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Hesperocyparis abramsiana [formerly Cupressus a.] (Santa Cruz Cypress)

Species Overview
Hesperocyparis [formerly Cupressus] abramsiana (Santa Cruz cypress) is a small-statured tree in the Cupressaceae (cypress family), with mature trees averaging 20–33 feet (6–10 meters) in height.  The leaves are light green and scale-like, and the gray bark is fibrous, thin, and broken into vertical strips or plates.  The seeds are released from the cones at a slow rate throughout the life of the tree unless burned, in which case seed release is accelerated.  Areas that have been recently disturbed through fire or mechanical means (for example, scraping and canopy thinning) provide habitat for regeneration.  Santa Cruz cypress stands occur as patches within a mosaic of coastal chaparral and mixed evergreen forest, where soils tend to be sandy or gravelly, and therefore well-drained and porous.  The species is known from five populations in the Santa Cruz Mountains in Santa Cruz and San Mateo Counties, California, spanning a range of 15 miles (24 kilometers) from north to south.  Hesperocyparis abramsiana was first collected by Marcus E. Jones in 1881 from Bonny Doon in Santa Cruz County.  (Refer to the Taxonomy section for changes to the listed entity, Cupressus abramsiana.  Reference in this document to Santa Cruz cypress is inclusive of Hesperocyparis abramsiana var. abramsiana as well as H. a. var. butanoensis (San Mateo cypress) unless specifically noted.)  

The primary threats to Santa Cruz cypress at the time of listing were residential development, agricultural conversion, logging, oil and gas drilling, genetic introgression, and alteration of the natural frequency of fires that threatened to destroy portions of each population.  Additional threats to the species identified in the Santa Cruz cypress Recovery Plan (Recovery Plan) or the most recent 5-year review include reproductive isolation, disease and predation, competition with nonnative species, inadequacy of existing regulatory mechanisms, and climate change.  Since listing and publication of the Recovery Plan, many of these threats have been reduced or eliminated.  Most recently, a survey of three of the five cypress populations revealed that there are a greater number of individuals in each of the surveyed populations than previously estimated. 

Threats Overview
This section introduces and summarizes the threats to Santa Cruz cypress identified at each period of species review (see Table 1 at the end of this section).  We describe levels of threats at each time period using a scale of low, moderate, or high (methodology in Appendix 1).  A low-level threat has the potential to occur at any time, but is unlikely to affect the species across its entire range or preclude its persistence into the future.  A moderate-level threat is currently affecting the long-term persistence of a particular population or across the species’ range, but does not pose an imminent threat to the persistence of the species.  A high-level threat is a well-documented imminent threat to a large number of individuals that has the potential to disrupt the long-term persistence of the species in a particular population or across its entire range.  

Threats at the Time of Listing (1987)
At the time of listing (52 FR 679, January 8, 1987), the primary threats identified for Santa Cruz cypress were residential development, agricultural conversion, logging, genetic introgression, oil and gas drilling, and changes in the natural intervals between fires that maintains the stands.  Specifically, residential development, agricultural conversion, and logging threatened individual Santa Cruz cypress trees and stands with imminent destruction.  Secondary threats included vandalism, disease, and inadequate regulatory mechanisms.  

Each of the threats identified at the time of listing affected Santa Cruz cypress populations to varying degrees.  Residential development, agricultural conversion, and logging were considered high-level threats because they could have resulted in the imminent destruction of large portions of multiple populations.  Alteration of the natural fire frequency within Santa Cruz cypress habitat was also a high-level threat due to the proximity of most of the populations to residential areas, where fire suppression activities can increase the intervals between natural fires and, therefore, the risk of extirpation from senescence (period between maturation and death of the whole plant).  Conversely, fire intervals shorter than normal (resulting from human-caused fires) were also considered a high-level threat because this change in the natural fire regime could inhibit Santa Cruz cypress from reaching its reproductive potential.  Oil and gas drilling were considered moderate-level threats because these were proposed for only one portion of the Butano Ridge population, but had the potential of destroying an unknown number of trees.  Vandalism was also identified as a moderate-level threat because deliberate tree cutting could happen in any population to an unforeseeable extent.  Although it was listed as endangered under California State law, the inadequacy of existing regulatory mechanisms was considered a moderate-level threat to the species because State law did not provide adequate protections for the species or its habitat.  Genetic introgression was a low-level threat to Santa Cruz cypress because of the low number of other cypress species in the vicinity of Santa Cruz cypress populations and the long generations characteristic of cypresses.  Disease, specifically cypress canker, was recognized as a low-level threat to the species, although there was no evidence that cypress canker infected any of the populations.  

Threats Discussed in the Recovery Plan (1998)
The Recovery Plan (Service 1998, p.1) states that threats from residential development, agricultural conversion, oil and gas drilling, and logging decreased since the time of listing.  The risk of residential development or agricultural conversion of Santa Cruz cypress habitat was considered low because much of the private land that the cypress populations occupied was now subject to county and State restrictions on development.  The threat to the species from drilling and logging decreased because drilling operations ceased and logging permits were terminated or never issued, but the potential for continued resource extraction near Santa Cruz cypress populations remained.  

Other threats identified at the time of listing remained as potential concerns in the Recovery Plan.  Alteration of the natural fire frequency within Santa Cruz cypress habitat remained a high-level threat because fire exclusion activities still occurred on nearby properties.  Disease remained a low-level threat with no reports of any populations being affected by disease.  Genetic introgression remained a low-level threat due to the small number of other cypress species reported in the area.  The inadequacy of existing regulatory mechanisms was reduced to a low-level threat because more Santa Cruz cypress habitat was conserved in public lands with missions to preserve cypress habitat.  However, there were still loopholes in the regulations that could allow destruction of cypresses, specifically on private properties not committed to conservation.  Vandalism was not discussed as a threat in the Recovery Plan, likely because there were no incidents affecting Santa Cruz cypress populations since the time of listing.  However, no evidence was presented to suggest that vandalism was no longer a threat to the species. 

In addition to the threats discussed at the time of listing, the Recovery Plan included a discussion of threats posed by nonnative species, reproductive isolation, and predation.  Competition with nonnative species was regarded as a moderate-level threat because most of the cypress populations consisted of already well-established trees.  Following a fire, nonnative species may compete with Santa Cruz cypress to colonize the opened space cleared by the fire, thus threatening cypress regeneration.  The threat from reproductive isolation was characterized as low because the species is long-lived and exhibits fairly high (88 percent) reproductive potential within the isolated populations, as exhibited by the presence of new cones on the trees.  However, reproductive isolation can eventually result in genetic differentiation among the Santa Cruz cypress populations if they remain isolated from one another.  The threat from predation was characterized as low-level; a larval infestation was reported in one of the cypress populations in 1992, but at the time of the Recovery Plan there was no evidence that the infestation had spread or continued.   

Threats Discussed in the 5-year Review (2009)
In the 5-year review, we did not include discussion of logging and oil and gas drilling as threats to the Butano Ridge population of Santa Cruz cypress because the best information at the time indicated the population occurred entirely within the boundaries of Pescadero Creek County Park where no resource extraction was intended or expected into the future.  Even though much of the existing habitat for Santa Cruz cypress was acquired by the State of California, a low-level risk to the species from residential development and agricultural conversion remained because portions of populations were still not preserved in public lands.  The threats from alteration of fire frequencies, disease or predation, reproductive isolation, genetic introgression, and competition with nonnative species also remained at the same level as in the Recovery Plan. 

The threat to the species from inadequate existing regulatory mechanisms was reduced since the time of listing because more of the habitat was protected in State and county parks.  However, this remained a low-level threat (as previously described in the Recovery Plan) because the largest population of Santa Cruz cypress, at Bracken Brae, was under private ownership.  These lands under private ownership are still at some risk for development or habitat conversion; however, county ordinances restrict the amount of development that can occur.  The portions of the Bonny Doon and Majors Creek populations on private lands are also threatened by the inadequacy of existing regulatory mechanisms, but the relative number of trees in these populations on private lands is much fewer.  

Vandalism (as a result of human recreational activities) in protected areas was also identified as a threat to Santa Cruz cypress and its habitat at the time of listing, and again in the 5-year review.  Species reports indicated that unauthorized mountain bike jumps were constructed from Santa Cruz cypress limbs, and unauthorized pedestrian and equestrian recreational trails that bisected cypress populations were created, thus contributing to increased soil erosion.  This threat was considered low because only a small proportion of trees across all five populations was affected by unauthorized human activities. 

In addition to the threats identified above, we included one new threat, climate change, as a concern for this species.  Climate change was classified as a moderate-level threat because projections indicated that the regional Santa Cruz climate will become warmer and drier, which would directly affect Santa Cruz cypress across its range over the next century.  

Current Threats (2012) 
Since the 5-year review, Santa Cruz cypress has been divided into two varieties: Hesperocyparis abramsiana var. abramsiana, which consists of four populations, and H. a. var. butanoensis, which consists of one population.  Threats facing H. a. var. butanoensis are not specific to the single population; rather, threats are widespread across the species’ range (both varieties of cypress), and include the alteration of fire regime and climate change.  

In this species report, we have not identified any additional threats to Santa Cruz cypress; however, the threat from vandalism has been expanded to include unauthorized recreational activities within Santa Cruz cypress habitat.  The threat of alteration of the natural frequency of fires was also expanded to include the alteration of the natural fire regime, which accounts for fire intensity and burn patterns in addition to frequency.  The threats from residential development, agricultural conversion, disease, predation, and reproductive isolation, which were all previously identified as low-level, are now classified as very minor concerns because they are not currently affecting the species and have a low potential to occur.  This revised classification does not reflect a change in the management of the threats or a reduction in threats, but is a result of a revised analysis of how the threats are currently impacting the species or are projected to impact the species in the future.  These threats have been reclassified based on a reevaluation that indicates they have a very low potential to occur.  

All other threats are considered to be at the same level as those described in the 2009 5-year review.  Specifically, the threat level from alteration of the fire regime remains high for both varieties of Santa Cruz cypress.  Moderate threats include climate change and competition with nonnative species.  The threats of genetic introgression, inadequacy of existing regulatory mechanisms, and vandalism remain low.  The change in threats over time is represented in   Table 1.  A full discussion of past and present threats follows in the Discussion of Threats to the Species section of this report.

 



Table 1.  Summary table indicating the level of threats to Santa Cruz cypress over time, and the abundance, distribution, and areal extent of both varieties of Santa Cruz cypress.  The numbers used to describe abundance and areal extent do not illustrate trends, but rather improved information about the species over time.

	
	Time of listing
(1987)
	Recovery Plan
(1998)
	5-year Review
(2009)
	Current Species Report
(2012)

	Species information 

	Estimated abundance (individuals in all populations)
	 2,3001
	5,100+
	33,000 – 44,000
	33,000 – 44,000 (+/- Martin Fire mortality and regeneration)

	Distribution
	5 populations2 
	5 populations
	5 populations
	5 populations3

	Areal extent
	280 acres1
(113 hectares)
	356 acres
(144 hectares)
	188 acres
(76 hectares)
	188 acres
(76 hectares)

	Threats

	Residential development
	High
	Low
	Low
	—

	Agricultural conversion
	High
	Low
	Low
	—

	Logging
	High
	Low
	—
	—

	Alteration of fire frequency
	High
	High
	High
	High

	Oil and gas drilling
	Moderate
	Low
	—
	—

	Vandalism4
	Moderate
	—
	Low
	Low

	Overutilization
	—
	—
	—
	—

	Disease or predation
	Low
	Low
	Low
	—

	Inadequacy of existing regulatory mechanisms
	Moderate
	Low
	Low
	Low

	Climate change
	—
	—
	Moderate
	Moderate

	Reproductive isolation
	—
	Low
	Low
	—

	Genetic introgression
	Low
	Low
	Low
	Low

	Competition with nonnative species
	—
	Moderate
	Moderate
	Moderate


A line (—) indicates a threat that was not a concern.
















rn or was only of minor concern at the specified time.  
1 Service 1983 (pp. 1–14) 
2 52 FR 679679
3 Four populations are classified as Hesperocyparis abramsiana var. abramsiana and one is H. a. var. butanoensis
4 Includes unauthorized recreational activities.



Background

Key Listing and Recovery Documents

Original listing
FR Notice: 52 FR 679
Date of Final Listing Rule: January 8, 1987
Entity Listed: species (Cupressus abramsiana)
Classification: Endangered

State listing
Cupressus abramsiana was listed by the State of California as endangered in 1979.

Species review

The factors affecting the species were reviewed during preparation of the Recovery Plan published in 1998 and a 5-year review completed in August 2009.

Introduction

Hesperocyparis abramsiana (C.B. Wolf) Bartel (Santa Cruz cypress) was listed as an endangered plant species on January 8, 1987 (52 FR 679), under the provisions of the Endangered Species Act of 1973, as amended (Act).  Santa Cruz cypress is also recognized by the California Department of Fish and Wildlife (CDFW; formerly California Department of Fish and Game) as an endangered species.  The U.S. Fish and Wildlife Service (Service) listed the Santa Cruz cypress because it was threatened with destruction by imminent residential development, agricultural conversion, and logging (52 FR 679).  In addition, the Service recognized that the species was threatened with genetic introgression, oil and gas drilling, and alteration of the natural frequency of fire (52 FR 679).  As discussed in more detail in the Discussion of Threats to the Species section below, changes in the fire regime remain a high-level threat across the species’ range.  Residential development, agricultural conversion, and logging are no longer imminent threats to the species.  Residential development and agricultural conversion are considered low-level threats across the species’ range, and the threat from logging has been removed.  Other non-imminent threats (competition with nonnative species, climate change, and reproductive isolation) to the species were identified after listing.  See Table 1 above for a summary of the severity of threats (high, moderate, or low) to Santa Cruz cypress since the time of listing.

Species Description
Description
Santa Cruz cypress is a small-statured tree in the cypress family (Cupressaceae), with mature trees averaging 20–33 feet (6–10 meters) in height (Bartel 2012, p. 138).  Trees growing in the open are typically erect, densely branched, and pyramidal in shape (Wolf and Wagener 1948,    p. 215).  Moreover, the cypress becomes somewhat spindly and whip-like in dense stands crowded with Pinus attenuata (knobcone pine).  The leaves are light green and scale-like, and the gray bark is fibrous, thin, and broken into vertical strips or plates (Bartel 2012, p. 138).  The pollen (male) cones are up to 0.16 inch (4 millimeters) long and produce copious quantities of pollen that is wind-blown.  The seed (female) cones are spherical to widely elliptic in shape (Bartel 2012, p. 138).  

Taxonomy
Santa Cruz cypress was first collected by Marcus E. Jones in 1881 from the Bonny Doon area in Santa Cruz County.  Though Santa Cruz cypress populations had been included with Hesperocyparis sargentii (Cupressus s.) (Sargent’s cypress) or H. goveniana (Cupressus g.) (Gowen cypress), Carl B. Wolf, in a monograph of New World (Western Hemisphere) cypresses, described H. abramsiana (Cupressus a.) (Santa Cruz cypress), and named it after LeRoy Abrams, who collected the type specimen from Bonny Doon in 1934 (Wolf and Wagener 1948, pp. 215–216).  Wolf acknowledged that Santa Cruz cypress is morphologically intermediate between Sargent’s and Gowen cypress (Wolf and Wagener 1948, pp. 218, 222).  Despite noting its intermediate characteristics, Elbert Little (1970, p. 435) subsequently reduced Santa Cruz cypress to a variety of Gowen cypress, Cupressus goveniana var. abramsiana.  Eckenwalder’s (1993, pp. 405–408) treatment in the Flora of North America also included Santa Cruz cypress as a variety of Gowen cypress.  Bartel (1993, p. 112; 2012, p. 138), however, treated Santa Cruz cypress as a separate species in his treatment of the genus for The Jepson Manual. 

