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Abstract

Baker cypress (Hesperocyparis bakeri) and Macnab cypress (Hesperocyparis macnabiana)
are rare fire-adapted conifers endemic to California and southern Oregon. These species bear
closed (serotinous) cones that depend on fire for seed dispersal and require post-fire conditions,
such as bare mineral soil and direct sunlight, to germinate (Vogl et al. 1977). Fire has been
successfully excluded from many Baker and Macnab cypress populations for almost a century.
Cypress groves at many sites are densely crowded with shade-tolerant species and adult
cypresses are dying with almost no evidence of regeneration. The intent of our research was to
provide land managers with critical information to manage cypress populations by determining if
fire management is necessary to restore cypress populations, and if prescribed burning can
successfully promote cypress regeneration. We also investigated factors that affect cypress
vigor and canopy seed storage. We collected information on stand density, age, health, cone
production, shrub and understory species cover, fuel loading, and environmental conditions at
most of the known populations of Baker cypress (11 sites) and at three sites supporting Macnab
cypress. We calculated canopy seed storage of Baker cypress at ten sites by collecting data on
seed number, cone number, cone opening, and seed viability. We found almost no evidence of
regeneration in cypress populations that had not recently burned. Populations must burn before
adult trees die to regenerate. Low severity fire does not promote cypress regeneration,
suggesting that typical prescribed burns may not effectively restore cypress populations. For
Baker cypress we found evidence of immaturity but not senescence risk. Young stands do not
have sufficient canopy seed storage to regenerate the population, but even very old stands of
over 150 years of age still possessed very high numbers of viable seed. Baker cypress canopy
seed storage was most strongly influenced by site conditions, particularly soil type; however,
stand density and the height of the cypress relative to other species were also strong predictors
of canopy seed storage. This suggests that management measures such as selective thinning
could be used to promote canopy seed storage of Baker cypress populations.
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[I. Background and Purpose

Ten species of cypress are native to California, eight of which are endemic (Hickman 1993).
These species are found in disjunct and isolated populations throughout California and may
represent relicts from an earlier, more mesic climatic regime when cypress were more widely
and continuously distributed (Axelrod 1977). Cypress often grow on infertile soils such as
serpentine, and a number of endemic and rare plant species are associated with cypress at
these sites (Vogl et al. 1977; Kruckeberg 1985).

Baker cypress (Hesperocyparis bakeri) occurs in 11 widely scattered locations across the
northern Sierra Nevada, Cascade, and Siskiyou Mountains. The Siskiyou occurrences are found
on serpentine and granitic soils, while in the Sierra Nevada and Cascade ranges Baker cypress
is found on volcanic substrates (Esser 1994). Baker cypress occurs at elevations from 3,795 to
7,042 feet on north to northeast facing slopes and is associated with chaparral, mixed
evergreen and montane coniferous forest vegetation types (Wolf 1948; Esser 1994). Baker
cypress is a California Native Plant Society list 4 species (species of limited distribution) and a
Special Target Element in Region 5 of the USDA Forest Service.

Macnab cypress (Hesperocyparis macnabiana) is one of the more widespread cypress
species in California. It is found at approximately 30 sites in 12 counties across California (Vogl
et al. 1977). Macnab cypress occurs on dry slopes, exposed hillsides, and ridge tops at
elevations from 1,000 to 2,800 feet. The species is often associated with serpentine soils and is
considered a serpentine indicator (Kruckeberg 1985; Esser 1994). Macnab cypress also occurs
on clay, alluvial, granitic, and volcanic soils and is associated with chaparral, knobcone pine,
mixed evergreen, and montane coniferous forest community types (Esser 1994).

The USDA Forest Service is currently implementing fuels treatments, including prescribed
burning, across a range of vegetation types in northern California; however, there is very little
information about how these treatments will affect rare, endemic plant communities and species
such as Baker and Macnab cypress. In many cases cypress stands have not been included in
prescribed burning programs because of lack of information, yet these species cannot survive
extended periods of fire suppression. Baker and Macnab cypress possess closed or serotinous
cones that open in response to fire, and seeds that require high light and exposed mineral soil
characteristic of burned areas to germinate (Vogl et al. 1977). Adult cypress are often killed by
fire and land managers risk extirpating cypress occurrences by conducting prescribed burning
programs that do not adequately promote cypress regeneration.

In order to effectively manage cypress populations, land managers need information about
factors that promote cypress regeneration and affect cypress vigor. The objectives of this study
were to provide critical information for cypress management by determining if fire is necessary
to restore cypress populations, and what intensity and fire return intervals promote cypress
regeneration. We also investigated factors that affect Baker cypress canopy seed storage.
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1. Is fire necessary to maintain cypress populations?

Many cypress species grow in even-aged stands, suggesting that populations germinate in
single cohorts after stand-replacing fires (Ne'eman et al. 1999). Although a few cypress cones
may open in the absence of fire, cypress seeds are thought to quickly lose viability when outside
of the cone (Johnson 1974; Vogl et al. 1977). Observations of Baker cypress seedlings along
roadsides and in other disturbed areas such as stream beds suggest this species can
regenerate in the absence of fire (Fig. 1).
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Fig 1. Bakercypress saplings and selings inadry rier bed () and along a roadside b).

