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VEGETATION CLASSIFICATION (MAPPING SHORT FORM) 

FOR THORNEWOOD AND TEAGUE HILL PRESERVES

MIDPENINSULA REGIONAL OPEN SPACE DISTRICT

TEAGUE HILL AND THORNEWOOD PRESERVES

VEGETATION MAP

INTRODUCTION

Aerial Information Systems (AIS) was contracted by the Midpeninsula Regional Open Space District (MROSD) to create a vegetation map of Thornewood and Teague Hill Preserves and the surrounding land west of the town of Woodside in the Santa Cruz Mountains.  The study area is approximately 9 ½ square miles. 

The Thornewood and Teague Hill Preserves represent two of the MROSD’s 24 preserves.  The Preserves in this study area occur along the Santa Cruz Mountains from just south of the Crystal Springs Reservoir to just north of the MROSD Preserve of Windy Hill.  The areas mapped for this study include the Thornewood Preserve, the Teague Hill Preserve and the surrounding watersheds. From north to south the surrounding watersheds include:

· McGarvey Gulch

· Squealer Gulch

· Tripp Gulch

· Appletree Gulch

· Bear Gulch

· Alambique Creek 

· Dennis Martin Creek

· Bull Run Creek

The following Preserves and State Parks are included in this mapping effort:

· Thornewood Open Space Preserve

· Teague Hill Open Space Preserve

· Huddart County Park

· Wunderlich County Park

REGIONAL DESCRIPTIONS – TEAGUE HILL STUDY AREA

Thornewood Open Space Preserve 

The Thornewood Open Space Preserve is the southernmost Preserve in the study area.  Located south of La Honda Road and north of Dennis Martin Creek, this is predominantly SE facing, ranging in elevation from 600 to 1200 feet.  Schilling Lake and Dennis Martin Creek are the water bodies in this Preserve.  The vegetation in this preserve consists mainly of coast live oak and California buckeye types and some smaller areas of Douglas-fir, coast redwood and black oak types.

Teague Hill Open Space Preserve

The Teague Hill Open Space Preserve is the northernmost Preserve in the study area.  It is the larger of the two preserves and consists mainly of coast redwood, Douglas-fir, California bay and mixed hardwood types.  Black oak makes up a small component of this preserve. It has an elevation range of approximately 450 to 2000 feet and contains three gulches (Appletree, Tripp and Squealer).

Huddart County Park

This area ranges from 600 to 2200 feet and is located on the northern edge of the study area.  It contains McGarvey and Squealer Gulches and is predominantly east facing, with local areas of north and south facing slopes.  Kings Mountain Road runs through this area and is the location of some stands of King’s Mountain manzanita, as observed by the field ecologist.  Due to the elevation range, this area is quite diverse.  There is coast live oak, black oak and mixed hardwoods at the lower elevations (adjacent to urban disturbance), and there are Douglas-fir and coast redwood types at the higher elevations.

Wunderlich County Park

This park ranges from 600 to 2200 feet and is located just north of the Thornewood Preserve.  This area is bound on the east by Woodside Road (Highway 84) and bound on the west by Mountain Meadow Road; Alambique Creek runs through the park.  At the lower elevations there are coast live oak and coast redwood types mixed in with quite a bit of urban disturbance.  At the upper elevations, there is mostly Douglas-fir on the ridge and northeastern facing slopes.  California bay, coast live oak and tanoak occur adjacent to the Douglas-fir located on the slope. 

Remaining areas in the Study Area

The remainder of the area mapped is predominantly east facing and goes down in elevation from a ridge on the west side (approximately 2200 feet) down to a residential area on the eastern boundary of the study area (approximately 400 feet).  This land contains Douglas-fir along the ridgetops, coast redwood types and California bay types on the mid-slope below and adjacent to the Douglas-fir, and more coast redwood, coast live oak types and mixed hardwoods at the lowest elevations near the residential areas.  The land located southwest of the Teague Hill Preserve and north of Wunderlich County Park is the California Water Service Company land.

COMPARISONS (TEAGUE HILL AND THORNEWOOD WITH OTHER MROSD PRESERVES)

· Much of the Sierra Azul study is covered with chaparral species or sparse woodland pine with chaparral understory.  La Honda shrub components, however, are coyote brush dominant.  The chaparral types in the Teague Hill study area are predominantly manzanita spp and interior live oak.
· Overall, higher average elevation of Sierra Azul and steeper side slopes generate environments where canyon oak is common in much of the region.  In the Teague Hill study area, most of the slopes are gentle and below 2200 feet, so there is no mappable canyon live oak present.
· Redwood and Douglas-fir communities are confined primarily to the drainages and protected low slopes at inland preserves such as Sierra Azul; ridgeline stands of these communities in fog drip zones are common in both the Purisima and La Honda study areas. Teague Hill is transitional; located on the east side of the Santa Cruz Mountains but in a region where coastal fog is more common than in east side preserves further south. Douglas-fir communities occur along the ridgetops and upper slopes, the coast redwoods occur in riparian settings and often adjacent to  residential areas.  
· Riparian trees at La Honda and Purisima are primarily arroyo willow and red alder; at Sierra Azul, maple, white alder and California sycamore dominate in the draws.  In the Teague Hill study area, the major watersheds are mapped with 1223 (Douglas-fir - coast redwood) or 1211 (coast redwood/ tanoak).  Big-leaf maple and California bay types dominate some of the minor watersheds in the Teague Hill study area.

· Mixed broad-leaf evergreen forests are uncommon and are generally found as a minor component to the conifer forests at Purisima; in La Honda, the broad-leaf evergreen forests are widespread and extensive.  In the Teague Hill study area, the mixed broad-leaf evergreen forests are common and found adjacent to the conifer forests.  Coast live oak is the most extensive hardwood vegetation type in the Teague Hill study area.  Stands of black oak and madrone with a minor component of coast live oak are a potential association in the study and have been described in other parts of the Santa Cruz Mountains (Black Oak – Madrone – Coast Live Oak by Allen et al. 1991).