Along with differences in form (morphology), systematic biologists also compare enzymes or other chemicals produced by plants.  Millar and Westfall (1992, p. 350) noted that the allozymes of Santa Cruz cypress are not distinct from the variation found in the Sargent’s cypress complex (Hesperocyparis goveniana and H. pigmaea (Mendocino cypress)).  In addition, Millar and Westfall (1992, p. 350) reported that Santa Cruz cypress had lower genetic distance to populations of other taxa than to each other.  However, Zavarin et al. (1967, pp. 1387–1394) reported that the relative amounts of chemical components characteristic of Santa Cruz, Gowen, and Sargent’s cypresses are much lower in Santa Cruz cypress than in either Gowen or Sargent’s cypress, which seems to support Wolf’s thesis that Santa Cruz cypress is intermediate between Gowen and Sargent’s cypresses.  In addition, Zavarin et al. (1971, pp. 379–393) reported that Santa Cruz cypress and Sargent’s cypress have virtually identical leaf chemical components, which would not support treating Santa Cruz cypress as a subspecies or variety of Gowen cypress.  A 2003 genetic study confirmed the close relationship between Santa Cruz cypress and Gowen cypress while still recognizing them as separate taxa (Bartel et al. 2003, pp. 699–700).  Though morphological and chemical variation may be due to environmental differences, such as substrate (McMillan 1952, p. 190), many treatments of Hesperocyparis (Cupressus) have retained Santa Cruz cypress as a distinct entity (Silba 1981, p. 396; Silba 1983, p. 356; Bartel 1993, p. 112; Bartel 2012, p. 138).  

The taxonomy of Cupressus taxa has long been problematic because the trees have a similar appearance (Lanner 1999, p. 185).  Though Santa Cruz cypress seeds and cones are slightly larger than those of Gowen cypress, the species share a resemblance.  In a study of members of the genus Cupressus, Little (2006, pp. 461–476) analyzed molecular sequence data combined with morphological data and revised the taxonomy and nomenclature of the taxa.  All New World taxa of Cupressus, including C. abramsiana, were included within the genus Callitropsis (Little 2006, pp. 473–474) because the data at that time did not provide consistent resolution separating New World Cupressus taxa from Callitropsis nootkatensis (Alaska cypress) and Callitropsis vietnamensis (Golden Vietnamese cypress).  Callitropsis was the oldest available genus name, and therefore deemed appropriate for this group of taxa.  In 2009, the western hemisphere Cupressus taxa, including Santa Cruz cypress, were again demonstrated to comprise a group quite separate from the eastern hemisphere Cupressus taxa (Adams et al. 2009, pp. 165–178).  However, their additional evidence also distinguished the western hemisphere from the other two taxa included in Callitropsis by Little (2006, pp. 473–474).  A new genus, Hesperocyparis Bartel and Price, was described to accommodate these taxa, including H. abramsiana (Adams et al. 2009, p. 180).  This taxonomic revision, published since listing, changed the name of the listed entity, but did not alter the definition, distribution, or range of the species from what it was at the time of listing.  
Following additional research, Hesperocyparis abramsiana was differentiated into two separate varieties based on a study of DNA (deoxyribonucleic acid) extracted from the leaf oils (Adams and Bartel 2009, p. 295).  The only population in San Mateo County, known as the Butano Ridge population, was found to be distinct from the other populations and is now recognized as Hesperocyparis abramsiana (C.B. Wolf) Bartel var. butanoensis (Silba) Bartel & R.P. Adams (Adams and Bartel 2009, p. 296).  The other four populations, in Santa Cruz County, are classified as Hesperocyparis abramsiana (C.B. Wolf) Bartel var. abramsiana (Adams and Bartel 2009, p. 287).  Hesperocyparis abramsiana var. butanoensis is distinguished from H. a. var. abramsiana by its longer seed cones, which are 0.9–1.3 inches (22–32 millimeters) long and  0.9–1.2 inches (22–31 millimeters) in diameter, in contrast to H. a. var. abramsiana, which has seed cones 0.6–1.0 inch (16–25 millimeters) long and 0.6–0.9 inch (14–22 millimeters) in diameter (Bartel 2012, p. 138).  
The listed entity includes all members of the species; both varieties currently have the same protections under the Act.  Throughout this species report, the two varieties will be collectively referred to as Santa Cruz cypress.  The distribution and locations of the two varieties will be identified by the population names based on location.  

Life History 
Not much is known about the potential lifespan of individual Santa Cruz cypress trees.  Lyons (1988, p. 17) estimated that the largest trees (over 10 inches (25.4 centimeters) in diameter) in the Eagle Rock population may be on the order of 100 years old.  In 2008, a ring count estimated an individual from the Bracken Brae population to be between 127 and 162 years old (Rodriguez in litt. 2008).  

Santa Cruz cypress reaches reproductive maturity at an average age of 11 years, although some individuals produce cones earlier (Kuhlmann 1986, p. 8).  McGraw (2007, p. 20) found that, of 315 trees sampled across three populations (Butano Ridge, Eagle Rock, and Majors Creek), 88 percent were reproductive based on presence of new cones on the branch tips.  The pollen (male) cones produce copious quantities of pollen that is wind-blown, and Santa Cruz cypress likely sheds its pollen during the winter months (November to March) (Kuhlmann 1986, p. 9).  The ovulate (seed) cones produce mature seeds 15 to 18 months after pollination (Johnson 1974, in Kuhlmann 1986, p. 9), or the second season after pollination. 

Cone opening, seed production, and seed release in Santa Cruz cypress is similar to most cypresses.  Santa Cruz cypress cones are late to open (serotinous) (Bonner and Karrfalt 2008).  Most cones remain closed on the tree (canopy-stored seed bank) until the vascular connection with the parent plant is severed (Keeley et al. 2012, p. 253), although seeds are released from the cones at a slow rate throughout the life of the tree.  Normally, secondary growth eventually causes the cone’s stalk to break, which cuts off the vascular water supply and results in the release of seeds as the cones dry and open (Daubenmire 1974, p. 326).  However, mechanical breakage or the heat of a fire can also trigger such opening (Barbour et al. 1980, p. 391).  Areas that have been recently disturbed through fire or mechanical means (e.g., scraping and canopy thinning) can support a number of saplings.  Studies of seed release in response to heat indicate that many cypress species release an average of 100 seeds per cone after a fire (Vogl et al. 1988, p. 319).  In addition, Kuhlmann (1986, p. 23) found that Santa Cruz cypress seed viability decreases as cones become older.  Approximately 60 percent of the seeds of 11-year-old cones were viable, while only 8 percent of 30-year-old cones were viable (Kuhlmann 1986, p. 30). 

Seed dispersal in cypress species is accomplished primarily by wind and rain runoff (Vogl et al. 1988, p. 316).  Unlike those of other conifers, cypress seeds lack wings to aid in dispersal; consequently, their ability to disperse is limited.  However, squirrels have been observed to facilitate Santa Cruz cypress cone or seed dispersal by chewing off branch tips, causing portions of branches with cones to fall to the ground (Hummel 1993, pers. comm.).  Santa Cruz cypress, like most cypress species, are obligate seeders; the trees do not resprout after a disturbance event such as a fire, and are thus totally dependent on seed establishment for post-disturbance regeneration (Bartel and Knudsen 1983, p. 3). 

Habitat 
Santa Cruz cypress is limited to chaparral or closed-cone pine forest communities on sandstone or granitic soils.  At one time the cypress was thought to be entirely restricted to old marine sandstone substrates consisting mostly of sand, but the northern portion of the Majors Creek population is found on a substrate of decomposed granite (Bartel and Knudsen 1983, p. 4).  Nevertheless, all groves occupy sandy or gravelly substrates that are well-drained and porous.  Consequently, these substrates are more xeric (containing little moisture) than the surrounding heavier soils that can support species such as Sequoia sempervirens (coast redwood) and Pinus ponderosa (ponderosa pine). 

Associated plant communities 
Santa Cruz cypress stands occur as patches within a mosaic of coastal chaparral and mixed evergreen forests, including knobcone pine, ponderosa pine, and coast redwood forests.         Vogl et al. (1988, pp. 308–309) listed 19 species often associated with Santa Cruz cypress in the coast ranges of central California, including Adenostoma fasciculatum (chamise), Arctostaphylos silvicola (silver-leaved manzanita), Ceanothus cuneatus (buckbrush), and Eriodictyon californicum (yerba santa).  The Bonny Doon population is associated with species that are listed as federally endangered, including Erysimum teretifolium (Ben Lomond wallflower) and Chorizanthe pungens var. hartwegiana (Ben Lomond spineflower).

While both varieties of Santa Cruz cypress are associated with closed-cone pine forests, the variety at Butano Ridge is specifically associated with redwood forests and occurs at elevations between 1,300–1,600 feet (400–490 meters) (Bartel 2012, p. 138).  The remaining four populations are associated with ponderosa pine forests and occur between elevations of 1,210–2,500 feet (370–760 meters) (Bartel 2012, p. 138).  All populations occur on or near dry ridges located inland from the coastal fog belt.  

Soils 
Santa Cruz cypress tends to grow on poorly developed soils that have low water holding capacity and are low in nutrients; however, the trees usually grow tallest where the sandy soils are deeper (Vogl et al. 1988, p. 307).  The following soils information is based on general soil maps from the National Resources Conservation Service’s Soil Survey (Soil Survey Staff 2010), which may not represent the exact soil types at the population sites.  Further study is needed to determine the exact soil types.  

Soils that support Santa Cruz cypress tend to be sandy or gravelly, and therefore well-drained and porous.  The Bracken Brae and Eagle Rock populations are found on the xerorthents-rock outcrop complex, which occurs on 50 to 100 percent slopes.  Xerorthent soils are shallow and have formed from sandstone or shale.  The Butano Ridge variety is found on Hugo and Josephine sandy loam, also derived from sandstone and shale, which occurs on 40 to 70 percent slopes. 

The Bonny Doon population occurs on both the xerorthents-rock outcrop complex and Zayante coarse sand, which occurs on 5 to 30 percent slopes.  Zayante coarse sand is a deep, somewhat excessively drained, soil that formed from consolidated marine sediment or sandstone (Santa Margarita sandstone).  The habitat that supports the Bonny Doon population is unique in that the soils present include not only the shallow xerorthent soils most characteristic of the species, but also Zayante coarse sand soils.  Zayante soils are the basis for the sandhills habitat that supports a unique assemblage of plant and wildlife species, several of which are federally listed (McGraw 2004, p. 114). 

The southern stand of the Majors Creek population is found on Sur-Catelli complex soils, which occur on 50 to 75 percent slopes.  This complex consists of soils on mountainsides and is composed of 35 percent Sur stony sandy loam and 25 percent Catelli sandy loam.  Sur stony sandy loam is a moderately deep, somewhat excessively drained residue derived from sandstone, schist, or granitic rock.  Catelli sandy loam is a moderately deep, well-drained residue derived from sandstone or granitic rock.  The northern stand of the Majors Creek population occurs mainly on Maymen Variant sandy loam, which occurs on 5 to 30 percent slopes.  Maymen Variant sandy loam is shallow (19 inches (48 centimeters) deep), somewhat excessively drained, and formed in material weathered from granite or schist.  

Distribution
Historical distribution 
Santa Cruz cypress has a naturally limited range on the central coast of California that has been restricted over time by a changing climate.  The current population locations are all believed to be relictual islands containing representatives of what once was a widespread flora during glacial times (Libby 1979, p. 15).  Several million years ago cypress ancestors of this species grew in inland areas of the continent with a mild climate (Griffin 1972, p. 3).  When the interior of the continent cooled, the ancestors of the Santa Cruz cypress shifted to the more temperate coast (Griffin 1972, p. 3).  Fossil records of the Santa Cruz cypress ancestor from 10,000 years ago, whose descendants also include Monterey cypress (Hesperocyparis macrocarpa), Mendocino cypress, and Gowen cypress, were found near the Little Sur River in Monterey County (Griffin 1972, p. 3).  Following the glacial period approximately 8,000 to 3,000 years ago, a warm, dry climate developed that was too severe for cypresses at many locations (Griffin 1972, p. 4); only isolated patches of forest survived in areas of favorable climate conditions (Griffin 1972, p. 4).  Santa Cruz cypress remained in locations with well-drained sandy soils where there was less competition with other species.  Historical distribution of Santa Cruz cypress beyond the five currently recognized populations is unknown.

Current distribution 
Santa Cruz cypress is endemic to the Santa Cruz Mountains in Santa Cruz and San Mateo Counties in central coastal California (Bartel 2012, p. 138).  The species is known from five populations (Butano Ridge, Bracken Brae, Eagle Rock, Bonny Doon, and Majors Creek) (McGraw 2007, p. 5) that span a range of 15 miles (24 kilometers) from north to south (see Figure 1).  These five populations comprise eight distinct stands (trees with similar species composition, age, and condition considered to be a homogeneous unit).  The Butano Ridge and Bracken Brae populations each consist of a single continuous stand, the Eagle Rock population consists of three stands, and the Majors Creek population consists of two stands.  The Bonny Doon population consists of several clusters of trees in close proximity with scattered trees in between.  Due to the large scale of the maps included in the Recovery Plan, the Bonny Doon population was portrayed as covering the largest area of all the stands (Service 1998, p. 8).

Abundance
Estimates of abundance have been revised substantially over time.  The first records estimated that three of four populations comprised fewer than 100 individuals each (CDFW 1979, p. 1).  McGraw (2007, pp. 10–17) updated the estimates for areal extent and population size for three of the five populations (Butano, Eagle Rock, and Majors Creek), based on mapping and population sampling since development of the Recovery Plan.  The initial estimates in the Recovery Plan were based on field reconnaissance rather than systematic observations of stand area and density (Lyons 1988, pp. 1–21; McGraw 2007, p. 1).  In McGraw’s (2007, p. 7) study, stands were either censused in their entirety or sampled using 97-foot x 12-foot (30-meter x 4-meter) quadrats; specific trees were marked to facilitate monitoring over time.  McGraw (2007, pp. 10–17) found that all three populations sampled cover a smaller areal extent and support larger populations than had previously been estimated in the Recovery Plan.  In addition to these three sites, the Bracken Brae population was roughly estimated by Taylor (in litt. 2005) to be larger than previously thought.

The updated estimates for species abundance and areal extent do not illustrate trends, but rather improved information about the species over time.  We know that there are more Santa Cruz cypress individuals in the populations than previously estimated.  In addition, the amount of acreage that the species occupies is less than previous estimates.  This new information increases our knowledge of the species, but is not an indicator for determining the status of the species because different study methods were used to determine population demographics in 1988 (Lyons, pp. 7–9) and in 2007 (McGraw, p. 7).  Table 2 compares the estimated acreage and
abundance of the populations based on data available at the time the Recovery Plan was prepared in 1998, to Taylor’s 2005 and McGraw’s 2007 studies.
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In addition to the populations identified in Table 2 below, we anticipate that there are a few Santa Cruz cypress trees scattered between those populations.  One known location of scattered trees is along Empire Grade Road between the Bonny Doon and Bracken Brae populations (see Figure 1).  Specifically, in July 2012, a few Santa Cruz cypress individuals were relocated (i.e., found again) along Empire Grade Road, just above the intersection with Braemoor Drive north of the city of Ben Lomond (V. Haley in litt. 2012).  This location was first reported in 1987 to CDFW’s California Natural Diversity Database (CNDDB 2012).  At that time, there were six mature trees described as being threatened with dense shade (CNDDB 2012).  As of July 2012, only one of the six trees was still alive (V. Haley in litt. 2012).  Although there is only one live individual at this Empire Grade Road location and an unknown number of scattered trees that may be present between the other extant populations, it is likely that a seed bank exists, which could regenerate cypress seedlings in the event of a fire or controlled burn (V. Haley in litt. 2012).  However, low numbers of these scattered individuals and distance from other Santa Cruz cypresses may result in only a small contribution to the Santa Cruz cypress gene pool. 


