5-YEAR REVIEW

Vail Lake ceanothus (Ceanothus ophiochilus)
GENERAL INFORMATION:
Species: Ceanothus ophiochilus
Date listed: October 13, 1998
FR citation(s): USFWS 1998 (63 FR 54956-54971)
Classification: Threatened
BACKGROUND:
Most recent status review:

The U.S. Fish and Wildlife Service (USFWS, we) completed a 5-year review for Ceanothus
ophiochilus on June 17,2013 (USFWS 2013a). We recommended no change in listing status.

FR Notice citation announcing this status review:

On January 27, 2020, we published a Federal Register notice announcing initiation of the 5-year
review of this species, and the opening of a 60-day comment period to receive information
(USFWS 2020, pp. 4692—-4694). We received no information about Ceanothus ophiochilus.

ASSESSMENT:
Information acquired since the last status review:

This 5-year review was conducted by the U.S. Fish and Wildlife Service’s Carlsbad Fish and
Wildlife Office. Data for this review were solicited from interested parties through a Federal
Register notice announcing this review on January 27, 2020. Additionally, we conducted a
literature search and a review of information in our files.

SUMMARY OF NEW INFORMATION SINCE 2013:
Biology and distribution

Since 2013, Ceanothus ophiochilus has been mentioned in several studies. Burge ef al. (2011)
included C. ophiochilus samples in a study of Ceanothus diversification in the California
Floristic Province. Diversification of the two Ceanothus subgenera began approximately

6 million years ago (early Pliocene), before the origin of the Mediterranean climate in California
(p. 1157). In a taxonomic overview of Ceanothus subgenus Cerastes, Burge et al. (2015, p. 958)
noted that putative hybrids between C. ophiochilus and C. crassifolius needed further study, as
some specimens resembled C. bolensis. And in a description of three new Ceanothus, Burge et



al. (2017, p. 530, Table 1) listed C. ophiochilus as one of 19 edaphic-endemic Ceanothus within
the California Floristic Province. Of the new studies since 2011, none focused on C. ophiochilus
or contained new information about C. ophiochilus biology or life history.

Several other studies have provided new information about plants with functional traits similar to
Ceanothus ophiochilus. Venturas et al. (2016) studied chaparral shrub mortality during a drought
in 2014 (see discussion in Appendix II). Bonebrake et al. (2014, pp. 1058, 1059) modeled the
effects of threats and different conservation strategies—including land conservation, managed
relocation, and fire management—on long-lived, obligate seeding shrubs in Mediterranean
shrublands, using C. verrucosus as a representative species. In their model scenarios, frequent
fire had the greatest impact on C. verrucosus. They also suggested that managed relocation of
seed (movement of seeds outside of the historical range) could effectively reduce future

C. verrucosus population decline (p. 1065).

The Western Riverside County Multiple Species Habitat Conservation Plan (MSHCP) Biological
Monitoring Program (BMP) monitors rare plant occurrences within the MSHCP Conservation
Area (BMP 2017, p. iii). In 2014, the BMP monitored two Ceanothus ophiochilus occurrences,
California Natural Diversity Database (CNDDB) EOs 2 and 3 (BMP 2015, pp. 8, 24). One
location reported as a new site (CEOP-4) in 2014 is within the boundaries of CNDDB EO 3
(BMP 2015, Appendix C, p. 24; CDFW 2020; Drennen 2020a, pers. comm.). Monitoring for

C. ophiochilus is on an 8-year monitoring cycle and so occurrences were not monitored for the
last several years (2015-2019; BMP 2016; BMP 2017; BMP 2018; BMP 2019; Drennen 2020b,
pers. comm.).

In summary, Ceanothus ophiochilus has been noted in two studies of Ceanothus since 2013
(Burge et al. 2015; Burge et al. 2017), and other studies (Bonebrake et al. 2014; Venturas ef al.
2016) have provided information about shrub species with similar functional traits (i.e., obligate
seeders) to C. ophiochilus. However, since 2013, there has been no new information that changes
our understanding of C. ophiochilus biology or spatial distribution, and so the information in our
2013 review remains accurate.

