























Watersheds

A watershed is defined as all the lands and
waters that drain to a common place.”” Everyone
lives in a watershed, and healthy watersheds are
essential for the well-being of people. They are
the primary source of fresh water, which can
be captured by dams or extracted from ground-
water. Watersheds are also managed to assure
adequate flood control, pollution control, wild-
life protection, and recreation. Yet some of these
management actions can degrade watersheds and
streams. For example, riprapping of stream and
river banks for flood or erosion control purposes
can destroy habitat and cause erosion upstream
and downstream. If not managed properly, recre-
ational activities—oft-road vehicles, dog walk-
ing, mountain biking, to name a few—can also
degrade stream habitat. But the biggest problem
related to watershed health is urbanization. As
our cities have grown and we have paved over
the landscape, many watersheds have lost their
permeability and resilience. During the rain,
pollutants now race across a landscape of con-
crete and asphalt and straight into our rivers and
streams. As a result of all of these activities, over
40 streams in the Bay watershed are now listed
as “impaired” under the Clean Water Act.

HEALTH INDICATORS

While many possible watershed health indi-
cators exist, the data required to analyze them
are not available for most of the Bay’s water-
shed areas. The State Water Resources Control
Board is proposing that the three-level assess-
ment framework described earlier (see Mudflats
and marshes) should be used to characterize the

STORMWATER SOLUTIONS: PERMEABLE PLAZA

n downtown San Francisco, a former derelict alley has been transformed into a popular pedestrian plaza

that removes as much as a half million gallons of stormwater runoff per year from the city's sometimes
overwhelmed combined sewer/stormwater system. The project designers divided the plaza—just off of Fifth
Street between Market and Mission—into three “mini" watersheds, explains CMG Landscape Architecture's
Scott Cataffa. Two of the “watersheds" flow into and through stormwater planters at either end of the plaza;
one flows into an almost invisible slot drain. From there the stormwater goes into an underground infiltration
basin, where it slowly percolates into the native soil, which is sand and rubble from the 1906 quake, according
to Sherwood Design's Bry Sarte. The new plaza, funded by a special tax assessment district facilitated by the
Association of Bay Area Governments in which local businesses agree to increase their property taxes over the
next 30 years, has spurred redevelopment all around it. Historic warehouses have been converted to condos,
high-end coffee shops, and restaurants, while the plaza, in addition to treating stormwater, hosts concerts,
farmers' markets, and
dance performances.

“It's a win-win-win,"
says the city's Michael
Yarne, who spearheaded
the project while work-
ing for Martin Develop-
ment Company. “The
city got a beautiful
public space for pretty
much nothing, and the
designers used an urban
landscape to recreate
some of the functional-
ity of the original natural
landscape.” Accord-
ing to Yarne, the San
Francisco PUC chipped
in $150,000 from its
depaving fund; that con-
tribution plus $200,000
from a local hotel seeking an open space mitigation site downtown, helped offset the $3.2 million total cost.
The project won the EPA's 2010 National Award for Smart Growth Achievement, Civic Places category. In an
interesting twist of fate, the Old Mint, a Greek Revival building built in 1874, survived the big quake because
rainwater had been captured in underground cisterns. Today the plaza “harvests” rainwater in a different way,
says Sarte, by putting it back into the ground, helping avoid sewage overflows into San Francisco Bay.
A slightly different version of this article first appeared in ESTUARY NEWS, June 2071.

LISA OWENS VIANI
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ANDY GUNTHER

health of watersheds. The assessments would be
based on the extent of aquatic habitats, their
overall condition (CRAM or another Level 2
method), and the condition of particular aspects
of health, such as contamination, flood control,
and biological community integrity. This is the
approach used here. Currently there are regional
data on habitat extent, but the data for overall
condition and biological integrity are restricted
to a few watersheds. We evaluated the health of
two large Bay Area watersheds, Coyote Creek in
Santa Clara County and the Napa River in Napa
County, as an example of Bay Area watershed
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health. Three indicators of watershed health were
assessed:

* width of riparian areas
e stream habitat condition

* stream biological integrity

WIDTH OF RIPARIAN AREAS

Riparian areas connect aquatic areas with their
adjacent uplands. Healthy riparian areas transport
surface and subsurface flows of water and other
materials, maintain stream water quality, shade
aquatic habitat, stabilize shorelines, store flood

waters, and provide other ecological and physical
functions depending on topography and veg-
etative structure. These beneficial functions are
affected by the width of riparian areas.

BENCHMARK

The current riparian width assessment adopts
a benchmark similar to that used for tidal marsh
patch size by using historical condition as a ref-
erence.”’ According to this benchmark, riparian
areas should be distributed among categories of
width according to their historical distributions.
This benchmark assumes that this historical distri-
bution protects beneficial uses of watersheds. Each
width category has its own benchmark (based on
the historical distribution of widths), and ripar-
ian width is assessed as the percentage of these
benchmarks that are being met. Given the range
of widths in each width class, a 25 percent depar-
ture from the benchmarks was still considered to
meet the benchmark.

STREAM HABITAT CONDITION

Streams are an important feature of our Bay
Area watersheds, and the ability of stream habitat
to support the invertebrates, fish, and wildlife
that live in and use stream channels and riparian
areas is considered by regulatory agencies to be a
“beneficial use.”

CRAM provides a cost-effective measure of
stream health consistent with the state’s proposed
framework. CRAM was used in 2008 and 2010
to assess the health of wadeable streams in the
Bay Area, and the survey results are used here
to evaluate the health of Coyote Creek and the
Napa River.



BENCHMARK

No goal for stream health has been set, and
there are no historical data suitable for inferring
a goal based on existing policies. Examination
of the regional CRAM data revealed that many
of the low scores were due to a lack of physi-
cal structure. This finding is similar to that for
tidal marshes. The low physical structure scores
are mainly due to a lack of natural floodplains.
Based on this finding, a benchmark for stream
health was set as 75 percent of the physical
structure score for the highest scoring streams in
the region.

STREAM BIOLOGICAL INTEGRITY

Benthic macroinvertebrates are aquatic insects

Figure 10. Distribution of riparian area widths for Coyote Creek, Santa Clara County.

and other non-vertebrate organisms that live in
streams. The biological integrity of a stream can
be assessed using the Benthic Marcoinvertebrate
Index (BMI) as excellent, good, fair, or poor,
based on the degree of difference between its
benthic community and that of reference streams.

BENCHMARK

No regional goal for stream biological integ-
rity has been set. However, a reasonable assump-
tion is that the goal should reflect an increase in
the relative abundance of streams in excellent or
good health, based on the BMI. In this report
we established a benchmark for biological integ-
rity by assuming that at least 75 percent of the
stream assessments for all watersheds should be
ranked as having either excellent or good health.

KEY RESULTS AND TRENDS

Our evaluation of stream riparian width in
the two example watersheds indicates that their
riparian areas have narrowed substantially relative
to historical conditions, despite a net increase in
their overall length (Figures 10 and 11).

The narrowing is due to two main causes:
riparian areas have been encroached upon by
agriculture and other land uses, and in places,
converted into ditches with only narrow fringes
of riparian vegetation. The narrowed riparian
widths mean that these streams cannot provide
their intrinsic ecological and hydrological func-
tions and cannot be considered healthy. Two of
the five categories of riparian width represent
the same proportion of the stream ecosystem as

Figure 11. Distribution of riparian area widths for Napa River, Napa County.
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MIKE VUKMAN

Soil bioengineering—using plants and plant parts to stabilize creek banks—is an effective alternative to
riprap and provides good riparian habitat.

they did historically. So we have reached 40 per-
cent of the benchmark. However, these are the
narrowest categories. These very narrow riparian
areas provide fewer ecological and physical func-
tions than the broader areas.

The average physical attribute CRAM score
for the Coyote Creek and Napa River water-
sheds is 57, which is about 76 percent of the
benchmark for this score (Table 6). A close
examination of the CRAM survey results
for these two stream networks indicates that
low physical structure scores relate to stream
entrenchment. Historical land use changes that
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have increased runoft have caused the streams
to cut down until their beds are far lower than
their natural heights, relative to their valleys.
This means that the channels lack floodplains
and complex riparian plant communities. It also
means that the streams contain higher, flashier
flows that wash away woody debris and other
structures that contribute to the physical com-
plexity of the stream ecosystem. The streams are
physically much less complex than they were
under more natural conditions, which reduces
their ability to provide many of their natural
functions.

Table 6. Average scores for the four attri-
butes of the California Rapid Assessment
Method (CRAM) for the wadeable streams
of the Coyote Creek and Napa River
watersheds combined.

CRAM ATTRIBUTE MEAN SCORE
LANDSCAPE AND 81
BUFFER

HYDROLOGY 79
PHYSICAL STRUCTURE 57
BIOLOGICAL 72
STRUCTURE

Only about 57 percent of the stream assessments
in the Bay Area indicate either excellent or good
condition (Figure 12), which is about 76 percent
of the benchmark. The condition of Bay Area
streams is a result of many interacting processes
and events affecting water chemistry, tempera-
ture, light, aquatic vegetation, flow regimes, and
sediment characteristics. Despite these compli-

Figure 12. Relative abundance of stream assessments
indicating excellent, good, fait, or poor health based on the
benthic macroinvertebrate index. Assessments ranked as
either excellent or good represent 57 percent of the total
number of assessments.
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cations, a review of the regional distribution of
assessments reveals a strong tendency for streams
in the most urbanized settings to be in the poor-
est condition.

SUMMARY

We combined the watershed health indicators
into a simple bar graph as a sample watershed
health evalution. Based on this approach, the
status of these watersheds is about 64 percent of
good health (Figure 13, dark blue area).

Achieving the health goals for our watersheds
will require providing the steams with enough
room to develop functional floodplains with
wide and naturally complex riparian areas. This
is especially challenging in urban and densely
industrialized settings. Where adequate space is
available, we recommend that stream restoration
efforts focus on increasing the overall complex-
ity of the stream ecosystem. This can involve

Figure 13. Assessment of the health status of Bay Area
streams based on example watersheds. Based on all three

indicators, the overall health of the streams is 64 on a scale
of 100 (64% of the graph is dark blue).
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creating channels with multiple floodplains at
different heights that provide difterent functions.
The highest floodplains that are designed to
accommodate the larger and less frequent floods
may be suitable for some land uses, especially
agriculture and recreation. Riparian width can
be increased in some areas by adding suitable
vegetation along the banks and floodplains of

streams that run through urban and industrial
landscapes.

The future health of our watersheds will
depend on how we manage them as the climate
changes. At this time, precise local effects of cli-
mate change on watersheds and streams are very
difficult to forecast. Generally, we can expect to
see more intense rainstorms and a shorter wet
season. This will likely cause our watersheds to
discharge larger amounts of water faster, which
will increase the need for flood control (which
itself can impact stream health as discussed
above) and erosion control. The general solution
will probably be to redesign our watersheds so
that they retain more rainfall. This will require
creative uses of groundwater recharge, flood
water bypasses, local detention basins, floodplain
and wetland restoration, and universal water
conservation practices.
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Living
R esources

The Bay is important spawning, nursery and
rearing habitat for a host of fishes and inver-
tebrates, a migration corridor for anadromous
fishes like salmon, steelhead, and sturgeon, and
breeding and nesting habitat for waterfowl and

shorebirds.

Invertebrates

The Bay is important habitat for several
shrimp and crab species, including Bay shrimp,
which once supported an extensive commercial
fishery in the Bay, and Dungeness crab, an icon
of San Francisco’s Fisherman’s Wharf. California’s
commercial crab fishery relies heavily on crabs
that rear in the Bay, feeding and growing in the
Bay’s brackish waters and tidal marshes for the
first year or two of their lives before migrating
to the ocean to mature and breed.

