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EXECUTIVE SUMMARY

We developed scenarios of climate change impacts on tidal marsh vegetatidoirdrgpecies from
20102110 based on low or high rates of de&el rise (0.52 or 1.65 m in 100 yr) and low or high
suspended sediment availability. We:

(1) assessed potential climate change effects on San Francisco Estuary (Suisun, San Pablo
and San Fracisco Bays) tidal marsh habitats and bird populations representing a range of
federal and state special status listings: Clapper Rail, Black Rail, Common Yellowthroat,
Marsh Wren, and Song Sparrow;

(2) identified priority sites for tidal marsh conserigat and restoration;

(3) developed a readily updatable wilsed mapping tool for managers to interactively
display and query results; and,

(4) communicated conservation priorities to management agencies, conservation
organizations and the public.

Results:

Tidal Marsh:

Plants:

o Under high future sediment availability, tidal marsh habitat is expected to persist
and extend to regions with high suspended sediment concentrations, such as in
northern Marin County, along the Petaluma River and in southern San Krauiay,
even under high sekevel rise (SLR) scenarios.

o Howeverwith sediment concentrations of 200 mg/L or ledal marshes will only
be sustainable over 100 years at locations with elevations currently at or above 0.3
m above mean higher high watasith a high sedevel rise scenario

o For high SLR and low sediment availability scenarios, existingriaigih and mid
marsh habitat are predicted to be mostly replaced by4marsh, mudflats and sub
tidal areas by 2110.

o Tidal marsh restoration effortsilvbe most successful if implemented during the
first half of the 24tcentury so that marsh elevations are high enough to maintain
sustainable accretion rates in the face of increasing rates ofeses rise projected
for the second half of the 2icertury.

o Very little currently undeveloped, udiked area exists that is predicted to support
the migration of future tidal marsh habitanto upland areagup to 3,300 ha by
2100).

o However, an additional 2,080,000 ha could support tidal marsh migratiioro
currently upland habitat by removing barriers to tidal action.

o Removal ofbarriers to tidal actiortould support additional marshabitat (up to
32,500 ha under a low SltiRjh sediment scenario by 2110



0 Models of plant species distributiomgere all heavily influenced by summer salinity and
tidal range, but species exhibited individualistic responses to future scenarios depending
on their tolerances to physical variables. The probabilities of occurrence of species such
as cattail Typha spp, Schoenoplectus acutusnd perennial pepperweeflepidium
latifolium) are all predicted to decline from current levels by 2110 under most future
scenariosacross the entire estuanAt the same timethe probability of occurrence of
other species, sucasSarcocornia pacifica predicted to increase from current
levels by 2110 under high séavel rise scenarios.

Birds:

o We summarized bird population projections given the projected habitat quality of
areas currently open to tidal action (areas whegatiflow is not restricted by
levees).

o Our long term monitoring data provided an improved ability to account for varying
detection probabilities among bird species andncorporate the temporal
variation in site occupancy and abundance.

o0 The Estuarwide populations of Black Rails and Song Sparrows are closely tied to
the availability of mid and high tidal marsh habitat and future projections could
increase or decrease from current level depending upon the scenario.

0 The Estuarmwide population of Commoneflowthroats and Marsh Wrens are
projected to declinefor most scenarioswith declines most severe in the high sea
level rise scenarios.

o For all bird species studied, uncertainty in future population numbers increases in
the second half of the 2icentury, due primarily to the differences between the two
sealevel rise scenarios we tested.

o Bird population declines are generally predicted to be less severe in the high
sediment scenarios compared to low sediment; thus maintaining adequate
sediment n tidal marsh systems could bendfitd populations.

Restoration Prioritization

02S NXYY1SR GKS 9aidda NeQa 6SiflyR fIyRaOI LIS
each of the five tidal marsh bird species (based on current and projected future
habitat) to pioritize conservation and restoratiorfferts and to evaluate potential
land use changehat could eliminate or limit potential tidal marsh habitat in the
future.

o We found substantial differences in the tidal marsh prioritization when using only
currenttidal marsh bird predictions compared to using both current predictions and
projections based on future scenarios suggesting that climate change will alter the
locations of important tidal marsh bird habitat.

o Additionally weused the conservation planmgrsoftware Zonation to rank2
existing or proposed restoration projects based on the difference in ranking in
restoration areas when the project was included or excluded from the conservation
network (see Summary table below).

o0 We found that all restoratin projects contribute some habitat that was of greater
value to the conservation network but some projects contributed a greater amount
of habitat or contributed habitat that was of higher quality for tidal marsh birds.



Caveats

Ourresults are sensitiveotthe availability of suspended sediment and our estimates of
the spatial distributiorof sediment in the estuary doot incorporatefine scale
heterogeneity in sediment availability.

The marsh accretion model is a one dimensional model and thereforerdtesccount
for the transport of sediment or other processes such as eros#avever, there is
currently no other alternative modeling framework available ffoojecting these
processes at the spatial and temporal scales applied in this report.

The restoration prioritizatiomnalysesnly evaluated the potential habitat available for
tidal marsh birds. Including other taxeould likely change the resultg/e recommend
that future efforts should includéhe habitat needs obther taxa such as shebirds.

We only evaluated restoration projects for which we had GIS polygons available and
that overlapped areas where we had model results. Omission of restoration projects
from our evaluation only means that we were unable to evaluate the project aysl sa
nothing about the potential benefits of these projects for tidal marsh birds.

We did not include details of individual projects in our evaluatieor example, we did
not change our base elevation layer to incorporate plansatse initial elevationg
subsided locations. Project specific plansild be incorporated in future analyses if the
information is available and is spatially explicit.

On-line Decision Support Tool

Outreach

(0]

We made our findings available as anlme decision support tool witinteractive
maps, the SF Bay SLR TeoWy.prbo.org/sfbaysly. The tool can be used, for
example, by conservation planners at fine spatial scales to identify current upland
areas that are projected to be future tidal marsh that could support tidal marsh
plants and birds.

Userscanexplore therange ofresponses of locations/regions or species across our
scenarios to asse$®w sensitive specific locations are to the uncertainty in future
conditions

The tool can also identify future restoration sites whark projected to be resilient
to climate change but are currently behind levees or other barriers to tidal
influence.

We continue to engage federal, state, regional and local decision makers to facilitate
use of this orline tool and to advancthe development of adaptation strategies
addressing se&vel rise impacts on tidal marshes as well as the use of tidal marshes
to help mitigate negative impacts on human infrastructure.



Currently Proposed and Existing Wetland Restoration Projects  z Impo rtance

to Tidal Marsh Birds . Rankings of the contribution to an optimal conservation network of
currently proposed or existing wetland restoration projects within the San Francisco Estuary.
This analysis only includes the importance of habitat to tidal marsh birds. A low rank does not
mean that a project is not valuable but rather that thimlogical value of restoretidal marsh

bird habitat was less than what we project that other restoration projects could prqwde

acre We were unable to evaluate all restoration projects in #stuary due to data availability
and the omission of a project is not an indication of the value of the project for enhancing the
habitat for tidal marsh birds.