SUMMARY OF THE MAPPING EFFORT AT THE TEAGUE HILL STUDY AREA

The following is a brief outline of the mapping effort:

· May 2006 – MROSD data layers delivered to AIS.
· May 2006 – Teague Hill study area Scope of Work defined.
· May 2006 – Aerial photography and other data delivered to AIS.
· May 2006 – Preliminary classification created.
· May 2006 – One-day field reconnaissance with MROSD Project Manager/ Open Space Planner Matt Sagues and Stella Cousins (Planning Technician) as well as Tom Mahony (Plant Ecologist) of Coast Range Biological.
· June 2006 – Preliminary mapping descriptions completed.
· July 2006 – All of field questions and completed draft map sent to Tom Mahony and Stella Cousins.
· July 2006 – Complete set of answers to field questions received.

· August 2006 – Updates and final QC to draft map.

· August 2006 – Final maps and data sent to MROSD.

VEGETATION MAPPING CRITERIA AND METHODOLOGIES

Vegetation mapping procedures include first conducting an initial field reconnaissance that establishes relationships between plant communities and bio-physical attributes. Air photo signatures (color-tone-texture combinations that the photo interpreter views on the hard copy or digital photo) are then correlated to their corresponding plant communities or plant species viewed in the field.

A preliminary mapping classification and PI signature key are then developed using information derived from the field reconnaissance and any existing field plot data and vegetation classifications used in previous mapping efforts.

Initial vegetation units are then heads-up digitized directly into an ARCEDIT coverage reflecting a wide variety of habitats throughout the study.  After the initial draft map is complete; the coverage is sent to the field ecologists (Tom Mahony and Stella Cousins) for general quality assurance and to answer any PI questions.  Photo interpreters then correct final inaccurate calls and extrapolate to other possible existing errors of similar photo signature correlates.  A final in-house QC is then performed; GIS related procedures are completed and a final plot is then made.

Digital Imagery and Aerial Photography

There were two sets of digital imagery used for this project.  The natural color set taken in December 2005, with a resolution of 1.5 feet, was used as the base imagery.  The natural color set taken in September 2003, with a resolution of 2 feet, was used as ancillary imagery.  Leaf off conditions were easier to see in the December 2005 set for some species (such as black oak).

Sometimes situations were encountered when stereo was necessary and the aerial photographs were then used.  Approximately 14 1:24000 natural color 9x9 aerial photographs (hard copy prints) were also used to assist in interpreting vegetation within the study.  The photography was flown in late March of 2000 following a lower than average rainfall year.  Conditions were generally in leaf off condition for most of the cold season deciduous species; little if any spring flush was noted on the broad leaf evergreen species and initial greening of the annuals was well under way.  Although the photography was excellent for interpreting many communities to a sub alliance level (with obvious exceptions within the herbaceous types), it was only used for ancillary purposes since the heads-up mapping method was used for most of this project.

Minimum Mapping Unit - Vegetation Complexing Issues and Inclusions

A general guideline of ½ hectare was used as a minimum polygon size for delineating a visible alliance, association or vegetation mapping unit.  Exceptions to this minimum mapping unit (MMU) are noted in the following areas:

· Small openings of chaparral 

· Wetlands

· Land use within the study

It is important to note that small inclusions of vegetation communities that may exceed ½ hectare when ecotones and gradations are included are a normal part of any vegetation map.  The vegetation boundaries delineated on the digital imagery represent the photo interpreters estimate at defining the modal break point between two communities, whether at a detailed association level of mapping or at a more general habitat level.  When assessing the accuracy of a vegetation polygon, it is important to review the entire polygon for its accuracy, not just a small sample within that unit.  Below are several examples of what might be considered vegetation lines dividing communities representing gradual continuous ecotones:

· Douglas-fir – coast redwood to Douglas-fir – mixed hardwoods

· Coyote Brush Mesic to Coyote Brush Xeric

· Annual Grasslands to Coyote Brush Open Stands

Alliance / Association / Mapping Unit Assignments

The assignment of alliance and associations to the vegetation is based on the California Native Plant Society’s Manual of California Vegetation.  In the case of both MROSD preserves, photo interpreters and ecologists decided which communities were mappable at either an alliance or potential association level.

Normally, associations must be supported with several surveys taken in the field (rapid assessment plots) and the data run through a vegetation analysis classifier program such as TWINSPAN.  Results from the program are then analyzed and unique floristic communities are then described and placed into a key.  The results are variants within the alliance, which may be defined as an association.  Associations may be defined by key indicator species, which are not visible to the photo interpreter.  

Mapping units were derived for types that could not be distinguished on the imagery at the alliance level or below, or that could not be defined in the field into any given alliance.  These mapping units may be noted as two or more alliances or “super alliances” which commonly co-occur in the study such as coyote brush and blue blossom.  Other mapping units may be more habitat derived such as coastal bluff scrub, which may encompass a number of alliances.

MROSD Specific Mapping Criteria

Every effort was made to delineate invasive stands of pine, cypress, blue gum and acacia well below the MMU.  In addition, wetlands were delineated below MMU when visible on the photography, or substantiated with field efforts.  Linear wetlands that were often extremely narrow were also delineated when visible on the photography.  

Vegetation Mapping Study Area

Every effort was made to delineate beyond the required study area boundaries into adjacent public owned lands and private in-holdings.  This was done in order to facilitate GIS analysis without gaps and to ensure a complete map without “doughnut holes” of non-mapped data.  A comprehensive administrative boundary was provided in both hard copy and digital formats to aid in placing the study area boundary.  

Line and code edge matching efforts were done along the northeastern edge to the adjacent PORE-GGNRA study, however, since this was done using differing mapping criteria, a perfect match could not be obtained.  Edge tie-ins to the previously completed La Honda, Purisima Creek Redwoods and South Skyline study areas were performed and an updated coverage showing changes on the La Honda side and Purisima Creek Redwoods side will be sent to MROSD.  There were no changes along the South Skyline boundary.

Field Reconnaissance

A one-day photo interpretation field reconnaissance effort was conducted in May 2006.  The field reconnaissance crew consisted of: Matt Sagues (MROSD Project Manager/Open Space Planner), Stella Cousins (MROSD Planning Technician), Tom Mahony (Coast Range Biological Plant Ecologist) and Anne Hepburn and John Menke (AIS Photo Interpreters).

Prior to the field reconnaissance, several in-house preparations were performed in order to facilitate a more organized trip.  Photo interpreters reviewed the imagery and delineated question areas and signature types into a temporary coverage.  Hard copy digital maps showing the imagery with preliminary delineations of photo signatures were then produced at a 1” = 1000’ scale (1:12000) for use in the field.  MROSD staff prepared hard copy maps of the study area (topographic and digital imagery) that they gave to the photo interpreters to help facilitate the field reconnaissance.