HEALTH INDICATORS

Abundance and distribution of shrimp and
crabs in the Bay are affected by environmen-
tal conditions both within the Bay and in the
nearby ocean, and different species use different
regions of the Bay. Estuarine species like the Bay

VERNE NELSON
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shrimp, which prefers low salinity waters, are
strongly influenced by the amounts and timing
of freshwater inflows. Other species restricted

to higher salinity habitats closer to the Golden
Gate may be more affected by environmental
conditions in the nearby ocean. While measures
of shrimp and crab abundance, distribution, and
species composition within the Bay can be use-
ful biological indicators for the Bay’s health, they
must be interpreted carefully.

The condition of the Bay’s shrimp and crab
communities was assessed using several indica-
tors. The simplest ones measure abundance—or,
how many shrimp and crabs does the Bay sup-
port? For shrimp, this measurement is also made
for the different regions of the Bay, from Central
Bay near the Golden Gate (essentially a marine
environment), to Suisun Bay, just downstream of
the Sacramento and San Joaquin rivers.

Another indicator for shrimp compares the
abundance (how many?) and distribution (where
are they?) of species that prefer low salinity
waters to those that prefer saltier waters. The
final two indicators measure the prevalence of
non-native species in the shrimp and crab com-
munities in the Bay.

BENCHMARK

There are no quantitative goals for shrimp
and crab populations in the Bay. In addition,
there is good evidence that abundance of many
shrimp and crab species in the Bay is affected
by environmental conditions in the ocean rather
than the Bay. Therefore, high abundance of
crab and shrimp does not necessarily indicate
healthy environmental conditions in the Bay.
However, to evaluate the measured values for
the shrimp and crab abundance indicators, we

Figure 14. Abundance of shrimp and crabs has increased in the San Francisco Bay during the last 15 yeats.

used the 1980-89 average levels, the earliest
period for which comparable data were available,
as the benchmark. For evaluation of the spe-

cies composition indicators, the benchmark was
set at 85 percent native species based on estab-
lished ecological principles and the relationship
between the presence of non-native species and
community and ecosystem health (see Technical
Appendix at www.stestuary.org for additional
information). Measured conditions that exceeded
the benchmarks were interpreted to indicate
good conditions while lower measurements
were interpreted to indicate fair or poor condi-
tions. As noted in the introductory section of
the report, these benchmarks are references for
comparison with measured values of the indica-
tors, not recommendations for policy.
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HANS HILLEWAERT, WIKIPEDIA COMMONS

KEY RESULTS AND TRENDS

The indicators show a shellfish community in
good condition as the Bay supports larger num-
bers of shrimp and crabs than it did during the
1980s (Figure 14), and over 85 percent of those
populations are native species.

However, for shrimp, increased abundance was
driven by five to tenfold increases in the abun-
dances of four shrimp species that prefer saltier
waters and which, during the past three decades,
have progressively extended their range into the
upstream region of the Bay, particularly in years
with low freshwater inflows. In contrast, abun-
dance of the Bay shrimp, which lives in low salin-
ity waters and is found most commonly in San
Pablo and Suisun Bays, showed no increase and,
in years with low freshwater inflows, was lower.

Regionally, shrimp abundance increased in all
parts of the Bay except Suisun Bay. Increases in

crab abundance reflected a sevenfold increase in
rock crabs and periodic large increases in Dun-
geness crab numbers, most likely a response to
improved ocean conditions rather than environ-
mental conditions within the Bay.** Two non-
native shrimp species, which both prefer low
salinity waters, are present in the Bay but their
numbers are low and relatively stable at about
two percent, another indication that conditions
in the Bay are good for the native shrimp com-
munity. The Bay’s crab community is similarly
dominated by native species although, for a brief
period during the late 1990s, the non-native
Chinese mitten crab flourished, comprising 25
percent of the Bay’s crab community in 1990.

SUMMARY

Based on the shrimp and crab indicators, the
health of the San Francisco Bay has improved, but
only for species that use the more saline regions
of the Bay. While the CCMP goal of recovering
and reversing the declines of these estuarine spe-
cies has been met, the results illustrate the Bay’s
complexity and its close connections and interde-
pendence with adjacent ecosystems.

Upstream, chronically low freshwater inflows
degrade estuarine conditions (see Freshwater
Inflow Index and Estuarine Open Water Habitat
section), and species like Bay shrimp that rely on
these habitats are, at best, holding steady. Down-
stream, variable ocean conditions influence
marine species’ reproductive success and seed the
Bay’s rich nursery habitats with diverse wildlife
communities.
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RETURN OF THE NATIVES

s shorebirds and waterfowl have begun using
Anewly modified salt ponds in the South Bay, so
have fish. The first year of monitoring by the UC Davis
Fisheries Research Team led by Jim Hobbs detected
a high diversity of fish species in the ponds, with a
strong preponderance of natives.

Hobbs' team monitored fish populations in the Eden
Landing, Alviso, Ravenswood, and Bair Island areas,
including restoration ponds like Ravenswood's SF2
and flooded “island ponds” like Alviso's A19, A20,
and A21 from July through December 2010. Shallow
sloughs and intertidal creeks were also surveyed.

An impressive 98 percent of all fish caught by trawl-
ing the sloughs were native species. Of 30 species,
three-spined sticklebacks accounted for more than
half (1,678 of over 3,300) of the captures, followed
in abundance by northern anchovy (549), topsmelt
(392), staghorn sculpin (253), arrow goby (142), and
longfin smelt (61). “That's comparable to the open

Bay,"” Hobbs explains. “Environmental conditions in
the South Bay are a little saltier. Most invasive fish
species are more freshwater tolerant, and are more
common in the North Bay."” The presence of small
fish like sticklebacks and anchovies is good news for
cormorants and other fish-eating birds.

The assemblage varied seasonally, with more stickle-
backs, anchovies, sculpins, and gobies in summer and
more smelt, herring, shad, and silversides in winter.
“The anchovies came in late summer and fall and
spawned," says Hobbs. The Pacific herring followed:
“We're now seeing young herring all over the South
Bay."

Hobbs also found that larger predators, notably
leopard sharks and bat rays, are foraging at the outlets
of the “island” ponds like A19. Like human anglers,
the sharks wait for smaller fish exiting the ponds as
the tide recedes. “We caught at least half a dozen
sharks and rays per hour," he recalls.
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JIM HOBBS

One result that caught his attention was the relative
abundance of longfin smelt (Spirinchus thaleichthys),
a species involved in the Pelagic Organism Decline
phenomenon: “Longfin smelt abundance has col-
lapsed in the pelagic ecosystem of the North Bay and
Delta. They had been intermittently collected in the
South Bay during various surveys, but there hadn't
been enough studies using appropriate gear this far
up into the sloughs. We caught quite a few up Coyote
Creek and in the island ponds. During late fall, they're
coming back from the nearshore ocean and either
turning right and going into the South Bay or left into
the North Bay and Delta. I've looked at some of the
data before and during the POD, and there's a cor-
relation between their decline in the North Bay and
increase in the South Bay. If they hang out until Janu-
ary and February in the South Bay, they're not likely
moving into the North Bay to spawn.”

Hobbs was also looking for a small unprepossessing
goby called the longjaw mudsucker (Gillichthys mira-
bilis.) Although it currently has no conservation status,
it's a sentinel species for the Bay's much-reduced
pickleweed marsh habitat. “It's the only fish species
that lives intertidally in these marshes," he says. “It's
an important prey species. It used to be used heavily
as bait, but stopped showing up in bait shops in the
1980s. We're trying to get an assessment of what its
distribution formerly was like.” In much of its intertidal
habitat in the Bay, the mudsucker has been displaced
by the non-native yellowfin goby.

Monitoring will continue on a monthly basis for the
next four years. New approaches will include a mark/
recapture study of mudsuckers to determine popula-
tion size and mortality and an analysis of fish otoliths
(ear bones) for heavy metal contaminants like mercury
and copper. The researchers will also look at the dis-
tribution and abundance of zooplankton and benthic
fauna like the overbite clam (Corbula amurensis).



Fish

The San Francisco Bay is important habitat
for more than 100 fish species, including com-
mercially important Chinook salmon and Pacific
herring, popular sport fishes like striped bass
and sturgeon, and delicate Estuary-dependent
species like Delta smelt. Environmental condi-
tions in the Bay—the amounts and timing of
freshwater inflows, the extent of rich tidal marsh
and brackish water habitats, ecological processes
that drive productivity, and pollution—affect the
numbers and types of fish the Bay can support. A
large, diverse fish community distributed broadly
throughout the Bay and dominated by native
species is a good indicator of a healthy Estuary.

" HEALTH INDICATORS

The Fish Index uses 10 indicators to assess
the condition of the fish community within the
Bay. Four of the indicators measure abundance
(how many fish?), and two others measure the
diversity of the fish community (how many
species?). Another pair of indicators assesses the
composition of the fish community (what kind
of fish?) by measuring the percentage of fish that
are native rather than invasive or introduced.
The final two indicators examine the distribu-
tion of native fish within the Estuary (where
are the fish?). Because the Bay is so large and its
environmental conditions so different in differ-
ent areas—for example, Central Bay near the
Golden Gate is essentially a marine environment
while Suisun Bay 1s dominated by freshwater
inflows from the Sacramento and San Joaquin
Rivers—each of the indicators and the index

was calculated separately for four regions (Figure
15). For each year, the results of the 10 indica-
tors were combined into a single score (0—4) to
calculate the Fish Index.

BENCHMARK

There are no established quantitative goals or
standards for fish populations in the Bay. There-
fore, for each indicator we established a bench-

mark based on either 1980-89 average levels, the
earliest period for which comparable data were
available, or established ecological principles
such as the relationship between the presence of
non-native species and community and ecosys-
tem health. Measured conditions that exceeded
the benchmark were interpreted to indicate
good conditions while lower measurements were
interpreted to indicate fair, poor, or very poor

Map 4. Because San Francisco Bay is so large and its environmental conditions so different in different areas, the Fish
Index was calculated separately for four regions: Suisun, San Pablo, Central, and South Bays.
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THOMAS DUNKLIN

conditions. As noted in the introductory section
of the report, these benchmarks are references
for comparison with measured values of the
indicators, not recommendations for policy.

KEY RESULTS AND TRENDS

Results of the Fish Index show that the health
of the Bay’s fish communities is different in dif-
ferent regions of the Bay (Figure 15).

Conditions in the Central Bay are generally
good and have been mostly stable for the past 30
years. In contrast, the condition of the fish com-
munity in Suisun Bay, which was already poorer
at the start of the survey, declined quickly during
the 1980s and has remained poor to very poor
ever since. The condition of the fish community
in San Pablo Bay has declined from good to fair
during the past three decades and in the South
Bay a similar trend is emerging.

Declines in the Fish Index largely reflect
declines in fish abundance: in the 2000s, the
Bay supported far fewer fish than it did just
two decades earlier. Abundance of pelagic fishes

Figure 15. The condition of the San Francisco Bay’s
fish community has declined in all areas of the Bay

except near the Golden Gate. The decline is worst in
Suisun Bay, the eastern, upstream region of the Bay.

(those that live in open water habitat away from
the shore) declined in all regions except the
Central Bay. Compared to the abundance during
the 1980s, abundance of pelagic fishes in the last
five years was 88 percent lower in Suisun Bay, 68
percent lower in San Pablo Bay, and 55 percent
lower in South Bay.

Abundance of sensitive Estuary-dependent
species like longfin smelt, starry flounder, Pacific
herring, and striped bass declined in all regions
of the Bay, and abundance of bottom-dwelling
fishes declined in both Suisun and San Pablo
Bays. Northern anchovy, by far the most com-
mon fish in the Bay, virtually disappeared from
Suisun Bay and fell by 60 percent in San Pablo
Bay. Diversity, measured as the numbers of native
species present, declined in San Pablo Bay and,
for native Estuary-dependent species, in the
South Bay as well.