Table 2: Comparison of acreage and abundance estimates for adult Santa Cruz cypress over time.
	
	
	Acreage estimates 
(in acres)
	Individual trees

	
	Population
	Recovery Plan
1998
	2007a
	Recovery Plan
1998
	2007a

	H. a. var. butanoensis
	Butano Ridge
	10
	7.7
	200+
	2,786

	H. a. var. abramsiana
	Eagle Rock
	21
	8.8+
	700
	3,594

	
	Bracken Brae
	10
	[24]b
	200+
	10,000-20,000c

	
	Bonny Doon
	110
	[128]
	3,000
	3,000

	
	Majors Creek
	205
	47.4+
	1,000+
	14,000

	
	Totals
	356
	215.9
	5,100
	33,380


a Derived from McGraw (2007, p. 16) 
b Numbers in brackets are derived from the Recovery Plan (Service 1998, pp.7–14), which were adjusted based on updated spatial analysis in 2007 
c Derived from Taylor (in litt. 2005) 




Population Descriptions
Each of the five populations is described below; land ownership is presented in Table 3.

Table 3:  Current land ownership for five populations of Santa Cruz cypress.
	
	H. a. var. butanoensis
	H. a. var. abramsiana

	
	Butano Ridge
	Eagle Rock
	Bracken Brae
	Bonny Doon
	Majors Creek

	Public lands 
	Pescadero Creek County Park
	Big Basin Redwoods State Park
	None
	Bonny Doon Ecological Reserve
	Wilder  Ranch State Park

	Percentage of population
	100 percent of population
	100 percent of  population
	
	Unknown, likely a majority
	75 percent of population

	Private lands
	
	
	100 percent of population
	Unknown
	25 percent of population



Butano Ridge population
The Butano Ridge population of Santa Cruz cypress is located along the west-facing slope of Butano Ridge in San Mateo County ((U.S. Geological Survey (USGS) Franklin Point and Big Basin 7.5 minute quadrangles).  This single stand is the northernmost population, and was first recorded by W.R. Dudley at the turn of the 20th century (McMillan 1952, p. 180).  It also is the only population of the recently differentiated variety Hesperocyparis abramsiana var. butanoensis (see Taxonomy section above).  The population occurs between 1,240 and 1,600 feet (378 and 488 meters) in elevation (Griffin and Critchfield 1972, p. 16).  Based on 2007 mapping, the population is now known to be entirely within the bounds of Pescadero Creek County Park (McGraw 2007, p. 11).  The Butano Ridge population is located at the southernmost edge of the county park on a border shared with a private lumber company.  There is no trail leading to this population, and it is difficult to access because of the mountainous topography and woody undergrowth.  At the time of listing, the Butano Ridge population was thought to comprise several hundred trees that spanned approximately 10 acres (4 hectares) (Service 1983, p. 9).  The Recovery Plan estimated the population at just over 200 individuals, occupying approximately 10 acres (4 hectares) (Service 1998, p. 10).  The most recent population sampling in 2007 indicates that the Butano Ridge stand is approximately 2,700 individuals occupying     7.7 acres (3.1 hectares) (McGraw 2007, pp. 10, 16).  

Eagle Rock population
The Eagle Rock population of Santa Cruz cypress is located along the crest of Ben Lomond Mountain adjacent to the California Department of Forestry and Fire Protection’s (CAL FIRE) Eagle Rock Fire Lookout Station (USGS Big Basin 7.5 minute quadrangle).  This population consists of three separate stands (Lyons 1988, p. 10; McGraw 2007, p. 2), and represents the highest elevation of the five extant populations, ranging from approximately 1,800 to 2,500 feet (550 to 760 meters) in elevation (Griffin and Critchfield 1972, p. 16).  The population is entirely within the bounds of Big Basin Redwoods State Park (McGraw 2007, p. 13).  However, the parcel on which the Eagle Rock population occurs is not connected to the main portion of Big Basin, but is landlocked by private property.  This population is only accessible by a fire road that runs through private property.  All three stands are difficult to access even from the fire road because of steep topography and woody undergrowth.  There is an abandoned fire lookout station in the middle of the property that may serve as a social gathering place, as evidenced by trash and beer cans in the vicinity (Barry 2012, pers. obs.).

At the time of listing, two of the Eagle Rock stands were estimated at approximately 100 trees each, with the third stand estimated at 500 individuals—for a total population of 700 individuals (Service 1983, p. 12).  These population estimates were also used in the Recovery Plan (Service 1998, p. 7).  In a 2007 census of the Eagle Rock population, McGraw (2007, p. 16) found 176 and 221 trees in the two smallest stands, and nearly 3,200 trees in the largest stand.  The areal extent of the Eagle Rock population was estimated to be 11 acres (4 hectares) at the time of listing (Service 1983, p. 12), and was later revised to 21 acres (8 hectares) in the Recovery Plan using Lyons’ (1988, p. 10) estimates (Service 1998, p. 7).  In the most recent survey of the population by McGraw (2007, p. 16), the extent of all three stands together was calculated to be a total of 8.8 acres (3.6 hectares).

Bracken Brae population
The Bracken Brae population of Santa Cruz cypress is located approximately 3 miles (5 kilometers) north of the unincorporated community of Boulder Creek (USGS Big Basin 7.5 minute quadrangle).  This single stand occurs between 920 and 1,120 feet (280 and 341 meters) in elevation (Griffin and Critchfield 1972, p. 16).  The Bracken Brae population occurs entirely on privately owned lands designated by the county of Santa Cruz as an environmentally sensitive habitat area (County of Santa Cruz 1994, p. 5:3); such areas within the county have special regulations designed to protect sensitive species.  The majority (approximately 92 percent) (McGraw in litt. 2006) of the Bracken Brae population is on land owned by a single entity (Taylor in litt. 2006).  At the time of listing, the Bracken Brae population was estimated to be several hundred trees in one stand that spanned approximately 10 acres (4 hectares) (Service 1983, unpublished data).  Currently, the population is estimated to comprise 10,000 or more trees (Taylor in litt. 2005) within one stand on 24 acres (10 hectares) (Service 2009, p. 5).  The most recent population estimate for Bracken Brae indicates that this is one of the largest populations of Santa Cruz cypress. 

Bonny Doon population
The Bonny Doon population is the type locality (where the specimen used to describe the species was collected) for Santa Cruz cypress (Wolf and Wagener 1948, p. 215; McMillan 1952, p. 191), and is probably the best-known population because it is easily accessible.  The population is northeast of the unincorporated community of Bonny Doon, and south of the Bonny Doon School in the vicinity of Martin Road (USGS Davenport 7.5 minute quadrangle).  This stand occurs at an elevation of approximately 1,600 feet (488 meters) (Griffin and Critchfield 1972,   p. 16).  

Based on our evaluation of aerial imagery, it is likely that the majority of the population occurs within the Bonny Doon Ecological Reserve (Reserve), which is owned and managed by CDFW (V. Haley 2012, pers. comm.; Service 2012, unpublished data).  Much of the Bonny Doon population on public lands is easily accessible by trails throughout the property, and some cypresses can be seen along Martin Road, which bisects the Reserve.  Estimates of the number of individuals and areal extent of the Bonny Doon population have varied over time, likely because this population is more difficult to survey due to the low density of trees scattered over a large area.  For instance, at the time of listing the Bonny Doon population was estimated to have over 1,000 trees on approximately 110 acres (45 hectares) (Service 1983, p. 6).  In 1993, approximately half of this population was estimated to occur on the Reserve (Dewald 1993, pers. comm.) and half on 10 private parcels (Hummel 1993, pers. comm.).  In 1998, by the time the Recovery Plan was published, the number of trees was estimated at over 3,000 individuals on approximately 110 acres (45 hectares) (Service 1998, p. 7), though the source of these estimates is uncertain.  Given the difficulty of estimating the number of trees that are scattered over a large area at a low density, and the revised information available for the other four populations that show increases in the number of known individuals, we believe the earlier estimates (at the time of listing and before) for the Bonny Doon population underestimated the actual population size.  

Although there has been no comprehensive survey of Santa Cruz cypress in the Bonny Doon area, we reviewed all the information available from a variety of sources (Wolf and Wagener 1948, pp. 217–218; Griffin and Critchfield 1972, p. 16; CDFW 2002, entire; McGraw 2011, entire) to best understand the distribution of the Bonny Doon population.  Based on our review of soil maps (Soil Survey Staff 2010), vegetation maps (Haley et al. 2005a; 2005b), and observations of the presence of trees (Dewald 2008, p. 2; Haley 2012, pers. comm.), we believe a majority of the trees in this population (up to 70 percent) occur on the Ecological Reserve (Service 2012, unpubl. data).  The Reserve was established in large part to conserve the unique edaphic-based vegetation types that occur in the Bonny Doon area, and although Santa Cruz cypress are known to occur on private inholdings within and around the edges of the Reserve, no dense clusters of Santa Cruz cypress trees have been observed in the areas surrounding the Reserve over the last 35 years.  Moreover, the habitat conditions favorable to Santa Cruz cypress diminish with increasing distance from the Reserve (Rutherford 2007, pers. obs.).  While it is unlikely that any dense clusters have gone undetected in the surrounding area, low densities of Santa Cruz cypress likely occur within adjacent plant communities, particularly knobcone pine and ponderosa pine forests, Quercus wislizeni (interior live oak), and Arctostaphylos silvicola (silverleaf manzanita) (Sawyer et al. 2009, pp. 158,196, 273, 377).    

In June 2008, the Martin Fire burned 520 acres (210 hectares) (CAL FIRE 2008) of land in the Bonny Doon area.  Fire intensity varied across the landscape, with a mosaic of patches of variable burn intensity distributed within the burn area (McGraw 2011, p. 7).  Of the 520 acres (210 hectares) burned, approximately 30 percent (156 acres (63 hectares)) was severely burned, 50 percent (260 acres (105 hectares)) moderately burned, and 20 percent (104 acres (42 hectares)) lightly burned (Service 2012, unpubl. data).  

Estimating population size after a large disturbance event is more difficult than estimating population size for a population in a stable state.  To estimate mortality of Santa Cruz cypress from the fire, we made the following calculations:  we assumed that prior to the Martin Fire there were 3,000 mature Santa Cruz cypress trees (the number estimated in the Recovery Plan (Service 1998, p. 7)).  We estimated that approximately 50 percent (1,500 Santa Cruz cypress individuals) of the Bonny Doon population were killed within the severely burned areas (Service 2012, unpubl. data) based on visual inspection of the burn intensity map and our knowledge of the distribution of this population.  The other approximately 50 percent of the Bonny Doon population was either not within the footprint of the burn, or survived in lightly to moderately burned areas (Service 2012, unpubl. data).  The best available data indicate individuals survived both on Reserve lands that did not burn, notably in the northwestern corner of the population, and on Reserve and adjacent private lands along the western edge of the population, where fire suppression efforts were a high priority because of proximity to private residences.

Although the Martin Fire killed all of the mature Santa Cruz cypress trees within the severely burned area of the Bonny Doon population, it also spurred vigorous regeneration of the species (Haley 2012, pers. comm.; McGraw 2012, pers. comm.).  This fire presented an opportunity to observe how Santa Cruz cypress responded to a fire event and to compare this response with other management treatments such as pre-fire removal of litter.  

A small study (McGraw 2011, pp. 1–21) was designed to compare levels of cypress recruitment in a series of plots placed in burned, delittered, and untreated (not burned or delittered) areas.  Two years after the burn, McGraw (2011, p. 15) found that the number of cypress seedlings in the burned plots far exceeded the number of seedlings in the thinned plots or untreated plots.  In addition, by the 2010–2011 winter season, McGraw (2011, p. 13) documented three cohorts of seedlings on the burned plots, indicating that, although most germination occurred the year immediately following the fire, seed in the seed bank continued to germinate for 2 more years after the fire.  Within the 10 burn plots (2,690 square feet (250 square meters) in area), McGraw (2011, p. 14) counted 10,564 seedlings and juvenile cypresses.  Within the other treatment areas, McGraw (2011, pp. 14–15) found 25 cypress recruits in 5 manually cleared plots and 4 cypress recruits in 10 unaffected plots.  
If the number of recruits observed on this fraction of burned area is extrapolated to other sites on the Reserve where Santa Cruz cypress burned, it is possible that the number of recruits could be on the order of multiple tens of thousands.  It is well established in the literature that species with a life history similar to Santa Cruz cypress would be expected to experience large recruitment after an event such as a fire (Ne’eman et al. 1999, p. 235; Keeley et al. 2012, p. 253), although survivorship of new recruits significantly decreases over time.  We expect new Santa Cruz cypress recruits to undergo self-thinning as they compete for nutrients, light, and space, gradually reducing the number of individuals in the population (Kenkel 1988, pp. 1021–1022).  Therefore, we anticipate that the number of juvenile individuals will diminish over time to an unknown degree.  Because the Bonny Doon population is the only population of Santa Cruz cypress in recent history in which a disturbance event has triggered massive recruitment, and because not all these individuals will survive to maturity (cone-bearing age), our population estimates report the number of recruits separately from the number of adult individuals.

Majors Creek population
The Majors Creek population of Santa Cruz cypress is located on a north-south ridge west of Majors Creek, 1.5 miles (2.4 kilometers) south of the Bonny Doon stand (USGS Davenport and Felton 7.5 minute quadrangles).  This population is represented by two stands that occur between the elevations of 1,000 and 1,400 feet (300 and 430 meters) (Griffin and Critchfield 1972, p. 16).  The population was located entirely on privately owned land until 1997 when the California Department of Parks and Recreation (CDPR) acquired 75 percent of the population (McGraw 2007, pp. 12, 14), which has since been added to the Gray Whale Ranch unit of Wilder Ranch State Park (Hyland 2012, pers. comm.).  Approximately 25 percent of each of the two stands in this population is on private property; neither private portion has been mapped (McGraw 2007, pp. 12, 14).  The Gray Whale Ranch unit of Wilder Ranch is not open to public access, and is connected to the main portion of the park only by a small isthmus with no roads or trails.  The large majority of the Gray Whale Ranch unit is surrounded by private property and residential areas that offer no public access to the Majors Creek population.  However, an unauthorized trail from the residential areas to the Majors Creek population created by mountain bikers and hikers makes this population fairly accessible. 

There were no abundance or areal estimates of the Majors Creek population at the time of listing (CNDDB 2012).  The Recovery Plan (Service 1998, p. 14) based its population estimate on Lyons’ (1988, p. 15) 1988 demographic study that estimated the population at approximately 1,000 individuals on 205 acres (82 hectares).  According to the most recent field studies by McGraw (2007, pp. 16, 17), the population may contain between 3,200 and 25,000 individuals, with a total population estimate of 14,000 individuals, on approximately 47 acres (19 hectares).  The large variability in the 2007 population estimates is due in part from extrapolating population density from extremely dissimilar sample sites (for example, one site had no trees while another had 61) (McGraw 2007, p. 17).  Although the Majors Creek population estimate is uncertain, the total of number of trees in the population is likely greater than the 1,000 individuals estimated in the Recovery Plan (Service 1998, p. 14; McGraw 2007, p. 17). 

The Role of Fire in Regeneration and Maintaining Population Viability
For Santa Cruz cypress to regenerate effectively, the species requires large-scale disturbance from fire.  Fire promotes Santa Cruz cypress seedling establishment by: (1) Killing adult cypress trees, thus triggering the serotinous cones to open and release seed; (2) increasing light availability by removing the canopy of adult trees; and (3) removing accumulated leaf litter on the soil surface to create an open site for seedling establishment (McGraw 2011, p. 2).  