Restoration Project Rank Restoration Project Rank
Bair Island 1 Oro Loma Marsh 37
Napa RiveBalt PondCamp Two 2 South Bay Salt Pond AB1 38
San Mateo Baylands 3 Napa River Salt Pond 6 39
Napa River Salt Pond 8 4 Eden Landing Pond E8A 40
Lake Merritt 5 South Bay Salt Pond AB2 41
Candelstick Yosemite Slough 6 Napa River Salt Pond 2 42
Cullinan Ranch 7 South Bay Salt Pond E4 43
Stanley Ranch 8 North Parcet Leonard Ranch 44
Skaggs Island 9 Napa River Salt Pond 1 45
South Bay Salt Pond SF2 10 Sears Point Restoration 46
Wingo East 11 South Bay Salt Pond E5 a7
South Bay Salt Pond A8S 12 South Bay Salt Pond E6C 48
River Park 13 Napa River Salt Pond 1A 49
South Bay Salt Pond R5 14 Albany Marsh Expansion 50
South Bay Salt Pond E2 15 South Bay Salt Pond E5C 51
Ringstrom Bay 16 Simmon's Slough 52
South Bay Salt Pond S5 17 South Baysalt Pond A2W 53
_SouthBaySaltPondR4 - 18____Scottsdale Marsh 54 _.
Napa River Salt Pond 6A 19 Novato Creek 55
Eden Landing Ecological Reserve 20 South Bay Salt Pond A23 56
South Bay Salt Pond E8 21 South Bay Salt Pond A22 57
Napa River Salt Pond 7A 22 Knapp Tract 58
South Bay Salt Pond E6B 23 Eden Landing Ponds E15 59
South Bay Salt Pond E1 24 South Bay Salt Pond A3N 60
Napa River Flood Control Project 25 South Bay Salt Pond E12 61
South Bay Salt Pond E6A 26 South Bay Salt Pond A5 62
BerkeleyMeadow- Eastshore State Park 27 South Bay Salt Pond E14 63
Eden Landing Ponds E9 28 South Bay Salt Pond A16 64
South Bay Salt Pond R2 29 South Bay Salt Pond E1C 65
South Bay Salt Pond E7 30 South Bay Salt Pond A7 66
Bahia 31 South Bay Salt Pond A17 67
Napa River Salt Pond 7 32 South Bay Salt Pond A14 68
Ravenswood Preserve 33 South Bay Salt Pond A15 69
South Bay Salt Pond R3 34 Western Stege Marsh 70
South Bay Salt Pond Al 35 South Bay Salt Pond A13 71
Oliver Property 36 South Bay Salt Pond A11 72



INTRODUCTION

Tidal marsh habitat plays a critical ecological function in estuarine ecosystems on a global,
national, and regional scale (Greenberg et al. 20@&upports an array of plant and animal
species, many of them Threatened, Endangered or of Special Concern, including many endemic
species or subspecies that have evolved adaptations to this saline environment (Greenberg et
al. 2006).Additionally tidal mashes provide aariety of ecosystem services such as flood
protection and carbon sequestratiomith the economic values of tidal marshes globally

estimated to be worth $10,000/ha/y(Costanza et al. 1997Tidal marsthabitat has been

severely altered and degradegiobally, while on a local leve80% of the historic habitat in the

San Francisco Estuary (Suisun, San Pablo and San Francisco Bays;Hagoeerlpst since

1800 (Goals Project 1999, Takekawa et al. 2006). In addition to concern about historic changes
and current dependency of biota, we must also understand and anticipate the impact of

climate change, both changes that are already ungiay and future changs, in order to best

guide adaptive conservation and management of this habitat and its ecosystems. Tidal marshes
occupy the zone between tidal mud flats and upland areas above the high tideTlezefore,

these marshes are highly semgdt to increases in sea ley&irwan et al. 2010 In addition to

the impacts of sedevel rise on habitat availabilitjgss of marsh elevatiomm the future can

have deleterious impacts on ecological ¢tion of the marsh ecosystem. Climate change is
expected to bring about changes in salinity as well, which will affect plant species distribution
and abundance in the marsh habitat. Bird artder wildlife populations in turn are dependent

on plant specis for foraging, nesting, roosting, and as part of the food web sujegdoy

primary consumers (e.g., herbivorous invertebrates). Thus, birdetued wildlife may be

impacted by changes in tidatarshassociated plants, reflecting changes in salinity and
inundation, as well as by the direct impact of changes in salinity and other phigsitak

The project reported here is Phase |l of a larger, tiphase effort to develop specific

information to guide managers at the local and regional level in Ssfally managing wildlife
populations, given current threats and future impacts of climate change. In Phase I, we carried
out a collaborative study to improve understanding of how marsh habitat will change in the
future within the San Francisco Estuaiihe first phase examined geomorphological change
with respect to a series of scenarios designed to address key uncertahpysical processes

in the future The uncertainties addressed the wide range in current estimates désehbrise

(0.2 m to 2m over 100 years; IPCC 2007, Vermeer and Rahmstorf 2009) and the poor
understanding of whether marsh accretion can keep pace with risindesets (Craft et al.

2009, Kirwin and Guntenspergen 2009) by examining different projectioristioe sediment
supply, and sedevel rise using a dynamic sediment accretion model. Results indicate that tidal
marshes can keep pace with high rates of-kaael rise(1.65m by 2110if there is a sufficiently

high supply of suspended sediments (Stralberg e2@l1). With intermediate to low sediment
availability, marsh sustainability is highly dependent on the rate ofeses rse (Stralberg et al.
2011). Anincrease in the overall area of marsh habitat was projected for the low SLR (0.5 m/
century) scenarios. Projections of mid and high marsh loss for the high SLR scenarios ranged
from -16% t0-93%



The next two phases of the project consider the dir@atl indirect impacts of climate change

on plants and birds in the tidal marsh habitat of the San Francisco Estuary. In Phase I, reported
here, we modeled the anticipated future distribution of key tidal marsh plant species and the
distribution and abundace of focal tidal marsh bird populationas well as conservation

priorities for specific tidal marshes in the context of our findingsis builds directly on the
geomorphc modeling framework and results described above ($#ajet al.2011), and

consders the same range of scenarios regardinglseal rise, sediment supply. Phase I,
currently under way, is to consider demographic impacts of climate change, such as impacts of
inundation on annual reproductive success or ewenter survival, and bids on the current
modeling results regarding distribution and abundancethe future, we hope to expand our
analyses to other species, including shorebirds. We also would like to incorporate the results of
dynamic sediment transport models to more ratitally model the interaction between

mudflats and tidal marshes.

In Phase II, wlocused on five tidal marsh bird species: Clapper Rail, Black Rail, Common
Yellowthroat, Marsh Wren, and Song Sparrow. Each species is-eoyadrresident and is
dependet on, or strongly associated with, tidal marsh habitat (Goals Project 2000). All but the
Marsh Wren are species of high conservation concern. Two species are rails; the California
Clapper Rail subspecid?d]lus longirostris obsoletus a Federally Eadgered species and a
focus of the USFWS Draft Recovery Plan for Tidal Marsh Ecosystems of Northern and Central
California (2009) while the California Black Rail subspdasrélius jamaicensis coturnicujus

is a California Threateneg@eacies. The otr three species are tidal marstssociated

songbirds two of which are California bird species of special concern (Shuford and Gardali
2008) TheSong Sparrow has three subspecies that are endemic to the San Francisco Estuary
tidal marshesNlelospiza meaddia pusillula, M. m. samuelis, and M. m. maxiltaMsrshall and
Dedrick 1994), while the Common Yellowthroat has one subspecies endemic to the Estuary, the
G{Frtad YINBRK / 2YGéiflypjs BichasBigudE&aTHE [these spécies are critical

to considerwhen evaluating the impact afeveral multimillion dollar restoration projects

which arecurrentlyplanned or ongoing Wealso choséhese five focal species because of
extensive Estuarwide population studies, dating from 1996 (or earlin the case of the two

rail specieyto the present, conducted by PRBO and partners. Detailed information regarding
distribution and abundance of these species is available for the last 5 to 15 years.

Specific Goals

Our overall goalith this projectis to help ensure the conservation of San Francisco Estuary

tidal marsh habitats and the birds and other wildlife dependent upon thgnevaluating the

threat posed bysealevel rise, changing salinity, and other climate change relatadlitions.