As a percentage of species in the fish com-
munity, native species declined in all regions of
the Bay except the Central Bay: in Suisun Bay,
clearly the region with the fish populations in
the poorest health, almost 30 percent of the fish
species collected during the 2000s were non-
native species, compared to 13 percent in the
South Bay and 7 percent in the Central Bay.
However, on the basis of total numbers of fish,
native fishes predominate in all regions of the
Bay except for Suisun Bay, where more than 60
percent of all fish caught are non-native spe-
cies. The distribution of native fishes in Suisun
Bay also declined. Compared to the 1980s when
natives were regularly collected at all sampling
stations, in recent years native fish have disap-
peared for much of the year from more than a
third of the stations.



SUMMARY

Based on the Fish Index and its component
indicators, the health of San Francisco Bay has
declined since the 1980s in all regions except
Central Bay, near the Golden Gate. The decline
is most severe in Suisun Bay, the upstream
region of the Estuary heavily influenced by
the amounts, timing and quality of freshwater
inflows from the Bay’s Sacramento-San Joaquin
watershed.

Since 1993, when the CCMP called for recov-
ery of and reversing the declines of estuarine fish
and wildlife species, none of the Bay fish com-
munities in any part of the Bay have improved.
Instead, six native fish species that rely on the
Bay have been listed under the federal and/or
state Endangered Species Acts.”

Decades of scientific research have identified
the causes for these declines: degraded open
water and marsh habitats, impaired water quality,
reduced food availability, and increasing preva-
lence of harmful non-native species.

The Fish Index results underscore the need
to improve Bay health and function by improv-
ing freshwater inflow conditions, restoring open
water estuarine habitat and tidal marshes around
the Bay’s perimeter, re-establishing key ecological
processes that increase productivity, and reducing
pollution (see also the Freshwater Inflow Index,
Water Quality Indices, Estuarine Open Water
Habitat indicator, and the Flood Events section).

Birds

San Francisco Bay provides critical habitat
for a wide variety of bird species. Birds are an
ecologically diverse group, and this diversity is
reflected in the broad spectrum of bird species
dependent on different parts of the Bay ecosys-
tem. Birds are found in tidal marshes, tidal flats,
salt ponds, diked wetlands, open water, and rocky
areas. Some are present year-round, while others
are migratory. Many bird species feed on fish and
invertebrates, using specialized hunting tech-
niques to exploit particular prey species.

GARRETT SCALES

HEALTH INDICATORS

Five distinct indicators of bird populations
were used to reflect the health of the Bay:

* abundance of breeding tidal marsh dependent
birds (i.e., song sparrow, common yellowthroat,

and black rail)

* tidal marsh bird reproductive success (specifi-
cally salt marsh song sparrows)

* heron and egret breeding populations

* abundance of winter waterfowl (dabbling

ducks and diving ducks)

With these indicators it is possible to evaluate
the degree to which the CCMP goal of stem-
ming and reversing the decline in the health and
abundance of estuarine biota (indigenous and
desirable non-indigenous) and restoring healthy
natural reproduction is being achieved. The
benchmarks for these indicators are described
below along with the key results and trends.

KEY RESULTS AND TRENDS

Our evaluation of bird-related indicators finds
distinct patterns of change in the subregions of
the Bay. The question that can be answered is not
“how are birds (or a group of bird species) doing
in the Bay?” but “how are birds (or a group of
bird species) doing in each region of the Bay?”
Differing results among regions are due to
marked differences in species composition—not
just birds, but plants, invertebrates, and other liv-
ing resources—that in turn are driven in part by
differences in salinity, with the Suisun region the
least saline, San Francisco Bay (including Central
and South Bays) region the most saline, and the
San Pablo Bay region intermediate in salinity.
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TIDAL MARSH BIRD ABUNDANCE

This indicator reflects density of subspecies
that are especially adapted to tidal marsh habitat:
the Alameda, San Pablo, and Suisun subspecies
of song sparrow, the salt marsh common yel-
lowthroat, and the California black rail. Tidal
marsh bird populations, combining data across
the three species, have demonstrated increases
since 1996: in San Francisco Bay, the increase
was in the late 1990s, but not more recently; in
Suisun, increases are observed only since 2000;
and in San Pablo Bay tidal marsh birds have
shown a gradual increase over the entire period,
1996 to 2008 (Figures 16 and 17).

However, only San Pablo Bay tidal marsh birds
demonstrate a significant increase in popula-
tion density during this period (a cumulative
increase of 31 percent over a 12-year period).
Increases in tidal marsh bird density, such as have

Figure 16. Contbined species, Suisun Bay
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been observed for San Pablo Bay, are likely due
in large part to better habitat quality, especially
the maturation of restored habitat, which can
support a higher bird density than more recently
restored sites. While the recent increase in Suisun
Bay is heartening, the recent decline in San
Francisco Bay is cause for concern.

BENCHMARK

We evaluated change in the density of tidal
marsh birds with respect to the following
benchmark: the upper quartile value observed
for mature tidal marsh, averaged over the three
target species. Averaging over all Bay regions
provided a rough benchmark of 0.93 birds per
hectare. Assuming that the same benchmark can
be applied to all Bay regions, we observed that
for the two most recent years, San Francisco Bay
(including South and Central Bay) tidal marsh

Figure 17. Combined species, San PabloBay
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birds are at 70 percent of this value, San Pablo
Bay birds at 54 percent, and Suisun Bay birds at
94 percent.

TIDAL MARSH BIRD
REPRODUCTIVE SUCCESS

Reproductive success of tidal marsh birds, as
indicated by two subspecies of song sparrow that
live exclusively in tidal marsh habitat, has been
increasing in Suisun Bay since 2000, but decreas-
ing in San Pablo Bay (Figure 18).

The level of reproductive success throughout
the Bay (including information from Central and
South San Francisco Bay) appears to be too low
to sustain these populations over the long-term,
let alone support their growth. The two most
important pressures on tidal marsh birds account-
ing for low success are predators (especially

Figure 18. Reproductive success indicator, San Pablo and
Suisun Bays
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Figure 19. Heron and egret nest density, Central San Francisco Bay

Nest density per 100 km2

RICH TURNER

mammals and snakes) and nests being flooded.
The impact of flooding is worse when song
sparrows nest in the invasive-hybrid smooth
cordgrass (Spartina alterniflora). Native marsh
vegetation is not found at such low elevations
relative to tides as is smooth cordgrass.

BENCHMARK

We used a nest success rate of 20 percent
as the benchmark, the minimum success rate
needed to sustain populations of tidal marsh
song sparrows based on demographic analysis.
Below this value, song sparrow populations are
expected to exhibit long-term declines in breed-
ing numbers. For the two most recent years, San
Pablo song sparrows are at 61 percent of this
value and Suisun song sparrows at 69 percent.

HERON AND EGRET BREEDING
POPULATIONS

This indicator provides a measure of the
breeding population size of herons and egrets, as
exemplified by two species: great blue heron and
great egret. The number of nests per 100 square
kilometers of wetland habitat showed strong
increases in San Pablo Bay (on average, 8.8
percent per year) but decreases in Central San
Francisco Bay (on average, 3.8 percent per year)
(Figures 19 and 20).

In fact, the San Pablo Bay nesting population
has increased more than nine-fold since 1991.
Nesting populations in Suisun Bay and overall
in the San Francisco Bay have remained rela-
tively stable. The increase in San Pablo Bay likely
reflects increases in the amount and quality of
habitat for herons and egrets.

Figure 20. Heron and egret nest density, San Pablo Bay
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HOPE FOR HERRING

t must have seemed like old times to Point Rich- the fishery clearly depends on that of the subtidal and
mond residents as the Pacific herring came inshore intertidal ecosystems.
to spawn. At its peak, February 2011's run attracted
an estimated 20,000 gulls and an uncounted number population,” says Fish and Game's Ryan Bartling.
of diving ducks. “California sea lions and harbor seals, A slightly different version of this article first appeared in ESTUARY
their fur covered with herring eggs, were joining in NEWS, April 2071.
the feast,” reported birder Eric Lichtwardt.

“We're quite happy we're seeing a rebound in the

The run brought the last urban fishery in the
United States back into action for the first time in
two years. Thirty boats went after the fish, whose
roe is prized in Japan. “This is a year unlike any I've
seen," Ernie Koepf of the Ursula B told the Contra
Costa Times. “This is an epic year for harvesting."”
The 1,900-ton quota was filled early.

California Department of Fish and Game biolo-
gists agree that this was a good season. Most of this
year's spawners were hatched in 2008, just after the
Cosco Busan spill that contaminated many spawning
sites. “Our feeling is that it was such a strong year
class that it can support a fishery if managed prop-
erly for several years,” says the agency's John Mello.

Some herring fishers reported the fish were avoid-
ing oiled sites. Mello says he has heard this anec—
dotally, but hard data is lacking; “1 don't think
we've had enough spawning events since the spill
to judge that this is the case. The herring do jump
around. They don't hit all the known spawning areas
every year."

A gull discovers herring roe on a piling. MICHAEL BUKAY

Along with rocky substrates and man-made struc-
tures like piers, female herring deposit their eggs on
eelgrass and Gracilaria algae. The health of

48 « THE STATE OF SAN FRANCISCO BAY 2011



Nesting success of great blue herons and
great egrets (one of two important compo-
nents of reproductive success, the other being
number of young reared) displayed a modest
decline between the mid 1990s and the most
recent years, especially in San Pablo Bay (see the
Technical Appendix, www.sfestuary.org, for more
details). The observed decline in success of nest-
ing attempts suggests that disturbance to breed-
ing herons and egrets (whether due to humans
or other sources) has increased in recent years.

BENCHMARKS

The benchmark value for heron and egret
breeding populations as indicated by nest density
is the average density observed from 1991-1995,
calculated for each region separately: 19.1 nests
per 100 square kilometers of historic tidal wet-
land habitat for Central San Francisco Bay; 2.09

Figure 21. Dabbling ducks, North Bay

nests per 100 square kilometers in San Pablo
Bay; and 15.5 nests per 100 square kilometers

in Suisun Bay. For the three most recent years,
the combined heron and egret nest density for
Central San Francisco Bay was 43 percent below
the benchmark; San Pablo heron and egret nest
density was about 250 percent above the bench-
mark; and Suisun heron and egret nest density
was 12 percent higher.

The benchmark value for heron and egret
breeding populations is the average value
observed during the earliest five-year refer-
ence period, 1994 to 1998, 0.812. Applying this
benchmark to all subregions indicates that heron
and egret nesting success was 12 percent below
this value in Central San Francisco Bay; 9.1 per-
cent below this value for San Pablo Bay; and 4.7
percent below this value for Suisun Bay.

WINTERING WATERFOWL ABUNDANCE

Waterfowl population trends differ depending
upon feeding behavior of the species and among
Bay regions (Figures 21 and 22, note log scale).
Ducks that feed at or just below the surface in
shallow water (“dabbling” ducks) such as pin-
tail, shoveler, and mallard, have shown healthy
increases in Suisun and San Pablo Bay, increasing
by 11 to 12 percent per year in both regions,
but not in the Central and South San Francisco
Bay, where there are no clear-cut trends. Div-
ing ducks, which feed in deeper waters, have
declined in San Pablo Bay in recent years but
have been fairly stable in Suisun Bay. In particu-
lar, in San Pablo Bay, between the early 1990s
and the mid-2000s, diving ducks decreased 41
percent while dabbling ducks increased 295
percent. The difference between the two types
of duck species reflects the relative availability of

Figure 22. Diving ducks, North Bay
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MICHAEL BUKAY

their different prey resources, with diving ducks
feeding on large invertebrates such as clams, and
dabbling ducks feeding on very small inverte-
brates and plant material. In addition, dabbling
ducks are able to take advantage of the conver-
sion of former salt evaporation ponds to tidal
marsh habitat if it contains pannes and associated
intertidal flats, whereas diving ducks are not able
to use tidal marsh habitat for foraging.

