 3,500 species of vascular plants found in the Province, 2,120 are endemic (Conservation International, 2006).  
A primary habitat type in Arastradero Preserve is Foothill Oak Woodland.  This ecology, which rings the base of the Sierra Nevada and Coast mountain ranges, can be a mosaic of riparian, chaparral, and serpentine habitats.  Generally, it is mostly open, with an overstory of Coast Live Oak, Blue Oak, and California Buckeye, and an understory of annual grasses and forbs (Alden, et al. 1998; California Department of Fish and Game, 1988).  Foothill Oak Woodland retains some of its historical biodiversity.  The Oak Woodland Conservation Plan (CalPIF, 2002) states: "Oak Woodlands are thought to have the richest wildlife species abundance of any habitat in California" (p. 21).  The Nature Conservancy's (2000) report on the status of biodiversity in the United States lists serpentine outcrops and coastal mountains in the Bay Area and perennial grasslands in Southern California as part of the nation's top six 'hot spots' for endangered biodiversity.  Arastradero Preserve, in the Santa Cruz mountains, contains all of these listed habitat types in its mosaic of Foothill Oak Woodland ecology.  
Today's biodiversity is a fraction of what existed in the past.  Habitat destruction is accelerating, and native animals and plants worldwide (not just in California) are suffering an unprecedented, human-induced die-off.  Extinction rates at present are between 1,000 and 10,000 times the rate they were before humans began to exert such significant pressure on the environment (Wilson, 2002).  Since the 1500's, European and American settlement and urban growth have reduced grassland and other important habitats to a fraction of their former extent (Alden, et al. 1998).  Foothill Oak Woodland's historic grass understory, along with grasslands throughout California, have undergone tremendous change since European contact in the state.  California grasses were formerly composed primarily of native perennial bunchgrasses (USGS, 1998).  Blue wild rye, bromes, and needlegrass formed thick bunched stands of vegetation that were green throughout most of the year.  The spatial layout of bunchgrass provided enhanced habitat value for biodiversity; spacing between the bunchgrasses was beneficial to oak seedling growth and the production of wildflowers.  The upright stands of vegetation with open areas in between the clumps made them ideal for wildlife, as they provided travel lanes, nesting areas, and protective cover (ORNL, 2003).  As well, bunchgrasses offered better nutrient value for native wildlife than introduced grasses do now (ORNL, 2003).    
Thus, oak woodland's signature golden hillsides, which, for many people, are emblematic of the California summer, are not native, but rather, result from what Seabloom et. al. (2003) call "one of the most dramatic ecological invasions worldwide" (p. 1).  The introduction of exotic annual grasses by Spanish ranchers to provide cattle with their accustomed forage altered the composition of 9.2 million hectares of California grasslands (Seabloom, et al, 2003; Bossard, et al. 2000.)  Transplanted to a new place with no natural competitors, and aided by overgrazing and drought, annual grasses such as ripgut brome and foxtail chess soon displaced the native perennials which formerly covered the County's oak woodlands (SC County, 1996; Seabloom et al., 2003; Bossard, et al, 2000.)  
Annual grasses negatively affected biodiversity in the Foothill Oak Woodlands.  Bossard, et al. (2000) detail some of the ways that invasive plants have made ecosystems less complex in California.  These are: habitat dominance and displacement of native species, outcompetition, alteration of ecosystem processes such as fire, hydrological cycles, and erosion, hybridization with native species and subsequent alteration of the gene pool, and the promotion of non-native animals.  These effects have combined to produce an almost total replacement of California's native grass species with exotic invaders:  "Annual grasses and forbs native to the Mediterranean region have replaced most of California's native grasslands" (p. 14.)  
Biocultural Diversity 
Interdependence of cultural with biological diversity is becoming more widely acknowledged in the field of social sciences.  Maffi (2005) suggests connections between linguistic, cultural, and biological diversity as "manifestations of the diversity of life" (p. 599).  In 1988, in the Declaration of Belém, the First International Congress of Ethnobiology asserted that "there is an inextricable link between cultural and biological diversity." (ISE, 1988).
Pre-European Native American settlement in the California Floristic Province is one application of biocultural diversity.  Alfred Kroeber (1963) found a geographical connection between Native American cultural areas and ecological niches (Kroeber, 1963, as cited in Maffi, 2005).  At the Society of Economic Botany's year 2000 conference, researcher Eugene Richard Chung presented a GIS overlay of biological diversity in the upper California Floristic Province with the Upper California Indigenous Culture Region, finding that the two areas "correlate[d] closely, forming a biocultural hotspot."  Chung found that the ecological area's 2124 endemic plant species overlapped geographically with 14 endemic language families and multiple dialects of 72 endemic languages.
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The first of the following graphics shows the diversity of pre-Colonial California tribes.  Although the Santa Clara area appears fairly homogenous, it can be juxtaposed against the blue and light green coloration on the next map of Oak Woodland habitats, showing a high level of tribal cultural diversity ranging over a similar ecology.  
There are several possible interpretations for this.  One is a proposed phenomenon of "co-evolution."  Stebbins and Major, in their classic work on California species endemism, (1965) divide the topic into two categories: paleoendemic and neoendemic species.  Paleoendemics are explained as 'relicts' (p. 3), ancient species that have become isolated by the extinction of close taxonomic relatives.  The authors' comprehensive review of geologic ages of endemic California taxa found paleoendemics in high concentrations in the northern coastal redwood areas, as well as in the Colorado desert borders in the southern end of the state.  Neoendemics, as the name would imply, are newly evolved taxa that have come about near the end of the Paleolithic era, possibly as late as 10,000 BCE.  Two areas in our local foothill Oak Woodland are particularly high in neoendemic biodiversity; the Mt. Hamilton mountain range, and the Santa Cruz mountains (Stebbins and Major, 1965).  