Threats

Our 2013 5-year review discussed potential threats to Ceanothus ophiochilus from: 1) urban
development, 2) invasive nonnative plants, 3) wildland fire and fire management,

4) hybridization/introgression, and 5) climate change. Two other potential threats (vandalism and
recreational activities) were discussed, but were not considered present in 2013 (Appendix A,
Table Al).

This section and Appendix B summarize new information about threats to C. ophiochilus since
2013. The new information relates to:

1. A programmatic Biological Opinion we issued in 2013,
2. The threat of urban development at Vail Lake, and
3. The threat of climate change and potential effects to C. ophiochilus.
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Revised Land Management Plans

In 2013, we issued a programmatic Biological Opinion for the Revised Land Management Plans
for four Southern California National Forests (USFWS 2013b, entire). We discussed the general
effects of eight U.S. Forest Service (Forest Service) activities on plants, and specific effects to
Ceanothus ophiochilus (pp. 121-124). Standards in the Biological Opinion are to be implemented
to minimize impacts to the species and its habitat where C. ophiochilus occurs. We determined
that the implementation of the Revised Land Management Plans for the four southern California
National Forests was not likely to jeopardize the continued existence of C. ophiochilus, or result
in the destruction or adverse modification of its designated critical habitat. We reached that
conclusion because 1) no new permanent loss of occupied or designated critical habitat was
expected under the Forest Plan; 2) impacts were expected to be avoided for most areas;

3) anticipated low level impacts would not result in a reduction of C. ophiochilus on Forest Service
lands or rangewide; and 4) impacts would not affect conservation or species recovery (p. 124).
Therefore we do not anticipate an appreciable reduction in the number or distribution of plants
on Forest Service lands (USFWS 2013b, p. 123).

Urban development

In 2014, the Rancho California Water District (RCWD) acquired the lands encompassing the
Vail Lake occurrence of Ceanothus ophiochilus. The area is not under permanent conservation
(for example, through conservation easement). However, according to the Property Guidance
Document prepared by RCWD (RCWD 2016, Volume I), the vision for the property is to
“protect and enhance RCWD’s water resources, to preserve the biological resources through
habitat conservation and restoration, and to provide a variety of appropriate land- and water-
based recreational opportunities in a fiscally prudent manner,” and management objectives
include habitat conservation and restoration (RCWD 2016, p. 6). Due to the acquisition of the
Vail Lake property by RCWD, the threat of residential development is no longer present at the
Vail Lake occurrence of C. ophiochilus.

As in the 2013 5-year review, the indirect effects of urban development could impact C. ophiochilus
at the Agua Tibia Wilderness—North occurrence (CNDDB EO 2) (USFWS 2013a, pp. 13-14, 40).

Climate change

New information about climate change has become available since 2013, and is summarized in
Appendix B. The new information does not alter the conclusion of our 2013 5-factor analysis, in
which we considered climate change a rangewide threat to C. ophiochilus individuals and habitat.

Summary

Since the 2013 5-year review, acquisition of the Vail Lake occurrence of Ceanothus ophiochilus
has partially ameliorated the threat of residential development, improving the condition of the
species in regards to this threat (Appendix A, Table Al). Although new climate modeling has
provided updated future projections of temperature, precipitation, and wildfire for southern
California, the response of C. ophiochilus to those changing conditions remains uncertain
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(Appendix A, Table Al). We received no new information about any other threats to the species,
so the information in our 2013 5-factor analysis remains accurate.

CONCLUSION:

After reviewing the best available scientific information, we conclude that Ceanothus
ophiochilus remains a threatened species. The evaluation of threats affecting the species under
the factors in 4(a)(1) of the Act, and analysis of the status of the species in our 2013 status
review (USFWS 2013a), remains an accurate reflection of the species’ current status.

RECOMMENDATIONS FOR FUTURE ACTIONS:

1.  Work with the Rancho California Water District to conserve and enhance the Vail Lake
occurrence of Ceanothus ophiochilus.