Three general types of disturbance drive regeneration in most mature forests:  continuous, fine-scale gap-phase, and catastrophic (Veblen 1992, p. 165).  Continuous regeneration is rare; it occurs when a highly shade-tolerant species undergoes continuous recruitment and growth into the canopy.  Fine-scale gap-phase regeneration is characterized by recruitment in gaps, often caused by treefall; this is common in communities that have attained compositional equilibrium, displaying a mosaic of gap, building, and mature phases (Veblen 1992, p. 154).  Catastrophic disturbance is generally unpredictable, large in scale, and often results in the replacement of an entire stand or large portions of a stand with an even-age structure (all trees the same age).  In the chaparral communities of central California, catastrophic fire is important in the natural disturbance regime.  

Santa Cruz cypress is well-adapted to a catastrophic disturbance regime.  Mature cypress trees generally have minimal resistance to fire, and are often restricted to unburned sites (Vogl et al. 1988, p. 320).  Keeley et al. (2012, p. 257) hypothesize that the evolution of fire-dependent obligate seeders, such as Santa Cruz cypress, selected for traits that enhance flammability, thus increasing sites for seedling recruitment in the vicinity of the parent tree.  In the case of the Santa Cruz cypress, the low and often dead branches (Kuhlmann 1986, p. 13), flammable foliage, and thin, fibrous bark make the tree easily susceptible to burning (Vogl et al. 1988, p. 320).  By burning easily, the Santa Cruz cypress is able to release more of the seeds stored in the canopy to increase the rate of recruitment after a fire.  The open habitat conditions created after a catastrophic fire allow Santa Cruz cypress seedlings to establish in an area with reduced interspecific competition (competition from other species) for light, space, and soil nutrients and moisture.  Most of the cones remain closed and retain their seeds until the tree or supporting branch dies, generally as a result of fire (Bartel and Knudsen 1983, p. 2), although a small amount of seeds are released throughout the life of the tree.  The presence of serotinous cones and the correlation of certain even-aged stands with known fire events indicate that Santa Cruz cypress is a fire-adapted species.  However, little is known about fire history across the species’ range or how that shaped the current distribution and abundance of Santa Cruz cypress.

The effects of altered fire regimes on other cypress taxa can help land managers anticipate these effects on Santa Cruz cypress.  Natural fire return intervals for chaparral conifers in a North American Mediterranean-climate scrub are estimated to be between 50 and 100 years (Keeley 1981, pp. 251, 259–260).  With a shorter fire return interval (fewer than 40 years), Hesperocyparis forbesii (Tecate cypress) was shown to face immaturity risk, which is widespread mortality of trees due to a reduction in the reproductive potential of the stand (Zedler 1977, pp. 451–458; de Gouvenain and Ansary 2006, p. 452).  Conversely, a senescence risk, resulting in lower stand vitality, reduced cone production, and reduced seedling establishment, may occur if the fire interval is longer than the lifespan of trees (Ne’eman et al. 1999, p. 240).  The risk of extirpation exists if cypresses senesce and their seeds are no longer viable by the time fire returns to a stand.  

The 2008 Martin Fire burned many of the mature cypress trees in the Bonny Doon population, allowing the serotinous cones to release their seeds.  Cypress seedlings established in high densities near adult trees, with 7,030 immature cypresses recorded in one area (McGraw 2011,  p. 20).  The fire removed the leaf litter on the soil, which provided open ground for Santa Cruz cypress seedlings to establish (McGraw 2011, p. 16).  In addition, because the fire killed adult Santa Cruz cypress and other trees, sunlight was more easily able to penetrate the thinned canopy.  

Numerous observations indicate that Santa Cruz cypress seeds will readily germinate in response to disturbances other than fire, such as erosion or other disturbance that exposes mineral soil (Kuhlmann 1986, p. 14; McGraw 2007, p. 27).  Kuhlmann (1986, p. 13) noted approximately 100 saplings in a clear area of decomposed sandstone that had recent signs of disturbance from erosion and slumping.  Observations made on the Bracken Brae population indicate that seedlings and saplings established in areas that were clear of trees and shrubs, whereas no cypresses established in areas with trees and brushy thickets (Kuhlmann 1986, p. 13).  Lyons (1988, pp. 13, 20) found that a recently disturbed portion of the Bracken Brae site supported a density of 0.8 tree per square yard (0.86 tree per square meter).  

This being the case, disturbance of the substrate by mechanisms other than fire can enhance the rate of seedling establishment in areas that receive abundant sunlight.  Regeneration is the largest challenge to the long-term persistence of this species.  Reproductive potential, as indicated by the large number (88 percent) of sampled trees bearing new cones, is strong (McGraw 2007, p. 20).  While controlled burning may more closely mimic the action of natural fire, litter and vegetation removal could be used in situations where proximity to urban habitation precludes the use of fire.  

Santa Cruz cypress seedling recruitment was recently evaluated by comparing ground vegetation and litter removal in an unburned portion of the Bonny Doon population with another location that burned in the 2008 Martin Fire.  Manual management techniques were applied, clearing 20 percent of the vegetation within a few experimental plots (McGraw 2011, p. 15), and resulting in seedling recruitment of only 25 plants total in the first year (McGraw 2011, p. 15).  The burned plots had an average of 393 immature cypresses (McGraw 2011, pp. 15, 20).  McGraw (2011, pp. 20–21) suggested that recruitment was substantially lower in manually cleared plots because of the lack of sunlight penetrating the canopy.  The effort to manually clear vegetation focused on removing the understory litter, rather than thinning the canopy.  Therefore, McGraw (2012, pers. comm.) concludes that to simulate the effects of fire, ground vegetation and litter removal must be combined with canopy thinning to allow sunlight to penetrate to the ground.  The efficacy of this combined mechanical disturbance strategy to simulate the effects of fire should be studied further.

Experimental observations demonstrated limited recruitment in the absence of fire, but the mass synchronized openings of serotinous cones observed during fire events are likely a critical part of the natural regeneration process for cypress species.  This synchronized seed dispersal ensures that many parent trees contribute seed to the freshly cleared soils required by Santa Cruz cypress for seedling establishment, which subsequently leads to the prolific post-fire recruitment observed in this species (Haley 2012, pers. comm.). 

Like other pioneer conifers, cypress seedlings survive best in full sunlight on bare mineral soils (Vogl et al. 1988, p. 316).  It is likely that limited regeneration occurs in areas bordering pure stands where more nutrient-rich soils allow other species to grow.  Occasional losses of large individual trees (such as redwoods and knobcone pine) that result in canopy openings in these areas allows establishment of Santa Cruz cypress individuals.  However, it is likely that such recruitment in new light gaps is opportunistic rather than the standard type of regeneration for this species. 

Age and Size Class Distribution
In general, larger size classes of trees are assumed to be older.  Using a linear regression, Lyons (1988, p. 17) estimated that the largest trees (over 10 inches (25.4 centimeters) in diameter) in the Eagle Rock population may be on the order of 100 years old.  Size class data are useful as an indication of whether trees within a population or stand are generally the same age, and therefore established as a result of the same disturbance event.  Comparison of size class data between populations may be less useful because differences in site characteristics may account for the size differences between populations.   

In 1988, Lyons (1988, entire) measured the diameter at breast height (DBH) of a sample of Santa Cruz cypresses in the Butano Ridge, Eagle Rock, and Bracken Brae populations.  In 2006, about 20 years later, McGraw (2007, pp. 18–20) again measured a sample of trees in the Butano Ridge and Eagle Rock populations, and compared the results with Lyons’ studies (1988, pp. 34, 38).  Both Lyons (1988) and McGraw (2007) grouped the measurements into five size classes to determine the approximate age distribution (see sections below).  The Bracken Brae population was measured only in 1988, while Majors Creek was measured only in 2007 (McGraw 2007,   pp. 17–20).  There have been no measurements conducted in the Bonny Doon population.  

Butano Ridge
Lyons (1988, p. 10) noted that most trees in the Butano Ridge population were 3–5 inches (7.7–12.7 centimeters) DBH in 1988, which was the middle size class for the study.  McGraw (2007, p. 16) noted that the Butano Ridge population included a high proportion of large individuals that were 5–10 inches (12.8–25.4 centimeters) DBH in 2007, which is one size class larger.  Because most trees in 2007 were in the larger DBH size class as compared to 1988, it is possible that the approximately 20-year time frame showed a natural progression of increased size with age of trees in a stand (McGraw 2007, p. 16).  However, the use of different transects may also account for at least some of the differences observed in size class distributions.

Eagle Rock 
Similar to the Butano Ridge population, Lyons (1988, p. 34) noted that most trees in the Eagle Rock population were in the middle size class (3–5 inches (7.7–12.7 centimeters) DBH) in 1988.  Approximately 20 years later, McGraw (2007, pp. 17, 19) found that the size distribution reflected a more equitable proportion of trees among all five size classes, with the middle size class having the lowest proportion of trees.  

Bracken Brae
In 1988, the Bracken Brae population had a high percentage of trees in the smallest two size classes (below 3 inches (7.6 centimeters)) (Lyons 1988, p. 36).  The Bracken Brae and Butano Ridge populations, as well as one stand in the Eagle Rock population, displayed a size distribution indicative of even-aged stands, suggesting recruitment occurred in a pulse, probably following fire (McGraw 2007, p. 26).  Furthermore, they showed a lower proportion of seedlings than the remaining two stands in the Eagle Rock population, which have a relatively high proportion of young trees indicating recent recruitment (McGraw 2007, p. 26).  However, evidence of recent recruitment in the absence of fire is only present on rock outcroppings and soil disturbances (shallow soils), in comparison to deeper, more stable soils that characterize the substrate for the rest of the stands (McGraw 2007, p. 26).  

Majors Creek
In 2007, the Majors Creek population displayed a smaller proportion of large trees compared to the Butano Ridge and Eagle Rock populations (McGraw 2007, p. 17).  Most of the Santa Cruz cypresses in this population were in the second to smallest size class (1–3 inches (2.5–7.6 centimeters) DBH) and in the size classes immediately below and above this level (McGraw 2007, p. 20).  This type of size distribution is also indicative of an even-aged stand that recruited in a large pulse following a catastrophic disturbance event.  

Population senescence and mortality
As adult trees grow older and senesce, seed production within a stand is expected to decrease, eventually reaching a point where seed availability within the stand could be insufficient to replace the stand (Ne’eman et al. 1999, p. 240; McGraw 2011, p. 2).  The risk that a large proportion of trees will become senescent in the absence of fire is a concern, particularly in even-aged stands (stands with similar DBH).  In 1988, Lyons (1988, p. 18) concluded that in the three populations studied (Bracken Brae, Eagle Rock, and Butano Ridge), there was no evidence of senescence because of the predominance of trees with a small DBH.  In 2006, 8 percent of the trees appeared to be senescent (McGraw 2007, p. 20).  Even small trees appeared to be senescing due to self-thinning in response to low light (McGraw 2007, p. 21).  In other instances, dead trees were observed on rock outcroppings (McGraw 2007, p. 27), which, due to high light and low litter conditions, are conducive to seedling establishment, but unable to support larger tree growth.  Wind-throw (trees blown down) was also observed as a cause of mortality (McGraw 2007, p. 21).  After examining the demographics of three of the five Santa Cruz cypress populations, McGraw (2011, p. 2) concluded that current recruitment rates in the absence of fire are insufficient to maintain the populations (McGraw 2011, p. 2). 

Discussion of Threats to the Species

Threats Alleviated Since the Time of Listing
At the time of listing in 1987, all the Santa Cruz cypress populations were threatened by residential development, agricultural conversion, logging, genetic introgression, oil and gas drilling, or the alteration of the natural fire regime that maintains the stands (52 FR 679).  Some of these threats were more significant at some populations than others.  Many specific threats are now either reduced or no longer exist, including:

· At listing, one-third of the Bracken Brae population was eliminated by a residential development with additional phases of the project pending (Libby 1979, p.15).  Since listing, a large portion of this population was acquired by a conservation-minded landowner and there are no longer any plans to develop the property.  Additionally, county regulations restrict development, thus reducing the threat of development on those lands.
  
· At listing, the Bonny Doon population was threatened by a proposed vineyard development (CDFW 2002, p. 1).  Since listing (in 1989), this threat was significantly reduced when The Nature Conservancy acquired the land and sold it to CDFW for the creation of the Bonny Doon Ecological Reserve (CDFW 2002, p. 1).

· At listing, the Majors Creek and Eagle Rock populations were threatened by logging and residential development (52 CFR 679).  Since listing, the Eagle Rock population and most of the land supporting the Majors Creek population have been acquired and ownership transferred to CDPR.  

· At listing, the privately owned section of the Butano Ridge population was subject to logging as well as a potential threat from oil and gas drilling.  Based on recent mapping, the entire Butano Ridge population is known to be located within the bounds of Pescadero Creek County Park.  As such, no logging, oil, or gas drilling have occurred within or near the Butano Ridge stand since the time of listing, and no such activities are being planned within the Pescadero Creek County Park boundaries (Herzberg 2012, pers. comm.).  

Residential development, agricultural conversion, logging, and oil and gas drilling were considered imminent threats at the time of listing, and would have resulted in the loss of individual trees as well as removal, destruction, and alteration of habitat.  These threats had the potential to affect the majority of individuals in the populations.  Overall, the threats from alteration of habitat due to residential development, agricultural conversion, drilling, and logging have been eliminated or substantially reduced since the time of listing.  Currently, no development is planned within any of the cypress populations and none is expected, due to county regulation of development on private property with sensitive habitat.

At the time of listing, genetic introgression and alteration of the natural fire regime were considered threats that had the potential to disrupt long-term persistence of the species by reducing reproduction and recruitment.  The threats from genetic introgression and altered fire regimes are discussed below, in addition to other threats identified since the time of listing.  Finally, overutilization for commercial, recreational, scientific, or educational purposes was not considered a threat at the time of listing.  The species is not commercially harvested or used for other purposes, so we do not consider this a threat at this time.

Current Threats
Table 4 (below) provides a summary of all the current threats for each of the Santa Cruz cypress populations, which are described in detail in the following sections.

Alteration of fire regime
Fire history
Within the range of the species, fire has only been documented at the Bonny Doon and Eagle Rock populations.  As discussed earlier, even-aged stands may be an indication of past fires even if no records exist.  For example, the Butano Ridge, Bracken Brae, and Majors Creek populations exhibit size distributions that are indicative of even-aged populations.  Although no official records indicate that there were stand-replacing fires within these populations, there were likely large-scale disturbance events, such as fire, that stimulated the simultaneous germination of numerous individuals within those populations.  The time frame of these large-scale disturbance events has not been determined for the populations at Butano Ridge, Bracken Brae, or Majors Creek.

In 1905, a severe fire destroyed a large portion of the Eagle Rock population (Wolf and Wagener 1948, p. 218).  Prior to the fire, there was a “considerable stand” of Santa Cruz cypresses, which were used by the landowner for timber to build barns and other buildings (Wolf and Wagener 1948, p. 218).  According to Lyons (1988, pp. 19–20), another fire burned through a majority of the Eagle Rock population in 1942, killing most of the cypresses.  Lyons (1988, p. 19) noted that some larger individuals, estimated to be 40–60 years old, appeared to survive the fire. 

In June 2008, the Martin Fire that burned the Bonny Doon Ecological Reserve killed many adult cypresses, and caused the serotinous cones stored in the canopy to release their seeds and germinate in the freshly cleared soil (McGraw 2011, p. 11).  Prior to this incident, there were no records of fire within this population; however, in 1948, Wolf and Wagener (1948, p. 217) described a lack of old trees and a uniform appearance to the stand, indicating a possible stand-replacing fire in the past.  McGraw (2011, p. 2) noted that the Bonny Doon area had not burned in over 50 years.    



Table 4:  Current threats for each of the Santa Cruz cypress populations.  A line (—) indicates a threat that is not a concern for a specific population or is only of minor concern.