BENCHMARK

For each of four regions, South San Fran-
cisco Bay, Central San Francisco Bay, North Bay
(comprised mainly of San Pablo Bay), and Suisun
Bay, the benchmark is the mean, per species, for
the two groups of waterfowl (dabbling ducks and
diving ducks).?* For the three most recent years,
this translated into percent changes in counts
(after back-transforming from log values) for
dabbling ducks of a 58 percent increase in South
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San Francisco Bay, 21 percent decrease in Central
San Francisco Bay, 295 percent increase for North
Bay, and 680 percent increase in Suisun Bay: the
predominant pattern was a strong increase. For
diving ducks, the percent change in counts com-
paring the most recent three years to the refer-
ence period was a 49 percent increase in South
San Francisco Bay, 17 percent decrease in

Central San Francisco Bay, 41 percent decrease
in the North Bay, and 20 percent decrease in
Suisun: the predominant pattern was a decrease
in winter populations.

SUMMARY

With respect to the CCMP goal of stem-
ming and reversing the decline in the health and
abundance of estuarine biota (indigenous and
desirable non-indigenous), and restoring healthy
natural reproduction, the results for birds are
mixed. Though some populations demonstrate

increases in density, others have not shown any
material gains in population during this time.
Reproductive success has generally remained
low or decreased since 1993.

Tidal marsh bird populations overall have
increased since 1993.This is the case for com-
mon yellowthroats and black rails; however for
song sparrows this is only true for San Francisco
Bay, and not for Suisun or San Pablo Bay (see
Technical Appendix). For great blue herons and
great egrets, nesting numbers have increased in
San Pablo Bay, but overall, the number of nest-
ing herons and egrets has been fairly stable. For
dabbling ducks, most Bay regions demonstrate
an increase in numbers, especially San Pablo
and Suisun bays. Several groups of birds have
increased in part due to habitat restoration and
enhancement, including tidal marsh birds (espe-
cially black rails), herons and egrets nesting in
San Pablo Bay, and dabbling ducks.

Significant declines have occurred in the
abundance of diving ducks and in nesting suc-
cess, however, particularly for great egrets and
San Pablo Bay song sparrows. Diving ducks have
declined in numbers in all regions except South
San Francisco Bay, possibly due to declines in
prey. Increases in predator access, predator popu-
lations, or disturbances to breeding birds may
be the root cause of declines in nesting success.
Opverall, substantial decreases in the indicators
measured can be linked to excessive predation
(tidal marsh bird reproduction), disturbance
(heron and egret nesting success), and reduced
prey availability (as suggested for diving ducks).
The impact of invasive species altering wetland
habitats remains a concern.



Ecological
Processes

The Bay is composed not only of physical, bio-
logical, and chemical components but also active
processes that link them to produce a functioning
ecosystem. Examples of these processes include
the movement of nutrients in the food chain as
predators consume their prey, decomposition of
dead animals and plants, sediment being trans-
ported to nourish wetlands and maintain channels,
and freshwater flows mixing fresh and salt water
to create aquatic habitat of varying salinity.

This section of the report identifies and evalu-
ates indicators of two key ecological processes
in San Francisco Bay: flood events and food
availability to breeding birds. Identifying indica-
tors that track ecological processes over time is a
scientific challenge. We expect that in the future
the indicators described here will be further
refined, and more will be developed.

Flood events

Following winter rainstorms and during the
height of the spring snowmelt in the San Fran-
cisco Bay’s vast watershed, Bay tributary rivers
may flood, spilling over their banks to create eco-
logically important floodplain habitat and high

MICHAEL BUKAY
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flows of fresh water into the Bay. These high ecological process—regular seasonal flooding— exceeded 50,000 cubic feet per second for a total
seasonal flows transport organisms, sediment, and  that we now know is critical to the health of the  of 90 days during the year.

nutrients to the Bay, increase mixing of Bay wa- Bay, its watershed, and the plants and animals
ters, and create productive brackish water habitat  that depend on these habitats. The Flood Events
in the Suisun and San Pablo regions—conditions  Index uses these measurements to assess the fre-

Magnitude is measured as the average flow
during the 90 days of highest flow in the year,
and duration as how many days during this

favorable for many native fish and invertebrate uency (how often?), magnitude (how much? ) i
. Y . . q v . ), mag ( ) period flows exceeded the 50,000 cubic foot
species. Flood events trigger reproduction and and duration (how long?) of flood events and o
. . R . per second flood threshold. Measured conditions
migration for many estuarine fishes and for high inflows into the Bay.

that exceeded the benchmarks were considered

anadromous species like salmon that migrate .. .. )
p & to indicate good conditions while those that

bet th d rivers through the Bay. . . :
ctweell the oceal and rivers through the bay BENCHMARKS were lower were considered to indicate fair or
The benchmarks for the three measurements poor conditions. For each year, the Flood Events
HEALTH INDICATORS that comprise the Flood Events Index were Index was calculated by combining the results of
Freshwater flows into the Bay have been based on review of historical flow data for the the three measurements into a single score (1-3).
greatly altered by dams built on most of the years before most of the major storage dams
Bay’s tributary rivers in the Sacramento-San were completed on the Bay’s largest tributary KEY RESULTS AND TRENDS
oaquin watershed (see Freshwater Inflow Index,  rivers. This showed that flows in excess of 50,000 .
Joaquin w . ( . W W * e W W XS Results of the Flood Events Index (Figure 23)
Water Quantity Section). Many of these dams cubic feet per second corresponded to inunda- .. .
X . . . . track the steady decline in the occurrence of this
were built for the purpose of reducing damag- tion of floodplain habitat upstream of the Bay . .
. A . . key ecological process, from good to fair and,
ing flood events and to store mountain runoft and that these high flows occurred in half of all .
. . . . by the 1980s, mostly poor. During the last 20
for later use and export to other regions in the years, with average duration of about 90 days.
state. However, these upstream water manage- Flood frequency is measured as the number
ment operations have interrupted an important of years in the past decade in which inflows Figure 23. The frequency and duration of flood events in

the San Francisco Estuary’s watershed has declined during
the past 60 years.

Flood events indicator
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THE YOLO BASIN AS REARING HABITAT FOR SENSITIVE FISH SPECIES

he law of unintended consequences has been known to work in nature’s favor. The Yolo Bypass, a natural

floodplain reengineered to convey floodwaters around Sacramento, is one case in point. UC Davis fish sci-
entist Peter Moyle has observed that the Bypass was entirely a flood control area in concept, with the flood-
plain graded to facilitate draining; yet it has become increasingly important for fish and wildlife. In winter, the
floodplain teems with waterfowl. It is also recognized as prime habitat for sensitive native fish species at a
critical stage in their life histories. Fifteen native species and 27 non-natives, including popular game species
like striped bass, use the Bypass.

The Sacramento splittail, a California-endemic cyprinid, spawns in the flooded Bypass. Young splittail rear
there and move out to river channels as the floodwaters recede. Although it is not currently on the federal
endangered species list, the splittail is still considered by some wildlife advocates to be of conservation con-
cern.

Biologists have also documented the floodplain's importance to Chinook salmon. Juveniles move into the
floodplains during high-flow events, seeking out low-velocity areas. Research by Ted Sommer of the Califor-
nia Department of Water Resources and others indicates that juvenile salmon grow faster in the Bypass than
in the adjacent Sacramento River, in part because of the seasonal abundance of a recently described species
of chironomid midge on the floodplain and the warmer water and greater habitat complexity of the Bypass.
The dispersal of the fish over the extensive flooded area limits the impact of predation by wading birds. The
juveniles move out during later flood events or when the inundated portion of the floodplain drains. Historical
grading for agriculture enhances drainage, which may help the young salmon make their way out.

USGS

years there were no years with good conditions,
and fair conditions occurred in only seven years
during a particularly wet sequence of years in
the late 1990s and in 2006. Most of the decline
is driven by reductions in the frequency of flood
events. In the 1940s, floods and high flows into
the Bay occurred in more than half of all years
(an average of 56 percent of years). For the last
20 years, flood frequency averaged less than two
flood events per decade (14 percent of years).
Magnitudes of the maximum flows measured
during the year were also lower, averaging more
than 80,000 cubic feet per second in the 1940s
but just 48,000 cubic feet per second in the last
decade. And flood durations were lower. In the
1940s, flows into the Bay exceeded 50,000 cubic
feet per second for an annual average of 82 days,
but these high flows occurred for only an aver-
age of 27 days per year by the 2000s.

SUMMARY

Reductions in the frequency and intensity of
flood events over the past several decades have
impaired the health of the Bay, reducing its
productivity and dampening the year-to-year
and seasonal variability that help native species
thrive and restrain expansion of invasive non-
natives. As with the changes in other aspects of’
the freshwater flows into the Estuary (measured
by the Freshwater Inflow Index), declines in
this important ecological process probably have
their greatest effect on the upstream regions of
the Bay, which directly receive the flood flows.
However, the effects of periodic flood flows
are also important in the downstream regions
of the Bay, as well as in coastal environments
outside the Golden Gate. For example, success-
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tul restoration of tidal marshes along the Bay’s
perimeter depends on deposition of sediment,
most of which is transported to the Bay during
floods. Therefore, achieving the CCMP goal of
restoring healthy estuarine habitat will take more
than improving minimum freshwater inflows,

it will require restoration of some larger flow
events calibrated so as not to threaten people and
property along the affected river corridors. Such
carefully managed events would greatly help to
nourish habitats and drive the ecological pro-
cesses of a healthy estuary.

Food web

The food web of the estuary represents an im-
portant ecological process. Since fish-eating birds
need a functioning food web so they can feed
themselves and their young, the reproductive
success of these birds is an indicator of the health
of the aquatic food web of the Estuary.

HEALTH INDICATORS

Two indicators reflect the availability of food
to breeding birds:

¢ the number of young reared per great blue
heron and great egret successful breeding at-
tempt, based on a large number of breeding
colonies in the wetlands of San Francisco Bay

* the number of young reared per Brandt’s cor-
morant breeding pair on Alcatraz Island, inside
San Francisco Bay
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Both of these indicators reflect the availability
of food (specifically, fish) in the Estuary’s bay-
lands (for great blue herons and great egrets) or
in open water (Brandt’s cormorants), and thus
assess the functioning of the food web.

The time series for the great heron and great
egret brood size began in 1991, and is based on
observations of those species at numerous breed-
ing colonies distributed throughout Central San
Francisco Bay, San Pablo Bay, and Suisun Bay.
The time series for Brandt’s cormorant began in
1995 and comes from the only breeding colony
of this species within San Francisco Bay at Alca-
traz Island. All three species forage widely when
rearing young, and thus the indicators reflect the
food web beyond the immediate vicinity of the
breeding colony.

BENCHMARKS

The benchmark for the number of young
reared per heron and egret brood is the aver-
age value observed during the earliest five-year
reference period, 1991 to 1995, calculated across
all regions of the Estuary, combining data for
great blue heron and great egret: 2.17 young per
brood. Compared to the benchmark value, the
number of young per brood for the most recent
three years (2006 to 2008) was reduced by 5.4
percent in Central San Francisco Bay, by 1.8
percent in San Pablo Bay, and by 7.7 percent in
Suisun Bay.