2. Can prescribed burning sucessfully promote cypress regeneration? What fire
intensity and return interval is appropriate for cypress management?

Under natural fire regimes, cypress stands were likely subject to high intensity crown fires
(Vogl et al. 1977). Cypress retain numerous dead lower branches and often grow in dense
thickets, which are conducive to crown fires. High severity fire produces favorable conditions for
cypress germination and seedling survival, such as high light and bare mineral soil (Vogl et al.
1977). Most species of cypress are poor competitors, and seedling survival is highest on sites
where competition is reduced (Ne'eman et al. 1999). Post-fire recruitment might depend on high
fire intensity to reduce competition by killing the dormant seeds of other species (Keeley and
Zedler 1988). It is not known if a prescribed burn, generally carried out at low intensity and
resulting in low fire severity, can create the kind of conditions necessary for cypress recruitment
and survival.

Cypress species lack the ability to resprout and it is believed that cypress seeds have very
limited dormancy once they are dispersed from the cone. The primary seed source for post-fire
regeneration comes from seeds accumulated inside cones (Vogl et al. 1977; Ne'eman et al.
1999). Fire return interval largely determines the size of the canopy seed bank for these fire
dependent obligate seeding species (Ne'eman et al. 1999). If fires occur too frequently, cypress
may not have sufficient seeds to regenerate
(Keeley et al. 2000(Ne'eman et al. 1999)). On the other hand, if the fire return interval is longer

than the | ife span of the cypress or its seed

risko (Fig. 2).
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Figure 2. Risks associated with fire dependent obligate seed regeneration. Modified from Keeley and
Fotheringham (2000).

Both Macnab and Baker cypress do not begin producing ovulate cones until the trees are at
least 14 years of age or older and these cones require two years to mature (Armstrong 1966).
Because many cypress species have low germination rates, the number of seeds required to
replace an entire stand is likely quite high. Zedler (1977) found that Tecate cypress (C. forbesii)
required several decades to generate sufficient canopy seed storage in cones for successful
post-fire regeneration of the stand. He concluded that this species is extremely vulnerable to
extirpation when fires occur more than once every 30 years.

There is evidence that as cypress stands age recruitment declines, perhaps as a result of
decreased seed viability in older cones. (Zedler 1977; Zedler 1995; Ne'eman et al. 1999). Many
Baker cypress stands have gone almost a century without fire, and mature adult cypress are
dying at some sites with no sign of regeneration (Wolf 1948; Wagener and Quick 1963; Vogl et
al. 1977; Keeler-Wolf 1985). However, no studies have quantified canopy seed storage of Baker
or Mcnab cypress or examined the effect of stand age on seed production.

3. What factors affect cypress vigor, and can management actions be taken to
promote canopy seed storage of existing cypress populations?

There is evidence that interspecific competition can negatively affect cypress (Keeler-Wolf
1984). However, information about how competition or other variables such as soil type, shrub
cover, or fuel loading affects canopy seed storage is lacking. Understanding conditions that
promote cypress canopy seed storage will allow for the development of management actions to
promote cypress vigor before fire management efforts occur.
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[ll. Study description and locations

Data on Baker cypress were collected from eight sites in Northern California on the Klamath,
Lassen, and Plumas National Forests. One site is located on lands administered by the Bureau
of Land Management (BLM) Alturas Resource District. Two sites are located in Southern
Oregon, one within the BLM Butte Falls Resource Area and one on the Rogue River-Siskiyou
National Forest (Fig. 3). Descriptions of each study site are shown in Table 1.

Figure 3. Distribution of Baker cypress in northern California and southern Oregon.
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Table 1. Characteristics of Baker cypress study sites.

Location National Estimated Size | Elevation Soil Type Last | Avg. Tree

Forest (acres) Fire | Age+ SE
Seiad Klamath 800 3,000-3,800 ultramafic 1987/1951] 68+5
Independence Klamath <5 4,800 granitic 2006/1987 609
Huckleberry Mtn. Klamath 55 3,800-4,600 ultramafic 1987 72+ 4
Goosenest Mtn. Klamath 300 5,000-6,000 volcanic unknown 98+ 7
Hamburg Klamath 16 4,400-5,200 ultramafic unknown 149+ 6
Mud Lake Plumas 307 6,400-6,900 volcanic 2007 135+5
Wheeler Peak Plumas 73 6,400-6,900 volcanic unknown 95+ 6
Hat Creek / Burney Lassen 1500 4,500-5,000 volcanic 1936 56+ 6
Timbered Crater Lassen/BLM 7,000 3,500-4,000 volcanic 2000/1910) 704
Flounce Rock- BLM <3 4,000 metasedimentary | unknown 132
Prospect, OR

Rogue/ .
Steve Peak, OR Siskiyou <50 4,000-5,200 | metasedimentary | unknown No Data

Page6




Data on Macnab cypress were collected from three sites on the Plumas National Forest in
Butte County, California (Fig. 4). Descriptions of each site are provided in Table 2.