Phase lbf our project (reported here) was designed to (1) assess the potential effects of

climate change on tidal marsh habitats and bird populations, (2) identify priority sites for tidal
marsh conservation and restoration, (3) develogeadily updatableveb-based mapping tool

for managers to interactively display and query results, and (4) communicate conservation
priorities to management agencies, conservation organizations and the public. This report deals
explicitly with goals 1 and 2 above. Goal 3 has lmmnpleted and the results from Phase | and



Il are available onlineMww.prbo.org/sfbaysly. Goal 4 is ongoing and includes demonstrations
and presentations given to government agencies,-poofit organizatons and scientific
meetings (see list of presentations given in Appendix 1).

To achieve goals 1 andwe accomplishedhe following objectives:

(1) Develop predictive models of focal tidal marsh plant species for current distribution
Estuarywide, and inferfuture distributionsusingan available set of physical variables
that includes elevation relative to tidal inundation and salirfifgble 1 Table 3

(2)5S@St 2L LINBRAOUGAGS Y2RSta 2F F2O0ldd GARIE Y
abundanceEstuarywide, and infer future distributiongysingan available set of physical
variables, comparable to that used for plant modeling.

(3) Using the maps of predicted tidal marsh species abundaaodthe landscape in terms
of conservation priority given current and future tidal marsh ecosystem conditions.
These maps can be used to evaluate where tidal marsh habitat is resilient to fatare
level rise and remasnas high quality habitat for tidal msin species. They also can be
used to prioritize proposed restoration projects with regards to their resiliency to the
effects of sea level rise.

10
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Table 1.Combinations of future scenarios used for projecting the distributions of tidal marsh
habitat, vegtation and tidal marsh birds. The values for the high and low sediment
concentrations varied by study subgions. The low and high sével rise scenarios predict
0.52 m and 1.65n of sealevel risefrom 2010 t02110, respectively-or locations and egnt of
sub-regions, see figure T.he values for each striegion were based on field data and expert
opinion where data was unavailable (Stralberg epall1)

Sediment
Concentration
(mg/L)
SubregionName Low High
South Bay 150 300
Redwood City 50 150
Hayward 50 150
San Francisco 25 100
Oakland 50 100
South Marin 25 50
East Bay 50 100
North Marin 100 300
Pinole 50 150
Petaluma River 150 300
San Pablo North Shore 150 300
Napa River 100 150
South Suisun 150 300
SE Suisun 25 100
SuisunMarsh 25 100

11



METHODS

Study area

Our modeling efforts included the entisgea of suitable current or future elevation for tidal
marsh habitat irSan Francisco Estuary, including Suisun, San Pablo, and San FBayssco
(Figure 1)Weused the USGisational elevation dataset (NED) delineate upland boundaries

for our modeling The upper limit was defined dise 15.2 m (56ft.) elevation contarr line plus

a 100m horizontalbuffer to account for error in th&ED, resulting in a total studyea of yst

over 186,000 haBird and vegetation wdeling was restricted exclusively to tidal marsh habitat
as we did not have survey data incorporating vegetation or bird distributions in mudflats or
upland areas. Vegetation and bird survey sites were locatéidahmarshes throughout the
NEIA2yTX SEGSYRAY3I & FIN dzLJAGNBLIY a . NRoyQ&
Joaquin Delta (Figure 1). Sites, and survey locations within sites, were selected to sample the
range of environmental conditions wdti occur throughout the Estuary in this habitat type.

Biological parameters

Survey methods

Vegetation was sampled at point count station locations (see below), with mature marshes
sampled once every three to four years and younger marshes sampled mqueiiy (Spautz

et al., 2006). Fifteeplantspecies were selected for initial modeling based on their prevalence
in our surveys and their hypothesized importance in tidal marsh systems. Species modeled
were: Distichlis spicat#ésalt grass)irankeniasalina(alkali heath)Grindelia strictggumplant),
Jaumea carnosgaumea), Juncuspp. (usheg, Lepidium latifoliun(perennial pepperweed),
Phragmites australifcommon reed)Sarcocornia pacificgpickleweed) Schoenoplectus acutus
(tule), Schoenopldas americanugthree-square bulrush)Schoenoplectus californicus
(California bulrush/tule)Bolboschoenus maritimyalkali bulrush)Spartina foliosgPacific

02 NR 3 NILJ& AIvEcY épécifically refers to the hybrid between noative Spartina
alterniflora(smooth cordgrass) and oth&partinaspecies, and'yphaspp. (cattail).
Presence/absence was scored as 1 if percent cover was greater than zero, and zero otherwise.
Predictive models were developed for all fifteen species. We then chosespigbies for
presenting detailedesults, based on a combination of predictive performance of the statistical
model and our assessnt of ecological importance.

Surveys for Clapper Rails required a specialized survey mdthoat @l.2009); these datavere

available from 2005 to 2010. All six years of survey data were used in the bird mddetimg

speciedo provide alongi SNY | @SN 3S FT2NJ aOdzNNBy (¢ RA&AGNRAO
conducted at multiple survesitesin each marsh (1 to 2lusvey points per site; median =5

survey pointy. Each survey point location was visited multiple times during the breeding

season, from midlanuary to mieApril. See Liu et al (2009) for more details on protocol and

data handling

12



Figure 1San Franciscastuary tidal marsh regions (Suisun, San Pablo, and San Francisco Bays)
andaviansurveysitesused in the analysi®r Clapper Rail and for the other four tidal marsh

bird speciesEachClapper Ra#urveysite contained 1 to 21 individual point countdations

(median = 5 points); each tidal marsh bird survey transect contained 1 to 17 individual point
count locations (median = 8 point$olygons indicate study stregions which individually
prescribed suspendedediment concentrations (Table 1).

S

e  Survey sites
E Study sub-regions

South Bay |
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Methods used for Common Yellowthroats, Marsh Wrens and Song Sparrows are described in
Spautz et al. (2006) and Stralberg et al. (2010). More detailed information on surveys for these
species and the survey methods for Black Rails are available in Lil@0&). (For these

species, we used the most recent 10 years of survey data, i.e., 2000 to 2009, to provide a long
GSNXY | @SNI 3S T2 N DetoanMBe/fiom théokeadinglJeasamijodAVRrghd

to end of May, excluded juveniles, and were Wit 50m radius of the point countenter

(Spautz et al. 2006). Most points were visited twice per year, rarely three or four times.

Analysis of bird survey observations

An important aspect of the Clapper Rail survey data is the large number of zetbes in

dataset, due to absence of the species at a site or low probability of detection during a survey
64SS GoadAYFdAYy3a ' 0a2ftdziS ! 60dzyRI yOS¢ aSoOitArzy
sites around the Bay for reasons not captured by the set of ¢atesrin our models. For model
fitting, therefore, we only used sites with detections in any survey point and any survey year,
thus ensuring that only sites where the rails are known to occur were included in the sample.
Thus we did not makpredictionsfor Suisun Bay (i.e., there were no surveys in this area that

met the criteria). Filtered this way, the dataset still included points where the species was never
detected, and numerous visits to points where no bird was recordibd.filtered dataset (Table

2) included 5,603 records of visits to points that were collapsed into 1,811-peartrecords by
taking the maximum number of detections at a point each year. That is, the number of point
year records is the sum across all years of all points inclundéet sample. If tape playback

was used in any visit to a point within a year, the record for the point that year was attributed

to indicate tape use. We considered the maximum number detected to be a better measure of
true abundance than the mean numbelue to the difficulty in detecting this secretive species

(Liu et al. 2009)

For the other four tidal marsh bird species, survey data spanned years 2000 to 2009. The
prevalence and probability of detection of these species was adequate for inclutinegaids
from all sites surveyed, regardless of the history of detections of the species at tljexsiept
black rai] seebelow). The summaries of numbers of records and detections, number of points
and sites surveyed for each species are shown ifeTabAs with Clapper Raig used the
maximum number of detections per point per ygarmodel the abundance of each species

Black Rails have not been found during our surveys within the San Francisco Bay (but they were
present in San Pablo and Suiday9; they have widely been reported absent as breeders in

San Francisco Bag.g.,Evens and Nur 2002). Therefore we developed models without

including the surveys fdhe latter region and our models are summarizaccordingly

However, we include extpolations in our maps to illustrate potentially suitable habitat for the
species. We note though, that projections in the San FrancisctoB#ys specieshould only

be interpreted ageflecting habitat suitabilityand not as the probability of occurrea.