A high rate of neoendemic species biodiversity may have led to a phenomenon of "co-evolution" with Native Americans' land management practices.  There is well documented evidence that the first inhabitants of this landscape were also its first stewards.  Various Native American tribes practiced extensive manipulation of the landscape through burning, (EBRP, 2004) pruning, sowing, weeding, tilling, and selective harvesting (Anderson and Moratto, 1996).   Chaparral and shrub areas were repeatedly burned beyond their ability to regenerate so as to promote open grassland habitat (Anderson and Moratto, 1996, USGS, 2002.)  Separate tribal and cultural niches may have conducted different land management practices (USGS, 2002.)    
If one combines a high percentage of newly evolved taxa, with intensive land management, with high biocultural diversity, it does seem likely that the three are connected, and that Native Americans formed a synergy or 'co-evolution' with Foothill Oak Woodland.  Deeper research would need to be done on this point, particularly because Stebbins and Major note an overlap of some areas which contain high numbers of both relict and neoendemic species, particularly the Northwest Coast, which also coincides with a high cultural diversity level in the map shown above.
Another possible explanation of biocultural diversity in pre-colonial California is that of spatial distribution.  As previously discussed, the spacing of the native perennial grass understory in Foothill Oak Woodland is advantageous to wildlife and plant diversity.  The spatial layout of Native American settlements was not dissimilar to that of perennial bunchgrasses, just as the wide 'carpet effect' of today's urbanization bears much in common with the mat of thatch formed by annual grasses. 

Prior to European settlement, there were an estimated number of at least 100 Native American tribes in California (USGS 1998).  The total estimated population of the state was 300,000.  (USGS 1998).  In most areas, villages occurred every three to five miles, and were populated by approximately 60-90 people (EBRP, 2004).  Native American populations were culturally diverse, widely spaced from neighbors, and more concentrated in foothills and valleys, unlike today's modern California population, which is centered in coastal urban centers (USGS, 2002.) 
The spatio-geographic layout of both people and nature changed profoundly after European contact.  Areas formerly dominated by perennial bunchgrasses have become choked with a thick layer of dried thatch from annual grasses.  Streamsides and woodlands that were once populated by sparsely distributed villages have been paved into homogeneity of Starbucks and freeways.  "Twentieth century urban development has claimed...the area around the San Francisco Bay...millions of hectares of native grasslands...have been converted" (USGS, 1998: p. 9).

The current population of California is about 36 million people (Census Bureau, 2006.)  Pre-contact Native American tribal population diversity has been decimated by introduced diseases, extermination, slavery, displacement, and other ills brought about by European settlers (USGS, 1998).  It is possible to assert that the racial and ethnic diversity of the state and the Bay Area have become enhanced, rather than lost, through a long and rich immigration history.  However, popular mass culture today provides a homogenizing factor that was not present before the introduction of our industrial way of life.  
Cocks (2006) details the primary three threats to biodiversity: industrial revolution, demographic explosion, and the rise of the global exchange economy.  All of these factors are present in California, transforming once richly biodiverse land into urban and suburban development.  