2. Survey suitable habitat for new occurrences of C. ophiochilus.
3. Survey for nonnative invasive plants in the vicinity of C. ophiochilus occurrences.

4.  Model C. ophiochilus habitat under a range of future climate scenarios, and evaluate
assisted migration or translocation as a management strategy.

5. Determine the current level and extent of introgression of C. ophiochilus with
C. crassifolius, and reexamine putative hybrids.

6.  Collect additional C. ophiochilus seeds for ex situ storage at a certified Center for Plant
Conservation facility.

Lead Field Supervisor, Fish and Wildlife Service

>< Approve
SCOTT e
SOBIECH ~ Dae 20200528
Scott A. Sobiech

Field Supervisor
Carlsbad Fish and Wildlife Office
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APPENDIX A

Summary of Threat Changes Between 2013 And 2020

Table Al: Summary of changes between 2013 and 2020 regarding threats to Ceanothus ophiochilus

Threat Summary of change (ST
Threat name 2013 conclusion 2020 conclusion condition between
factor between 2013 and 2020
2013 and 2020
A Urban Urban development is a potential | Urban development is a potential | Impacts from residential Improved
development threat at 2 of 3 occurrences: threat on private lands at Agua development are likely
Agua Tibia Wilderness - North Tibia Wilderness - North. The reduced and are no longer
and Vail Lake. However, the threat is very likely ameliorated | likely a threat at Vail Lake.
threat is not imminent. at Vail Lake, which has been As in 2013, development is
acquired by RWCD. a threat at EO 2 (Agua
Tibia Wilderness-North).
A Recreational Recreational activities are not a No new information about No change from 2013. Not applicable
activities threat at any occurrences due to | recreational activities at any
location and limited access. occurrence.
A Invasive Invasive nonnative plants are not | No new information about No change from 2013 Not applicable
nonnative plants | a currently a threat, but changes | invasive nonnative plants at any
in fire frequency could increase | occurrence
future threats
A Wildland fire Future vegetation management Under the 2013 Biological No change from 2013. Not applicable
and fire and fire suppression activities Opinion, future impacts will be
management could impact the species and are | restricted to existing uses.

a primary threat to Ceanothus
ophiochilus and its habitat, but
the threat has been reduced since
listing due to protective
measures put in place by the
Forest Service.

Neither the Wildland Urban
Interface (WUI) Defense Zone,
nor existing fuelbreaks overlap
with existing Ceanothus
ophiochilus occurrences or
habitat, but future treatments
outside those areas could have
short-term impacts to the
species.

Al




Change in

Threat Threat name 2013 conclusion 2020 conclusion Summary of change condition between
factor between 2013 and 2020
2013 and 2020
B Overutilization | Overutilization is not a threat to | No new information about No change from 2013 Not applicable
Ceanothus ophiochilus overutilization
C Disease Disease is not a threat to No new information about No change from 2013 Not applicable
Ceanothus ophiochilus discase
C Predation Predation is not a threat to No new information about No change from 2013 Not applicable
Ceanothus ophiochilus predation
E Vandalism Vandalism is not a threat to No new information about No change from 2013 Not applicable
Ceanothus ophiochilus vandalism
E Hybridization It is not clear whether No new information about No change from 2013 Not applicable
and hybridization/introgression is a hybridization or introgression
introgression threat to Ceanothus ophiochilus
E Climate change | Climate change is a rangewide New information about climate No change from 2013: Unknown

threat to Ceanothus ophiochilus

change is available from
California's Fourth Climate
Assessment and downscaled
models, refer to Appendix B

New information about
climate change
summarized in Appendix
B, but no clear direction of
impacts to Ceanothus
ophiochilus (i.e.,
improving or worsened)
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APPENDIX B
Summary of New Climate Change Information

This appendix summarizes new information about climate change in southern California, and
possible effects to Ceanothus ophiochilus.