The field crew conducted on-site investigations during the field reconnaissance trip.  During the field visit, the photo interpreters worked with Tom Mahony, Stella Cousins and Matt Sagues to identify the plant species, preliminary vegetation communities, and their photo signature throughout the study.  Sites on the hard copy maps in addition to other areas not delineated in-house were visited and described in the field.  Locations of remote sites were derived from the in-stand location taken using GPS and subsequently shot with a range finder (determining distance to remote site) and compass (determining the bearing to the remote site) These sites included areas of initially selected sites, areas of noteworthy or unusual significance as determined by the field ecologist, and areas the photo interpreter deemed important in transit from site to site.

Preliminary Photo Interpretation

Photo interpretation is the process of identifying map units based on their photo signature.  All land cover features have a photo signature.  These signatures are defined by the color, texture, tone and pattern they represent on the aerial photography.  By observing the context and extent of the photo signatures associated with specific vegetation types, the photo interpreter is able to identify and delineate the boundaries between plant communities or signature units.  Additional collateral sources (existing vegetation maps, supplemental photography, soil data, etc.) can be of great utility to the photo interpreter.  Understanding the relationship between the vegetation and the context in which they appear is useful in the interpretation process.  Familiarity with regional differences also aids interpretation by establishing a context for a specific area.

The methodology used in this study involved a heads-up digitizing approach in an ARCEDIT session with one base set of digital imagery – natural color flown in December 2005 with a resolution of approximately 1.5 feet.  Ancillary imagery was also used when necessary.  Menu functions developed for this study enabled the photo interpreter to window in and out at varying scales while delineating the vegetation stands.  The photo interpreters had the options of overlaying existing contour data, streams, farm data, and waypoint data taken during field reconnaissance.  All normal GIS functions were available to the photo interpreter through menus located adjacent to the displayed image.  In addition, photo interpreters were able to assess the size of each of the polygons delineated in order to conform to the minimum mapping unit rules.

Using a mirror stereoscope, with a 3X0 lens, photo interpreters further assessed stands of vegetation using the existing hard copy air photos.   The aerial photos were especially helpful in separating out stands of pine and eucalyptus and to get a better feel for the slope characteristics that the vegetation stand occurred in.

Photo interpretation did not begin actual production until after the initial field reconnaissance visit.    Photo interpreters must use the reconnaissance trip as a tool to train on the signatures that are pertinent either to the special interests of the MROSD, or to differentiating the communities and alliances.  Without this fundamental knowledge, photo interpreters will either miss what is supposed to be a meaningful distinction between two communities, or delineate areas, which may be of no significant ecological interest, but may yield a difference in signature on the photos.  One obvious example is a signature difference reflecting the varying health (greenness) of vegetation within annual grass types.  This wide variation in colors is not addressed as polygon delineations in this case.  

Approximately two weeks of pre-production training enabled a consistency in mapping throughout the study area between photo interpreters.  Consistencies were addressed regarding minimum mapping unit, what represented a stand of vegetation and what defined a particular mapping class.  Frequent interim quality control checks were performed to ensure consistency throughout the mapping effort.

Ground Truthing and Quality Control of the Interim and Final Draft

Tom Mahony of Coast Range Biological and Stella Cousins of MROSD split up the study area and conducted quality control and ground truthing efforts in June and July 2006. Feedback from Mr. Mahony and Ms. Cousins in the form of notes in a Word document replaced the normal verification efforts used in AIS mapping procedures where the photo interpreters performed the task.

Significant changes to the draft map and mapping classification are listed below:

· Due to the feedback from the ecologists, a new type (3107 - manzanita spp. – interior live oak mapping unit) was created.

· After field reconnaissance, a new mapping unit for black oak-madrone (coast live oak) was created- 1411.

After the quality control effort, AIS proceeded with the final revisions to the photo interpretation line work and labels.  Other polygons with similar signatures that may have needed changing were also reviewed based on QC notes.  The coverage was also checked for completeness, consistency, and adherence to the mapping criteria and guidelines.

FINAL GIS-RELATED PROCEDURES
Heads-up approach photo interpretation allows for minimal conversion procedures to the final product.  Two coverages were created (northern and southern half) which enabled two photo interpreters to work on the project.

Coverage Editing and Line Refinement

A line cleanup was performed.  Coverage integrity was checked for open polygons, unlabeled polygons, unnecessary lines or missing lines and duplicate labels.

Once the line work passed the acceptance standard, all polygons were closed off to create topology.  This included creating a pseudo boundary by connecting dangling arcs at the edge of the two coverages.  The two coverages were joined and their edge dissolved to create an entire study area.

Valid Code Checks

A frequency was run on the final product to check for invalid codes; global searches were done throughout the region to ensure spatial accuracy of coding.

Quality Assurance of the Final Draft Map 

The final draft map underwent a quality assurance review.  The coverage was reviewed online for line placement and code accuracy and overall consistency.  

DATA DICTIONARY – TEAGUE HILL STUDY AREA

Data Format Outline:
Variable Structure:

Coverage Related Variables:

ITEM


WIDTH

OUTPUT WIDTH
TYPE
Area


   8


18

   F

Perimeter

   8


18

   F

TEAGUEHILL#

   4


  5

   B

TEAGUEHILL-ID
   4


  5

   B

Defined Variables:

ITEM


WIDTH

OUTPUT WIDTH
TYPE

Acres


   8


18

    F

Code


   4


  4

    I

Name


119


119

   C

Code-Name

126


126

   C

Density


   2


  2

   C

Landuse

   4 


  4

    I

Comment

200 


200

   C

Fieldck


   1


  1

    I

AIS_ID

                 5


  5

    I

Data Dictionary User Defined Fields

Acres:  Total acres for each polygon


Code:  Numerically defines the Vegetation Code (See Classification)


Name:  Floristic name of the Alliance, Association or Mapping Unit


Code-Name:  Code and Name together 

Density:  Defines the density of the life form of the mapped alliance/mapping unit category

Landuse:  Numerically defines the land use for that polygon

Comment:  Used for field check references

Fieldck:  In-house value for field check and QC status

AIS-ID:
  Unique numeric ID for each polygon

File Specifications

· ARC Info Coverage Format

· Shape File

Coordinate System Used 

· NAD27 UTM projection – Meters

· Zone 10

DATA SETS USED

The following data sets and the agencies where they came from were used for the Purisima study area:

· Digital Elevation Models – USGS

30 Meter derived from USGS 7.5 Minute Quadrangle Maps

· Digital Ortho-photo Quarter Quad Images – USGS

Scanned from December 2005 aerial photography – 1.5 feet

· Digital Ortho-photo Quarter Quad Images – USGS

Scanned from September 2003 aerial photography – 2 feet

· Natural Color Stereo-paired Aerial Photography – WAC Inc.