The benchmark for the number of young
reared per breeding pair of Brandt’s cormorants
is the long-term average value obtained at a
reference site for this species (Southeast Farallon
Island, 1991-2005) of 1.69 chicks fledged per
pair (PRBO, unpublished). While prior to 2008,

12 out of 13 years were above this value, from
2008 to 2010, the three-year average was only 39
percent of the long-term benchmark.

KEY RESULTS AND TRENDS

Great blue heron and great egret brood sizes
have shown declines since 1991 (Figure 24), but
the pattern differs somewhat depending on the
region of the Bay. The decline in brood size is
more pronounced for great egrets, whose brood
size has declined 17 percent in the Bay as a
whole, when comparing the most recent three
years (2006-2008) to 1991-1995. Combining
results from the two species reveals no decline
in the Central Bay, but a pronounced decline in

PETER LATOURETTE



Suisun Bay of more than 15 percent over the
17-year period. In San Pablo Bay, a decline in
brood size during the mid to late 1990s was fol-
lowed by an increase from 1998 to 2006. These
results suggest declines in the availability of prey,
particularly in Suisun Bay, a result consistent
with observations of fish populations in the same
regions and time period (see the Fish Index, Liv-
ing Resources section).

In marked contrast, Brandt’s cormorants on
Alcatraz Island demonstrated relatively high and
relatively stable reproductive success between
1995 and 2007, comparing favorably to the
long-term reproductive success of this species on
the Farallon Islands. This healthy performance
changed during 2008-2010, when reproductive
success was severely impaired (Figure 25).

Whereas such low reproductive success is
unprecedented for the Alcatraz population, it is

Figure 24. Heron and egret brood size, Suisun Bay

MICHAEL BUKAY

not unusual on the Farallon Islands, where repro-
ductive failure (or near-failure) is a definitive
sign of prey shortage for breeding cormorants.

SUMMARY

The two indicators of reproductive success,
brood size of great blue herons and great egrets,
and chicks fledged per breeding pair of Brandt’s
cormorants, both demonstrate some reduction in
prey availability. The brood size indicator reveals
a consistent long-term population decline in
one of the three Bay regions, while the fledg-
ling indicator reveals high prey availability in the
aquatic food web up to 2007, and then a drop
beginning in 2008 and accelerating in 2009 and
2010.The years 2009 and 2010 may represent
only a two-year anomaly, but if this extremely
low production of cormorant young continues, it
will be of grave concern.

Figure 25. Brandt’s cormorant reproductive success, San Francisco Bay
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Stewardship

Humans, as part of the ecosystem, can act as
stewards by taking individual and community
actions that reduce adverse impacts on valued
attributes of the Bay. Stewardship activities can
include both volunteer efforts as well as the
work of regulatory and management agencies or
permittees—Ilike cities and counties—pursuant
to laws and regulations. Examples of good stew-
ardship actions include individuals and commu-
nities using water more efficiently, participating
in cleanup efforts in their local beaches and
watersheds, or planting marsh vegetation. Exam-
ples of stewardship actions by management and
regulatory agencies include programs to reduce
water pollution, increase vital wetland habitat, or
reduce disposal of dredged material into the Bay.

This section of the report highlights and evalu-
ates indicators of a few key stewardship activities
involving water use, volunteers, and public access
efforts. Many important programs and efforts
could have been evaluated as part of this stew-
ardship analysis. The indicators below should be
viewed as pilot indicators, and we recognize that . : \ 3 : 7 ] 4l ;
some of the selected measures may not represent " ' ' ] o NORTH BAY CONSERVATION CORPS
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the broad category of activities from which they
are drawn. As with other portions of this docu-
ment, we intend for these indicators to begin a
dialog about how to refine and improve steward-
ship indicators in future assessments and, most
importantly, about which actions and activi-

ties citizens and committed resource managers
should support, expand, or begin.

Urban water use

About 90 percent of the 1.1 million acre-
feet per year of water used in the Bay Area is
for urban uses. Most of that water is imported
from outside the Bay Area, mainly from the
Delta watershed with smaller amounts from the
watersheds of the Russian River and Tomales
Bay. Some local watersheds provide groundwater
to urban users in the Santa Clara Valley, Fremont
area, and in the North Bay.

Bay Area residents have the opportunity to
demonstrate stewardship by using water more
efficiently, leaving more water to maintain the
habitats, living resources, and ecological processes
that contribute to a healthy Bay. Efficient use of
water can also reduce the vulnerability of our
supplies to disruption by earthquakes, droughts,
floods, and rising sea level, and help meet regula-
tory requirements to protect endangered species;
reduce the need for transporting and storing
water and developing new sources; relieve com-
petition for limited supplies; and reduce pollut-
ant loads from irrigated lawns, gardens and crops.
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HEALTH INDICATOR

This indicator measures water used annually by
urban users in Bay Area watersheds from 1986
to 2009. It also examines residential water use
specifically as this use directly reflects decisions
by individuals and families, whose choices to use
water more efficiently in and around the home
can collectively create large-scale benefits.

BENCHMARK

A recently adopted state law (The Water
Conservation Act of 2009) establishes a goal
of reducing urban per-capita water use by 20
percent by 2020 with an interim goal of a 10
percent per-capita reduction by 2015.The 2020
goal, interpreted by the California Department

of Water Resources as 124 gallons per day per
person in the Bay Area, is used to evaluate this
indicator of stewardship activity in our region.

KEY RESULTS AND TRENDS

Total urban water use in the Bay Area is 20
percent less today than it was 25 years ago, a
remarkable achievement given that the popula-
tion has increased by 20 percent (Figure 26).

This accomplishment is primarily due to
greater efficiency of use, combined more
recently with a dampening of water demand
due to the economic downturn. The increased
efficiency has been achieved through mandates
for more efficient water-using appliances, and
by Bay Area residents and businesses reducing

Figure 26. Urban water use in the San Francisco Bay Area. Data from the regional water agencies

(see Technical Appendix for details).
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their use in response to requests for conservation
during dry periods (Figure 27). Although data
for the entire Bay Area is only available through
2009, data from selected suppliers for 2010

and 2011 indicates that usage is continuing its
downward trend as cooler and wetter springtime
weather suppresses demand. Given these recent
factors, Bay Area water agencies have already
made significant progress toward meeting their
urban water use targets. A rebounding economy
and years with less precipitation are factors that
will likely increase urban water use at some
point in the future. However, if recent per-capita
usage can be maintained or improved, the legis-
lative mandate for a 20 percent reduction should
be easily achieved by 2020.

SUMMARY

The Bay Area is using less water today than
it did 25 years ago even though the popula-

tion has increased by well over a million people.

While conservation practices deserve much of
the credit, the economic downturn and climate
variation are also significant factors. Additional
efficiency improvements will be needed in the
future if Bay Area water users are to continue
this trend. These improvements can be achieved
by greater adoption of water-saving appliances
and drought-tolerant landscapes, and increasing
the use of recycled water.

Figure 27. Water Use Per-capita in the San Francisco Bay Area. Data from the regional water agencies

(see Technical Appendix for details).
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Reduced water demand by Bay Area residents
and businesses will increase freshwater inflows to
the Bay and flows in streams and rivers only if
upstream users do not increase their diversions.

Recycled water use

Nearly all of the high quality water con-
sumed in the region is used once, treated, and
discharged to the Bay from wastewater treat-
ment plants. There has been a small amount of
intentional recycling or reuse for over 50 years,
but the amount and uses of recycled water have
grown substantially over the past decade.

Recycled water use demonstrates steward-
ship because it allows limited local and imported
water supplies to be used more efficiently, with
the potential to reduce the need for new water
diversions from the Bay’s watershed. Using
recycled water increases the region’s sustainabil-
ity by providing a local and available source of
water. The use of recycled water also reduces the
amount of treated wastewater discharged into
the Bay.

Recycled water is used in our region to
irrigate landscapes (including golf courses), and
crops; for process water, including power plant
and refinery cooling water and washdown water
at commercial and industrial facilities; and to
augment freshwater flow to wetlands. Proposed
new uses of recycled water include toilet flush-
ing in commercial buildings, heating and cool-
ing, and for groundwater recharge.
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HEALTH INDICATOR

Recycled water is quantified as either the
recycled water produced at wastewater treat-
ment plants (WTPs), or the water supply that
it replaces or creates.” The amount of recycled
water being used is analyzed here by examining
the type of water use that it replaces or offsets.
This helps us understand the ecological benefits
of this stewardship activity. Recycled water that
replaces water that otherwise would be delivered
by a municipal supplier is considered a “potable
offset.”” Recycled water can also be used in a way
that does not offset potable water, such as for
creating and enhancing freshwater marsh habi-
tat at Hayward Marsh, Peyton Slough, Palo Alto
Marsh, and several North Bay streams.

Vineyards and dairies can also use recycled
water instead of pumping groundwater or with-
drawing surface water from a nearby stream. A
WTP may also treat its wastewater to recyclable
standards but not have a market for the water
and will apply it to formerly non-irrigated land
to grow grass or forage crops instead of discharg-
ing it into the Bay. In all of these cases, the recy-
cled water is providing a local water resource,
expanding our region’s available water portfolio,
and providing economic, environmental or social
benefits. For public utilities that normally dis-
charge effluent to the Bay, any reuse will reduce
the amount of that discharge.

BENCHMARK

We evaluated water recycling success by com-
paring the amount recycled to the amount of
wastewater flowing into treatment plants and to
recycled water use targets and projections, or the
potential demand for recycled water.
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KEY RESULTS AND TRENDS

From 2001 to 2010, total recycled use in the
Bay Area increased more than 50 percent to 46.1
thousand acre-feet (TAF) (Figure 28).The most
significant increase was in use by refineries and
power plants for process and cooling water.

Over 35 TAF of recycled water now replaces
potable use and stream and groundwater use
(nearly four percent of the total urban and agri-
cultural water demand in the Bay Area), more
than doubling the 2001 potable offset. (See 2010
column, Figure 29.) Most of the 35 TAF offsets
potable supplies previously used for landscape
irrigation and industrial uses, with a small offset
for groundwater and surface water use by North

Bay agriculture. The remaining recycled use does
not offset potable uses but instead is used to
sustain freshwater marshes around the Bay and to
grow forage crops in the North Bay.

Recycled water use in 2010 fell considerably
short of the projected 2010 target of 125 TAF
established in 1999 by the Bay Area Regional
Water Recycling Program (BARWRP). This is
primarily due to project costs and funding limi-
tations, reduced market demand, and customer/
public acceptance. Currently, 27 project proposals
(120 TAF/YR of yield) are in different phases
of planning or funding procurement. This is still
short of the 270 TAF of the potential market for
recycled water that the BARWRP and North
Bay Reuse Study identified for the year 2025.

Figure 28. Recycled water use volumes in 50
the San Francisco Bay Area in 2001 and
2010, in thousands of acre-feet (TAF). °
Total use increased from 29.1 TAF in 20
2001 to 46.1 TAF in 2010. (Source:
personal communication with treatment 35
plant operators and Regional Water -
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The 46.1 TAF of currently recycled water
is only seven percent of wastewater produc-
tion from the WTPs, meaning there is plenty
of potential supply. A portion of the wastewater
stream may never be economically feasible to
develop for recycling given the current mis-
match between wastewater discharge locations
and recycled water market locations.

Benefits for the Bay from recycled water use
include increasing available habitat, reducing
effluent discharge, and reducing water diversions
from the watershed. However, as with urban
water use reduction, the net benefit to the Bay
and its watershed from recycled water use could
be diminished by new freshwater diversion proj-
ects and extractions in the future.

SUMMARY

Recycled water use is becoming an increas-
ingly important part of the Bay Area’s water
portfolio. Hopefully this will help offset
increased potable uses and replace enough
existing potable uses to reduce our reliance
on imported supplies and increase freshwa-
ter outflows to the Bay from the Delta. If the
potential market for recycled water is fully
realized, demand for imported water could be
significantly reduced and the region’s water sup-
ply would be far more reliable. To fully realize
this potential, Bay Area residents and businesses
will need to overcome their concerns about the
perceived risks of recycled water and embrace it
as one of the most viable means of achieving a
more sustainable water future.