Representation Concentration Pathways (RCPs) describe different future scenarios of greenhouse
gas emissions and atmospheric concentrations, air pollutant emissions, and land use (IPCC 2014,
p. 57). No likelihood is attached to any of the RCPs (van Vurren et al. 2011, p. 26); that is, a
stringent mitigation scenario (RCP 2.6) is no more or less likely than a high emissions scenario
(RCP 8.5), and vice versa.

TEMPERATURE

Temperature across southern California has increased over the past century. He and Gautam
(2016) analyzed 1896—2015 temperature records for the region. They reported that annual
average, maximum, and minimum temperature all increased by around 0.16 degree Celsius per
decade (p. 11).

Projected temperature increases differ spatially across southern California. The ocean buffers
warming near the coast, so coastal areas are projected to experience relatively smaller temperature
increases (Hall e al. 2018, p. 11). But inland areas—such as the range of Ceanothus ophiochilus
in western Riverside County—are projected to have relatively larger temperature changes under
both emissions scenarios (Hall ef al. 2018, p. 11). Extremely hot days are also projected to become
more frequent and intense, with the largest changes in interior regions (Hall ef al. 2018, p. 11).

For the range of Ceanothus ophiochilus in Western Riverside County, annual average maximum
temperatures under RCP 4.5 are projected to increase from an observed historical (1961-1990)
average of 77.2 degrees Fahrenheit (F) [25.1 degrees Celsius (C)] (range 75.8-80.0 degrees F,
24.3-26.7 degrees C), to a projected future (2070-2099) average of 82.9 degrees F (28.3 degrees
C) (range 79.8 —86.0 degrees F, 26.5-30.0) (Cal-Adapt 2020). Under RCP 8.5, end-of-century
(2070-2099) annual average maximum temperatures are projected to rise to 85.7 degrees F
(29.8 degrees C) (range 81.4-90.6 degrees F, 27.4-32.5 degrees C). For projections of future
temperature, RCP 4.5 and 8.5 scenarios are similar in the early and mid-21% century. Projections
diverge in the second part of the century, as emissions continue to rise under RCP 8.5 (Hall et al.
2018, p. 10).

PRECIPITATION

Precipitation in southern California is highly variable from year to year (Kalansky et al. 2018,
p. 24; Hall et al. 2018, p. 12). Models of future precipitation generally project small mean
changes relative to the historical variability, and the overall direction of future precipitation is
unclear (Hall et al. 2018, p. 13). Models do project increases in extreme precipitation frequency
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and intensity (Polade et al. 2017, p. 7; Swain et al. 2018, p. 428), including increases in the
frequency of atmospheric-river storms, which deliver intense precipitation and can cause severe
flooding (Dettinger 2011, p. 519). However, droughts are also projected to become more frequent
and intense, and will be exacerbated by higher temperatures (Kalansky et al. 2018, p. 25).

ATMOSPHERIC CO2 CONCENTRATION

Since 1750, the atmospheric concentrations of greenhouse gasses (including carbon dioxide,
methane, and nitrous oxide) have increased because of human activity (IPCC 2013, p. 11). In
2011, the concentration of carbon dioxide (CO») was 391 parts per million (ppm), 40 percent
higher than pre-industrial levels (IPCC 2013, p. 11). In 2018, the global average atmospheric
carbon dioxide (CO.) concentration was 407.4 parts per million (ppm) (Lindsey 2020).

Plants use CO2 and water to synthesize carbohydrates. Therefore, elevated CO> concentrations
can directly affect photosynthesis.

FIRE

California has a Mediterranean climate with cool, wet winters and hot, dry summers. Fire is an
important part of California ecosystems. Fire behavior is influenced by topography, weather, fuel
characteristics, and ignition sources (van Wagtendonk 2006, pp. 38—46). Santa Ana winds—strong,
dry, and hot winds occurring mostly in September through December (Hughes and Hall 2010,

p. 847; Jin et al. 2015, pp. 1-2)—are one feature of the southern California climate which can
influence wildfire behavior and size. Wildfires driven by Santa Ana winds (Santa Ana fires)
spread more quickly, and have higher intensity, than fires that occur outside the Santa Ana
season (Jin et al. 2015, pp. 5-6). For California’s Fourth Climate Assessment, Pierce ef al.
(2018) projected an increase in the driest of Santa Ana days (daily wind speeds greater than or
equal to 8 meters per second, and less than or equal to 20 percent relative humidity), although the
number of Santa Ana days and the days with the strongest wind speeds were projected to
decrease (Pierce et al. 2018, p. 36; Kalansky et al. 2018, p. 27).