1:24000 60% overlap March 22, 2000

· Land Ownership Data Set – MROSD

ARC Info Coverage Format

· Streets-Roads-Trails – MROSD

· Farmlands Map – State of California - Department of Water Resources

· California Natural Diversity Database (CNDBD) – Department of Fish and Game

· AIS Waypoints - taken on May 2006 field reconnaissance trip 

DESCRIPTIONS OF MAPPING TYPES FOR THORNEWOOD AND TEAGUE HILL PRESERVES

All mapping descriptions in this report are describing the Teague Hill and Thornewood Open Space Preserves unless otherwise specified.  

1000 – FORESTS

1101 – Lower Elevation Mixed Broadleaf Hardwoods (California Bay – Tanoak – Madrone - Coast Live Oak) Mapping Unit
Distribution:

This type is common in the Teague Hill study area.  It is found in several locations: on the western edge of Teague Hill Preserve above Tripp Gulch around 1800 feet, east of Schilling Lake on east facing slopes around 700 feet and a few other scattered stands located in the study area are on east or south facing slopes below 2000 feet.

Environmental Characteristics:

Generally found on moderate slopes below 2000 feet.

Description:

It contains a mixture of hardwoods including coast live oak, California bay, tanoak, and madrone.  Valley oak, black oak, and/or interior live oak may also be present.  It is often found adjacent to Douglas-fir or Douglas-fir – coast redwood mixes.  Douglas fir may be present, with less than 20% cover.  At lower elevations, the hardwoods become less diverse and coast live oak becomes a major component.  The density of this mapping unit is usually greater than 60%.

Photo Interpretation Signature:

The photo interpretation (PI) signature contains many shades of green, with well- defined crowns for the different species.  Most of the trees in this type appear to be about the same height.  Color variation on the photography is primarily dependent on species and age of the leaf.
1102 - Higher Elevation Mixed Broadleaf Hardwoods (California Bay -Tanoak, Madrone - Coast Live Oak - Canyon Live Oak – Interior Live Oak) Mapping Unit 

Distribution:

· This type was rarely mapped in the Teague Hill study area.  It was mapped based on the field ecologist’s observations of interior oak in the stand.

Environmental Characteristics:

· In the Teague Hill study area, it usually occurs around elevations of 1700 feet or higher on north trending convex moderate slopes.  

Description:

· In the Teague Hill study area this type is found on north trending convex moderate slopes around elevations of 1700 feet or higher.  Common species include interior live oak, coast live oak, California bay, madrone, tan oak, and occasionally, black oak and valley oak.  Coast live oak is generally a less common component than in the lower elevation hardwood type (1101).  Douglas fir may be present, with less than 20% cover.  The density of this mapping unit is usually greater than 60%, except in disturbed areas.   

Photo Interpretation Signature:

· Although this PI signature is very similar to the lower elevation mixed broadleaf hardwoods type (1101) PI signature, the PI signature was not determined for this type since it was only based on the field ecologist’s feedback.

1110 – California Bay Series
Distribution:

This vegetation type was rarely mapped in this study area.

Environmental Characteristics:

This was not determined for this type.

Description:

This was not determined for this type.
Photo Interpretation Signature:

No PI signature was established for this type.

1111 – California Bay Association
Distribution:

This type is not commonly found in the study area.  A few stands are noted in the Teague Hill Preserve, but only one found in the Thornewood Preserve.  There are a few other stands located throughout the study area.

Environmental Characteristics:

The California bay association is found most frequently in steep, narrow riparian areas and upper portions of draws.

Description:

This association was mapped when the dominant tree in the overstory was California bay (greater than 75% relative cover). Small amounts of big-leaf maple, alder and mixed hardwoods may be found in the overstory of this mapping unit.  The density of this vegetation type is usually greater than 80%.

Photo Interpretation Signature:

The crowns of California bay are variable but in certain growth forms yield a distinct signature forming numerous “clonal” patterns of needle-like crowns on an individual tree.  This signature is difficult to determine in a forested setting and can be confused with young coast redwood trees.
1120 – California Bay – Coast Live Oak Multiple Series Mapping Unit
Distribution:

This type is quite common in the study, especially in the Teague Hill Preserve.  No stands found in the Thornewood Preserve.

Environmental Characteristics:

Found in convex areas ranging from 1200 to 2000 feet.  Environment is intermediate between the mesic California bay forests and the more xeric coast live oak woodland.

Description:

This is a mixed broadleaved evergreen forest that has dense components of California bay, madrone and coast live oak in the overstory.  This category is used when both species co-dominate; however, it is generally not separable from the low elevation mixed hardwoods type (1101).  It is difficult for the photo interpreter to determine if subordinate species such as madrone or tanoak make up a significant percent of the stand to separate out these two types.

Photo Interpretation Signature:

Coast live oak has a dark green appearance (crown is broad), and California bay has a lighter green signature and appears slightly thinner (with a tighter crown).

1140 – Tanoak – (California Bay) Multiple Series Mapping Unit
Distribution:

This type is rare in the study area, and only mapped based on field ecologist’s feedback.

Environmental Characteristics:

This was not determined for this type.

Description:

Stands are predominantly tanoak with minor components of California bay and madrone.

Photo Interpretation Signature:

PI signature not established for this type.

1150 – Eucalyptus Series

Distribution:

This type is rare in the study area. Only found in the eastern part of the study area outside of the Preserves near urban disturbance.

Environmental Characteristics:

No slope or environmental correlations can be determined in this study.

Description:

Usually found in linear patterns near homes or along roads, although some stands are too small to be mapped.  Blue gum is often the dominant and the only species distinguishable on the aerial photography.

Photo Interpretation Signature:

Eucalyptus trees appear tall and range from a dark brown to a dark green color on the imagery, depending on leaf conditions.

1151– Acacia Series

Distribution:

This is rarely mapped in the study area and only found adjacent to urban disturbance.

Environmental Characteristics:

This type is generally disturbance related.

Description:

Blackwood acacia often dominates.