STEVENS & PERMANENTE CREEKS WATERSHED COUNCIL

Volunteer efforts

The success of local environmental conserva-
tion and restoration efforts relies in large part
on public interest and involvement. Bay Area
residents volunteering their time in local resto-
ration or cleanup activities is an expression of
stewardship aimed at improving the health
of the Bay. There are many ways that citizens
can be involved, both directly and indirectly,
in such stewardship activities. One example is
Coastal Cleanup Day, an annual event organized
by the California Coastal Commission, in which
volunteers collect debris from the state’s marine
environments, including the Bay’s shoreline
and watersheds.

HEALTH INDICATOR

The number of volunteers participating in the
annual Coastal Cleanup Day event in the nine-
county region (Marin, Sonoma, Napa, Solano,
Contra Costa, Alameda, Santa Clara, San Mateo,
and San Francisco) is presented as an indicator of
stewardship that improves the health of the Bay.
This indicator does not represent all categories
of volunteer activities, as there are many possible
ways for Bay Area residents to volunteer their

ADRIENNE MILLER
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HANDS IN THE MUD

veryone knows that the Estuary needs enough

fresh water rumbling in from its rivers to keep it
alive and healthy. But its health is also increasingly
tied to the hard work of the thousands of volunteers
who clean trash and invasive plants from its shores,
test its water quality, and restore its watersheds.

In Marin County, STRAW (Students and Teachers
Restoring a Watershed) program—begun in 1992
by fourth graders as a classroom project to save the
endangered California freshwater shrimp—has grown
to rely on 2,000 teachers, students, parents, and
other community members to put over 30 stream
restoration projects in the ground every year, accord-
ing to STRAW's Laurette Rogers. To date, more
than 28,000 students have participated in over 300
restorations on rural and urban creeks, restoring over
21 miles of creek banks, says Rogers.

Save The Bay's community-based restoration
program was created in 2000 and has used more
than 50,000 youth and adults in hands-on restoration
projects at 8 sites around the Bay, according to the
group's Jessica Castelli. This year, over 5,000 volun-
teers will donate 20,000 hours to restore 120 acres
of Bay habitats by hand. “That's the equivalent of
10 full-time employees,” says Castelli. Save The Bay
also has a huge contingent of citizen volunteers who
regularly tackle trash “hot spots” in creeks.

“Most of our annual budget goes to pay one
part-time person,” says Femke Oldham of the San
Pablo Watershed Neighbors Education and Restora-
tion Society (SPAWNERS). “Otherwise our activity
completely relies on volunteers. Lots of grants are
contingent on using volunteers. We have contracts
with cities and the county for big cleanups. They save
money because we do the community organizing
and supply the volunteers. It would be more expen-
sive if city or county staff or a professional source did
it.” She says school groups, retirees, and corporate
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groups—490 participants last year—help with creek
cleanups, weeding invasive plants, and planting
natives. “We're guided by a volunteer steering com-
mittee, including native plant experts, that creates
planting plans."”

Berkeley's Codornices Creek Watershed Coun-
cil hasn't had a paid coordinator for several years.
“It's all volunteer now," says the San Francisco Bay
Regional Water Board's Dale Hopkins, who volunteers
for the Council. One focal point is a reach of the
creek where steelhead have been observed in recent
years: over 130 of them, many 18 inches or longer.

—
; ¢ |
STEVENS AND PERMANENTE CREEKS WATERSHED COUNCIL

“A lot of what's going on now involves removing
barriers to the steelhead,” she adds. Volunteers have
also weeded and planted along the creek as part

of a stewardship project, developed in conjunction
with a city-sponsored restoration. Hopkins says
future directions may include an all-volunteer GPS
mapping project.

In Oakland, Kimra McAfee of Friends of Sausal
Creek says over 2,300 volunteers, the largest com-
ponent from high school community service groups,
pitched in during the last fiscal year (July through June)
to propagate and plant native vegetation and remove

invasives. That amounts to 6,140 service hours.

In the South Bay, on Alameda Creek, volunteers
have donned hip waders every year to help carry
threatened steelhead past barriers in the stream
when needed (under permits from regulatory agen-
cies), and to conduct regular creek cleanups. Farther
west, the Stevens & Permanente Creeks Watershed
Council relies on volunteers to monitor water chemis-
try, collect benthic macroinvertebrates for assessing
aquatic habitat, map riparian areas, remove invasive
plants and revegetate with natives, lead nature
walks, and conduct community outreach, among
many other tasks. Says the Council's Joanne McFar-
lin, “I have over 50 different volunteers working
with me in an average month, with many of those
volunteers working several hours several times during
the month. Our volunteer hours totaled more than
3,700 last year. We would cease to exist without
volunteers."”

Some groups have brought in skilled specialists
for tasks inappropriate for volunteers. SPAWNERS,
for one, has hired heavy equipment operators in the
past and has also worked with a documentary film-
maker, a professional environmental engineer, and a
water-quality specialist. Friends of Sausal Creek paid
an irrigation specialist last year. Still, volunteers are



the heart and soul of these non-profits. “Where's the
community spirit if you pay people to work on Earth
Day?" asks Sausal Creek's McAfee.

For her masters' thesis at the University of San
Francisco, Rachel Spadafore surveyed representative
Bay Area organizations, including public agen-
cies and nonprofits, on their use of volunteers in
urban watershed restoration projects. Although the
responses to her questionnaire pointed toward both
challenges and strengths in reliance on volunteers,
the overall sense was strongly positive.

Small watershed groups tapped several volunteer
sources: 91 percent used short-term (“convergent”)
volunteers, 83 percent long-term volunteers, and 83
percent school students. Two-thirds of the groups
worked with a combination of the three types. All of
the larger organizations (e.g. Save The Bay) used all
three categories.

“One of the biggest things large and small groups
alike struggled with was recruiting and retaining
volunteers,” says Spadafore. “That surprised me. |
expected it would be lack of ecological knowledge or
training. It's difficult to build a set of long-term vol-
unteers. The advantage to developing a set of skilled
long-term volunteers is that they can then take more
responsibility for future projects. Watershed groups
without a lot of money or staff can benefit from
having a core of volunteers who can train younger
or less experienced volunteers in technical tasks.”
She singled out Contra Costa County's Department
of Conservation and Development for its exemplary
model for developing long-term volunteers.

Volunteers are typically used for basic tasks like
removing invasive plants and planting natives that
are nonetheless essential to the function of a restora-
tion program, she says. Most organizations provided
brief onsite training with oral instruction. “A few
groups have volunteers doing technical work like

water quality testing, benthic macroinvertebrate
sampling, and irrigation installation. Friends of Sausal
Creek, for one, has a program set up to train lay
people in these technical tasks. Even school students
can do it. In one group, long-term volunteers partici-
pated in the project initiation and design phases of
restoration.”

Apart from the free labor, the groups Spadafore
surveyed saw the educational function of volunteer
work as its most compelling rationale: “It's a perfect
opportunity to educate a large group of people
about the issues involving their watershed.” Admit-
tedly, large school groups can be a mixed blessing:
“They're not necessarily there by choice, and there
can be discipline problems, lack of interest, and
distractions. On the other hand, you're cultivating
understanding and experience with restoration at a
really young age."”

A slightly different version of this article first appeared in ESTUARY
NEWS, April 2071.

time in stewardship activities (see “Hands in
the Mud”).

BENCHMARK

We used the number of Coastal Cleanup Day
volunteers in 1998 as this stewardship benchmark.

KEY RESULTS AND TRENDS

Based on data from the California Coastal
Commission, Coastal Cleanup Day participa-
tion has increased steadily, with a near two-fold
increase in volunteers since 1998 (Figure 29).

SUMMARY

Volunteer participation in stewardship activi-
ties, as represented by Coastal Cleanup Day, has
increased steadily over the last decade. The interest
shown by Bay Area residents in volunteering

Figure 29. Coastal Cleanup Day Participation in the
nine county region, 1998—2010. Source: California
Coastal Commission.
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their time to take part in stewardship activi-

ties is an important outcome of public outreach
and education efforts by many organizations and
agencies around the region. Continued outreach
and education efforts, combined with steward-
ship opportunities, will likely strengthen volunteer
participation in the future, which will contribute
to the ecological health of San Francisco Bay. tion and restoration efforts.

. HEALTH INDICATORS
Public access

The public access indicator assesses the extent
Access to the Bay and its surrounding water- to which access to the Bay is being provided by
shed provides the public with the opportunity to  evaluating the increases in mileage of the San
appreciate these natural resources, which in turn ~ Francisco Bay Trail and the Bay Area Ridge Trail
helps to promote active involvement in protec- over time.

BAY AREA-WIDE TRASH CAPTURE DEMONSTRATION PROJECT

I n 2009 the Estuary Partnership received $5 million in federal
stimulus funds (the American Recovery and Reinvestment Act
of 2009) to assist Bay Area towns, cities, and counties in reduc-
ing the amount of trash reaching local waters, the Bay, and the
Pacific Ocean. The project is designed to facilitate municipalities’
efforts to comply with the San Francisco Bay Regional Water
Board's Municipal Regional Permit, which requires significant
reductions in trash by 2014. The funding was made available by
U.S. EPA, through the State Water Resources Control Board's
Clean Water State Revolving Fund.

Working in concert with the Water Board, the Partnership con-
tracted with 12 suppliers of “full-capture” trash control devices—
both small catch basin inserts and much larger devices installed at
storm sewer junctions. The Partnership made those devices available to participating municipalities, allocating
project resources based on population and commercial/retail zoned areas since commercial areas are known
to generate the most trash. As this report went to press, 66 towns, cities, and counties had joined the project
and were ordering and installing devices.

CITY OF SAN LEANDRO

The Estuary Partnership's contribution to trash cleanup is considered a “demonstration project” because $5
million is only a small downpayment on the ultimate cost of solving the Bay Area's trash problem. The goal
is to provide tools to help municipalities understand the types of trash collection strategies and trash control
devices that will work best in specific situations. The project website allows municipal staff to upload both
land use and maintenance data, and download it in ways that will help them compare the utility of devices
and generate reports documenting permit compliance.

ABAG
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BENCHMARK

In 1989, the Association of Bay Area Govern-
ments (ABAG) established the goal of build-
ing a 500-mile regional hiking and bicycling
trail around the perimeter of San Francisco and
San Pablo Bays. In 1987, the Bay Area Ridge
Trail Council established the goal of building
550 miles of trail for recreational use along the
ridgelines surrounding San Francisco Bay. In
2006, the Council identified the near-term goal
of completing 400 miles of trail by 2010.The
indicators in this report were assessed by measur-
ing the percentage of these goals that is currently
being met.

KEY RESULTS AND TRENDS

Our analysis shows a steady increase in public
access to the Bay. At the time of the Bay Trail
Plan adoption, 130 miles of the Bay’s shoreline
were accessible to the public, up from just 4
miles in 1965. Currently, 310 of 500 planned
miles of the Bay Trail are complete, or 62 percent
of the goal for the entire system (Figure 30).

Since the dedication of the Ridge Trail’s first
segment in 1989, 330 of 550 miles of trail have
been completed, or 60 percent achievement of
the goal for the entire system and 82 percent
achievement of the near-term goal set for 2010
(Figure 31).