14



Table 2 Sampling effortsummary of: poinyear records, poinyear detections and poirgear
absencesgetection probability, andatio of maximum count tanean count for bird species included in
models.

#point-yearrecords Max
#sites (sum of pointyear Detection count/Mean

Species (#points) detectiong#zeroes)  probability count
Black Ralil 36 (455) 1,424(366/1,150) 0.06 NA
Clapper Rail| 85 (536) 1,811 (1,260/1,183) 0.10 NA
Marsh Wren| 51 (560) 2,238 (3,397/1,140) 0.31 0.76
Common 41 (447) 2,238(1,131/1,579) 0.30 0.66
Yellowthroat
Song 66 (627) 2,238(9,705/95) 0.29 0.79
Sparrow

Physical Parameters

Physical variables were initially selected for inclusion in the models based on previous work
modeling tidal marsh habitat chartristics (Stralberg et al, 201and other published studies
(Spautz et al, 2006, Stralberg et al. 2008tson and Byrne, 2009, Table3). We were limited to
variables for which data were available throughout the Estuary and which would also be
available ér modeling future scenarios. Distance values were calculated using Euclidean
distance in ArcGIS 9.3ESRI 2009)nd based on layers found $an Francisco Bay Area
EcoAtlas (San Francisco Estuary Institute 1998

Elevation

Initial elevation and layers diwed from elevation were primarily based on Light Detection and
Ranging (LIDAR) remote sensing data contributed by USGS (Knowles5t28lb@rg et al.,

2011). The LIiDAR data had aBspatial resolution with a + 3 cm vertical accuracy. The
NAVDB88 veical datum of the LIDAR data was converted to @aHigher High Water (MHHW)
reference level using NOAA tidal gauge and benchmark data. Derived elevation layers such as
slope and standard deviation of elevation were all calculated in AlRGIS ESRI2009).

Future marsh elevation layers were based on models of tidal marsh accretion (see alase, Ph

I; Stralberg et al. 20)Jand for each future scenario new derived elevation layerduding

mean slope in a 50 m radius circle, proportion of highd amd low marsh habitat and marsh
elevationstandard deviationwere calculatedd a F NAE K St S@F A2y NBt I GASS
analyses was characterizedtwo ways:as the majority or mean ofalues for all pixelwithin

the 50 m radius of the center pdionf each 50 m x 50 m grid cell). Mean percent rise (slope)

was calculated in ArcGIS 9.3.1 based on the elevation layer for a given scenario.

Sealevel Rise Scenarios

We chose two nonlinear sdavel rise scenarios based on guidance provided by the W§ Ar

Corps of Enginee(®\COE2009, which recommends scenarios modifying curves proposed by

the National Research Council to extrapolate intermediate and higtesehrise scenarios

Oabwd | yRL&EBE/ NBAaLISOUABSt 0D ¢CKSAS -@geISy | NA 2 a
rise over he next century, with most of this change occurring within the second half of the
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century. These rates are similardther recent estimategRahmstorf 200/Vermeer and
Rahmstorf 2009

Table 3.Abbreviations used and units of measurement for physical parameters included in
models. Alsandicated (constantis whether the parameter was allowed to vary by time
interval in future projections.

Constant
Variable Abbreviation Units variable
Practical Salinity Units
Mean gring salinity sprsalin (PSU) No
Practical Salinity Units
Mean simmer salinity sumsalin (PSU) No
Mean marsh elevatiofrelative to
MHHW) mhhwl0mean Meters No
The most frequent marsh elevation ir
the cell(relative to MHHW) mhhw10maj Meters No
Standard deviation dilHHWmarsh
elevation mhhwsd Meters No
TidalRangg=Difference between
MHHW and MLLW meanhhw Meters Yes
Highmarsh 0.2 mto 0.3 m) proportion mhhwhigh Proportion No
Mid-marsh (0.2 mto 0.1m) proportion mhhwmid Proportion No
Lowmarsh (0.5 mto -0.3 m)
proportion mhhwlow Proportion No
Mean slope slope Percent Rise No
Percent of area that is channels channelpercent Percent Yes
Distance to edge of bay distbay Meters Yes
Distance to nearest channel distchan Meters Yes
Distance to nearest levee distlevee Meters Yes
Distance to nearesirban area urbdist Meters Yes
Salinity

Maps of current mean summer salinity were calculated based on a spatial interpolation of
salinity observations throughout the bay. Observation at point locations were spatially
interpolated to a 50 m x 50 m grigsing local polynomial interpolation in ArcGIS 9.3.1.-1&#ér
(20002099) salinity projections for 50 bay segments and delta outflow valees obtained
from the USG®Cloernet al, 2011) These alinity simulations were run as part of tli@ASCaDE
project. We used daily salinity projections based on @eophysical Fluid Dynamics
Laboratory (GFDIgeneral circulation model for two emissions scenariBg: (low) and A2
(high). Because the SLR assumptions used in the salinity simulations weredrad2@C
projections, they did not match our more recent estimates from NRC Thus we had to adjust

! The CASCaDE project is a United States Geological Survey led effort funded by the CALFED science program aimed
at determining how multiple drivers of environmental change would interact to change ecosystems targeted for
restoration, http://cascade.wr.usggov/index.shtm
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the salinity projections to match the NRC projections (NB&@ NRdIl). To accomplish this,
separate regression models were developed for each bggnsat and for each emission
scenario (B1 and A2), in order to separate the effects of SLR and delta outflows (a function of
precipitation) on dailysalinity values. Linear regression modekyevspecified as Salinity = (beta
1)* SLR x (beta 2peason theta 3)*net delta outflow. Seasons were defined as consecutive
three month periods, with spring defined as March, April, and May and summer defined as
June, July and AugusRegression models were then used to predict daily salinity for theINRC
and NR@Il SLR trajectoriesThe lowerend (NR&) SLR projections were based on models
developed from lower emission (B1) salinity projections; fagh (NR@Il) SLR projections

were based on models developed from higher emission (A2) salinity projectionsvéladg

were averaged over seasons andy&far time periods to match our marsh elevation
projections.Differences between current and future scenarios were calculated by taking the
difference between the current layers and future projections. The diffeeengere then added

to the current layer to obtain future salinity projections which retain the spatial patterns of
current salinity in theEstuary

The effect of salinity on vegetation and bird distributions was hypothesized to be most extreme
during thespring and summer seasons. Therefore, only these two seasons were included in the
models. For vegetation models (see below), only summer salinity was included; summer salinity
waspresumedto have a more direct influence on vegetation distribution, andrgpand

ddzYYSNJ alfAyAGe 6SNBE KAIKE&@ O2NNBtFGISR ot SI N&
considered both salinity variables; whichever salinity variable had more relative influence in

initial exploratory models was retained for final modelddaionally, bird models included bay

region and observationyeaf 2 RSt SR | & & T laiOnb@NIduded a factor fardLIS NI w
whether a tape playback was used during the surwéie did not use the predicted presence of

any particular plant species the bird models, because these presence data would originate

FNRY (GKS LI Iyd aLSOASaQ LINBRAOGAGS Y2RSftfa | yR
used in the bird models. Thus, the effect of the plant species on the bird species presence or
abundarce is captured by the physical covariates in the bird models.