Photo Interpretation Signature:

Photo interpretation signature was not established for this type.

1170 – Mixed Oak Mapping Unit (Including broad-leaf evergreen component of madrone & bay)

Distribution:

Only one mappable polygon based on the field ecologist’s observation found in the study area.

Environmental Characteristics:

This was not determined for this type.

Description:

This was mapped based on the co-dominance of interior live oak and canyon live oak in an area.

Photo Interpretation Signature:

PI signature was not established for this type.

1180 – Giant Chinquapin Series

Distribution:

Only one mappable stand found in study area along King’s Mountain Road, which was based on field reconnaissance data.

Environmental Characteristics:

This was not determined for this type.

Description:

This was not determined for this type.

Photo Interpretation Signature:

PI signature was not established for this type.

1200 – Temperate Needleleaf Evergreen Forests

1201 – Planted Stands of Pine

Distribution:

This type was uncommon in the study area.

Environmental Characteristics:

Generally found in disturbance related settings.

Description:

Planted stands of non-native exotic species are located along roads, in parks and close to homes.  Some stands are below the minimum mapping unit (mmu).  Density is variable due to the disturbance factor.  Most species include Monterey pine and/or Monterey cypress.

Photo Interpretation Signature:

Trees are variable in crown shape and size.  Shades of green vary according to what species of pine has been planted.

1210 – Redwood Series

Distribution:

Uncommon; generally redwood stands have a tanoak component (see type 1211).

Environmental Characteristics:

The few stands in this study area occur on east or northeast facing convex and concave slopes.

Description:

Stands are either adjacent to homes or very young.

Photo Interpretation Signature:

Coast redwoods are an olive green color on the imagery.  Trees are tall, often emergent to the main canopy and have a variable crown shape.  Larger more mature trees often have solid dense crowns with fuzziness towards the crown edge. Younger trees often form clonal looking patterns of several individuals.

1211 – Redwood / Tanoak (Madrone) Mapping Unit

Distribution:

This type is very common in this study area.  Common in portions of the Thornewood Preserve, and adjacent to it.  Also found within the Teague Hill Preserve and scattered throughout the remainder of the study area, with most of these stands located on the California Water Service Company land.

Environmental Characteristics:

Within this study area, these stands are found on both east and north facing convex and concave slopes.

Description:

Although coast redwoods dominate the canopy, tanoak is a subordinate or co-dominant tree; California bay or madrone may be present.  California bay or maple may also be a subordinate species under the canopy in riparian areas.  Douglas-fir may be a minor component to one or more layers of the canopy.

Photo Interpretation Signature:

Coast redwoods are an olive green color on the imagery.  Trees are tall, often emergent to the main canopy and have a variable crown shape.  Larger more mature trees often have solid dense crowns with fuzziness towards the crown edge.  Younger trees often form clonal looking patterns of several individuals.  Tanoak also has an olive green color, but has a tighter crown and is shorter than the coast redwoods.  In the riparian areas, the understory trees such as California bay and maple are very difficult to see under the taller coast redwood trees, therefore no PI signature was established for these subordinate species.
1220 – Douglas-fir Series

Distribution:

This type is not very common in the study area and is predominantly found in residential or disturbance related areas.

Environmental Characteristics:

Located along ridge tops, upper slopes or on convexities.

Description:

Douglas-fir is dominant in the conifer canopy; coast redwood may be present in very minor amounts

Photo Interpretation Signature:

PI Signature has the dark green (nearly blue green) color of the Douglas-fir.  Any understory hardwood individuals are often not detectable.
1221 – Douglas-fir - / Mixed Hardwoods Mapping Unit
Distribution:

This type is very common in the study area.  A few stands were found in both the Thornewood and Teague Hill Preserves.  Most of the stands were mapped on the California Water Service land and in Wunderlich County Park.  There are a few other stands scattered throughout the remainder of the study area.

Environmental Characteristics:

Generally found on ridgetops, drier convex slopes upslope from or adjacent to large riparian or concave coast redwood/ tanoak vegetation and mixed Douglas-fir - coast redwood vegetation types.  The environmental aspect is variable.

Description:

Douglas-fir dominates the forest canopy with hardwood species generally occurring as a minor component, depending on elevation as well as environmental aspect.  At lower elevations coast live oak is often a subordinate species on xeric slopes, while tanoak, madrone and California bay will occur on the more mesic sites.  Mapped where Douglas-fir makes up at least 80% of the relative conifer canopy cover and hardwoods make up at least 10-20% of the overall tree canopy.  When Douglas-fir falls below a 10-20% conifer component to associated hardwoods, it will be mapped as a hardwood type.

Photo Interpretation Signature:

Photo signature has the multiple green colors of mixed hardwoods, with the dark green (nearly blue green) color of the Douglas-fir emergent to the mixed hardwoods.  Hardwoods are visible in the stand generally as a tight mosaic in the secondary canopy layer.  Understory hardwood individuals are often not detectable.
1223 – Douglas-fir – Coast Redwood Association

Distribution:

Commonly found in this study area, particularly in the Teague Hill Preserve and on the California Water Service Company land.

Environmental Characteristics:

Generally found on drier slopes adjacent to Douglas-fir - / Mixed Hardwoods (1221) or Redwood / Tanoak (Madrone) (type 1211) and less commonly occurs in major riparian areas such as Bear Gulch.

Description:

Mapped where either conifer contains at least 10-20% relative canopy cover.  Although hardwoods are frequently found in the understory, they are also found in the overstory.

Photo Interpretation Signature:

Douglas-fir trees are tall; more mature trees have a branching crown and have a dark green to blue green color.  Coast redwood trees are also tall, but their crown has a fuller shape and they are a much lighter color of green than the Douglas-fir tree. Older individuals of either species are more difficult to distinguish, as their colors are less distinct.

1400 – Cold Season Deciduous Forests

1411 – Black Oak – Madrone (Coast Live Oak) Mapping Unit

Distribution:

Occurrence is common in the study area.  Several mappable stands found in both the Thornewood and Teague Hill Preserves.  A few stands were mapped in Huddart County Park, on the California Water Service Company land and near residential areas.

* May be a high priority type for inventory in the CNDDB (CDFG 2003).

Environmental Characteristics:

Occurs on gentle slopes at elevations between 1000 and 1800 feet.

Description:

Mapped where either hardwood contains at least 10-20% relative canopy cover.  Coast live oak becomes a more predominant component in the stands located at the lower elevations.