SUMMARY

Public access plays an important role in
promoting stewardship activities that improve
the health of the Bay. Comprehensive planning
efforts by a wide range of stakeholders over
the past four decades have led to a significant

Figure 30. Cumulative miles of San Francisco Bay Tiail
completed 1965-2010.* Data from Association of
Bay Area Governments.
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Figure 31. Cumulative miles of Bay Area Ridge Tiail
completed 1989-2010. Data from the Bay Area Ridge
Tiail Council.
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increase in the extent of the Bay accessible to the
public. A framework for completion developed
by ABAG in 2005 estimates that approximately
$150 million is needed to complete the entire
Bay Trail by 2025. Continued success at attaining
the goals for access will rely on adequate funding
and the continued collaboration of individuals,
agencies, and organizations.

Successful stewardship through
management: the LTMS

A broad array of regulatory and management
programs are designed to improve the health of
the Bay, including programs that will expand
and enhance habitat, improve water quality and
adjust freshwater inflow, and protect living re-
sources. All of these programs can be considered
an aspect of stewardship—people working to
improve the health of the Bay.

It was not possible to review indicators for
all of these programs in this report. Below is
one example of stewardship through regulatory
effort, the work done to improve management
of material dredged from the Bay.

The Bay supports a thriving maritime indus-
try that is critical to the region’s economy. Navi-
gational channels and ports must be dredged
for safe navigation. Until the late 1980s, most
dredged material was disposed of at three sites in
the Bay. After environmentalists, the fishing com-
munity and resource managers raised concerns
about the impacts of this practice on the Bay’s
ecosystem, the Long Term Management Strategy
for the Placement of dredged material in the San
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Francisco Bay region (LTMS) was established

by the San Francisco Bay Conservation and
Development Commission, the San Francisco
Bay Regional Water Quality Control Board, the
San Francisco District of the U.S. Army Corps of
Engineers, and the U.S. Environmental Protec-
tion Agency (EPA). The LTMS Management
Plan includes goals for reducing the amount of
dredged material disposed of in the Bay, and for
maximizing the “beneficial reuse” of dredged

material for projects such as wetlands creation
and levee restoration.

In 1994, the EPA established the San Francisco
Deep Ocean Disposal Site (SF-DODS) as the
first major alternative to in-Bay disposal. To date
over 15 million cubic yards of dredged mate-
rial that would have been dumped back into the
Bay have been diverted to SF-DODS. Under
the LTMS, resource managers also began using
dredged material in wetland restoration and

MASTER OF TOWING VESSELS ASSOCIATION



landfill cover projects. Nearly 20 million cubic
yards of dredged material have now been reused
beneficially for such purposes. The LTMS pro-
gram has also continued to reduce the effects of
dredging itself, by strengthening sediment testing
standards and instituting a variety of impact
avoidance measures ranging from Environmental
Work Windows to Essential Fish Habitat pro-
tection requirements. Together, these manage-
ment actions are good examples of stewardship:
industry and government agencies taking action
to improve the health of the Bay.

HEALTH INDICATORS

The success of the LTMS’s management
actions to reduce the negative impacts of dredg-
ing on Bay health can be measured by examin-
ing the annual volume of in-Bay disposal of
dredged material and the relative amount of
disposal directed toward beneficial reuse.

BENCHMARK

These indicators are evaluated using the goals
of the 2001 LTMS Management Plan:

* In-Bay disposal is to be reduced over a 12-year
period to approximately 1.25 million cubic
yards per year, to be implemented with annual
in-Bay disposal volume targets reduced by ap-
proximately 387,500 cubic yards every 3 years.

* Beneficial reuse is to increase, with a long-
term goal of achieving a minimum of 40% and
up to 80 percent reuse per year by 2012 (with
ocean disposal at SE-DODS making up any
shortfall in this percentage).

KEY RESULTS AND TRENDS

Results of this analysis show that LTMS
management actions have significantly reduced
in-Bay disposal of dredged material (Figure 32)
and increased beneficial reuse of dredged material
(Figure 33) compared to pre-LTMS volumes. The
annual individual in-bay disposal site limits and
the interim total in-Bay limits have been met for
every three year period, and the long-term goal
of reducing in-Bay disposal to 1.25 million cubic
yards per year by 2012 is on track to being met. In
fact, since 2000, the long-term goal of disposing
no more than 20 percent of dredged material in-
Bay was already met in one year and was close to
being met in three other years. Similarly, although

annual beneficial reuse volumes have fluctuated
as large-scale projects have come on line and
been completed, since 2000 the long-term goal
of achieving a minimum of 40 percent reuse of
dredged material has already been met in five of
the years evaluated.

Less dredging being needed in the Bay has
assisted in achieving these goals, since less
sediment is being deposited in the Bay from its
tributaries. In the early 1990s, resource manag-
ers projected that the annual volume of sediment
dredged from the Bay between 1995 and 2035
would be 6 million cubic yards, but from 2000
to 2010, the annual average has only been half of
this amount.

Figure 32. In-Bay Disposal of Dredged Material 1985-2009. Data from: BCDC
Road Map (1998 and 1999); LTMS Management Plan (2001); DMMO annual
reports (2000-2002, 2004, 2008); USACE database (tables from 2006—2009)
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Figure 33. Distribution of Dredged Material by Disposal Location 1997—-2009.* Data from: BCDC Road Map (1998
and 1999) DMMO annual reports (2000-2002, 2004, 2008); USACE database (tables from 2006—-2009)
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SUMMARY

Through the collaborative stewardship efforts
of several resource agencies and a broad range
of stakeholders, the amount of in-Bay disposal
of dredged material has been greatly reduced,
improving water quality and subtidal habitat in
the Bay. At the same time, the emphasis on ben-
eficial reuse has created and enhanced over 3,000
acres of wetland and other aquatic habitats. Con-
tinued collaboration and cooperation of these
groups should not only allow the long-term
goals of the existing LTMS Management Plan to
be met, but also provide a basis for adapting that
plan to help protect and improve the health of
the Estuary in the future.
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What’s Next?

Results from this assessment reveal a complex
picture of Bay health. Some indicators show

that aspects of Bay health are stable or improv-
ing slowly while others show declining trends.
Clearly, work remains to “achieve and maintain
an ecologically diverse and productive natural
estuarine system” as envisioned in 1993 in the
Comprehensive Conservation and Management
Plan for the San Francisco Bay Estuary (CCMP).
The members of the San Francisco Estuary
Partnership remain committed to this goal as we
continue to implement the actions called for in
the CCMP. We also see opportunities to measure
and evaluate that health more effectively, and to
strengthen the integration of current monitor-
ing and reporting efforts, both within the Bay
proper and the Delta.

Continued work on
improving Bay health

That significant additional actions will be
needed to restore the Bay’s health is not a sur-
prise. It took many decades for the health of the
Bay to reach its present compromised state, and
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RISE IMPACTS RAILS AND MICE MOST

VERNE NELSON

hile it has long been predicted that coastal areas and estuaries will be among the first to feel the effects

of climate change and sea level rise, new USGS models show that sea level rise in the Bay could impact
salt marshes sooner than thought—and that the endangered species that they are managed for—the California
clapper rail, the black rail, and salt marsh harvest mouse—could suffer the most. The USGS study used RTK (Real
Time Kinematic) GPS elevation data, plant community characteristics, and habitat information to develop sea
level rise impact models for the San Pablo Bay National Wildlife Refuge. In contrast to most other models and
maps, which are based on mean tides, USGS looked at what will happen during high tides. “If you're talking
about animals, you need to talk about tidal cycles,” says USGS's Karen Thorne. “Animals don't live in means—
it's the extremes that matter.” Thorne says the maps and models based on mean tides predict that the refuges
around the Bay will be inundated in around 100 years. But the USGS model indicates a much shorter time frame:
“Instead of being completely flooded by 1 meter of sea level rise, we're looking at a half meter where you'll
have all of the refuge under water during high tides" says Thorne. "It's much more imminent than 2100."

Thorne says sea level rise will likely fragment habitat and make endangered species more vulnerable to
predators, especially during the highest tides of the year. Right now those extreme events only happen a
couple times a year, says Thorne, but as sea level rises, extreme events will happen more often. Thorne says
USGS researchers have expanded their study to include 11 more marsh sites around San Francisco Bay, and
found that some salt marsh patches are at much higher risk than others: a report was completed in July,
2011.* Thorne hopes her study will help resource managers save the rails and mice. “In San Francisco Bay
resource managers really care; they're very concerned and surprised. They want to know what to do but they
don't necessarily have the right information available to them.” Thorne says that because the San Pablo Bay
refuge is near so much open space, an obvious solution in that area is to acquire and/or preserve adjacent
land on which the Bay can expand. The bottom line, she says, is that “if you're worried about endangered
species, you need to take high tides into account.”

A slightly different version of this article first appeared in ESTUARY NEWS, April 2071.

*Takekawa, J.Y., K. Thorne, K. Buffington. Program Summary Report: Sea-level rise modeling across the California salt marsh gradient for
resource managers. Unpublished Report, USGS San Francisco Bay Estuary Field Station, Western Ecological Research Center. July 2071.
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the most tractable problems were attended to
first (e.g., polluted discharges from specific facili-
ties). While a number of significant improve-
ments have been made to Bay health during the
past few decades, we are making slower progress
on some of our most challenging problems, such
as reducing pollution from urban and nonurban
runoff. Funding for major public works projects
has been increasingly difficult to secure, and so
improvements to public infrastructure that might
alleviate some of the most challenging problems
have not always been feasible. Nonetheless, work
is underway to green streets and cities, to use
and reuse water more efficiently, and to continue
to address pollution in our waterways.

As the community of agencies and organiza-
tions work around the region on major res-
toration efforts, we recognize that the pace of
restoration can be slow and that it takes time for
restored landscapes to reach their full potential as
habitat. And while restoration funding and tech-
nical challenges will need to be addressed, the
citizens of our region highly value the Bay, and
we expect that the Bay Area will continue to be
a national leader in habitat restoration.

Significant hurdles continue to stand in the
way of reaching the CCMP goal of “increasing
the amount of fresh water that flows into the
Bay in most years.” No clear path to achieving
increased flows has yet emerged although efforts
are now underway, both political and technical,
to resolve aspects of this long-standing problem.
The results of this analysis are consistent with
previous evaluations and once again remind us
that limited flows are having negative effects on
the health of the Bay.



The San Francisco Estuary Partnership contin-
ues to implement the actions set out in the Com-
prehensive Conservation and Management Plan.
The results of this report will assist efforts to focus
on the most significant of those actions, help us
make the best use of our resources, and provide a
way to highlight the results of these efforts.

New and more refined
health goals and indicators

While continued focus on long-term prob-
lems is vital, additional threats to the Bay’s health
continue to arise. The future condition of the
Bay will be influenced by phenomena about
which we are still learning—including climate
change, the ecological impacts of species yet to
be introduced to the Estuary, the impact of an
aging pollution control infrastructure, and the
influence of oceanic cycles such as the Pacific
Decadal Oscillation or PDO.*

The Bay is also entering a new phase of sedi-
ment cycling and supply. After many decades of
sediment building up on the Bay bottom from
gold mining and other activities, the Bay is now
showing signs of erosion. This could hamper
wetlands restoration goals because accumulation
of sediment is essential to building new wet-
lands and keeping existing wetlands from being
drowned as sea level rises. Less sediment in the
water allows for more light penetration, which
could lead to algal blooms that impact Bay water
quality and recreational opportunities.

Given these challenges and uncertainties, an
ongoing assessment of how well we’re doing the

job is essential. We need thoughtful goals and
benchmarks to help us map progress. We need
indicators to help us track long-term physi-

cal changes so that we can continue to take the
right steps to improve health and adapt to inevi-
table changes. We must clearly communicate to
the public and to decision makers the condition
of the Bay and present an accurate account-

ing of progress. This report delivers an essential
snapshot of our understanding of the health of
the ecosystem that can be used by scientists and
resource managers in the future as they consider
new information.