	
	H.a. var. butanoensis
	H. a. var. abramsiana

	
	Butano Ridge
	Eagle Rock
	Bracken Brae
	Bonny Doon
	Majors Creek

	Threats identified at the time of listing  

	Residential development
	
	
	
	
	

	Agricultural conversion
	
	
	
	
	

	Logging
	
	
	
	
	

	Alteration of fire regime
	High
	High
	High
	High
	High

	Oil and gas drilling
	
	
	
	
	

	Genetic introgression
	
	Moderate
	Low 
	Moderate
	Low

	Vandalism
	
	Low
	Low
	Low
	Low

	Disease
	
	
	
	
	

	Additional threats identified since the time of listing

	Overutilization
	
	
	
	
	

	Predation
	
	
	
	
	

	Climate change
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate

	Reproductive isolation
	
	
	
	
	

	Competition with nonnative species
	Low
	Moderate
	Moderate
	Moderate
	Moderate

	Lack of adequate legal protection
	
	
	Moderate
	Low
	Low





Fire regime

The natural fire frequency for Santa Cruz cypress is estimated to be between 50 and 100 years, with a minimum of 20 years needed between fires to ensure species persistence (Bartel and Knudsen 1983, p. 3).  The long-term persistence of cypress populations could be affected by disruption of the natural fire frequency (McGraw 2007, p. 2).  Most Santa Cruz cypress populations are located close to residential areas, where natural fires are excluded from surrounding wildland areas by the creation of fire breaks and fuels reduction projects.  In addition, fires are suppressed as quickly as possible.  Both fire exclusion and fire suppression lengthen the interval between fires, altering the natural fire regime, and increase the risk of extirpation from senescence.  Conversely, human ignitions, resulting in fire intervals that are shorter than the natural regime, could inhibit Santa Cruz cypress from reaching its reproductive potential if stands burn prior to trees reaching reproductive age.  Given the current fire exclusion and fire suppression practices, we expect that the fire return interval is lengthening, putting populations at risk of extirpation from senescence in the future.  McGraw (2011, p. 2) states that the current demographics and natural recruitment rates observed in the Majors Creek, Eagle Rock, and Butano Ridge populations appear to be insufficient to maintain the populations in the absence of fire.  

The altered fire regime presents a threat to the long-term persistence of all of the Santa Cruz cypress populations.  Santa Cruz cypress depends on fire to release many of the seeds stored in cones in the canopy.  As adult trees senesce and die, seed production decreases, such that there is insufficient seed available to regenerate the stand (McGraw 2007, p. 24).  In the absence of fire, recruitment still occurs, but at a low level that is likely not sufficient for stand replacement (McGraw 2011, p. 2).  To germinate in large numbers, the species requires open soil and canopy conditions created by fires intense enough to kill the parent tree; in the absence of fire the species is only able to germinate opportunistically in rock outcroppings or small disturbance areas.  Without appropriate disturbance from fire, the stands could eventually senesce, resulting in minimal reproduction in small rock outcrops that may be inadequate to maintain population viability.  

Mechanical disturbance of the understory and canopy has not been adequately studied to determine its efficacy in promoting cypress recruitment.  We know that recruitment can occur in the absence of fire, but do not know the level of recruitment that can occur with a mechanical disturbance meant to simulate the beneficial effects of fire (cleared soil, open canopy, low competition).  Mechanical disturbance may not be sufficient to maintain the populations.  Based on the best available information, and in the absence of fire or other event that promotes recruitment, it is possible that a large percentage of individual cypresses in most of the populations could become senescent within the current generation.

Disease and predation
At the time of listing, disease was considered a possible threat to Santa Cruz cypress; in particular, this species was described as being extremely vulnerable to the fungus Seiridium cardinale (cypress canker) (52 FR 679).  However, we are not aware of any reports of populations of this species having been infected by cypress canker.  Recent research indicates that Monterey cypress is more susceptible to cypress canker when it is planted outside of its natural range along the California coast (UC Berkeley 2011).  This is thought to be because trees planted outside of their natural range are not adapted to the combination of environmental conditions in the new sites and are more stressed physiologically, and therefore, more susceptible to the cypress canker (UC Berkeley 2011).  Similarly for Santa Cruz cypress, the fungus may not pose a serious risk to this species when it is in its natural range.  Therefore, although disease remains a potential threat to all populations of this species, the current threat is likely very low because cypress canker has not been observed in any of the populations over the last 40 to 50 years.  In addition, because of the distance between populations, if one population became infected, the disease would likely not spread to individuals in the other populations.  

Predation was not considered a threat at the time of listing.  However, in the Recovery Plan we discussed a potential threat by sawfly (order Hymenoptera) larvae found in 1992 and killed “several” trees in the Bracken Brae population (Service 1998, p. 23).  These sawfly larvae most likely originated from landscape plantings adjacent to the Bracken Brae population.  We are not aware of any reports of further damage caused by sawfly larvae at Bracken Brae or in any other population.  Therefore, although predation remains possible for all populations of this species, it is regarded as a minor concern because we do not have any evidence of recent predation on Santa Cruz cypress and our historical evidence indicates that the sawfly larvae did not substantially impact the Bracken Brae population.  In addition, because of the distance between populations, if one population became infected, it is likely that the sawfly larvae would not spread to individuals in other populations.  

Climate change
Climate change is a potential threat that has been identified since the time of listing.  Our analyses under the Act include consideration of ongoing and projected changes in climate.  The terms “climate” and “climate change” are defined by the Intergovernmental Panel on Climate Change (IPCC).  “Climate” refers to the mean and variability of different types of weather conditions over time, with 30 years being a typical period for such measurements, although shorter or longer periods also may be used (IPCC 2007a, p. 78).  The term “climate change” thus refers to a change in the mean or variability of one or more measures of climate (e.g., temperature or precipitation) that persists for an extended period, typically decades or longer, whether the change is due to natural variability, human activity, or both (IPCC 2007a, p. 78).  Various types of changes in climate can have direct or indirect effects on species.  These effects may be positive, neutral, or negative, and may change over time, depending on the species and other relevant considerations, such as the effects of interactions of climate with other variables (e.g., habitat fragmentation) (IPCC 2007b, pp. 8–14, 18–19).  In our analyses, we use our expert judgment to weigh relevant information, including uncertainty, in our consideration of various aspects of climate change.  

Scientific measurements spanning several decades demonstrate that changes in climate are occurring, and that the rate of change has increased since the 1950s.  Examples include warming of the global climate system, and substantial increases in precipitation in some regions of the world and decreases in others.  (For these and other examples, see IPCC 2007a, p. 30; and Solomon et al. 2007, pp. 35–54, 82–85).  Results of scientific analyses presented by the IPCC show that most of the observed increase in global average temperature since the mid-20th century cannot be explained by natural variability in climate, and is “very likely” (defined by the IPCC as 90 percent or higher probability) due to the observed increase in greenhouse gas (GHG) concentrations in the atmosphere as a result of human activities, particularly carbon dioxide emissions from use of fossil fuels (IPCC 2007a, pp. 5–6 and figures SPM.3 and SPM.4; Solomon et al. 2007, pp. 21–35).  Further confirmation of the role of GHGs comes from analyses by Huber and Knutti (2011, p. 4), who concluded that it is extremely likely that approximately 75 percent of global warming since 1950 has been caused by human activities.

Scientists use a variety of climate models, which include consideration of natural processes and variability, as well as various scenarios of potential levels and timing of GHG emissions, to evaluate the causes of changes already observed and to project future changes in temperature and other climate conditions (for example, Meehl et al. 2007, entire; Ganguly et al. 2009, pp. 11555, 15558; Prinn et al. 2011, pp. 527, 529).  All combinations of models and emissions scenarios yield very similar projections of increases in the most common measure of climate change, average global surface temperature (commonly known as global warming), until about 2030.  Although projections of the magnitude and rate of warming differ after about 2030, the overall trajectory of all the projections is one of increased global warming through the end of this century, even for the projections based on scenarios that assume that GHG emissions will stabilize or decline.  Thus, there is strong scientific support for projections that warming will continue through the 21st century, and that the magnitude and rate of change will be influenced substantially by the extent of GHG emissions (IPCC 2007a, pp. 44–45; Meehl et al. 2007, pp. 760–764, 797–811; Ganguly et al. 2009, pp. 15555–15558; Prinn et al. 2011, pp. 527, 529).  (See IPCC 2007b, p. 8, for a summary of other global projections of climate-related changes, such as frequency of heat waves and changes in precipitation.  Also see IPCC 2011 (entire) for a summary of observations and projections of extreme climate events.)

Various changes in climate may have direct or indirect effects on species.  These effects may be positive, neutral, or negative, and they may change over time, depending on the species and other relevant considerations, such as interactions of climate with other variables (for example, habitat fragmentation) (IPCC 2007b, pp. 8–14, 18–19).  Identifying likely effects often involves aspects of climate change vulnerability analysis.  Vulnerability refers to the degree to which a species (or system) is susceptible to, and unable to cope with, adverse effects of climate change, including climate variability and extremes.  Vulnerability is a function of the type, magnitude, and rate of climate change and variation to which a species is exposed, its sensitivity, and its adaptive capacity (IPCC 2007a, p. 89; see also Glick et al. 2011, pp. 19–22).  There is no single method for conducting such analyses that applies to all situations (Glick et al. 2011, p. 3).  We use our expert judgment and appropriate analytical approaches to weigh relevant information, including uncertainty, in our consideration of various aspects of climate change. 

Global climate projections are informative and, in some cases, the only or the best scientific information available for us to use.  However, projected changes in climate and related impacts can vary substantially across and within different regions of the world (for example, IPCC 2007a, pp. 8–12).  Therefore, we use “downscaled” climate projections when they are available and have been developed through appropriate scientific procedures, because such projections provide higher resolution information that is more relevant to spatial scales used for analyses of a given species (see Glick et al. 2011, pp. 58–61, for a discussion of downscaling).  

Within central-western California (counties along the California coast from the San Francisco Bay area south to Santa Barbara County), regional climate models project a mean annual temperature increase of 2.9–3.4 degrees Fahrenheit (°F) (1.6 to 1.9 degrees Celsius (oC)) and a mean diurnal temperature range increase of 0.2–0.4 °F (0.1 to 0.2 oC) by 2070 (PRBO Conservation Science 2011, p. 35).  The projected impacts of climate change are warmer winter temperatures, earlier warming in the spring, and increased summer temperatures (PRBO Conservation Science 2011, p. 35).  Additionally, regional climate models project a decrease in mean annual rainfall of 2.4 to 7.4 inches (61 to 18.8 centimeters) (PRBO Conservation Science 2011, p. 35).  The large range of possible precipitation change (-11 percent to -32 percent) is due to different model projections and sensitivity.  This sensitivity indicates substantial uncertainty in precipitation projections (PRBO Conservation Science 2011, p. 35).  Other scientific sources (Snyder and Sloan 2005, pp. 1212–15) project similar temperature increases and precipitation decreases along the central California coast.  

As a result of the temperature and precipitation changes, climate change is predicted to result in shifts in vegetation types.  Of the three major vegetation types within central-western California, decreases in total area covered were projected in chaparral-coastal scrub habitat (-19 to -43 percent) and blue oak woodland-foothill pine habitat (-44 to -55 percent), while an increase was projected in grassland habitat (85 to 140 percent) (PRBO Conservation Science 2011, p. 38).  Lenihan et al. (2008) also projects decreases in conifer forests and shrublands, and increases in grasslands in central-western California by 2070–2099.  Additionally, changes in vegetation communities could be hastened by more and larger wildfires, as well as effective wildfire suppression (PRBO Conservation Science 2011, pp. 37–38).

Specific to the range of the Santa Cruz cypress, the current average temperature and precipitation values are based on data from the Western Regional Climate Center (2012) that was collected between 1972 and 2012 in the Ben Lomond area (inland Santa Cruz County near the Bonny Doon population).  Data indicate that the annual high temperature is 73.8 °F (23.2 oC), the annual low temperature is 43.5 °F (6.4 oC), and the average total precipitation is 49.25 inches (125 centimeters) each year (Western Regional Climate Center 2012).  Annual rainfall figures can vary dramatically from season to season, having a profound influence on ecosystems, fire frequency, and water availability.  

We used ClimateWizard (2009) to estimate what changes in temperature and precipitation, if any, would occur in the Santa Cruz Mountains by the mid-century (2050s) and the end of the century (2080s).  ClimateWizard (2009) provides historical trend data on temperature and precipitation and projections of future climate conditions.  Historical trends for the last 50 years are based on existing climate data and extrapolated from adjacent geographically distinct recording stations.  Values for both historical data and future projections are compared to baseline values, which are defined as the average of that value (temperature and precipitation) between 1951 and 2006 (ClimateWizard 2009).  While the data provided by the Western Regional Climate Center (2012) for 1972–2012 do not necessarily match the baseline data provided by ClimateWizard (2009), this application is useful to demonstrate the potential changes in temperature in the Santa Cruz Mountains as a result of climate change.

Precise predictions of climatic conditions for smaller subregions such as Santa Cruz County and habitat within the range of the Santa Cruz cypress remain uncertain, but we expect, based on modeling, that climate change will result in a warming trend with localized drying, fewer precipitation events, and an increase in fires.  ClimateWizard (2009) indicates that temperature in the Santa Cruz area is projected to rise approximately 3 °F (1.7 °C) by mid-century and 5 °F (2.8 °C) by the end of the century.  Precipitation in the Santa Cruz area is projected to decrease by approximately 4 percent by mid-century and 8 percent by the end of the century (ClimateWizard 2009).  

In a changing climate, conditions could be altered in a way that would allow Santa Cruz cypress to colonize habitat where it currently does not occur.  The potential impacts of climate change on the flora of California were discussed by Loarie et al. (2008, entire).  Based on modeling, Loarie et al. (2008) predict that plant species distributions will shift in response to climate change, specifically that species will move or disperse to higher elevations and northward, depending on the ability of each species to do so.  Species diversity will also shift in response to these changes with a general trend of diversity increases shifting towards the coast and northwards, with these areas becoming de facto future refugia (Loarie et al. 2008).  Loarie et al. (2008) also hypothesize that competition with native and nonnative species could increase for species like the Santa Cruz cypress if species distributions shift westward toward the coast in response to increased drying and higher temperatures inland.  

If climate change in the Santa Cruz area results in localized drying and decreased precipitation, Santa Cruz cypress could benefit by a reduction in competition with plant species that require more soil moisture (McGraw 2012, pers. comm.).  Drier conditions may also result in shorter fire return intervals, which could benefit Santa Cruz cypress by promoting regeneration.  However, the species could face increased immaturity risk if drier conditions reduce the fire return intervals to the extent that cypresses are not able mature and produce a sufficient number of seeds to replace the pre-fire population.  In addition, increased drying and decreased precipitation could intensify community fire suppression and fire exclusion efforts, which could have unpredictable effects on the fire regime.  

Regional climate projections within central-western California indicate the trend will likely be toward warming and drying, which could make habitat slightly more favorable for Santa Cruz cypress.  However, these changes could also lead to increased competition with native and nonnative species if species distributions shift toward higher elevation habitats that Santa Cruz cypress currently occupies.  We anticipate that climate change will affect all populations of Santa Cruz cypress beginning in the near future.  Although effects of climate change have not been detected in Santa Cruz cypress, we believe that any change in climate will affect the environmental conditions to which this species is adapted.  We recognize that climate change is an important issue with potential impacts to species and their habitats.  However, we are currently not aware of information that will allow us to make a meaningful prediction about how potential changes in temperature and precipitation patterns will significantly affect Santa Cruz cypress growth and habitat conditions.
Reproductive isolation 
Although we believe the five Santa Cruz cypress populations are reproductively isolated from one another, we do not consider this isolation to be a threat to the long-term persistence of the species.  Because each of the Santa Cruz cypress populations is larger than was estimated at the time of listing and during the preparation of the Recovery Plan, the threat to the species from reproductive isolation is considered to be very minor.  Additionally, the populations have been increasingly reproductively isolated from one another for thousands of years (Griffin 1972, p. 4).  The five populations that exist today are discontinuously distributed and separated by ridges that do not facilitate the exchange of genetic information; however, limited seed and pollen dispersal are characteristic of Santa Cruz cypress and the geographic barriers to dispersal are not recent obstacles.  Because of the high number of trees now believed to be in each population and their high reproductive potential (McGraw 2007, p. 20), we have no evidence to suggest that Santa Cruz cypress populations are being negatively impacted by reproductive isolation from one another. 