Table 2. Characteristics of Macnab cypress sites.

Figure 4. Macnab cypress sites, Butte County, California.

Location National Estimate | Elevation (ft) Soil Type Avg. Age | Date of
Forest (icsrlgse) + SE Last Fire

Hollywood Plumas 11 2200 Ultramafic 35+4 unknown

Coutolenc Plumas 15 2300 Ultramafic 777 unknown
Concow Plumas 95 2520 Ultramafic 164 +11 | 2008/1966

At each site one to ten random plots were established depending on the size of the cypress
stand. We recorded the species, diameter, height, and crown condition class for all trees with a
diameter at breast height (DBH) greater than four inches. To estimate seedling and sapling
densities, we recorded: a) the species and diameter class for all saplings taller than 4.5 feet;
and b) the species and height class for all seedlings under 4.5 feet tall, within smaller nested

subplots.

To estimate tree age we collected cores from six individual trees in each plot, representing
the entire range of size classes present. We also estimated the number of cones per tree as
well as the percentage of closed cones. For Baker cypress, we collected a branch from each of
these six trees and selected ten cones which were placed in individual paper bags for
processing in the lab. We counted the number of fully developed and underdeveloped seeds
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present in each cone and recorded whether the cone was closed, open or partially open at the
time of collection. We then tested a sample of 20 fully developed seeds from each cone by
exposing them to a tetrazolium staining agent (ASOA 2000). We calculated seed storage as the
number of viable seeds stored in closed cones per tree (canopy seed storage = # of seeds/cone
X % viability x # of cones/tree x % closed cones/tree). We also calculated seed storage at the
plot level by multiplying the average canopy seed storage of the six individual trees by the
number of trees per plot.

Vegetation cover was measured using 1-meter square (m?) quadrat frames placed at
standard locations along transects radiating from plot center. Within each 1-m? frame, we
recorded the species and percent cover of all herbaceous plants as well as the percent cover of
litter, rock, bare ground, moss, coarse woody debris (CWD), and live tree bole. Cypress
seedling density was also recorded within the 1-m? quadrat frame. We measured canopy
closure at each 1-m? frame location using a spherical densiometer. In addition to vegetation
data, we measured fuel loading according to Brown (1974).

At sites recently burned by wildfire, we collected additional data on fire severity including
scorch height, bole char height, and percent crown scorch of all trees. We also estimated fire
severity according to a categorical scale, which included soil and vegetation factors (USDI
National Park Service 2003). Regeneration was measured as the number of cypress seedlings
present within the 1-m? quadrat frames.

IV. Key Findings

1. Cypress seedlings are found primarily after wildfires.

Across all study sites we found less than 100 Baker cypress seedlings in areas that had not
experienced a recent fire. Core data revealed that many small trees, considered seedlings
because they were less than 4.5 ft high, were up to 40 years of age. When we evaluated only
those seedlings that germinated in the last five years, fewer than 5 seedlings were found in
most of the plots sampled. Only stands with recent fire history contained a high number of new
progeny, with the exception of one plot at the Lassen site which contained 18 seedlings. This
plot was in an area that had been recently cleared and the soil was highly disturbed. Although
ground disturbances may allow some cypress seeds from opened cones to germinate, the
seedling densities we measured in this disturbed area were very low, averaging 5 seedlings/m?,
compared with up to 85 seedlings/m? observed at sites after fires.

Macnab cypress also exhibited very low regeneration and high seedling mortality rates at
sites without recent fire. Of 11 Macnab seedlings found in plots at an unburned site in 2006,
none were observed in 2007. In contrast, Macnab seedling densities in high severity plots at a
recently burned site averaged 16 seedlings/m?.

These data confirm that fire is critical to regeneration of both Baker and Macnab cypress
stands. Seedlings in unburned areas are uncommon; however, recently burned sites can
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support up to 85 seedlings per square meter. Post-fire cone opening appears to release larger
numbers of seeds and result in higher rates of germination (Wolf 1948; Zedler 1986) (Fig. 5).

Figure 5. Baker cypress regeneration after the 2007 Moonlight Fire on the Plumas National Forest.

We found that some Baker and Macnab cypress populations were characterized by uneven
aged stands (Fig. 6).

Figure 6. Box and whisker plot of tree ages at each Baker cypress (a) and Macnab cypress (b) population
sampled.

Stand age variation within Baker cypress populations was largely related to the fire history of
each site. Sites that had experienced multiple fires exhibited a wide range of age classes.
Portions of the Independence Baker cypress population burned in both 1987 and 2006, and
cypress trees within this population ranged in age from 16 to 96 years. Portions of the Seiad
Baker cypress population burned in 1950 and 1987. Trees at this site ranged from 21 to 113
years of age. On the other hand, sites that had experienced a large, single fire were often
characterized by even aged stands. For example, the Macnab cypress population at the
Concow site experienced a fire in 1966 and most trees at this site aged between 29-36 years.
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