Some variables were assumed to remain unchanged across future scenarios. We assume that
the location of levees and urban areas will remain largely unchanged so the distance to levee or
urban ares variables remains constant. Because we have no projections for how channels will
change in the future or how tidal range will change we make the simplifying assumption that
that distance to nearest channel, channel percent and tidal range will not ehiartge future.

Distribution and Abundance Models

Vegetation

To arrive at a candidate list of models, we initially created generalized additive models (GAMS)
(Hastie et al. 2001) with cubic spline smoothers and penalty parameters with 4 degrees of
freedom following the default parameterizatioof the gampackage in Rtatistical softwargR
Development Core Team, 2010). We evaluated all possible combinations of predictor variables
and included interactions between summer salinity and the majority elematiithin 50m

radius, thus allowing the effect of salinity to vary with location within a marsh. All models were
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ranked according to the Akaike Information Criterion (AIC) and all of the highest ranked models
within 2 AIC units of the top model (model tvilbowest AIC value) were retained for further
analysis (Burnham and Anderson 1998).

We made final species distributiongjections based on the model averaging of a bootstrapped
ensemble of all retained candidate models to avoid efitéing to a single model (Hastie et al.
2001). Ensembles were created by running 50 ksitdp iterations of each selected model per
species to furtheavoid oveffitting (Efron, 1983). All iterations used a haldt (20%) of the

survey data to calibrate the model, with the remaining 80% split at random intood&%of-

bag and 5%din-bagg samples in each iteration. Projémhs from each iteration andelected

model were made for the entire San Francisco Estuary. A final ensemble prediction was made
by taking the weighted average of all selected model iterations, where weights were based on
deviance from crossalidation of each model in the ensembleaatst the holdout set. Model
projections represented the weighted average probability of occurrence across all selected
models and bootstrapat each grid pixelThe same models were projected to simulated future
environmental conditions for all scenariaad time periods.

Birds

Tidal marsh birds were modeled using boosted regression trees (BRRi et al. 2008BRTs

have been shown to be less prone to o¥ting than standard classification and regression
trees and have better predictive performance than other statistical algoritfiEhith and

Graham 2009)They also have theenefit of implicitly incorporating interactions into

predictions and fit nodinear responses. We used BRTs rather than GAMs because we
hypothesized that the relationships between bird occurrence and physical variables would be
more complex than is the sa for vegetation and, if so, BRTs are more efficient at selecting
more complex models from a high dimensional space than GAMs.

BRTs require the specification of three important parameters which determine the complexity
of fitted models: tree complexitgnumber of interactions allowed)earning rate and number of
trees. Fitting the BRT model requires the appropriate choice of all three parameters to
maximize its predictive ability while reducing the likelihood of efitting on the training

dataset (Hth et al. 2008). For each species, we tested all possible combinations of models with
tree complexities of 1 to 5 and learning rates of 0.01, 0.005, and 0.001. The optimal
combination of parameters was selected based on the predictive deviance usinigld £6oss
validation of the models and the final number of trees fit. More trees with smaller learning
rates tend to lead to more complex models. Therefore, optimal models were those which had
the lowest predictive deviance with the smallest number ek and with the highest learning
rate.

We modeled predicted presence/absence in the surveyed area using BRTs with binomial link
function fit to the entire dataset. We then predicted the probability of occurrence of the
species in tidally influenced arearound theSan Francisco Estuarging these models. Areas
that are not currently vegetated but are going to be affected by-les@l rise are included in all
model yearsincluding the presentso current predictions may be unrealistar some areas

such as young restoration sitgthat have the physical characteristics of suitable habitat but do
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not yet support mature vegetation. We also created binary presence/absence maps using a
threshold value such that each cell was assigned either O (absebtjpoesent), depending on
whether it exceeded the threshold value. For Clapper Rails we chose a low threshold value (0.1)
due to the low predicted probably of occurrence throughout the Estuary. For all other species
the threshold used was the species priarace in the survey dataset (Liu et, 2005).

The accuracy of distribution models under current conditions was assessed by calculating the
area under the receiver operating characteristic curve (AUC); AUC ranges from 0 to 1 and
measures the ability of model to discriminate presence from absence across all possible
thresholds of the predicted probability of occurrence. An AUC value of lindicates that a model
has perfect discrimination, while an AUC of 0.5 means a model discriminates presence from
absenceno better than random. AUC < 0.5 means that a model discriminates presence from
absence worse than random. The sensitivity of each species to future scenarios was evaluated
by calculating the mean probability of occurrence throughout the bay under eactefu

scenario.

The goal of our study was to evaluate the sensitivity of species distribution to different future
scenarios, not to test hypotheses about the correlations between biophysical variables and
species occurrence or abundance. Even so, we wéeeeisted to know the relative influence of
each variable in the final model. The algorithm wedisstimates this relative influence by

taking the number of times a variable was chosen for a split in a tree, weighted by the squared
improvement to the modeattributed to the spit and then averaged across all trees (Elith et al.
2008) so that the influence of all variables in the models sums to 100%. Additionally, we
generated partial response curves for each predictor variable in presence absence models by
making predictions from the binomial boosted regression tree model to each environmental
variable while holding all other variables at their mean value.

The number of detections per survey per ha was used as a measure of relative abundance (Nur
et al. 199). This variable was modeled using the log transformed maximum counts at a survey
point from each survey year, with a Gaussian distribution of residuals. We then used the
predicted presence/absence layer as a mask, such that abundance was predictéat aelis

for which presence was predicted for that cell (i.e., above the threshold value). Thus,
abundance was predicted conditional on the BRT predicting that the species was present in that
cell. The total abundance of the Estuary was estimated byngdhe predicted abundance

across all tidal marsh cells in the San Francisco Estaféey correcting for the difference

between the area surveyed at each point and the cell size (details helow)

Analysis of observations of individedletected during avian surveys can be used to predict
relative abundance and presence/absence for each species. However, in order to predict true,
absolute abundance we needto estimate the probability that a species was present during a
survey but wasot detected (Buckland et al 1993; Thomas et al 2009, Royle et al. 2005). To do
so we discriminated between true zeroes (points where the species was never detected
because it was absent) and apparent zeroes (points where the species was present baot was n
detected). To correct for apparent zerog®.,to account for probability of detectigrwe

developed a detection correction factor. For Clapper Rails, we used the maximum counts per
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three visits to a point each year to fit a simple mixture modet thaludes a probability of

detection parameter and a single count (Poisson) parameter (Royle et al. 2005). The estimated
probability of detection is with respect to three visits to a point. Detection at two visits out of
three implies failure to detedhe individual at one of the visits, though it was presumed

present. For Marsh Wren, Song Sparrow, Black Rail and Common Yellowthroat, there were
enough detections in single visits to fit a mixturedel that estimated the probability of

detection for a s1gle visit for these species. In this analysis, zero detections is considered a
mixture of true zeroes (species absent) and false zeroes (species present, but not detected). A
single individual detected could mean that there was only one individual ptesehat more

than one individual was present but only one was detected. We used the inverse of detection
probably as our correction factor.

