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Impact of Sea Level Rise on Plant Species:
A Threat Assessment for the Central California Coast

Coastal plants; life on the edge
Sea level rise (SLR) poses a threat to the
survival of rare plant species along the central
California coast. While global mean sea level
has been steadily increasing for at least 20,000
years, this trend has accelerated in the last 15
to 20 years in response to climate change. Pro-
jecting into the future, the State of California
estimates that the Pacific Ocean will rise 1.4
meters by 2100.

As coastal plant species are increasingly ex-
posed to SLR, they must adapt by moving to
safer ground. However, being sedentary, plants
are highly susceptible to fast changes in sea
level. Adaptive migration can be difficult for rare

plant species
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lations, which
may be con-
strained by dis-
persal ability, ge-
netic diversity,
and available
habitat.
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As an additional pres-
sure, many migrating
plant populations will be
squeezed on the inland
side by urban develop-
ment. Finally, climate
change is likely to cause
dramatic shifts in suitable ¥
habitat. '

Extinction: the fu-
ture of rare coastal plant species in
California?

Despite these concerns, the threat of SLR to
plant species has received relatively little at-
tention. The U.S. Fish and Wildlife Service
(USFWS) would like to evaluate the impact of
SLR in listing decisions and recovery plans for
threatened and endangered species. By as-
sessing the impact of SLR, the agency can better
comply with its mission under the Endangered
Species Act of 1973 to protect vulnerable species
from extinction.



Inundation is defined as the tidal submergence
of seaside land.

Flooding during storm events occurs less fre-
quently than inundation but can extend much
farther inland.

Erosion is the wearing away of land through the
removal of dune or cliffs along the shoreline.

Our SLR threats assume a 1.4-meter rise in
sea level by 2100, a figure widely used by the
State of California for climate-change planning
purposes. We analyzed the threats across three
time horizons: 2025, 2050, and 2100.

For in-depth analysis, we chose nine rare plant
species that represented a diverse range of life
histories, habitats, elevation, level of endemism,
and listing status within the Tri-County Area
(San Luis Obispo, Santa Barbara, Ventura).

Modeling Species Distributions

After quantifying the exposure of our species
of interest to SLR, we undertook a secondary
analysis to estimate the available area to
which a species could move in the future. We
used Maximum Entropy (MaxEnt), a species
distribution model, to gain insight as to where

the species may occur currently and in the future.

To take into ac-
count SLR, we
then overlaid SLR- [,°

mine non-
threatened habitat ..?
in 2100.

We ran this analysis on one of our species, Chlo-
ropyron maritmum spp. maritimum, which was
shown to be extensively threatened by SLR.

/

To identify larger trends, we expanded our
scope to 88 coastal species in the Tri-County
Area. Overlaying the locational data for species
on top of the threat data, we analyzed the po-
tential threat for each of these occurrences.
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To project future suitable area, we used two
downscaled general circulation models (GCM) un-
der the IPCC A2 emissions scenario: the NOAA
Geophysical Fluid Dynamics Laboratory (GFDL),
which predicts a hotter drier climate and the Paral-
lel Climate Model (PCM), which predicts a warmer,
wetter Califor-
nia. We com-
pared these
two projections
against the
PRISM projec-
tion, which pre-
dicts current
suitable habitat
The PRISM
GCM shows an
area of
2,842km?
California with
only 4%
(114km?) in the
Tri-County re-
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RESULTS

From our in-depth analysis, we found that four of
the nine species were exposed to at least one

of the SLR-related threats. The following graphs
show the results of analysis, the first graph show-
ing area affected while the second graph takes in-

to account species’ occurrences and area.
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Our results show that C. maritimum will be
most severely affected with regards to both ar-
ea and occurrences. C. ambigua has a margin-
al amount of its area affected yet all of its oc-
currences will be impacted.

In the broader analysis of 88 species, we
found that as elevation increased, the odds
that a species would be threatened de-
creased by 0.94 to one.
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Our projections show available future habi-
tat for C. maritimum, although this area var-
ied between the two climate projections.

The GFDL model projects an increase in suita-
ble habitat to 7,170km?. This is an increase of
252% when compared with PRISM’s current
projec-
tions.

12.7% of
the area is
located in
the Tri-
County re-
gion.
Overlaying
threats re-
duced this
potential
habitat by
9.3% or
84.5km” .

GFDL GCM: Projected range by 2100

L1 | I I I

000 010 020 0.30

0.02 0.06 0.10 0.14

T \ T
50 100 150

T \ T T
0 50 100 150

o

Probability of Exposure to Dune Erosion
Probability of Exposure to Cliff Erosion

Elevation (m) Elevation (m)

Unlike the GFDL model, our PCM projection
shows a decrease in suitable habitat to 2,630km?:
a 0.075% decrease when compared to PRISM’s
projections. Of this, 77.6km? of suitable habitat is
located within the Tri-County Area, with 42.8%
(33.2km?) found to be threatened by SLR threats
projected for
2100.

By incorporating
SLR in species
distribution
modeling we
hope this analy-
sis will aid
USFWS to cre-
ate more in-
formed manage-
ment practices
for this threat-
ened species.

PCM: Projected range by 2100




Recommendations

Our results can help USFWS to argue for the
listing of rare species under the Endangered
Species Act, enabling greater protection for
such at-risk species since two of the four affected
species in our in-depth analysis are not currently
listed.

- Additional SLR threats resulting from this
~ analysis may warrant keeping C. maritimum

spp. Maritimum’s endangered status until

.. management actions can increase resistance or
> resiliency to these threats.

Discussion

Our results suggest that elevation is an im-
portant indicator of whether a species is af-
fected by SLR. This suggests that other rare
species found at lower elevations may also be in
danger from sea level rise. Furthermore, our in-
depth analysis was corroborated by the larger
analysis of 88 species, in that the proportion of
species projected to the exposed to SLR re-
mained approximately the same. Finally, cliff ero-
sion seemed to have the smallest effect on spe-
cies, while flooding remained the most important
threat factor overall. This information would be
especially important for managers who may con-
centrate on measures that would reduce threat of
flooding rather than erosion.

SLR may not be the largest threat to each
species when compared to the dramatic geo-
graphic shift in species’ climatic ranges. How-
ever, SLR will likely serve as an additive impact,
exacerbating habitat loss from potential range
contraction, urban development, and competition
from invasive species in addition to the problems
that rare, threatened, and endangered species al-
ready face.

Information from this project can allow agen-
cies to issue mitigation or permitting require-
ments from potential development under the

" California Environmental Quality Act (CEQA) and
the California Coastal Act.

USFWS may use the threats analysis output
from our model to avoid future mitigation,
transplanting, and other resource-intensive
management efforts in the areas identified as
SLR threat zones.

More work is needed to evaluate the feasibil-
ity of options, better define the cost-
effectiveness, and provide additional guid-
ance for management. The specific effects of
climate-related stressors on microhabitats and in-
dividual organisms are still highly uncertain, as
are the expected responses that will result from
implementing adaptation strategies.
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