The following two graphics present an intriguing juxtaposition.  The first graphic shows urban areas in California, marked by blue.  These are concentrated in the coastal areas of San Francisco and Los Angeles.  The second graphic shows a scale of invasive plant species. The worst infestations are conglomerated in these same two areas.  This supports the idea of a spatial / geographic link between the impacts of European urbanization and those of its biological invasions.  
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Figure 2: Urbanization in CA



Figure 3: Invasive species distribution in CA
Graphic from CA Energy Commission (2003.)
Graphic from Dark, (2004.)  
Application to Curriculum
Acterra is a community based organization providing restoration on the Enid Pearson Arastradero Preserve.  The Preserve is located adjacent to Foothill Park, and both Preserve and Park are owned by the City of Palo Alto in Santa Clara County, California. The Preserve supports 247 hectares of Foothill Oak Woodland, located in the Santa Cruz mountains.  

Acterra conducts volunteer-based habitat restoration activities approximately six times a month.  

In the 2005/2006 fiscal year, the agency had 1,200 volunteers who contributed 2,999 total volunteer hours.  More than two dozen different schools, firms, and organizations bring groups to the Preserve to conduct habitat restoration.  While weekday evening events are primarily attended by adults, weekend restoration days have mainly youth participants.  Once an optional undertaking, community service hours for non-profit service organizations are now mandated at many high schools in the area.  Most of Acterra's weekend volunteer base consists of youth in high school or community organization programs seeking to fulfill community service hours.  Sometimes the hours are mandated by a class, sometimes by a court.  The youth participants display widely varying levels of interest in and knowledge about local habitats and biodiversity.
Cook (2006) states that biologists have recognized that solutions to ecological problems may lie in social and cultural systems.  Whereas most explorations of biocultural diversity, she argues, focus on native and indigenous world views, the concept and its applications should be extended to include more diverse social groups.  She suggests taking the dynamics of various group's biocultural values (focus on recreation, resource use, etc.) and using those as starting points for building additional approaches towards community based conservation.  This has many applications for an urban-based program.  The city of San Jose and the surrounding county of Santa Clara are incredibly diverse in terms of language, nationality, and socio-economic groups, thus, connecting former biodiversity to pre-contact Native American cultural diversity may have limited uses.  Instead, using the concept of diversity in volunteers' lives as a jumping-off point for biological and cultural explorations may serve better to ensure that our city's cultural diversity can be used to uphold biological diversity.  Please see "Guided Discussion Questions" for an example of how this might be practically applied.  

Acterra's habitat restoration may involve seed collecting, planting natives and watering established plants, but more often it consists of invasive plant control, otherwise known as weeding. The schedule for a typical work day is as follows:  

9:00 AM - Check in.  Sign waiver, choose gloves and tool. 

9:10 AM - Orientation.  Acterra staff discuss the history of Acterra, the tasks we'll be focusing on for the day, safety information (i.e., ticks, poison oak, tool safety), etc.  

9:30 AM - Split into groups.  Each group gets a further orientation at the worksite; basic plant identification skills, what to pull and how, what to leave in the ground, etc. 

11:00 AM - Break for snacks. 

11:30 AM - Return to work.

12:45 PM - Clean up.  Closing circle (what did you learn today, good job, how to stay involved, etc.) Volunteers fill out evaluations. 

A usual work day will have 2 staff and between 20 and 40 volunteer participants.  Keeping young volunteers focused on the work at hand is a continual challenge.  The work is important, but in addition to weeds to be pulled, there are lessons to be learned.  At the end of the day, volunteers rank their experience on an evaluation form.  One category is "learned about biodiversity" and from many participants, this only earns a pass or barely pass grade.  Learning about biodiversity is a first step, but it's also key to provide a take-home experience that volunteers feel relates to their daily life and to who they want to be in the world.  
In terms of Acterra's volunteer education and workdays, there are two metaphors which could be applied.  One is the idea of "weeding out bad apples."  A common analogy used when talking about youth, is "one bad apple can spoil the whole bunch."  It would be unfortunate if Acterra's youth volunteers drew any sort of parallel between their own, sometimes difficult, life experiences, and the work they are doing with habitat restoration and invasive weed control.  Staff are often asked "is this a 'bad' plant or a 'good' plant?"  The idea of there being bad and good plants, with the good to be preserved and the bad to be removed, seems unhelpful for a biodiversity education program.  