Photo Interpretation Signature:

Due to the date of the base imagery, the black oak photo signature has a gray appearance due to leaf off conditions.  The madrone has as a light green tight, round crown.  The coast live oak has dark green broad crowns in a uniform canopy.
2000 – WOODLANDS

2100 – Xeric Sclerophyll Evergreen Woodlands

2110 – Coast Live Oak Series

Distribution:

This is a common type mapped in the study area.  Although rare within the Teague Hill Preserve, it is common in the Thornewood study area.  There are also dense clusters of stands in Wunderlich County Park, Huddart County Park and in the southeastern part of the study area.

Environmental Characteristics:

Although the aspect is variable, stands are generally located on drier gentle toe slopes, sometimes upslope from riparian areas.  In this study area, stands usually occur at elevations from 800 to 1400 feet, but there were a few stands noted at 1800 feet.

Description:

Stand size is variable, and generally occurs adjacent to coast redwood or Douglas-fir types on the mid to lower slope (see types 1211,1221, 1223).  Also found near residential disturbance.

Photo Interpretation Signature:

Trees appear to be a dark green color, with broad crowns in a uniform canopy.

2220– California Buckeye Series

Distribution:

Rarely mapped, but a few stands found in the Thornewood Preserve. All other stands within the study area are located south of Thornewood Preserve.

Environmental Characteristics:

This is variable, but mainly found on southeast facing slopes upslope from Dennis Martin Creek.

Description:

California buckeye is the dominant species in these stands, and usually mapped adjacent to mixed hardwood or coast live oak forests.

Photo Interpretation Signature:

Photo signature yields a gray signature with broad, fluffy crowns.

2230 – Valley Oak Series

Distribution:

Rarely mapped in this study area.  Individual trees are common as a minor component to lower elevation hardwood types.

Environmental Characteristics:

This is not determined for this type.

Description:

This is not determined for this type.

Photo Interpretation Signature:

Photo signature not established for this type.

2320 – Big-leaf Maple Series

Distribution:

Rarely mapped in the study area. The only stands are found in Alambique Creek and the smaller riparian areas upslope and west of it.

Environmental Characteristics:

Found in narrow riparian areas.

Description:

Other species, especially California bay, often dominate portions of the narrow riparian unit but are too small to split into individual mapping units.

Photo Interpretation Signature:

Crowns are blue green and variable in shape.

3000 – SHRUBLANDS

3100 – Temperate Broadleaf Sclerophyll Evergreen Shrublands

3101 – Chaparral – Coastal Scrub Transition Mapping Unit (Manzanita spp. – Blue-blossom – Coffeeberry – Toyon – Coyote Brush – Wax Myrtle)
Distribution:

This type is common and widely distributed throughout the study area.  Several stands can be found in the Thornewood Preserve and scattered throughout the remainder of the study area.

Environmental Characteristics:

This type is generally found adjacent to several vegetation types: coast redwood, Douglas-fir and coast live oak (types 1211,1221,1223, 2110).

Description:

This is transitional between northern coastal scrub and chaparral types.  Mapped where chaparral species make up at least 25% of the relative cover of shrubs.  Stands in this study area have very little coyote brush present. Manzanita, poison oak, Coffeeberry, toyon, and sticky monkeyflower are often the species found repeated in this mapping unit.  For the Teague Hill study area, the field ecologists noted that there was a minor component of Kings Mountain manzanita in some of the 3101 polygons.

Photo Interpretation Signature:

Highly variable depending on component of chaparral present, but signature is usually tan or green and smooth.

3107 –Interior Live Oak - Manzanita spp. (Kings Mountain Manzanita) Mapping Unit
Distribution:

This type is commonly mapped in the Teague Hill study area.  Most of the stands are either located in the Teague Hill Preserve or north of it.

Environmental Characteristics:

This type occurs along ridgetops and on convex slopes, usually north facing in the Teague Hill study area.

Description:

This type occurs where there are significant components of both manzanita spp and shrubby interior live oak.  Other species that can occur in this type are Ceanothus, sticky monkeyflower, toyon, chamise, poison oak, and honeysuckle.

Photo Interpretation Signature:

Depending on what species are present, the PI signature is usually smooth and green or tan with taller gray crowns.  The gray signature is the interior live oak.

3130 – Chamise – Manzanita Multiple Series Mapping Unit

Distribution:

Only one stand mapped based on field ecologist’s observations.  Chamise is not a common associate or dominant in the study.

Environmental Characteristics:

This was not determined for this type.

Description:

This was not determined for this type.

Photo Interpretation Signature:

The photo signature was not established for this type.

3200– Temperate Microphyllous Evergreen Shrubland

3220 – Coyote Brush Series

Distribution:

This type is rare in this study area.  These stands were mapped based on disturbance and are located in the path of transmission lines.

Environmental Characteristics:

This was not determined for this type.

Description:

This was not determined for this type.

Photo Interpretation Signature:

The photo signature was not established for this type.

3221 – Coyote Brush Mesic Stands (Coyote Brush – Ocean Spray – 
Blackberry – Poison Oak – Cape Ivy)
Distribution:

Though uncommon, overall this is the most common coyote brush type within the study.

Environmental Characteristics:

Found in concavities or on mesic trending gentle slopes.

Description:

Mapped where Coyote Brush dominates with subordinate species including one or more of the following:  poison oak, blackberry, golden yarrow, or ocean spray. Generally found in dense stands.

Photo Interpretation Signature:

Coyote brush has a variable green color with a textured appearance, while the mesic shrubs that co-dominate this series have a smooth, lighter green signature.

3222 – Coyote Brush Xeric Stands  (Coyote Brush – California Sagebrush – Sticky Monkey Flower; Coyote Brush Successional Stage)
Distribution:

This coyote brush type was rarely mapped in this study area.

Environmental Characteristics:

This was only found on convex slopes.

Description:

Mapped where coyote brush dominates with subordinate species including both of the following:  California sagebrush and sticky monkey flower.  Poison Oak can also be a minor component.

Photo Interpretation Signature:

Coyote brush has a variable green color with a textured appearance, while the xeric shrubs that co-dominate this series usually have a tan or brown signature.
3223 – Coyote Brush Open Stands (Coyote Brush / California Annual Grasslands)

Distribution:

This type is uncommon throughout the study.  Most of the stands are located in Wunderlich County Park.  One stand found in the Thornewood Preserve.