Future State of the Bay reports will be
improved by refining existing indicators, devel-
oping new ones, and setting goals that can be
used to evaluate those indicators (Table 7). For
example, natural habitats—like wetlands, espe-
cially tidal marshes—that remove carbon dioxide
from the atmosphere should be valued highly
as the need to mitigate impacts from climate
changes becomes clear to all. Understanding
and tracking this ecological process will require
new research to measure the movement of
greenhouse gases into and out of different Bay
habitats.

Table 7: Possible refinements for future State of the Bay reports.

INDICATOR REFINEMENT RATIONALE

Carbon sequestration
gases

Understand and measure Bay habitats as sources/sinks of greenhouse

Resilience to climate change

Understand if the Bay is becoming more or less capable of withstanding
the expected stressors due to climate change

Sediment supply

Understand if there is enough sediment entering and circulating in the Bay
to maintain and restore baylands

Nutrient cycling

Understand if processes that cycle nutrients through the Bay are being
overwhelmed by human inputs

Aquatic resource restoration

Understand the extent and trends for restoration of eelgrass, oysters, and
streams; add subtidal habitats goals and indicators

Watershed health

habitat goals

Improve and expand the use of current and new methods; go beyond
the demonstration stage to assess regional watershed health; add upland

Improved stewardship indicators

Improve existing stewardship indicators and develop additional measure-
ments that highlight evolving public actions

Goals for existing indicators

Establish numeric goals for indicators such as the Fish Index or the Fresh-
water Flow Index to substitute for reference conditions that have not been
subject to public debate
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FISCAL AND REGULATORY CONSTRAINTS TO THE PACE OF HABITAT RESTORATION

s the restoration of the Bay's habitats proceeding as fast as it should? If not, what constraints are slowing
the process?

Funding, says San Francisco Bay Joint Venture coordinator Beth Huning, sets the pace of restoration. State
bonds were a reliable source before the recent freeze. Federal stimulus funds channeled through NOAA
helped deliver the South Bay Salt Pond and Napa Plant Site projects more quickly than initially projected.

Huning says a recent analysis for the San Francisco Foundation indicates that bond money will run out in
about three years, with no new bonds in place. Congressional member requests for funding have ended with
the elimination of the earmark system, leaving the budgeting process to federal agencies. As revenues decline,
it will take more energy and strategy to match from multiple sources what was previously secured through
direct appropriation or bond funding. That will make it difficult to maintain the recent pace of restoration.

Coastal ecologist Peter Baye, a long-time observer, sees current models of planning, budgeting, and imple-
menting large restoration projects as products of the economic climate of the late 1990s and early 2000s,
adapting slowly to recent economic decline. The resulting lag time could pose a challenge for large projects
with long planning and implementation horizons, like Montezuma Wetlands.

Baye is also concerned that the feasibility of restoration may decline as sea level rise accelerates. He foresees
a shift to projects with minimal flood-control costs relative to the size and importance of wetlands recovered,
or selection of targets based on adjacent land use that is insensitive to flooding. Another adaptation might
be providing habitat in more cost-efficient ways, such as reconnecting hydrology in existing muted marshes
where limited tidal exchange occurs through culverts or small channels. However, Baye says some Fish and
Game-led projects may already be as lean as possible under current regulatory and monitoring requirements.

Along with funding, the regulatory process can extend the timetable for restoration. Permitting can be
time-consuming as project managers address endangered species and multiple jurisdictions. As Huning sees
it, after the current group of restoration projects is delivered, it will be harder to deliver a second round of
projects, due to declining funding.

MICHAEL BUKAY
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Integration with other
monitoring and reporting
efforts within the Bay
and Delta

The San Francisco Estuary Partnership plans
to periodically produce State of the Bay reports
and will refine and improve the methods and
content of the report over time. Achieving these
improvements will require the support and
input of all the organizations that participate
in the Partnership, and it will also require that
the monitoring programs that generate the key
datasets remain in place. Among these are the
San Francisco Bay Program of the Department
of Fish and Game and the Regional Monitoring
Program for Water Quality managed by the
San Francisco Estuary Institute (SFEI). Continu-
ing these programs involves maintaining both
the scientific expertise and the institutional
support necessary to conduct the monitoring,
analyze and report on the data, and maintain
data archives so they may be used by future
investigators.

Other evaluation reports, like SFEI’s annual
Pulse of the Bay and Pulse of the Delta, and The
Bay Institute’s Ecological Scorecard contribute sig-
nificantly to Bay health assessment. We hope to
strengthen the collaboration among these assess-
ment programs as we work together toward an
expanded “voice” for the health of the Bay.



Notes

Value derived from $34 billion value of containerized

goods at Port of Oakland (this is 99 percent of the Bay
Area total). This is certainly a conservative estimate of

the value of maritime commerce.

San Francisco Bay Restoration Authority Poll con-
ducted by FM3 Associates, August 2010.

Fonseca, A. and P. Prange. May 2008. The History of

the San _Jose/Santa Clara Water Pollution Control Plant:
Celebrating over 50 Years of Service. City of San José, Envi-
ronmental Services.

CCMP. 1993. Frontpiece.

Estuary Partnership State of the Estuary report, 1993,
p-233.

These programs include the Regional Monitoring
Program, the California Department of Fish and Game
San Francisco Bay Study, and ongoing monitoring of
San Francisco Bay water quality by the U.S. Geologi-
cal Survey. See technical appendix for description of
indicator screening process.

This step also identified indicators that would be valu-
able to analyze, but for which we presently do not have
available data (see What’s Next? (last section of report)).

The method by which indices are derived from their
component indicators is described in the Technical
Appendix.

The California Office of Environmental Health Hazard
Assessment (OEHHA) is the agency responsible for

10.

11.

12.

establishing safe eating guidelines for wild fish caught
from California water bodies, including San Francisco
Bay. OEHHA has developed thresholds called advisory
tissue levels (ATLs) that are one component of their
complex process of data evaluation and interpretation
in the development of safe eating guidelines. Other fac-
tors are also considered in this process, such as omega-3
fatty acid concentrations in a given species in a water
body, and risk communication needs. The San Francisco
Bay Regional Water Quality Control Board has also
used the exposure of people to pollutants in sport fish
as a driver for establishing regulations regarding pollut-
ant discharges to the Bay. More information on how
numeric guidelines from these agencies were used is
available in the Technical Appendix. Safe eating guide-
lines for San Francisco Bay, issued by OEHHA in 2011,
represent the definitive guidance for the public on the
safety of consuming Bay fish.

http://www.swrcb.ca.gov/rwqcb2
/water_issues/programs/stormwater/mrp.shtml

For more information on the indicators and the Fresh-
water Inflow Index, see Technical Appendix.

SWRCB (2010) Development of Flow Criteria for the
Sacramento-San Joaquin Delta Ecosystem. State Water
Resources Control Board report prepared pursuant

to the Sacramento—San Joaquin Delta Reform Act of
2009, August 3,2010.While the State Board report was
used as the basis for the Freshwater Inflow indica-

tor, it is important to note the limitations of the State
Water Board approach to the setting of these criteria as
expressed in the Executive Summary of the SWRCB
report where it states [in part] “When setting flow
objectives with regulatory effect, the State Water Board

13.

14.

reviews and considers all the effects of the flow objec-
tives through a broad inquiry into all public trust and
public interest concerns. For example, the State Water
Board would consider other public trust resources
potentially affected by Delta outflow requirements and
impose measures for the protection of those resources,
such as requiring sufficient water for cold water pool in
reservoirs to maintain temperatures in Delta tributar-
ies. The State Water Board would also consider a broad
range of public interest matters, including economics,
power resources (such as habitat for terrestrial species).
The limited process adopted for this proceeding does
not include this comprehensive review.” Available at:
http://www.waterboards.ca.gov/waterrights/water_
issues/programs/bay_delta/deltaflow/final_rpt.shtml.

X2 is measured as the location of the 2 parts per
thousand salinity in kilometers upstream from the
Golden Gate. When inflows are high, brackish water
habitat shifts downstream and X2 is low, for example
55 kilometers. When inflows are low, brackish water
habitat shift upstream and X2 is high, for example
75 kilometers.

Another basis for setting a goal is the federal anti-
degradation policy provided in Section 303(d) of the
1972 federal Clean Water Act, which says in part that
activities by people should not degrade the existing uses
of waters of the United States, which includes tidal flats.
This suggests that the amount of tidal flat existing in
1972 is the minimum acceptable amount. Of these two
possible goals, the one for 1993 seems most appropri-
ate because there is an accurate map of tidal flats for
that time period, which is the same map used to set the
acreage goal for tidal marsh. For the purposes of this
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15.

16.

17.

report, the amount of tidal flat that existed in 1993 is
selected as the tidal flat acreage goal.

For the purposes of this report, an individual tidal marsh
is defined as an area of the intertidal zone that supports
at least 5 percent cover of vegetation and, during low
tide, is completely separated from other areas of the same
kind by uplands or open water at least 100 meters wide.
This definition of a tidal marsh reflects what is known
about the maximum widths of uplands and open water
that resident marsh wildlife readily cross. It is also consis-
tent with the discreet intertidal areas referred to by name
as marshes, such as Whale Tail Marsh, Triangle Marsh,
Arrowhead Marsh, and Petaluma Marsh. The maps of
tidal marshes used to set the overall acreage goal for tidal
marshes are based on this definition.

The 1993 California Wetlands Conservation Policy
could be the basis for a goal. However, the marshes were
already fragmented by 1993, and therefore might not
represent the marsh sizes needed in the future.

The goals for larger marshes might be emphasized
because of their assumed greater importance for wildlife
protection. Given the range of marsh sizes in each size
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18.

19.

20.

21.

22.

class, and the unknown marsh size requirements for
many of the resident species of marsh wildlife, a 25
percent departure from the goals for small and medium
size marshes might be acceptable.

Although the importance of Bay tidal flats as habitat
is broadly recognized, the data and information about
Bay tidal flat conditions are not adequate to establish
benchmarks for assessing their condition. Hence, the
discussion focuses just on tidal marsh.

The benchmark should reflect the precision of the
attribute scores, which is about 10 points. Given that
the mean score for Bay marshes is 53 (£10), and

that the mean score for North Coast marshes is 84
(£10), the present condition of the Bay marshes is about
65 percent of their condition goal (+ about 20 percent).

Catchment, catchment area, catchment basin, drainage
basin, and drainage area are watershed synonyms.

It should be emphasized that this approach is only for
the purposes of this report.

During the 1980s and most of the 1990s, the Pacific
Decadal Oscillation (PDO) was in a “warm’ phase,”

23.

24.

25.

26.

with relatively lower productivity in local coastal waters.
In the late 1990s, the PDO shifted to a “cool phase,”
improving conditions for many species like Dungeness
crab that reproduce and feed in these ocean habitats.

Longfin smelt (CA threatened), Delta smelt (US threat-
ened, CA endangered, Chinook salmon—winter run
(CA and US endangered) Chinook salmon—spring
run (CA and US threatened), Green sturgeon (US
threatened), Central Valley steelhead (US threatened).

Counts were natural log-transformed for comparison
with the reference period, 1989 to 1993. For dabbling
ducks, benchmark values (expressed as mean log counts)
varied from 1.04 (in Suisun Bay) to 6.65 (in South San
Francisco Bay); for diving ducks, benchmark values
varied from 4.74 (in Suisun Bay) to 6.93 (in the

North Bay).

This indicator does not include the very small but grow-
ing effort by residents and businesses to recycle greywa-
ter on-site to meet irrigation and plumbing needs.

The PDO is a long-lived El Nino-like pattern of Pacific
climate variability.






“It is important for the region’s
econiony to have a clean, bealthy

and vibrant San Francisco Bay.”
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