The second metaphor is that of biodiversity vs. the dominant paradigm.  Many youth volunteers display an understanding of how mainstream American corporate culture can be monolithic or oppressive to alternative communities and ways of being.  An analogy can be made between practicing invasive plant control so that the embattled California natives can flourish, and educating youth about biodiversity so as to promote diverse societies as well as ecologies.  One phrase I sometimes use is "we're doing affirmative action for plants."  Acterra's workdays can be structured in such a way so that both the work and its education invite young volunteers to take up the mantle of a centuries-long history of biological and cultural diversity...via weeding, and their approach to it.
Proposed alternative schedule

9:00 AM - Check in.  Sign waiver, choose gloves and tool.  Count off into teams.  Volunteers choose team names (should relate to ecology.)
9:10 AM - Orientation.  Acterra staff discuss the history of Acterra, the tasks we'll be focusing on for the day, safety information (i.e., ticks, poison oak, tool safety), etc.

Discuss goals for the day in terms of work.  Also propose knowledge challenge (Please see attached Sample Knowledge Challenge.)  

9:30 AM - Split into groups.  Each group gets further orientation once at the worksite; basic plant identification information, what to pull and how, what to leave in the ground, etc.   

11:00 AM - Break for snacks and to fill out break time survey (Please see attached Sample Break Time Survey.) 

11:30 AM - Return to work.

12:45 PM - Clean up.  Closing circle (what did you learn today, good job, how to stay involved, etc.) Volunteers fill out evaluations.
In addition to the proposed knowledge challenges and break time survey, other educational activities can be implemented into the day's schedule which provide an orientation on biodiversity without taking too much time away from work.  One idea is to hang sheets of butcher paper or poster board up in the orientation room, with categories that we ask volunteers to contemplate during the day and add to as they take a restroom or snack break.  For example, using the theme "types of diversity," poster boards would be titled "diversity of experience," "diversity of race," "diversity of habitat," etc.  Underneath each heading, participants would list examples of diversity in that category, such as, "immigrant, non immigrant, working class" "Asian, Latino, Caucasian" and "riparian, grassland, woodland" respectively.  Another use of the poster board idea would be to have each paper represent one aspect of biodiversity, such as "plants," "animals," or "food web," and have participants list interrelated topics that occur to them throughout the day; plants they have seen, animals they have heard, or trophic associations they have learned about.  
Educational activities will, without a doubt, leave somewhat less time for the workday itself.  However, a student who is thoughtful and motivated will probably produce a higher level of work than one who feels unwilling and alienated, so it may be that each fragment of time lost from the overall work day will be regained in quality of effort during the time actually worked.  
Encouraging volunteers to become alert to the potential for diverse habitat around them may help create a connection between themselves and the first stewards of the land, and re-forge the broken link of cultural to biological diversity. 
Summary
Protecting and enhancing biological diversity is a critical effort in parks and protected lands across the nation.  The California's Floristic Province's foothill oak woodland ecosystems had high levels of historical biodiversity, fragments of which still remain today.  Invasive plants introduced by Europeans were a primary factor in the reduction of biodiversity to these remnant levels.    

Biological diversity can be linked to cultural diversity.  A prime example of this is in pre-Contact Native American tribes.  Two ideas which address the overlay of Native American linguistic and cultural diversity with historical areas of high ecological value are that of co-evolution, and that of spatial layout.  Co-evolution considers that the linkage between newly-evolved taxa, high biodiversity values, and Native American land-practices combined to form an interrelated phenomenon.  Spatial layout notices that the former urban/settlement pattern of Native Americans was in small, widely spaced clusters, similar to the appearance of California bunchgrass prairie, which has a high habitat and wildlife value.  Post-Contact settlements, in contrast, have become denser as well as more wide-spread, similar to the biological pattern of spread of invasive grasses.  These patterns of human settlement, and their accompanying plant invasions, are destructive to the natural environment.  

Biocultural diversity as a concept in volunteer habitat restoration education can be a force working against the present-day homogenizing patterns of urbanization and plant invasions.  Integrating time into workdays to conduct guided discussions, encourage volunteers to connect with the idea of diversity in their own lives, and cooperate in teams to notice the world around them (as they conduct habitat restoration activities) may forge a new biocultural link.   Using education and personal experience as a jumping off point, Santa Clara County's richly varied immigrant population has the opportunity to restore California's foothill oak woodlands to their former grandeur of plant and animal species abundance.    
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