Environmental Characteristics:

Found in highly variable settings, generally following disturbance.

Description:

Open stands with a significant component of annual grasses; California blackberry may be a co-dominant shrub.

Photo Interpretation Signature:

Generally dark green, somewhat textured signature found near roads and in, or close to annual grasses and forbs.

3400 – Temperate Broadleaf Cold Season Deciduous Shrubland

3410 – Poison Oak Series

Distribution:

Rarely mapped in this study area.  The only small stands are located east of the Thornewood Preserve near a residential area.

Environmental Characteristics:

This was not determined for this type.

Description:

Based on the few stands found in this study area, poison oak is rarely the sole component of a stand.  Coyote brush, California blackberry, chaparral species and even isolated mixed hardwoods emerge from the dense canopy.

Photo Interpretation Signature:

The photo signature for poison oak looks gray on this imagery.

3430 – Mesic Deciduous Shrubs (Dogwood – Ocean Spray – Poison Oak- Blackberry- Elderberry- Blue Blossom -  Hazelnut )

Distribution:

Rarely mapped in this study area, and only mapped based on the field ecologist’s observation.

Environmental Characteristics:

This was not determined for this type.
Description:

This was not determined for this type.

Photo Interpretation Signature:

Photo signature for this type was not established.

4000 – HERBACEOUS

4100 – Saturated Temperate Perennial Graminoids

4120 – Bulrush Series

Distribution:

Rarely mapped in this study.
Environmental Characteristics:

Found in seasonally to permanently flooded settings.
Description:

Bulrush dominates.
Photo Interpretation Signature:

Light green but highly variable.

4300 – Tall Temperate Annual Graminoids
4310 – California Annual Grasslands Series

Distribution:

There are only a few polygons mapped in this study area and they are located in Wunderlich County Park and Huddart County Park.

Environmental Characteristics:

This was not determined for this type.

Description:

This was not determined for this type.

Photo Interpretation Signature:

Photo signature is smooth and tan.
9000 – LAND USE / UNVEGETATED

9800 – WATER

9100 – Government Related Facilities

9200 – Agriculture

9201 – Abandoned Orchards

9202 – Orchard

9210 – Rangeland – Pastureland

9220 – Olive Groves

9230 – Christmas Tree Farm

9240 – Plantation Pines

9300 – Built-up / Urban Disturbance

9302 – Quarry

9400 – Sparsely Vegetated or Unvegetated Areas

9410 – Landslides

9420 – Cliffs – Rock Outcrops

9500 – Vegetation Restoration Sites

9810 – Reservoirs

9820 – Small Ephemeral Ponds

9999 – Field questions

APPENDIX A

Species Mentioned in Text

Trees:

Blue Gum (Eucalyptus globulus)
Big-leaf Maple (Acer macrophyllum)

Blackwood Acacia (Acacia melanoxylon)

California Bay (Umbellularia californica)

California Black Oak (Quercus kelloggii),

California Buckeye (Aesculus california)
Canyon Live Oak (Quercus chrysolepis)
Coast Live Oak (Quercus agrifolia)
Coast Redwood (Sequoia sempervirens)

Chinquapin (Chrysolepis chrysophylla)

Douglas-fir (Pseudotsuga menziesii)
Eucalyptus (Eucalyptus spp.)

Interior live oak (Quercus wislizenii)
Madrone (Arbutus menziesii)

Monterey Cypress (Cupressus macrocarpa)

Monterey Pine (Pinus radiata)

Pine (Pinus spp.)

Tanoak (Lithocarpus densiflorus)

Valley Oak (Quercus lobata)
Shrubs, Herbs:

Blackberry (Rubus spp.)
Blue Blossom (Ceanothus thyrsiflorus)

Bulrush (Scirpus spp.)

California Blackberry (Rubus ursinus)

California Sagebrush (Artemisia californica)

Chamise (Adenostoma fascicalatum)
Coffeeberry (Rhamnus californica)

Coyote Brush (Baccharis pilularis)

Hazelnut (Corylus cornuta var. californica)

Honeysuckle (Lonicera hispidula)

Kings Mountain Manzanita (Arctostaphylos regismontana)
Manzanita (Arctostaphylos spp.)

Ocean Spray (Holodiscus discolor)

Poison Oak (Toxicodendron diversilobum)

Sticky Monkey Flower (Mimulus aurantiacus)
Toyon (Heteromeles arbutifolia)

APPENDIX B

Midpeninsula Regional Open Space District Vegetation Classification

(Mapping Short Form)

Revised 6-19-06 for Thornewood and Teague Hill Preserves

Classification of Vegetation Types (CNPS Series Level)

Bold types were mapped in the Teague Hill study area.

CLASS

Formation

Series – (Code ending in a zero)

Potential Association – Mapping Units (Code ending in 1-9)

1000 – FORESTS

1100 – Temperate Broadleaf Sclerophyll Evergreen Forests

1101 – Lower Elevation Mixed Broadleaf Hardwoods (California Bay – Tanoak – Madrone - Coast Live Oak) Mapping Unit

1102 – Higher Elevation Mixed Broadleaf Hardwoods (California Bay - Tanoak, Madrone - Coast Live Oak - Canyon Live Oak) Mapping Unit
1110 – California Bay Series

1111 – California Bay Association

1120 – California Bay – Coast Live Oak Multiple Series Mapping Unit

1130 – California Bay – Canyon Live Oak Multiple Series Mapping Unit.

1140 – Tanoak – (California Bay) Multiple Series Mapping Unit
1150 – Eucalyptus Series

1151 – Acacia Series

1160 – Madrone Series

1170 – Mixed Oak Mapping Unit (Including broad-leaf evergreen component of madrone & bay)

1180 – Giant Chinquapin Series

1200 – Temperate Needleleaf Evergreen Forests

1201 – Planted Stands of Pine (Monterey Pine – Monterey Cypress – other spp.)