There is uncertainty in future wildfire projections for southern California (Hall ez al. 2018,

p. 18), but wildfire risk will likely increase as climate warms (Kalansky et al. 2018, p. 6). Under
RCP 8.5, Westerling (2018, p. 19) projected an increasing tendency towards extreme wildfire
events, rapidly accelerating after the mid-21% century. Statewide, the greatest increases in burned
area were projected to be in forested areas of the state (Westerling 2018, p. 14). For southern
California under RCP 8.5, Jin et al. (2015, p. 9-10) projected increases in burned area, number
of fires, and fire size for both Santa Ana and non-Santa Ana fires.

POTENTIAL EFFECTS ON CEANOTHUS OPHIOCHILUS

There is uncertainty both in projections of future climate, and in the response of species to
projected changes. Plants may persist in a modified climate, move to areas of more suitable
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climate, or go extinct (Theurillat and Guisan 2001, p. 78; Parmesan 2005, pp. 48-52). Hughes
(2000, entire) identified four broad categories of climate change effects on species:

1. Physiological effects, caused by changes in precipitation, temperature, and atmospheric
COz concentration. In plants, those variables affect photosynthesis and respiration.

2. Effects on species distributions due to increased temperature. Species are expected to
shift towards higher latitudes and elevations.

3. Phenological effects, including alteration of environmental cues, such as temperature
and resource availability.

4.  In situ adaptation, in which species evolve to adapt to changing conditions.

These effects could cause further changes in species interactions (for example, phenological
changes could alter the interactions between plants and pollinators) and community structure and
composition (Hughes 2000, p. 59). In turn, those changes could affect disturbance regimes and
other physical processes, such as fire regimes (D'Antonio and Vitousek 1992, entire).

Physiological effects and plant responses

In the recent geologic past—until the last 200 years—CO: concentrations were relatively low
(Taiz and Zeiger 2010, pp. 257). Therefore, plant species alive today evolved in a low-CO2
environment (Taiz and Zeiger 2010, p. 257). In addition to the C3 pathway used by most plants,
including Ceanothus ophiochilus, two photosynthetic pathways evolved in response to low levels
of atmospheric CO»: C4 photosynthetic carbon fixation (C4), and Crassulacean acid metabolism
(CAM) (Taiz and Zeiger 2010, p. 216). Briefly, these pathways minimize carbon loss by
concentrating COz at the site of rubisco (an enzyme), which catalyzes the first step in the carbon
fixation pathway. Because C. ophiochilus is a C3 plant, we discuss the impacts of increased
atmospheric CO; concentration and temperature on the C3 photosynthetic pathway.

Higher CO; concentrations support higher photosynthetic rates (Taiz and Zeiger 2010, pp. 256—
257). Because COz availability limits photosynthetic rates for C3 plants, C3 plants could benefit
from increasing CO» concentrations, as long as other resources (i.e., water and nutrients) are not
limiting (Taiz and Zeiger 2010, pp. 261-262). In Free Air CO2 Enrichment (FACE) experiments,
open-air fields are artificially enriched with CO» gas. In a meta-analysis of 120 FACE studies
encompassing 40 species, Ainsworth and Long (2005) reported that elevated CO> concentrations
resulted in an average 31 percent increase in photosynthetic rate, but that different plant functional
groups (i.e., trees, shrubs, grasses, and legumes) responded differently to increased CO»