To estimate total absolute abundance for a species, we scaled the predicted relative abundance
per surveyed areto fit the area of the prediction cell (50 m x 50 18)ncethe area of a cell is

50 x 50 m, and the area surveyed by a point with limit detection radius 50 m is (50 x 50, m) x PI
the scale parameter is simply 1/PThescaledestimate was then correctefor the estimated
probability of detection for the species (see above). Finally, for the three songbird species, we
adjusted maximum detections per visit to take into account es@unting because of double
counting of individuals, and counting of traasts. For Song Sparrows, Common Yellowthroats,
and Marsh Wrens, we determined the ratio of maximum counts per visit to mean counts per
visit, and corrected the maximum count by the ratio of mean to maximum counts per visit

(Table 2)Detections of the tw rail species were rare, and so no adjustment was necessary.

Landscape Prioritization

We used the conservain planning software Zonatiofv.3.0;Moilanen 2007}o prioritize all
current and future potential tidal marsh habitat in the San Francisco EsfliheZonation
algorithmcreates a hierarchical ranking of the landschpeteratively removingixels from the
landscapébased on their biological value &l species under consideratioilere we uséthe

core area Zonation removal rule where at each iteration, the algorithm minimizes the loss of
the species with the smallest proportion of its distribution remaining thereby retaining core
areas for all specigdloilanen 2007)Maps of predicted bird densities for each time period and
scenario were included aeparated 4 LISOA S&dé Ay (GKS Fylfeara &z
through time and for different future scenarios are considered for evalugfitlomson et al.
2009) We used maps of the standard deviation of the predictions for sgelties across the
four future scenarios for each time period to discount predictions and account for uncertainty
in future predictions in the Zonation rankirfiyloilanen et al. 2006)-or example, the standard
deviation of predictions for all Song Sparrow maps at 2050used to discount the predictions
for Song Sparrow for each scenario at 208 percent of the projected abundance removed
for each species during each time period ranged from approximately 5% to 45%.

To assess the effects of not considering future-le@@l rise, we consider two Zonation

solutions: 1we only include thecurrent maps of predicted abundance for each species in the
Zonation analysis and 2. We include both current and fuprogected abundances in the

Zondion solution. The difference in the two maps illustrates how prioritization of the landscape
might chamge as we consider the habitat changes that could result from futurdese rise.
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To determine the costs of not including areas in the Zonation solution which are currently
blocked from tidal action by levees waegratedtwo separate Zonation analyseEhe first

analysis treatd all current andpotential future tidal marsh areas as available, regardless of
whetherthey arecurrently behind levees. The second analysis forced Zonation to remove areas
behind levees first in the hierarchical prioritizatiohthe landscape. The difference between

the two analyses provides an indication of tleplacementcosts of not including areas behind
levees in the optimal solution and highlights areas that could have the greatest biological
benefits if restoration wasgmplemented(Moilanen et al. 2009)

The repl@ement ct analysis above illustrates the value of individual pixels across the
landscape. However, restoration projects are implemented at the site level where a levee might
be breached to restore a given area that might contain pixels with both highoand

replacement cost values. We ran two additional Zonation analyses to rank realistic restoration
scenarios proposed or in progress throughout the San Francisco Estuary. For this analysis we
obtained GIS polygons of existing and proposed restoratioreptejfrom theSan Franciscoay

Joint VentureWe included all available polygons where there was overlap between the

polygon and our model results. In some cases, the polygons for restoration projects were not
included because there was no LIDAR datalaig at the site or the elevation at the site fell

below the range which we modeled. We excluded any project that was less than one hectare or
where only one hectare or less of the project overlapped with our model reduitslandscape

was prioritized asuming altestoration projects were implemented in the first analysis and

then forcing the pixels within restoration sites to be removed first in the second analysis
(assumes no restoration projects are implemented). M used an area weighted sum

rank each project polygon for its restoration value for tidal marsh lokas the next century
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RESULTS

Online Decision Support Tool

Projections for all species modeled and tidal marsh habitat under current and future scenarios
are available for viewimonline fwww.prbo.org/sfbaysly. The tool is meant to be used to evaluate
management decisions given the range of-tmael rise and suspended sediment scenarios we
tested. Because future projections of skewelrise and sediment availability in the San
Francisco Estuary are highly uncertaue, feel that a sensitivity analysis incorporating the
uncertainty in future projections will enable robust decisions for planning fofleesl rise and
climate change impds. Therefore, we stress that the maps and population projections we
report should not be interpreted as a precise estimate of what the future may bRatger,

the user is encouraged to compare the responses of locations/regions or species across our
scenarios to assess what the possible impacts are across all scenarios.

We have designed the tool so that it can be easily updated as new information becomes
available. A new seamless two meter digital elevation model based on recently acquired LIDAR
data isscheduled tdoe availableduring the summer of 2012. We plan to update our results

with this data when it is available. Additionalhew projections for sedevel rise, salinity and
sediment availability are also expected to become available and we intend to update our tool
with this datawhenever possible.

Physical Variables Models

Detailed results from tidal marsh elation modelingare provided in Stralberg et ak2011).

Here weprovide brief summaries of the elevation and salinity projections to aid in the
interpretation of vegetation and bird distribution modeling. We report on the changes of
elevation at the scale of our vegeian and plant survey areas (50 m radius circle). In particular,
we focus attention on changes in high marét2(mto 0.3 mwith respect to MHHW), mid

marsh ¢0.2 mto 0.1m) and low marsh@.5mto -0.3 m).

Our models project that tidal marsh habitat ihlave a dynamic response to sieael risein

areas where tidal action is not obstructed by levedader low rates of sekevel rise marsh
accretion allows marshes to keep pace with increasing sea levels, particularly in areas with
sufficient suspendedesliment concentrations. However with high rates of geael rise

combined with low suspended sediment concentrations, large proportions of tidal marsh are
converted either to mudflats or sutidal areasFor the low sediment high sdavel rise
scenariowe project 93% of the amount of mid marsh and high marsh habitat currently present
in the estuary to be lost b2110 (Stralberg et a2017).

The mean amount of low marsh habitat occurring in the San Francisco Estuary is projected to
increase from current levels for all scenarios except for the high sediment/low SLR rise scenario
(Figure 2a). Currently low marsh habitat comprises, on averageit dl©@%oof the 50 m radius
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around our bird and vegetation survey locatiqifsgure 2a). For the high séavel rise

scenarios, lownarsh habitat is projected to cover on aage between 4&5% of tidal marsh
areain San Francisco Bay by 2080dup to 60%of the area in San Pablo Bay for the low
sediment/high sedevel rise scenario for 2090 (Figure 2a). This increase in the proportion of
areaspredictedto be low marsh habitat in the future goes well beyond the range of what we
observe inthe San Franoi® Estuary today. It is likely that these low marsh areas will either
erode to mudflats or continue to increase in elevation depending on the specific physical
characteristics of the site. However, our one dimensional model does not incorporate these
dynamnics. Thusur vegetation and bird distribution models some cases musixtrapolate
projections to novel conditiongvhich may be unlikely to actually occur in the future

Future projections for mighmarsh habitat vary greatly with respect to each of thersrios we
tested. For all scenarios, midarsh habitat increases by 2030 across all bay regions (Figure 2b).
The increase in micharsh habitat is due tanarsh accretion which is able to outpace the
increases of sea level from either sleael rise scenani We project the proportion of mid

marsh habitat to remain above current levels for all scenarios except the low sediment/ high
sealevel rise scenario across most of testuary(Figure 2b). We also project the proportion of
mid marsh habitat to declinander the high sediment/ high sdavel rise scenario in Suisun

Bay due to the relatively low sediment values prescribed in the model within thisegidn.
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Figure 2 Current and projected future mean lemarsh (a)mid-marsh (b)and highmarsh (c) for each 20 year period between
2010 and 2110 within San Francisco Bay (SF), San Pablo Bay (SP) and Suisun Bay (SU). Future projections are given for each
combination of high/low sediment (sed) and high/low-$&eel ise (SLR) scenario combinations
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b. Mean mid marsh
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c. Mean high marsh