Morphological variations in cone characteristics occur between the populations, with each population having genetic differences, possibly indicating low levels of past and current gene flow among populations (McMillan 1952, p. 190; Millar and Westfall 1992, p. 350; Adams and Bartel 2009, pp. 295–298).  Millar and Westfall (1992, p. 350) noted that considerable genetic variation exists among the five Santa Cruz cypress populations.  Genetic variation could indicate that each population is adapted to its particular microclimate and environmental conditions.  Reproductive isolation could be a concern because small isolated populations may lose genetic variation through genetic drift (random changes in gene frequency) and some variations may be lost due to chance.  Loss of genetic variation, in the long term, may affect a species’ ability to adapt and respond to changing environmental conditions.  

Speciation (separation into two or more species) may also occur if populations are unable to interbreed.  At least one population, Butano Ridge, has already been taxonomically redefined as a variety of Santa Cruz cypress, as indicated by genetic differences between this and the other populations.  Although the Butano Ridge variety is not yet considered a separate species, the process of speciation may continue if reproductive isolation is sustained.  Additionally, low recruitment due to lack of fire could put populations at risk of experiencing genetic bottlenecks in the future.  If only a few individuals survive and pass on their genetic material, descendants would have only a very small sample of the original genetic variation of the population.  

In summary, reproductive isolation does not pose an imminent threat to the species’ existence.  Our primary concern is to preserve the greatest amount of genetic variation so that adaptive capability can be maintained, even if each of the populations moves toward a distinct identity.  The fact that there are currently more individuals in each population than were previously thought alleviates the concern that genetic variation is being lost (larger populations with more individuals can maintain greater genetic variation).  

Genetic introgression
If individuals of different cypress species are planted in close proximity, they can exchange pollen and may produce fertile hybrid offspring, as has been documented in a number of plant species (Rhymer and Simberloff 1996, pp. 98–99).  By this means, genes from one species can infiltrate into another, a process called genetic introgression.  Santa Cruz cypress may be affected by introgression from residential plantings of Monterey cypress near the Bonny Doon population (Haley 1993, pers. obs.), and Cupressus glabra (Arizona cypress) near the Eagle Rock population (Hillyard 1995, pers. comm.).  The potential for introgression from planted cypresses to affect Santa Cruz cypress needs to be assessed and remedied, if necessary.  To assess this threat, it is helpful to know how much genetic variation exists within Santa Cruz cypress populations, between populations, and between Santa Cruz cypress and the neighboring coastal cypress species, Gowen cypress and Monterey cypress.  As was noted earlier, Millar and Westfall (1992, p. 350) found considerable genetic variation among Santa Cruz cypress populations.  About as much genetic variation exists among Santa Cruz cypress populations as there is between this and neighboring cypress species (Millar and Westfall 1992, p. 350).  This pattern of variation suggests that, in the absence of geographical barriers, hybridization may occur among the different populations of Santa Cruz cypress as well as between Santa Cruz cypress and the neighboring cypress species. 

The concern for genetic introgression of other cypress taxa into the Santa Cruz cypress population could be the loss of the species’ adaptations and competitive advantage in otherwise inhospitable soil and substrate types that the Santa Cruz cypress currently occupies.  However, interbreeding could also yield hybrids that have desirable characteristics.  It is unknown how hybrid offspring of Santa Cruz cypress and other cypress taxa would respond to their environment.  

Overall, genetic introgression is considered a low-level threat because there are cypresses of different species planted in close proximity to two of the five Santa Cruz cypress populations and there have been no efforts to place barriers to interbreeding taxa.  Due to the long generations characteristic of cypresses, this is a long-term threat that has the potential to affect any population, but probably is a concern to only two populations.  Because of its distance from developed landscapes, the Butano Ridge population is farther away from residential plantings, and therefore less likely to exchange pollen with another cypress species.  Conversely, because the Majors Creek and Bracken Brae populations are nearer to developed landscapes, the risk that other cypress species would be planted near these populations is greater than at Butano Ridge, but still a low risk overall.  Across the species’ range, genetic introgression could also contribute to speciation of individual populations because there is no exchange of genetic material among the populations.  In sum, the potential for genetic introgression from planted cypresses to affect Santa Cruz cypress should be assessed and remedied if necessary.

Competition with nonnative plant species
The presence of nonnative invasive species threatens the long-term persistence of Santa Cruz cypress and its habitat through competition.  A number of nonnative plants that compete with Santa Cruz cypress have been introduced as a result of activities that continue today and are expected to continue into the future, thus resulting in ongoing impacts to Santa Cruz cypress and its habitat.  Grading for housing developments and roads allowed Acacia dealbata (silver wattle) (McGraw 2011, p. 23) and Genista monspessulana (French broom) (Tjosvold 2012, p. 21) to invade openings within Santa Cruz cypress habitat.

Silver wattle is an invasive tree that threatens the southern stand of Santa Cruz cypress at Majors Creek.  It creates dense canopies, which can inhibit cypress seedlings by blocking the sunlight they need to grow (McGraw 2007, p. 23).  Silver wattle reproduces rapidly along dirt roads and driveways in the northeastern portion of the stand (McGraw 2007, p. 23).  In 2007, the extent of silver wattle growing near the Santa Cruz cypress stand within the Majors Creek population was reported as small and could be easily eradicated (McGraw 2007, p. 23).  However, silver wattle grows rapidly and, because there has been no silver wattle management or removal near the Majors Creek stand (Halbert 2012, pers. comm.), it could now be more difficult to remove than in 2006.  At the Bonny Doon population, silver wattle saplings are competing with the Santa Cruz cypress saplings that regenerated after the Martin Fire (Barry 2012, pers. obs.).  As of 2012, the silver wattle at the Bonny Doon population was small enough that it could be controlled (Barry 2012, pers. obs.); however, if left to continue growing, silver wattle could shade or outcompete the Santa Cruz cypress in a few years. 

French broom is currently known to occur along an old road at a disturbed site near the Bonny Doon population (McGraw 2011, p. 20).  French broom is one of the most prevalent invasive species in Santa Cruz County at elevations below 2,000 feet (610 meters) (Moore 2002, p. 6), which is where Santa Cruz cypress generally occurs (with the exception of a portion of the Eagle Rock population that extends to a higher elevation).  As a pervasive weed in disturbed areas in the Santa Cruz Mountains, French broom could also occur near other populations of Santa Cruz cypress where there has been disturbance, such as road cuts or fire breaks.  Specifically, French broom inhibits Santa Cruz cypress seedling establishment by competing for open, recently disturbed soils with access to abundant sun.  French broom can resprout from cut or damaged stems, and each individual can produce thousands of seeds each year (Moore 2002, p. 6; Tjosvold 2012, p. 21), which in turn can spread from these disturbed sites to other open, but otherwise undisturbed, sites within cypress stands (McGraw 2011, p. 20).  Currently, the rate and extent of French broom colonization at the five Santa Cruz cypress populations is unknown.    

European annual grasses are also known to threaten Santa Cruz cypress by precluding the establishment of seedlings (McGraw 2007, p. 23).  Because the most extensive recruitment of Santa Cruz cypress occurs following a large-scale disturbance, the exclusion of occasional cypress seedlings by annual grasses is not considered a substantial threat to the species.  

Fire can promote the invasion of nonnative species by removing the dense understory.  Nonnative species (such as those mentioned above) in the vicinity of a Santa Cruz cypress population prior to a fire can colonize quickly after a fire.  Santa Cruz cypress, which is adapted to establish in post-fire conditions, has to compete with these nonnative plants for scarce soil resources (McGraw 2007, p. 23).  For example, after the Martin Fire, McGraw (2011, p. 17) observed slightly higher cover of nonnative plant species in burn plots compared to unburned plots, although this difference was not significant.  Overall, the risk from nonnative invasive species colonizing after a fire appears to be lower in areas where the density of nonnative plants prior to the fire is low (McGraw 2011, p. 20), and increases where there is already a moderately dense presence of nonnative species.  The risk can increase as more areas are disturbed by off-trail recreation, fire breaks, and road cuts, leading to increased colonization by nonnative species.  Even mechanical disturbance designed to regenerate the Santa Cruz cypress could allow nonnative species to colonize a recently disturbed area if not closely monitored (McGraw 2007, p. 27). 

Although we do not have data concerning the presence of nonnative species at the Bracken Brae, Butano Ridge, and Eagle Rock populations, we expect fewer nonnative species in less disturbed areas.  For example, the Butano Ridge population is difficult to access and not connected to any trails.  We would expect less nonnative species encroachment there than at populations that are readily accessible by trails and fire breaks.  At least one stand of the Eagle Rock population is easily accessible by a fire road, which could lead to nonnative species encroachment, and the Bracken Brae population is surrounded by housing developments, which could also promote nonnative species in the area.  Overall, the risk to Santa Cruz cypress from nonnative species is currently considered moderate across the species’ range.  We can infer that nonnative species will compete with some populations of Santa Cruz cypress due to the proximity of developed areas and the documented effects of nonnative species on populations that are near developed areas.  This is a threat that can be predicted to impact most of the populations of Santa Cruz cypress over the long-term.  

Vandalism and unauthorized recreational activities
Vandalism was noted at the time of listing as a concern for Santa Cruz cypress, in large part because the largest tree in the Bonny Doon population had recently been cut down.  The 5-year review of the species also mentioned that trees adjacent to the Majors Creek population were cut down during construction of illegal trails on Wilder Ranch State Park property (CDPR 2000).  

In addition to vandalism, unauthorized recreation on Wilder Ranch State Park property may negatively affect Santa Cruz cypress habitat.  For example, in 2007, evidence of unauthorized mountain biking, motorcycling, and equestrian activity was observed on illegal trails within the Majors Creek and Eagle Rock populations (McGraw 2007, pp. 21–23).  McGraw (2007, p. 21) noted that 4 percent of the trees surveyed in the Majors Creek, Butano Ridge, and Eagle Rock populations were affected by this type of unauthorized human activity.  Illegal trails can cause erosion through Santa Cruz cypress stands (McGraw 2007, p. 22), which may inhibit seedling establishment and wear away substrate from mature cypress trees.  Evidence of erosion from illegal trails was seen in the Majors Creek population (Barry 2012, pers. obs.).  Although vandalism and unauthorized recreational activities are a management concern, we do not believe the current level of impact on Santa Cruz cypress and its habitat is affecting its long-term persistence.  Vandalism and unauthorized recreational activity may be increasing with the increasing number of inhabitants in the urban-wildland interface (InterfaceSouth 2009, p. 5).  There have been no reports of vandalism or unauthorized recreational activities in the Bracken Brae population; however, because this population is fairly accessible and near residential development, we anticipate that unreported vandalism may occur here.  However, this threat is considered to be low because only a small proportion of trees and habitat across the species’ range are affected by these activities.



Legal protection

Federal regulations
Endangered Species Act
With regard to federally listed plant species, section 7(a)(2) of the Act requires Federal agencies to consult with the Service to ensure any project they fund, authorize, or carry out does not jeopardize a listed plant species.  One consultation pursuant to section 7(a)(2) of the Act was completed in 2006 for the use of Federal funding for pre-fire clearance work at Bonny Doon Ecological Reserve.  In that consultation, we determined that the actions were not likely to jeopardize the continued existence of the Santa Cruz cypress, Ben Lomond wallflower, or Ben Lomond spineflower.  Section 9 of the Act and Federal regulations pursuant to section 4(d) of the Act prohibit the “take” of federally threatened and endangered wildlife; however, the take prohibition does not apply to plants.  Instead, plants are protected from harm in two particular circumstances.  Section 9 prohibits (1) the removal and reduction to possession (i.e., collection) of endangered and threatened plants from lands under Federal jurisdiction; and (2) the removal, cutting, digging, damage, or destruction of endangered plants on any other area in knowing violation of a State law or regulation or in the course of any violation of a State criminal trespass law.  This second prohibition on removing, cutting, digging, damaging, or destroying federally listed plants does not apply to species listed as threatened.  Federally listed plants may be incidentally protected if they co-occur with federally listed wildlife species, such as the Zayante band-winged grasshopper (Trimerotropis infantilis) in the sandhills habitat.  In brief, the Act has only limited ability to protect Santa Cruz cypress on non-Federal land.  Where the species occurs on private land, protections afforded by section 7 of the Act are triggered only if there is a Federal nexus (an action funded, permitted, or carried out by a Federal agency).  The populations and portions of populations on private lands could benefit from the implementation of a Habitat Conservation Plan (HCP); thus far, no HCPs have been developed to include this species.  

National Environmental Policy Act (NEPA)
The National Environmental Policy Act (NEPA) (42 U.S.C. 4371 et seq.) provides some protection for listed species that may be affected by activities undertaken, authorized, or funded by Federal agencies.  In cases where the project analysis reveals significant environmental effects, the Federal agency must propose mitigations that could offset those effects (40 CFR 1502.16).  These mitigations usually provide some protection for listed species, however, NEPA does not require that adverse impacts be fully mitigated, only that impacts be assessed and the analysis disclosed to the public. 

There are currently no populations of Santa Cruz cypress on Federal lands that would directly benefit from the protections of the Act and NEPA; one consultation has been completed for use of Federal funding for pre-fire clearance activities at Bonny Doon Ecological Reserve.  As stated above, unless there is a Federal nexus for a proposed project, such as an HCP, the protections afforded by section 7 of the Act and the NEPA review process are not applicable to this species.

State regulations 
At the time of listing, we noted that the species was not adequately protected under California State law.  Although the species had been State listed as endangered since 1979, the potential protections that could result from State laws, including the California Endangered Species Act (CESA) and the California Environmental Quality Act (CEQA), were insufficient to protect species on private lands.  At listing, much of the Santa Cruz cypress habitat occurred on private lands threatened with destruction or alteration, which the existing regulations were unable to halt or minimize.  Over time, much of the Santa Cruz cypress habitat was transferred to State or county ownership, or found to exist primarily on State or county lands after thorough survey efforts.  CESA and CEQA are now able to more effectively protect the populations and habitat on State and county lands.  

California Endangered Species Act (CESA) 
CESA (California Fish and Game Code, section 2080 et seq.) prohibits the unauthorized take of State-listed threatened or endangered species.  CESA requires consultation with CDFW for activities that may affect a State-listed species and mitigation for any adverse impacts to the species or its habitat.  Pursuant to CESA, it is unlawful to import or export, take, possess, purchase, or sell any species or part or product of any species listed as endangered or threatened.  The State may authorize permits for scientific, educational, or management purposes, and allow take that is incidental to otherwise lawful activities. 

Although Santa Cruz cypress is listed as endangered under CESA, this designation provides little protection for the plant on private lands.  Under CDFW’s current interpretation, the “take” prohibition provision for plants in CESA incorporates the Native Plant Protection Act (NPPA) take prohibition.  With regard to prohibitions of unauthorized take under NPPA, landowners are exempt from this prohibition for plants that will be taken in the process of habitat modification.  Where landowners have been notified by the State that a rare or endangered plant is growing on their land, the landowners are required to notify CDFW 10 days in advance of changing land use in order to allow salvage of listed plants.  In sum, these two laws have only limited ability to protect Santa Cruz cypress on private lands.