(pp. 354-357). They also reported increased plant growth and above-ground biomass production
with elevated CO», although responses varied depending on the plant species and growing conditions
(pp. 358-360). And if water is not limiting, C3 plants are much more responsive to increased
CO; than C4 plants (Ainsworth and Long 2005, p. 354; Taiz and Zeiger 2010, pp. 260-262).
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How do plants adapted to arid environments respond to increased atmospheric CO2? Under
elevated CO concentrations, plants close their stomata, which could decrease water loss (Taiz
and Zeiger 2010, p. 262). Could elevated CO; increase productivity in desert shrubs by reducing
water stress while allowing photosynthesis, as suggested by Smith ez al. (1997)? In a study of
three desert shrubs at the Nevada Desert FACE (Mojave Desert), Naumburg et al. (2003) found
that photosynthetic rates increased within increasing CO> concentrations, but that responses to
elevated CO, were species-specific, and dependent on precipitation (pp. 279—282). Plants grown
under conditions of elevated CO; took up more carbon in wetter years than in dry years (p. 281),
but during dry years seasons, there was no extended period of photosynthetic activity under
elevated CO; (p. 281) (see also Hamerlynck et al. 2000, pp. 430—431). Naumburg et al. (2003, p.
283) concluded that due to water limitations, desert shrubs may be less responsive to elevated
CO» compared with plant species in wetter ecosystems.

Photosynthesis is a process that is sensitive to temperature. A species’ optimal temperature for
photosynthesis is the temperature at which its photosynthetic rate is highest (Taiz and Zeiger 2010,
p. 256). Different species have different optimal temperatures, and even plants of the same species
may have different optimal temperatures, depending on the conditions they were grown in (Taiz
and Zeiger 2010, p. 256). For example, for some plants in Death Valley, California, the optimal
temperature for photosynthesis is 122 degrees F (50 degrees C) (Taiz and Zeiger 2010, p. 256),
whereas optimal temperatures are much lower for alpine species. Future climate projections
indicate that minimum and maximum temperature will increase in southern California, and
extremely hot days are expected to become more frequent (see Temperature for further
discussion). It is unclear whether increases will occur beyond the optimal temperature for
Ceanothus ophiochilus, or whether C. ophiochilus can acclimate or adapt to temperature increases.

Droughts are projected to become more frequent and intense in southern California. Venturas et
al. (2016) studied shrub mortality in southern California chaparral during the 2014 drought. They
examined shrub species of four life history types, including species that must recruit from seeds
(obligate seeders), and species that can reestablish from both underground structures and seeds
(facultative seeders) (p. 3). Obligate seeders had greater cavitation resistance (i.e., resistance to
loss of water tension), but also had higher mortality during intense drought (pp. 14—17).
Increased mortality was likely due to the relatively less extensive root systems of obligate
seeders, compared with species that are capable of resprouting after fire (p. 15). Although
Ceanothus ophiochilus was not included in the study, it may have a similar response to drought
as other obligate seeding Ceanothus.

In summary, projected changes in future climate in southern California—particularly increasing
temperatures caused by increased greenhouse gas concentrations—will likely affect physiological
processes of chaparral shrubs. We do not have species-specific information about whether, or
how, changing climate may affect Ceanothus ophiochilus. Based on other studies of desert and
chaparral shrubs, possible physiological responses of C. ophiochilus to elevated atmospheric
COg,, increasing temperatures, and more frequent and intense drought are: 1) increasing
atmospheric CO» could increase carbon uptake and above-ground biomass, particularly during
wet years, but increases could be small when water is limiting; 2) increasing temperatures could
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shift ambient air temperatures outside optimal temperatures for photosynthesis; and 3) more
frequent, intense drought could increase C. ophiochilus mortality. However, all of these possible
responses are highly uncertain.

Range shifts in response to increased temperature

Range shifts in response to climate change have been documented in many species (Thomas
2005, pp. 79-92; Lenoir et al. 2008, p. 1768—1770) and modeled in many others (Loarie et al.
2008, p. 1; Loarie et al. 2009, p. 1052—1054). While some species may be able to shift pole-ward
or upslope in response to increasing temperatures, or otherwise expand into previously
unsuitable habitat, species with narrow habitat requirements may be limited in their ability to
shift their range (Thomas 2005, pp. 82-93; Damschen ef al. 2012, p. 1123).