SF su sp
o o o
S [ [
o o o
| Current | Current Hl  Curent
[ ] Sed high/ SLR high [ ] Sed high/ SLR high [ ] Sed high/ SLR high
= Sed high/SLR low = Sed high/SLR low = Sed high/SLR low
[ Sed low/ SLR high [ Sed low/ SLR high [0  Sedlow/ SLR high
Bl Sedlow/SLR low Bl Sedlow/SLR low Bl Sedlow/SLR low
w w w
S | S | S |
C C C
=] i=] =]
= = =
o o o
o o o
(=] (=] (=]
3 o 3 o 3o
c < c < c <
=] [Z =] [ =]
© © ©
E E E
=y =y =y
o o o
T T T
w w w
o D - D -
o o o
o ‘:l ‘:I ‘:I ‘:I = = i:l I:l ‘:I ‘:I H
S .. . . S .. . . S .. . .
° 2010 2030 2050 2070 2080 2110 ° 2010 2030 2050 2070 2080 2110 ° 2010 2030 2050 2070 2080 2110
year year year

26



Under all scenarios, high marsh habitat is projected to decline throughout the San Francisco
Estuary by 211Although the declines in high marsh habitae greatest for the high sdavel

rise scenarios, there is not as much variaticnogs scenarios as the mid and low marsh
projections. However, high marsh may be undepresented under low sekevel rise and/or

high sediment scenario projectionghis is because thaarsh accretioomodelwe useddoes

not take into account geomorphic processes within the marsh plain that produce heterogeneity
within a marsh. Stochastic events such as extreme tidessormsmay deposit material on the
marsh plain eatingadditionalhigh marshhabitat but the model does not simulate these

events

Currently there are approximately 7,500 hectares of potential tidal marsh habitat that are
restricted from tidal action by levees (Table 4). In all scenarios, excepigheseaevel rise

low sediment scenario, the amount of potentially restorable habitat by removing levees
increases from 2010 levels by 2110 (Table 4). With high suspended sediment concentrations,
we found that theamount of potentially restorable marshes increases by over 250% by 2110
with a high sedevel rise scenariddowever, under a low sediment/ high séevel rise scenario,
the amount of restorable habitat decreased by approximately 20% (Tablénd$e resits
indicate thatrestoration efforts could substantially increase the availability of tidal marsh
habitat by 2110 but sediment supply may need to be actively managed to ensure that
restoration is resilient to high sdavel rise scenariosAdditionally we found that restoration
could allow marshes tmigrate into currently upland habitat further increasing the available
tidal marsh habitat by 2301 ha and 6,958 ha for the high and loweses rise scenarios
respectively by 2110 (Table 4).

Table 4.Area fa) of current and potential futurédal marshhabitatand upland areas
reclaimed,under different sedevel rise and sediment availability assumptions for San
Francisco Bay. To demonstrate restoration potential, the potential future marsh area for
currertly diked lands reflects the assumption that all barriers to inundation are removed in
2010. Suspended sediment availabilBs{Chigh and low assumptions vary by Bay subregion.
Sealevel rise (SLR) assumptions were developed by the National Researahl Qow = 0.52
m/century; high = 1.65 m/century).

Current Land Low Mid High Total Uplands
Year Scenario Status Marsh Marsh Marsh Marsh Reclaimed
2010 Current Diked 3,041 3,360 1,109 7,509 -
SSC High/SLR
2110 Low Diked 6438 25,173 888 32,499 2,301
SSC High/SLR
2110 High Diked 5759 12,971 670 19,399 6,958
2110 SSC Low/SLR Lc Diked 6240 10,485 888 17,613 2,301
SSC Low/SLR
2110 High Diked 2767 2,608 670 6,045 6,958
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In general, salinity is projected to increase throughout 8s. Franciscastuary However, the
future salinity projections for 2030 are lower than or equal to current levels in both summer
and spring (Figure 3) except for summer in San Pablo Bay (FiguBegand 2030, alinity

increases from current levets a greater degre for the high sedevel rise scenario thafor the
low sealevel rise scenario.
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Figure 3.Current (2010) and projected future mean summer (a) and spring (b) salinity for each 20 year period between 2010 and
2110 withintidal marsh areas withisan Franct Bay (SF), San Pablo Bay (SP) and Suisun Bay (SU). Future projections are given for

high and low sedevel rise (SLR) scenario combinations.
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b. Mean spring salinity
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Distribution M odels

Vegetation

Each vegetation gies final distribution was modeled through a suite of 1 to 14 top candidate
models(Appendix 2). Aimost all of the top models included summer salinity. Distribution
models had good to excellent predictive accuracy across all species, with AUQ beatgyieen
0.78 and 0.98 (Table)5 Nine of the fifteen species modeled had AUC > 0.90 (excellent
discrimination of presence from absence).

To summarize the estuary wide effects of environmental change on the distributions of
vegetation species, we repiothe mean probability of occurrence throughout the estuary
projected by our modelOur models project that plant species will have individual species
specific responses to sdavel rise (Figure 4). For examlee mean probabilityof occurrence
of Sacocornia pacificancreasafrom current levels acrossimostall scenarioswhilewe
project Schoenoplectus acutts decreaseWhile the direction of thechange in theprojected
future probability of occurrence for sonspecies is sensitive to the sediment/seaelrise
scenarios (Figure 4d, lewe project most species toave the same directional responses to
the different sealevel rise scenarios, with some variation in the magnitutithe response
(Figure 4b and 4c

Some species experience overall declines from current mean probability of occurrence in most
future scenariosGrindeliastricta, Schoenoplectus acuf&partinafoliosa andthe hybrid

Spartinaall decline in the probability of occurrence throughdhbe Estuaryunder most future
scenariosHowever, we note that the hybri8partinais readily able to colonize mudflat areas,
which are not included in our projections, and thus could experience increased probabilities of
occurrence over all throughout thestuary.At the same time, species such@arcocornia
pacificamaintainor increase theicurrent mean probabilities of occurrence under most future
scenarios, particularly the high séavel rise scenariog-igure 4b)

We project theprobability of occarenceof the exotic tidal marsh species we modele¢de

hybrid Spartinaand Lepidium latifoliunto decline from current levels between 2030 and 2050
(Figures 4g and 4hAfter 2050, the models project that thmeanprobability of occurrence for
L. latifolium will remain relatively stabléhroughout the Estuarandwill remain below current
levels through 211 all scenarios excepor the low sediment/high sedevel rise scenario
which projects that the mean probability of occurrence will retuorcurrent levels by 2070 and
will remain at or aboveurrent levels through 211(Figure 4h. Projectionsof the modelunder
the low sediment/ high sealevel rise scenario show a dramatic decrease in the overall
availability of tidal marsh habitat withirug&un Bay, but what remains is primarily projected to
have high probability of.latifolium occurrence
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Table 5 Predictive model accuracy for tidal marsh vegetation species as measured by the area
under the receiving operator characteristic cudJC). AUC ranges from 0 to 1. An AUT
indicatesa modelwhich perfectly discriminate species presence from absence and 0.5 means a
model discriminates presence from absence no better than random. The most influential
variable in the model for each spies is also shown.