California Environmental Quality Act (CEQA)
In general, most projects that would impact an endangered species require review under CEQA, which can provide a greater level of protection for Santa Cruz cypress.  CEQA requires review of any project that is undertaken, funded, or permitted by the State or a local governmental agency.  The lead CEQA agency with primary authority or jurisdiction over a project is responsible for conducting a review of the project and consulting with other agencies concerned about resources affected by the project.  If significant effects are identified, the lead agency may require project redesign to avoid impacts, require measures to fully mitigate significant impacts, or make a finding that overriding considerations make full mitigation unfeasible.  Such plans may involve establishing long-term protection for certain sites by designating them as reserves, enhancing degraded sites to improve or extend suitable habitat, transplanting affected species to an off-site location, or creating artificial habitat.  Therefore, protection of federally listed plant species through CEQA is dependent upon the determination of the lead agency involved.  CEQA provides some level of protection for the Santa Cruz cypress because any development project in Santa Cruz cypress habitat must go through an environmental review to determine the level of impacts to natural resources.

County of Santa Cruz
At the time Santa Cruz cypress was federally listed, it was already addressed under the Santa Cruz County Local Coastal Program (LCP) and the Santa Cruz County General Plan.  With the combined revision of the LCP and Santa Cruz County General Plan in 1994, protections to Santa Cruz cypress and its habitat were strengthened.  However, the Santa Cruz County General Plan and County Code still provide only limited protections for Santa Cruz cypress individuals or habitat on private lands.  

All Santa Cruz cypress stands are designated Sensitive Habitats in the Santa Cruz County General Plan (1994, pp. 5.3–5.4).  Lands so designated are subject to a series of policies applied during the planning process for proposed projects that promote the conservation of those lands (County of Santa Cruz 1994, p. 5-4).  For cypress forests in particular, the Santa Cruz County Code requires a minimum 50-foot (15-meter) setback between the forest and any development (County of Santa Cruz 2012, 16.32.090).  Furthermore, proposed developments must meet a number of specific development design criteria and follow regulations that protect sensitive habitats against significant disruption or degradation of habitat values (Edler 2012, pers. comm.).  

At the time of listing, the threat of alteration and destruction of Santa Cruz cypress habitat on private lands was in part due to the inadequacy of the existing local laws and regulations to provide sufficient protection of its habitat.  Lack of enforcement of county ordinances limits the effectiveness at protecting habitat on private lands (McGraw in litt. 2011).  The County Code and Santa Cruz County General Plan have adequate provisions to protect Santa Cruz cypress forests on private property from complete destruction; however, because effective regeneration of cypress populations occurs only after a large stand-clearing disturbance (such as fire), protection of cypress forests may not be sufficient to promote the long-term viability of the stands.

Fire break guidelines 
As first discussed in the 2009 Santa Cruz cypress 5-year review, the lack of regulations regarding the creation of fire breaks is a continuing concern (Service 2009, p. 9).  Trees have been removed for fuel breaks adjacent to the Bracken Brae (Rutherford 2007, pers. obs.), Bonny Doon (Rutherford 2007, pers. obs.), and Majors Creek (Barry 2012, pers. obs.) populations.  Guidelines put forth by CAL FIRE and local fire departments generally do not address the issue of how to treat State and federally listed species that occur within the recommended fire clearance zone. 

Summary of legal protections
Since the time of listing, lands that support portions of three Santa Cruz cypress populations (Bonny Doon, Eagle Rock, and Majors Creek) have passed from private to State ownership (CDPR and CDFW), under which the species will receive more legal protection.  Because of their locations on State or county parks land, the entire populations at Butano Ridge and Eagle Rock, and a majority of the Bonny Doon and Majors Creek populations, are protected from development and deliberate stand destruction.  An unknown number of private landowners own land with Santa Cruz cypress trees from the Bonny Doon and Majors Creek populations.  Two separate landowners own the land on which the Bracken Brae population exists, with the largest owned by a landowner committed to conservation.  Development of either property is governed by the Santa Cruz County Code and General Plan.  All populations are subject to CEQA and CESA regulations; however, Santa Cruz cypress is only subject to CEQA if a project requires discretionary approval by a State or local governmental agency.  However, because the threat of habitat alteration has been substantially reduced, the concern regarding inadequate legal protections on the landscape scale has been reduced.  Although existing regulations have resulted in conservation of Santa Cruz cypress habitat, inadequacy of existing regulatory mechanisms is still considered a low-level threat because the potential still remains to destroy Santa Cruz cypresses on private lands (e.g., removal for fire breaks, take allowances under CESA).  In addition, the habitat is not being maintained for long-term Santa Cruz cypress persistence.  If current Santa Cruz cypress habitat becomes unfavorable to the species, Santa Cruz cypress may not persist even if the land is sufficiently conserved.  This management concern applies to both private and public properties. 

Compounding threats
The threat to the long-term persistence of the Santa Cruz cypress is compounded by multiple interacting factors, which are categorized as follows:  (1) Alteration of fire regimes and lack of species management; and (2) human activities, nonnative invasive species, and fire.

Alteration of fire regimes and lack of species management
With the prevalence of fire exclusion and suppression near residential communities, the opportunity for Santa Cruz cypress to regenerate in large pulses following fire is reduced.  Fire-adapted species now also require active management to ensure sufficient regeneration.  State and County agencies are unable or not required to manage the land to promote Santa Cruz cypress regeneration in the absence of fire; cypress management on private properties is unknown.  With prevalent fire exclusion on lands surrounding Santa Cruz cypress, other techniques such as mechanical disturbance of the ground, removal of litter and nonnative invasive species, and clearing the canopy to allow sunlight to reach the ground must be utilized to achieve regeneration of the species.  Currently, mechanical disturbance and litter removal are being implemented on a limited basis within some portions of the Bonny Doon population at the Bonny Doon Ecological Reserve, where these management actions are prescribed in the draft management plan.  No other mechanical disturbance or litter removal is occurring within the remainder of the Bonny Doon population or the other four populations.  Although much of the land occupied by Santa Cruz cypress is now conserved, the long-term persistence of the species is uncertain due to the absence of management that promotes regeneration.  

The ability of land managers to adequately maintain cypress populations on public lands is subject to constraints and physical barriers, including the remoteness of the cypress populations from access trails and distance from management centers.  For example, although the Eagle Rock population is part of Big Basin Redwoods State Park, the land that supports the population is landlocked by private property and not connected to the main portion of the park.  Similarly, the Majors Creek population on Wilder Ranch State Park is surrounded on three sides by private property, with only a small isthmus leading to the Gray Whale Ranch unit.  Lastly, the Butano Ridge population is within the boundaries of Pescadero Creek County Park, but is located on the southernmost boundary of the park, away from any trails.  The distance and local topography of Santa Cruz cypress populations can make it difficult to get equipment and personnel to these locations to perform the maintenance required for long-term species persistence.  To maintain these populations in the absence of fire, the populations would need to be accessed intermittently by work crews and large equipment.  Additionally, mechanical disturbances to promote recruitment of the populations, including thinning the Santa Cruz cypress canopy, can require special permits from Federal and State regulatory agencies, which may restrict the management options available. 

Human activities, nonnative invasive species, and fire
Human intrusion into previously undisturbed areas contributes to colonization of nonnative plant species in the remote areas of Santa Cruz cypress forests (see the Competition with nonnative plant species section above).  Due to the remoteness of the Butano Ridge, Majors Creek, and Eagle Rock populations, there could be an undetected surge in human activity at these locations.  Unauthorized mountain biking, hiking, or equestrian trails can introduce nonnative invasive plants into areas where there were previously very few nonnatives.  In addition, legal human activities, such as road cuts, fire breaks, or development, can allow nonnatives to colonize previously undisturbed areas.  Nonnative plants present the greatest threat to Santa Cruz cypress seedlings and saplings as they compete for soil, nutrients, and light.  Although a few nonnative plants in the vicinity of a mature cypress forest may not greatly impact the trees’ persistence or vitality, a large disturbance, such as a fire, can create the open conditions required by the cypress for germination while concurrently creating habitat favorable to competing nonnative plants.  In cypress forests near a high abundance of nonnative species, fire could facilitate the spread of nonnative plants that would compete with Santa Cruz cypress seedling regeneration.

Currently, the threat from nonnative species encroachment into most of the Santa Cruz cypress populations has only been documented in the Bonny Doon and Majors Creek populations.  However, every population of Santa Cruz cypress is located close to human activity and development, although Butano Ridge, Majors Creek, and Eagle Rock are remote from San Mateo County and State Parks oversight.  Therefore, the interaction between nonnative species and fire could become more of a conservation concern for this species in the future if restricted management leads to increased human activity in cypress forests. 

Discussion of Threats to the Two Separate Varieties
At the time of listing, the discussion of threats to the species did not include a separate evaluation for each of the five populations.  To the extent possible, we have assessed those threats to determine which threats applied to each of the five populations.  We discuss the threats to the two separate varieties below.

Hesperocyparis abramsiana var. butanoensis
The Butano Ridge population is primarily threatened by changes in the historical fire regime.  The population is located away from developed areas, but because it is near a lumber operation there likely are fire exclusion and suppression activities in the vicinity that alter the fire regime.  Other threats identified at the time of listing are no longer considered significant to the Butano Ridge population.  The entire population is located within Pescadero Creek County Park (as mapped by McGraw (2007)) so the population is protected from any potential logging and oil and gas drilling.  Because this population is on land that is owned and managed by the county of San Mateo, lack of adequate legal protection is no longer a concern.  The State requires any projects on this land to go through the CEQA process to consider the impacts to the Butano Ridge population.  In addition, as this is a State-listed endangered plant, the county would also have to be in compliance with regulations under CESA. 

Potential threats identified for the Butano Ridge population after the time of listing include climate change, nonnative species encroachment, genetic introgression, disease, predation, and reproductive isolation.  Although the specific effects to this population from climate change cannot be predicted at this time, climate projection models indicate that the climate will become warmer and drier in this region.  A warmer, drier climate could instigate more wildfires in the region that could benefit all populations of Santa Cruz cypress.  Climate change would affect all populations of Santa Cruz cypress.  

As the Butano Ridge population is separated from any other Santa Cruz cypress populations by distance and mountainous topography, reproductive isolation remains a threat.  Although this variety is not considered a separate species, the process of speciation may continue through sustained reproductive isolation from other Santa Cruz cypress populations.  The other threats identified after the time of listing are no longer considered applicable to this variety of Santa Cruz cypress.
 
Due to the distance from developed areas, genetic introgression and nonnative species encroachment are not considered current threats to the Butano Ridge population, nor are they expected to impact species’ persistence in the long-term.  Disease and predation are not known to be currently impacting any of the Santa Cruz cypress populations.  Cypress canker and sawfly larvae, the two major concerns with disease and predation, would likely only impact the Butano Ridge population if development and landscaped areas were established near this population.  The Butano Ridge population is the only location for this variety, and is composed of a single stand, so if disease or predators did infiltrate this population, the effects could be deleterious to the variety.  However, at this time, it is highly unlikely that any development would occur near the Butano Ridge population, and we do not believe that disease and predation are serious threats to the long-term persistence of this population or the species as a whole.  Currently, there are no conservation measures being undertaken at Pescadero Creek County Park that would directly benefit the long-term persistence of the Santa Cruz cypress at this location.

Hesperocyparis abramsiana var. abramsiana
As with the Butano Ridge variety, the primary threat to the four Santa Cruz cypress populations in Santa Cruz County is the alteration of the fire regime, which was identified at the time of listing.  This threat is still present for all populations of the Santa Cruz cypress, although management actions at Bonny Doon Ecological Reserve have included some mechanical vegetation removal in an attempt to alleviate this threat.  There are no other plans for implementing mechanical vegetation removal or prescribed burns in the vicinity of Santa Cruz cypress populations.  Similarly, the threats from reproductive isolation and climate change threaten the long-term persistence of both varieties of Santa Cruz cypress, and there are no management actions proposed to address these concerns.  

Current threats only known to impact one or several, but not all, populations of Santa Cruz cypress include: nonnative species encroachment, genetic introgression, residential development, vandalism, inadequate legal protection, disease, and predation.  As discussed earlier, the threat from nonnative species encroachment has only been documented at the Bonny Doon and Majors Creek populations, and a possible threat from genetic introgression identified at the Bonny Doon and Eagle Rock populations.  Because of their locations near rural residential areas, the populations at Bracken Brae and Eagle Rock may also have some nonnative species encroachment, and Majors Creek and Bracken Brae populations may be susceptible to genetic introgression from nearby landscaped yards.  

The threat from residential development still exists for the population at Bracken Brae, although this threat is reduced by county and State regulations that protect sensitive habitats and State-listed species.  Some county regulations are difficult to enforce on private lands with only a few individuals of the species, such as private parcels near the Bonny Doon and Majors Creek populations.  Firewood cutting, vandalism, and unauthorized recreation continue to threaten individuals near residential or developed areas (all populations except the Butano Ridge variety).  

Disease and predation also have the potential to impact any of the four Santa Cruz cypress populations near residential areas.  Sawfly larvae were reported in the Bracken Brae population in 1992, but there have been no reports indicating that the larvae spread from the few infected trees.  Although we would not anticipate disease or pests spreading between populations, an outbreak in one population could destroy enough trees to reduce the genetic diversity of an individual population or the species as a whole. 

In summary, there are no threats specific to the variety of Santa Cruz cypress at Butano Ridge.  The threats that are impacting or have the potential to impact the Butano Ridge population are widespread across the species’ range.  Because the populations range over a distance of 15 miles (24 kilometers), any localized threats impacting individual populations of Santa Cruz cypress at other locations would not easily transfer to Butano Ridge. 

Progress Toward Recovery

Butano Ridge Population
The Butano Ridge population of Santa Cruz cypress is entirely within Pescadero Creek County Park, and the threats previously discussed for this population, including logging, oil and gas drilling, are no longer a concern.  In the long term, we anticipate that this Santa Cruz cypress population will remain protected from the threats of development, logging, and other industrial or commercial uses because of the park’s purpose as a public lands preserve.  However, the land managers of the Butano Ridge population do not perform any specific management for the species (Herzberg 2012, pers. comm.), so the threat to this population from alteration of the fire regime remains a high-priority concern.  The long-term persistence of the species in the absence of disturbance is uncertain.  If natural fires or other beneficial management actions do not occur to promote regeneration of the species, this population may not survive into the future. 

Eagle Rock Population
Lands supporting the entire Eagle Rock population were purchased by the Sempervirens Fund in 1987, and then transferred to Big Basin Redwoods State Park (Service 1998, p. 27).  With the possible exception of a few scattered individuals, there are three stands entirely on State Park lands.  Big Basin Redwoods State Park has drafted a preliminary general plan to guide the management of the park (CDPR 2012, entire).  This general plan recognizes Santa Cruz cypress as a special status plant.  The management goal proposes to protect special status plants within the park and manage for their perpetuation (CDPR 2012, p. 4.13).  Specific guidelines to meet this goal include: (1) Initiating surveys for special status plant species to document distribution and abundance, (2) protecting special status plant species to maintain or enhance populations, and (3) implementing management actions with proven ecological principles for those species identified as “at risk” or “with known threats” (CDPR 2012, p. 4.13).  There are currently no management actions being implemented at Big Basin Redwoods State Park to directly benefit Santa Cruz cypress (Hyland 2012, pers. comm.).

In the long term, we anticipate that the Santa Cruz cypress population within Big Basin Redwoods State Park will remain protected from the threats of development or other industrial or commercial uses because the management goal to conserve special status plants at this site is not likely to change.  However, because there is currently no active management for the species occurring, the threat to the Eagle Rock population from alteration of the fire regime remains a high-priority concern.  If natural fires or mechanical management do not occur to promote regeneration of the species, or other beneficial management actions do not occur as outlined in the general plan, we would not expect this population to survive into the future. 