For plant species endemic to unusual and/or low nutrient soils (such as serpentine, gypsum,
shale, or carbonate; Damschen ef al. 2012, p. 1123), increasing temperatures may reduce or
eliminate the overlap between areas of suitable soils, and areas of suitable climate. If edaphic
(soil)-endemic plants are not able to adapt to changing climate in place, adapt to new soils, or
disperse to new areas of suitable habitat, populations may decline or be locally extirpated
(Thomas 2005, p. 83; Damschen et al. 2012, p. 1124). On the other hand, studies in the United
Kingdom have found that edaphic-endemic species adapted to harsh soils—for example,
carbonate or serpentine—may be less sensitive to precipitation and temperature changes (Grime
et al. 2000, entire; Grime et al. 2008, entire), suggesting increased resiliency to changing climate.

Several studies of serpentine vegetation communities in California have reported that plants on
serpentine soils are less sensitive to climatic variation (reviewed in Damschen et al. 2012; see
also Harrison ef al. 2015, p. 1018). Compared with communities on more fertile soils, some
studies reported that serpentine communities have more stress-tolerant species—with traits such
as high water use efficiency and low growth rates—and show less change in community
composition with changing climate (Fernandez-Going et al. 2012; Harrison et al. 2015, p. 1018).
However, in a study that resampled serpentine plant communities in southern Oregon and
northern California (Damschen et al. 2010, p. 3610; resampled sites in Whittaker 1960, entire),
researchers found contrary evidence: on both serpentine and the surrounding non-serpentine
soils, total herb cover declined dramatically from 1950 to 2007 (p. 3613). Relative cover
declined for species endemic to serpentine soils, and for species near the northern latitudinal
limit of their range (pp. 3614-3616).

To reconcile these seemingly contradictory results, Harrison et al. (2015) reanalyzed the results
of Damschen et al. (2010) using additional covariates of soil type, overstory cover, and soil
texture (p. 1019). They also used specific leaf area (SLA, leaf area divided by dry mass) as a
metric to examine vegetation composition shifts (drought-tolerant species have a low SLA)

(p- 1019). On non-serpentine soils, community mean SLA significantly declined between
1950 and 2007, but there was no significant change in community SLA on serpentine

soils (pp. 1020-1021). These results indicate that a loss of drought-intolerant species occurred on
non-serpentine soils, and suggested that serpentine species are more stress-tolerant (p. 1020).
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Less community change also occurred in areas with more overstory cover, which lowered
understory temperature (p. 1020).

In summary, studies by Grime et al. (2000, 2008) on carbonate soils in the United Kingdom, and
by numerous authors on serpentine soils in California (see Damschen et al. 2012; Harrison et al.
2015), have generally supported the hypothesis that plant communities adapted to harsh soils
have higher resistance to increasing aridity (i.e., either declining precipitation and/or moisture
deficit caused by increasing temperatures) (Harrison et al. 2015, p. 1021). Like plant taxa on
serpentine substrates, Ceanothus ophiochilus has some drought-adapted features, including
small leaf size and small status (Boyd et al. 1991, p. 37). However, we have no information
about whether edaphic-endemic Ceanothus on non-serpentine soils in California—including
C. ophiochilus—are similarly less sensitive to changing climate.

Species distribution modeling can predict species’ range shifts with changing climate, using
projections of future climate along with information about past or current species ranges.
Riordan et al. (2018) modeled the mid-century ranges of seven Ceanothus in southern California
chaparral, using five projections of future climate. Future habitat suitability varied within the
genus; some Ceanothus (C. perplexans) were projected to experience losses of suitable habitat
under most scenarios, while habitat for other Ceanothus (C. crassifolius var. crassifolius) was
projected to remain stable (p. 23).