1210 – Redwood Series

1211 – Redwood / Tanoak (Madrone) Mapping Unit 

1220 – Douglas-fir Series

1221 – Douglas-fir - / Mixed Hardwoods Mapping Unit

1222 – Douglas-fir – California Bay Association

1223 – Douglas-fir – Coast Redwood Association

1224 – Douglas-fir – Chinquapin Association

1230 – Foothill Pine Series

1231 – Foothill Pine – Canyon Live Oak Association

1232 – Foothill Pine / Big Berry Manzanita Association
1240 – Knobcone Pine Series

1300 – Temporarily Flooded Cold Season Deciduous Forests

1310 – Mixed Willow Series Mapping Unit

1320 – White Alder Series

1330 – Arroyo Willow (Arroyo willow identified as dominant component; other willow may occur)

1340 – Red Alder Series (mixed willow)

1400 – Cold Season Deciduous Forests

1410 – Black Oak Mapping Unit

1411 – Black Oak - Madrone (Coast Live Oak) Mapping Unit

2000 – WOODLANDS

2100 – Xeric Sclerophyll Evergreen Woodlands

2110 – Coast Live Oak Series

2200 – Cold Season Deciduous Woodlands

2210 – Blue Oak Series

2211 – Blue Oak / California Annual Grasslands Association
2212 – Blue Oak Woodland Mapping Unit
2220 – California Buckeye Series

2230 – Valley Oak Series

2300 – Temporarily Flooded Cold Season Deciduous Woodlands

2310 – California Sycamore Series
2320 – Big-leaf Maple Series

2330 – Fremont Cottonwood Series

2340 – Box Elder Series

3000 – SHRUBLANDS

3100 – Temperate Broadleaf Sclerophyll Evergreen Shrublands

3101 –Chaparral – Coastal Scrub Transition Mapping Unit (Manzanita spp.– Blue-blossom – Coffeeberry – Toyon – Coyote Brush – Wax Myrtle)

3102 – Scrub Oak- (Manzanita – Wedge-leaf Ceanothus – Chamise - Scrub Interior Oak - Rhamnus Croc. - Toyon) Mapping Unit

3103 – Mixed Xeric Chaparral (Chamise – Sticky Monkey flower – Toyon – Sagebrush)

3104 – Blue Blossom-Jimbrush Mapping Unit

3106 – Brittleleaf Manzanita Mapping Unit

3107 –Interior Live Oak - Manzanita spp. (Kings Mountain Manzanita) Mapping Unit
3110 – Chamise Series

3111 – Chamise – Leather Oak – (Garraya) – Serpentine Mapping Unit

3120 – Chamise – Wedge-leaf Ceanothus Series

3130 – Chamise – Mixed Manzanita Multiple Series Mapping Unit

3140 – Chamise – Mixed Oak Multiple Series Mapping Unit
3150 – Birch-leafed Mountain Mahogany – Mesic Chaparral Mapping Unit

3160 – Big Berry Manzanita Series

3170 – Manzanita – Mixed Oak Multiple Series Mapping Unit

3180 – Chamise – Woollyleaf Manzanita Series
3190 – Chamise - California Sagebrush (Sticky Monkey Flower) Series

3200– Temperate Microphyllous Evergreen Shrubland

3201 – Coastal Bluff Scrub Habitat (sparsely vegetated coastal bluffs: Coyote Brush - Dune Sagebrush – Goldenbush – Iceplant)

3210 – Broom Series

3220 – Coyote Brush Series

3221 – Coyote Brush Mesic Stands (Coyote Brush – Ocean Spray – 
Rubus 
spp. – Poison Oak – Cape Ivy)

3222 – Coyote Brush Xeric Stands  (Coyote Brush – California 
Sagebrush - Mimulus spp.; Coyote Brush, Successional Stage)

3223 – Coyote Brush Open Stands (Coyote Brush / California Annual Grasslands)
3224 – Coyote Brush Coastal Fringe (Coyote Brush – Lizardtail – Yellow Bush Lupine – Goldenbush)

3225 – Dwarf Coyote Brush Prairie (BaPi dominates with native bunch grasses and forbs)

3230 – Coyote Brush – California Sagebrush – Sticky Monkey Flower Series

3300 – Temperate Xeric Mixed Drought-Deciduous Evergreen Shrubland

3310 - California Sagebrush Series

3400 – Temperate Broadleaf Cold Season Deciduous Shrubland

3410 – Poison Oak Series

3420 – Bitter Cherry series – field verification only

3430 – Forest Openings – Mesic Deciduous Shrubs (Hazelnut – Dogwood – Holodiscus – Poison Oak- Blackberry)

4000 – HERBACEOUS

4001 – Bracken Fern Stands

4100 – Saturated Temperate Perennial Graminoids

4101 – Undifferentiated Marsh (cattail, bulrush)
4110  - Cattail Series

4120 – Bulrush Series

4200 – Seasonally or Temporarily Flooded Graminoids

4210 – Sedge – Juncus Meadow Mapping Unit

4300 – Tall Temperate Annual Graminoids

4310 – California Annual Grasslands Series

4320 – California Annual Grasslands with a Native Component Mapping Unit

4330 – Yellow Star-thistle Series

4340 – Poison Hemlock (may not be mappable)

4400 – Tall Temperate Perennial Graminoids

4401 – Weedy Ruderal (Harding Grass – Velvet Grass – Thistle spp.)

4402 – Dunegrass Habitat (European Beachgrass – Sea-Rocket – Beach Bursage –Verbina – Dune Sagebrush)

4410 –Harding Grass Series

4420 – Meadow Barley Series

4500 – Native Temperate Perennial Grasslands

4510 – Mixed California Annual Grassland – Purple Needlegrass Mapping Units

4520 - Tufted Pine Grass - Purple Needlegrass Mapping Units
4530 – Purple Needlegrass Series

4600 – Tidally Flooded Grasslands

4601- Estuarine Marsh Habitat (Saltgrass – Pickleweed – Cordgrass)

9000 – LAND USE / UNVEGETATED

9800 – WATER

9100 – Government Related Facilities

9200 – Agriculture

9201 – Abandoned Orchards

9202 – Orchard

9210 – Rangeland – Pastureland

9220 – Olive Groves

9230 – Christmas Tree Farm

9240 – Plantation Pines

9300 – Built-up / Urban Disturbance

9302 – Quarry

9400 – Sparsely Vegetated or Unvegetated Areas

9410 – Landslides

9420 – Cliffs – Rock Outcrops

9500 – Vegetation Restoration Sites

9810 – Reservoirs

9820 – Small Ephemeral Ponds

9999 – Field questions

FIELDCK VALUES

0 = No field check necessary

1 = Field check requested

2 = Answered/verified in the field by field ecologist’s

4 = Verified on field recon trip

COVER CLASS DENSITY VALUES

1 = >60%

2 = 40-60%

3 = 25-40%

4 = 10-25%

5 = 2-10%

9 = Not Applicable
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