Bracken Brae Population
The Bracken Brae population is the only population entirely within private ownership.  It occurs on lands designated by the county of Santa Cruz as environmentally sensitive habitat and special forest; these designations place certain restrictions on the use and development of the land (County of Santa Cruz 1994, p. 5-4).  In 2007, the Sempervirens Fund and the Service met with the landowner to discuss options for ensuring the conservation of these lands into the future.  Currently, the landowner is voluntarily protecting these lands from development in an effort to conserve Santa Cruz cypress (Taylor in litt. 2006).  Because this population is under private ownership, any future proposals for development of these lands would be subject to guidelines and restrictions set forth by the Santa Cruz County Code and Santa Cruz County General Plan.  If natural fires or other beneficial management actions do not occur to promote regeneration of the species, we would not expect this population to survive into the future.

Bonny Doon Population 
A number of conservation and management actions have occurred since listing that have contributed to the recovery of the Santa Cruz cypress population at Bonny Doon Ecological Reserve.

In 1989, half of the Bonny Doon population was included in the Bonny Doon Ecological Reserve (managed by CDFW) after The Nature Conservancy purchased 505 acres (204 hectares) that were slated for conversion to a vineyard.  In 1990 and 1998, 10 acres (4 hectares) and 37 acres (15 hectares) were added to the Reserve, respectively (CDFW 2002, p. 1).  The Reserve is currently estimated to support 17 acres (7 hectares) of Santa Cruz cypress, while the remaining approximately 17 acres (7 hectares) of the population is on private land (McGraw 2011, p. 8).  CDFW has developed a draft management plan that includes two objectives for Santa Cruz cypress:  1) Enhance seedling establishment through removal of French broom and other shrubby nonnative plants, and reduce the duff layer through controlled fire or mechanical means; and 2) reduce threats of disease and genetic contamination through monitoring the condition of the stand and determining whether the presence of Monterey cypress individuals are a concern (CDFW 2002, pp. 16–17).

In 2005, CAL FIRE developed a vegetation management plan for the Bonny Doon Ecological Reserve that included enhancing sensitive habitat for listed species and improving forest health (CAL FIRE 2005, p. 3).  As part of the vegetation management plan, a trial program to thin a senescent patch of Santa Cruz cypress was initiated in 2006 (Bernheisel in litt. 2006).  However, much of the work was ultimately delayed or left uncompleted due to disagreements in the community about how to carry out the prescribed burns called for in the plan (Rogers 2008).  Subsequently, the Martin Fire occurred in 2008 and burned 55 percent of the Ecological Reserve (McGraw 2011, p. 8), thus providing an opportunity for half of the population to regenerate naturally.

In March 2010, a work crew carried out fuel reduction and habitat enhancement on approximately 1 acre (0.4 hectare) of the Bonny Doon population (McGraw 2011, p. 8).  The crew removed fallen trees, dead branches, and French broom.  After clearing vegetation on the forest floor, portions of the area were raked to expose the soil surface.  The clearing activities were intended to promote Santa Cruz cypress seedlings and reduce fuels for protection of nearby homes and structures.  The Santa Cruz cypress response to the vegetation clearing was assessed by McGraw (2011, entire) in 2010, and compared with patches that had burned in the 2008 Martin Fire.  Results of this study indicate that fire encourages a much higher rate of seedling establishment than was achieved with vegetation removal alone (McGraw 2011, p. 20).  See the Role of Fire in Regeneration and Maintaining Population Viability section above for more detailed discussion on the results of this study. 

In the long term, we anticipate that the Santa Cruz cypress population within the Bonny Doon Ecological Reserve will remain protected from the threats of development, logging, and other industrial or commercial uses because the Reserve’s primary mandate to conserve biological diversity is not likely to change.  However, the individual cypresses on private property outside of the reserve are at risk from fire exclusion activities (fire breaks or fuels reduction) or removal for minor construction activities.  In addition, due to the Bonny Doon population’s proximity to residential areas, the threat to this population (both inside and outside of the reserve) from alteration of the fire regime remains a concern.  The local community has expressed concern over the use of prescribed fire as compared to mechanical disturbance methods such as thinning and vegetation removal.  Mechanical disturbance in the absence of fire provides for limited recruitment, although additional studies are needed to demonstrate the level of effectiveness as compared to fire.  Given the recent and current management of this cypress population, there is the potential for fire frequency to decrease, potentially impacting regeneration.  If fires or mechanical management do not occur to promote regeneration of the species or other beneficial management actions do not occur as outlined in CDFW’s draft management plan, we would not expect this population to survive into the future. 

Majors Creek Population
Seventy-five percent of the lands that support the Majors Creek population were acquired by Save-the-Redwoods League in 1996, then transferred to CDPR and added to the Gray Whale Ranch unit of Wilder Ranch State Park in 1999.  Management of the park is currently guided by the Vegetation Management Statement for Wilder Ranch State Park, which indicates that the Santa Cruz cypress forest will be managed to enhance and perpetuate the population (CDPR 2009, p. 5).  The Vegetation Management Statement goals include maintaining the current mosaic of communities, and reintroducing fire to portions of the State Park.  Currently, no management actions are being implemented at Majors Creek to directly benefit Santa Cruz cypress (Hyland 2012, pers. comm.).

In the long term, we anticipate that the Santa Cruz cypress population within the Wilder Ranch State Park will remain protected from the threats of development, logging, and other industrial or commercial uses because their mandate to enhance and perpetuate the population at this site is not likely to change.  However, the individual cypresses on private property outside of the State Park are at risk from fire exclusion activities (fire breaks or fuels reduction) or removal for minor construction activities; this private property is not zoned for logging.  In addition, due to the State Park’s proximity to residential areas, the threat to the Majors Creek population (both inside and outside of the State Park) from alteration of the fire regime remains a concern.  If natural fires or mechanical management, or other beneficial management actions as outlined in the Vegetation Management Statement do not occur to promote regeneration of the species, we would not expect this population to survive into the future.

Progress Toward Objectives Outlined in Recovery Plan
The Recovery Plan states that Santa Cruz cypress can be reclassified to threatened status when protection is secured for all five populations and their habitat from the primary threats of logging, agricultural conversion, and development (Service 1998, p. 30).  Essentially all of the known habitat is necessary to conserve the species.  At the time the Recovery Plan was prepared, we estimated that habitat totaled 356 acres (144 hectares).  After more accurate mapping (McGraw 2007, entire), we now estimate that habitat totals approximately 188 acres (76 hectares).

Three of five populations occur primarily or entirely on lands that are being managed for conservation purposes, including the Butano Ridge population at Pescadero Creek County Park, the Bonny Doon population at Bonny Doon Ecological Reserve managed by CDFW, and the Eagle Rock population at Big Basin State Park managed CDPR.  A fourth population (Majors Creek) is primarily on lands at Gray Whale Ranch State Park, with a small portion on privately owned land.  The fifth population (Bracken Brae) is entirely on private lands owned by a conservation-oriented landowner, which is also land designated by the county of Santa Cruz as environmentally sensitive habitat.  Because four of the five populations, either wholly or primarily, occur on protected parks or reserve lands, most of the individuals in the Bonny Doon, Butano Ridge, Majors Creek, and Eagle Rock populations are protected against the threats identified as imminent (logging, agricultural conversion, and development) at the time of listing and in the Recovery Plan.  The Bracken Brae population is the only one without secured long-term protection from these threats, although the best available data indicate the population is being managed by a conservation-oriented landowner and county restrictions are in place that would restrict most development.  Lastly, the acreage covered by Santa Cruz cypress is smaller than stated in the Recovery Plan (see Table 2 and discussion in the Abundance section), but all stands are located on parcels larger than the stands themselves.  

The Recovery Plan states that Santa Cruz cypress can be delisted when all five populations are assured of long-term reproductive success, with insurance against failure provided by the availability of banked seed (Service 1998, p. 30).

Recent surveys indicate that four of the five stands of Santa Cruz cypress contain a larger number of individuals than was estimated at the time of listing and in the Recovery Plan.  In addition, all of the stands recently sampled showed high levels of new cone formation, which is an indicator of reproductive vigor.  The Butano Ridge and Majors Creek populations have a relatively even-aged distribution of trees, which indicates that recruitment occurred in a pulse, probably following a fire; vigorous recruitment is not evident (McGraw 2011, p. 26).  Two of the three stands within the Eagle Rock population contain a relatively large proportion of smaller-sized trees, suggesting recruitment may be sufficient to maintain the population (McGraw 2011, p. 26).  Therefore, while seed production appears to be strong at each of the sampled populations, recruitment, which depends more on extrinsic factors such as the availability of appropriate habitat, is more variable among stands even within a population.  Seed has been banked for the Majors Creek, Bonny Doon, and Bracken Brae populations, but not for all the stands in all populations (Rancho Santa Ana Botanic Garden 2012, p. 40).  No seed has been banked for the Eagle Rock or Butano Ridge populations.  As all of the populations have been shown to have genetic differences, seed should be banked from each individual population (likely each stand within each population).  This may be especially true for the Butano Ridge population, which has already been classified as a separate variety based on genetic and morphological differences. 

Research Needs
Additional information would help inform our assessment of the status of the species, now and into the future.  Three such topics are identified here:

Complete Characterization of Bonny Doon and Bracken Brae populations
Because only three of the five known populations were sampled or censused in McGraw’s 2007 study (McGraw 2007, entire), there still remain two populations that have not been delimited using modern geo-referenced technology or had population estimates conducted.  The three populations (Butano Ridge, Majors Creek, and Eagle Rock) demonstrated a greater number of individuals than previously estimated in the Recovery Plan.  Because these were so different from the Recovery Plan estimates, the remaining two populations (Bonny Doon and Bracken Brae) may also vary substantially from current estimates.  In addition, the areal extent of the populations was originally delineated in 1988 using reference technology that is now outdated.  Based on updated mapping of three of the populations (McGraw 2007, entire), the areal extent decreased from previous estimates (Lyons 1988, entire).  It is unknown how the areal extent of each population has changed (or not changed) since the time of listing, but all populations likely occur on a smaller area than previously estimated.  Similarly, the two populations that have not yet been censused may be substantially different from our current estimate.  However, the number of individuals in each population is likely greater than previously estimated based on what we know from the updated mapping done by McGraw (2007, entire). 

Post-fire Regeneration Rates
The 2008 Martin Fire at the Bonny Doon Ecological Reserve provided an opportunity to observe post-fire regeneration of Santa Cruz cypress.  McGraw (2011, entire) conducted a study in 2010 to determine seedling and juvenile recruitment from the 2008 fire, which indicated strong initial recruitment (see additional discussion on the results of this study in the Role of Fire in Regeneration and Maintaining Population Viability section above).  Long-term monitoring is needed to determine whether the new recruits that successfully establish after the fire are sufficient to replace the pre-fire population.

Management in Lieu of Wildfire or Prescribed Burns
Currently, none of the Santa Cruz cypress populations are managed specifically to promote seedling recruitment.  With prevailing fire exclusion and suppression, cypress populations will require effective management to initiate recruitment.  McGraw’s (2007, p. 20) study indicated that 88 percent of the three populations she studied were reproductive, but because the species requires disturbance to establish, stands may not be able to regenerate sufficiently without fire.  Additional studies should be done to determine the rate of seedling establishment in areas where the soil has been mechanically disturbed, the understory vegetation cleared, and the canopy thinned.  Previous studies on the effectiveness of mechanical efforts have only evaluated the germination rates after the cypress understory was cleared.  Mechanical disturbance should replicate the aftereffects of a burn to gain all the benefits of fire in the absence of fire.  Future research should evaluate the effectiveness of canopy thinning combined with vegetation clearance to determine how many cypress seedlings germinate when the sunlight can penetrate to the freshly cleared ground. 
Summary

Overall, residential development, agricultural conversion, and oil and gas drilling are no longer considered threats to Santa Cruz cypress compared to the time of listing.  However, two of these threats remain as a potential concern at two populations to a lesser degree than previously identified in the Recovery Plan (the likelihood of potential residential development is reduced at the Bracken Brae population because the land is owned by a conservation-oriented landowner, and agricultural conversion is significantly reduced at the Bonny Doon population as a result of a large proportion of the population being turned into a reserve).  The increased level of conservation afforded to these populations has been achieved primarily through the acquisition of lands for conservation by CDPR and CDFW.  

The alteration of the fire regime remains a high-level threat to the long-term persistence of Santa Cruz cypress populations.  The germination and establishment of new seedlings depends on either fire or a managed substitute (controlled burns or mechanical disturbance such as canopy thinning) to manage the demographic profile of the populations.  Research on suitable management methods has only begun recently at Bonny Doon Ecological Reserve, and future management of the Bonny Doon population is expected to provide new understanding of the species’ requirements.  Recent information indicates that there is a significantly larger number of individuals than were known at the time of listing.  Although most threats have been reduced, the species still faces threats to its long-term persistence due to a low level of regeneration as a result of the altered fire regime.  If management actions are not undertaken to ameliorate this low level of regeneration, the species could face a senescence risk in the future.

The variety of Santa Cruz cypress at Butano Ridge (Hesperocyparis abramsiana var. butanoensis) is not at risk from any threats that are unique to the variety.  Similar to the other populations, alteration of the fire regime is the greatest threat to the population at Butano Ridge.  The threat from the alteration of the fire regime has the potential to disrupt the long-term persistence of the species across its entire range if fire continues to be excluded or suppressed near these populations.  We know that current recruitment in at least three populations (Eagle Rock, Butano Ridge, and Majors Creek) is not sufficient to maintain the populations in the absence of fire.  This is likely also the case with the Bracken Brae population, and in the portion of the Bonny Doon population that did not burn.  Additionally, climate change threatens all populations equally, including at Butano Ridge.  Additional threats that only affect specific populations, such as competition with nonnative species, vandalism, inadequate regulatory mechanisms, development, and genetic introgression, are not expected to become widespread across the species’ range, even in the absence of direct management activities.  These threats can become detrimental to individual populations if left unaddressed for a long period of time, but at this time, there is no indication that these additional threats have the potential to destroy a significant portion of any Santa Cruz cypress population in the predictable future. 
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Appendix 1
0–3 = no concern or minor concern (if it fits into the “0” box for any component, then it is in the realm of the hypothetical and should not be considered)
4–6 = low (a threat would have at least two lows, and could have no more than one high)
7–9 = moderate (no more than two highs, rest moderates and lows)
10–12 = high (mostly moderates and highs)

	Level of concern
	Scope (proportion of range/species affected or likely to be affected)
	Imminence 
	Severity (in terms of effects on individuals and populations)
	Likelihood

	0 – no or minor concern
	Threat not known or presumed to occur, or likely to occur in any area
	Potential threat not currently acting on species, not projected to occur in near future
	Negligible effects to individuals and populations
	Unlikely to occur (not documented to affect species and very low potential to occur)

	1 – low level of concern
	A few individuals
	Threat projected to occur in the future
	Affects only a few individuals in a population, or effects are small (small increase in mortality, small decrease in reproduction, recruitment, etc.)
	Not documented to affect species, some potential to occur

	2 – moderate level of concern
	A particular population
	Threat acting on individuals/populations over long term
	Moderate effects
	Not documented to affect species, but likely to occur based on what we can infer (known proximity, documented effects to other species/habitats, etc.)

	3 – high level of concern
	Most populations, or across the range
	Imminent – could immediately affect individuals/populations in near term
	Large effects to large number of individuals (mortality, no reproduction), or disrupt population persistence across range
	Well-documented to affect species
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Figure 1.   Distribution of 

Hesperocyparis

[

Cupressus

] 

abramsiana 

     (Santa Cruz Cypress)
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