Ceanothus ophiochilus is endemic to isolated patches of gabbro and pyroxenite-rich outcrops
(Vail Lake), or within a mix of gabbro and sedimentary deposits (Agua Tibia Wilderness) (Boyd
and Banks 1995, p. 37). Further study is needed to determine whether suitable habitat is present
upslope of current locations; it’s possible that the species may be able to move upslope or to a
different aspect in response to increased temperatures, and assisted migration may also be an
appropriate management strategy. It’s also possible that C. ophiochilus could adapt to changing
climate in place.

Changing disturbance regimes

In addition to directly impacting plant physiological processes, climate change will likely
interact with other stressors (nonnative plant introduction and spread, habitat fragmentation,
increased fire frequency, and nitrogen deposition) to alter disturbance regimes in southern
California chaparral. Two projected changes—increasing temperatures and altered precipitation,
including increased drought frequency and intensity—may interact to decrease fuel moisture,
increasing the likelihood of fire ignition and spread.

Changing biotic interactions

Shifts in life cycle timing (phenology) have been observed for many species around the world
(Root and Hughes 2005, p. 63). Plants are generally expected to advance their phenology

(i.e., germinate, flower, and fruit earlier) in response to warming temperatures (Hughes 2000,
p. 60; Root and Hughes 2005, p. 61). Phenological shifts can impact biotic interactions between
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plants and their pollinators, especially if one partner relies on a fixed phenological cue (such as
day length) and the other on a changing cue (such as temperature) (Hughes 2000, pp. 59, 61;
Root and Hughes 2005, pp. 62—67).

Flowering in plants may occur in response to only internal developmental cues, in response to
only environmental cues, or in response to both internal and environmental cues (Taiz and Zeiger
2010, p. 724). Photoperiod (length of day or darkness), vernalization (a period of cold
temperature), precipitation, ambient temperature, and light quality may all be important cues for
flowering phenology in plants, depending on the species and ecosystem (Root and Hughes 2005,
p. 62; Taiz and Zeiger 2010, pp. 725-726). For example, in a study of seven southern California
annuals, Slade et al. (1975, pp. 209-214) found that germination generally highly correlated with
a precipitation event/soil moisture, and later phenological phases (budding, flowering, fruiting)
were determined by the time since the previous phase.

In additional to affecting physiology and phenology in plant species, higher temperatures can
impact the physiology and phenology of insect pollinators. Soroye et al. (2020) compared bumble
bee species richness and occupancy between baseline (1901-1970) and recent (2000-2015) time
periods, using observational data of 66 bumble bee species from North America and Europe

(pp. 1-2). They found that bumble bee species’ occupancy and richness were more likely to decline
in areas near the warmest part of the range, and increase near the coldest part of the range (pp. 2—4).

Phenological decouplings may have both short-term consequences for individual plant reproduction,
and longer-term consequences for genetic diversity and population size. For example, plants not
able to self-fertilize, (i.e., plants that are self-incompatible or unable to self-pollinate) would have
very low or no reproduction if pollinators were absent, or reduced reproduction if the temporal
overlap between flowering and pollinator activity were reduced. And over time, reduced input to
the seed bank could reduce plant population size, increasing a plant population’s vulnerability to
environmental, genetic, and demographic (for dioecious plant species) stochasticity.

Although pollination and seed set have not been closely studied for Ceanothus ophiochilus, the

species is presumably pollinated by generalist foragers. If phenological mismatches did develop
between C. ophiochilus and any one of its pollinators, other generalist insects could continue to

pollinate C. ophiochilus, potentially buffering against a complete loss of pollinator services.

SUMMARY

Future conditions of climate warming—increased atmospheric CO> concentration, increased
temperature, and more frequent and intense storms and droughts—may interact with other stressors
to impact the physiological response, range, biotic interactions, and disturbance regimes of
Ceanothus ophiochilus individual plants and habitat. Although we have more information about
changing climate in southern California, we do not have additional information, or certainty, about
the response of C. ophiochilus to these changing conditions. Therefore, as in the 2013 5-year review,
we continue to consider climate change a rangewide threat to C. ophiochilus plants and habitat.
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