Most influential

Species AUC variable
Distichlis spicata 0.79 Tidal range
Frankenia salina 0.87 Summer salinity
Grindelia stricta 0.78 Summer salinity
Jaumea carnosa 0.81 Summer salinity

Juncusspp. 0.98 Tidal range
Lepidiumlatifolium 0.84 Summer salinity
Phragmites australis 0.97 Summer salinity
Sarce@omia pacifica 0.97 Summer salinity

Schoenoplectus acutus 0.96 Summer salinity
Schoenoplectus americanu 0.96 Tidal range
Schoenoplectus californicus 0.95 Summersalinity
Bolboghoenus maritimus 0.94 Summer salinity
Spartinaalterniflora 0.97 Tidal range
Spartina foliosa 0.85 Summer salinity
Typhaspp. 0.97 Summer salinity
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Figure 4.The percent change in theean predicted probability of occurrence of vegetation

species across the San Francisco Estuary under current (2010) and futizecese

scenarios. The 2 ¢ | YR KAIK @l fdzSa FT2NJ aSRAYSYyd aoOSyl N
studysubregion(Talbe 1) andsealevel rise scenarios project a 0.52m an@85m increase in

seaft SOStI 26 8REW{ [w | AIKE NBSekidintvepécsishoware Mmm n ®
Grinddia stricta(a), Sarcocornia pacificéb), Schoenoplectus acut(s), Bolboschoenus

maritimus(d), Schoenoplectus californic(es), andSpartina foliosdf). Exotic species shown are
Spartinaalterniflora(g) andLepidium latifoliun(h).
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Birds z current distributions and abundance

Clapper Rail
Probability of @currence nodels for Clapper Rail hadcceoss validated AUC of 0.73 (S.E. £ 0.01,

n = 1Q. Tidal range was the most important predictor variable (19.2% relative influence, Table
3a.) with higher probability of occurrences found in as&dth low tidal range (Figurea®. Year

was the second most influential predictor (194relative influence, Tableywith higher
probabilities of occurrence in 20e8007. Clapper Rails are predicted to be more likely to occur

in areas with higher spring salinities (19.% relativenfluence, Figurels). The models also

found a negative correlation between the mean elevation within a 50m radius and the
probability of @apper Rail occurrence (Figure)5Areas with the highest probability of

occurrence of Clapper Rails were found in the North Bay; especially around China Camp State
Park andCorte Madera
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The crossvalidated correlation between the observed and predicted density of Clapper Rails
was 050 (S.E. £ 0.0% = 10. The relative importance of predictor variables in the abundance
models was similar to the binomial models. The main difference is that mean elevation had an
increased relative importance (14.1%) in the abundance model and isimpoetant than

spring salinity (Tablebj. We estimate there are@ Clapper Rails currently in the Estuary and
that SanPabloBay has slightly more @lger Rails than San Francisco B90{s.200; Table 6).
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Figure 5Modeled relationship between (daer Rail presence/absen¢a, c) and abundance

(b) and sprimg salinity (a), tidal range (b) and mean elevation (c) while holding all other variables
at their mean values; results frorhoosted regression tree. The predicted response is scaled to
have a mean of 0.
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Black Rail

The occurrence models for Black Rails had the lowest predictive accuracy of any of the bird
species modeled with a cross validated AUC of 0.64 (S.E. £ 0.10)a¥ dlae greatest

influence on the model with considerable year to year variation in predigrobability of
occurrence (19.9% relative influence, Table 5&ypring salinity was the second most

influential variable in the occurrence modeBiack Railshowed a positive response to

increasing distance from the bay, with peak estimated probability of occurrence (controlling for
all other variables) occurring between six and tdorketers from the bay (Figure).6The

distance to urban areas had greatefluence onBlackRail predicted response as coarpd to

other focal species (7% relative inflence, Table 5a). Tidal range @.8elative influence) and
distance to channel were also influential with Black Rail occurrence predicted to be more likely
in areas with a lower tidal range and an increasing distance to channeftsh®®in and along

the Petaluma Rivethe NapaSonoma Marshemcluding Rush Ranch are all predicted to have
high probability of occurrence

The predicted response of Black Rail eoence to the proportion of low marsh was somewhat
unexpected. The BRT predicted that Black Rails would have maximum probability of occurrence
in areas with between 10%nd15% of low marsh habitat (fige 6). As expected, in areas with
between 20% to 60%w marsh habitat, the model predicts a very low probability of

occurrence. Above the 60% low marsh proportion, the model predicts an increasing probability
of occurrence, which is unexpected based on expert knowledge. There are very few areas
within the S&n Francisco Estuary currently with low marsh proportion greater than 70% and the
increasing positive response predicted by the model is based on a few, highly influential
records. Black Rails are thought to be more associated with mid to high marsht lzadulteve
suspect that the models are over predicting the probability of occurrence in areas with a high
proportion of low marsh. However, due to the low prevalence of areas aitbnsivelow

marsh proportion within the San Francisco Estuary today, iffisult to validate the model.

Black Rail abundance modelsre similar to theop five most influential variablefsom the
occurrencemodels(Table B), except that we found much less of an influence of salinity in the
abundance modelThe crossalidated correlation between observed and predicted density was
0.18 (S.E. + 0.02The models predict that 1200Black Rails occur in the Estuary (Tabld'bg
population is split with 6,00 predicted to occuin the San Pablo Bayd 5,40 predicted b

occur in Suisun (Table 6).
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Figure 6 Modeled relationship between Black Rail presence/absence and distance to bay (a),
tidal range (b) distance to nearest channgldnd low marsh proportion (dyhile holding all

other variables at their mean valuagsults from binomial boosted regression tree. The
predicted response is scaled to have a mean of 0.
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Table 6.Estimated current (2010) abundance for the five tidal marsh focal birds studied.
Abundance is estimated for the entire San Francisco Esfliatgl), and bay sukegions; San
Francisco Bay (SF), Suisun Bay (SU) and San Pablo Baye(BRjest (2110 Min) and highest
(2110 Max) predicted abundance for the total Estuary at 2110 are alen.@ifferences
betweenthe total and the sum of regional summariage due to rounding.

Species SF SuU SP Total 2110(Min) 2110(Max)
Black Rail NA 5,400 6,900 12400 2,000 30,400
Common Yellowthroat 700 11,800 3,400 15,800 1,100 23,900
Marsh Wren 4,000 34,100 21,00 59,70 3,800 68,700
Song Sparrow 18,000 20,100 60,100 98,200 16,200 198,80
Clapper rail 200 NA 300 500 300 1,200

Common Yellowthroat

The predicted occurrence of Common Yellowthroats was strongly mfegeby summer salinity
(52.4%relative influence, Table 5a) with higher probabilities of occurrence predicted as salinity
decreases. The strong influence of salinity resulted in a pronounced regional gradient in the
predicted distribution of Common Yellowthroats. High probabilitieeafurrence occur
throughout Suisun Bay and Suisun Marsh which has lower salinity than other bay regions
(Figuresr). Common Yellowthroats were also predicted to have higher probabilities of
occurrence beyond 2 km from the bay. As a result, low probasilai Common Yellowthroat
occurrence were predicted in marshes along the bay edge throughout San Pablo and San
Francisco Baybut with moderately high probability of occurrence in the NapaRiincluding
Pond 2A (Figure)7Overall the models hagixcelent predictive ability with crossalidated AUC
=0.93 (S.E. £ 0.0 = 10.

As with the occurrencenodels, summer salinity was the most influential variable in the
abundance models, butvas less influential overall (Tabib). The rankings of the topdir

most influential variables did not change but higher predicted densities were more clearly
associated with areas with low tidal range. The correlation between observed and predicted
densities of 0.78 indicates that the abundance models also had relatigh accuracy. The
models predicted a total Estuapppulation of 15,80 Common Yellowthroats, with Suisun
havingover threetimes as many predicted Common Yellowthroats as San Pablo Bayyemnd
15times as many as San Francisco Bay (Table 6) .
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Figure 7 Modeled relationship between Common Yellowthroat presence/abséhrand
abundance (ajand summer salinity (a) and distance to bay (b) while holding all other variables
at their mean values; results frorhoosted regression tree The predictedesponse is scaled to

have a mean of 0.
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