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Executive Summary

This report serves as an assessment of waterbird and water quality monitoring efforts by the San
Francisco Bay Bird ObservatobgtweerSeptember 2023 and May 20@4six pond complexes in the

South San Francisco Bay. The purpose of this ongoing study is to describe avian use of ponds within and
around the South Bay Salt Pond Restoration Project (SBSPRP), which is restoring 15,000 acres of former
salt evaporation pals to a mix of tidal marsh and enhanced managed pond habitats. The Coyote Hills,
Dumbartonand Mowry salt ponds are owned by Don Edwards San Francisco Bay National Wildlife
Refuge and managed for salt production by Cargill Salt. Alviso and Ravenswood complexes are owned
and managed by the U.S. Fish & Wildlife Service as part of the Don Edwandsr&ncisco Bay National
Wildlife Refuge. Eden Landing Ecological Reserve (Eden Landing) ponds are owned and managed by
California Department of Fish and Wildlife, with the exceptdpond CP3C, which is owned by Cargill

Salt. With the SBSPRP in its tdidecade, longermmonitoring hashown declines in some taxa but

evidence of cyclical trends in others, which may be driven by climatic factors or déegépdent

regulation. It is important to assess if observed declines were driven by SBSPRP actions or other factors.
As the SBSPRP proceeds, understanding waterbirds habitat use and associations, and incorporating
features essential to powi@pendent species into restoration plans, will be important to maintaining
waterbirds in the South Bay and recovering populations that have experiencéerioreclines.

From September 2028 May 2024 we conducted waterbird surveys and water quality samptig

ponds (22 Cargdmanaged salt production ponds and 60 SBSRRRRaged ponds)Ve examined

species richness, abundance, and behavior of waterbird assemblages within pond complexes. To
understand waterbird use of ponds, we assessed taxa based on either foraging guild (e.g., dabbling ducks
small shorebirds) or specific species ofspeal concern (Bonapartebds Gul l
recordedr82,826waterbird observations &6 species (all sites combined). Overall, this wasinusually

severe decrease 463,246compared to last year. Of the 12 focal waterbird tegassessed, counts had
increasedfoB ( Bonaparteds Gul |l s, haeanddeorsased fordhe eemainBhg s, ¢
(dabbling ducks, diving ducks, Eared Grebes, fisheaters, gulls, medium shorebirds, Ruddy Ducks, small
shorebirds, and terns)he Alviso and Eden Landing pond complexes supported the greatest species
diversityandAlviso had the highest abundanadsall complexes.

For eight key guilds and species identified by managers, we modeletefomgrends in abundance

within their target season to assess changes in waterbird numbers relative to baseline counts from before
marsh restoration. Current counts were compared to management trigger Yéhgetsbundance ob

out of 9currently suveyed target species/guilds (counting small shorebirds in both fall and spring
migration) have increased in SBSPRP ponds since prior to restoration activitiesi@@D05ll 9 are

currently delining. Furthermore, 7 out of theaee declining more in theBSPRP than in the

Cargill-managed pondsve did not assess comparison for phalarog®)napar t eds Gul | s,
ducks medium shorebirdsand phalaropeare currently below the 2008007 baseline. As a result of low
abundance over the past three survey years, management triggers are currently patsea for 5
Bonapartebds Gull s, da b bphalaroges ahd sinkllsshorelmrédsdOfthen s hor e
remaining 4 taxa which have not had management triggers seteomgre currently above their
baselinevalues, while fisheaters, heronsdaegrets, and gulls were all below their baselines (though for
gulls, this may be a sign of the effectiveness of California Gull abatement strategies in South Bay).

To understand the drivers of observed changes we developed and applied a model relating changes in
seasonal abundancetbese eightvaterbird species/guild abundance to changes in habitat conditions,
annual weather, and static site characteristics. The proportion of variance explained wasrksultsut
indicated that changes in pond conditions, not weather, were largely responsible for observed declines in
2024.Probableémpacts of management actiamsly be identifiable Y crossreferencing observed

changes, shifts in pond conditions, and knowledge of recent management actions.
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Introduction

Since 2002, the U.S. Fish and Wildlife Service (USFWS) and California Department of Fish and Wildlife
(CDFW, formerly California Department of Fish and Game)eltaeen restoring 15,100 acres of former

salt evaporator ponds in the South San Francisco Bay. The South Bay Salt Pond Restoration Project
(SBSPRP) is restoring the area to a mix of tidal and enhanced pond habitats managed for wildlife.
Additional Project gals include enhancing flood protection and improving public access to these wetland
areas.

These ponds were previously managed by Cargill Salt for commercial salt production, and have been
present in the San Francisco Bay for over 150 years (Ver Planck 1958). Both current and former salt
ponds have significant wildlife value (Anderson 1970, Asoul992, Takekawa et @001, Warnock et

al. 2002). As a part of the Pacific Flyway, the San Francisco Bay is a key habitat for migratory and
wintering waterbirds, supporting more than a million birds throughout the year (Pag&d&Cal.

Warnock et al2002). The ponds may have become disproportionately important foraging and roosting
areas for waterbirds due to the loss of wetlands elsewhere during European settlement, including the
draining of over 90% of the wetlands in the Central Valley thatformt cor e of t he Cal i
of the Pacific Flyway (Dahl 1990). Recognizing the value of the ponds, the SBSPRP plans to retain some
of these areas as enhanced pond habitats for wildlife, while restoring most to their historical state as tidal
marsh.

Information is needed to ensure that habitat requirements of large numbers of waterbirds can be met with
reduced pond acreage, including both salt production ponds and ponds managed for wildlife. After two
decades of management changes and restoratidpsesmaf longterm population trends have shown

some species and guilds have increased within the SBSPRP footprint, highlighting benefits of
management changes, but others have declined (Van Schmidt & Parsons 2024). Some specialist
guilds/species may be-gsk of declining as salt ponds altered into enhanced pond habitats and/or

restored to tidal action experience changes in water quality characteristics (i.e., salinity, pH, dissolved
oxygen, and temperature) that may affect invertebrate communities. Camceformer salt ponds
notably support many hypersaline specialist spe
Gull, whose saline lake habitats elsewhere in the Great Basin are imperiled by climate change and water
withdrawals (Carle et a023, Herring et aR02%).

The objectives of this ongoing study are to document avian use of current and former salt evaporation
ponds in the South San Francisco Bay and to use data collected on waterbird abundance, distribution, anc
habitat associations to inform regional conseoveatmanagement, and habitat restoration efforts.
Restoration and monitoring is entering its third decade, andt&wngpopulation analyses have shown
declines in some species and guilds, but evidence of cyclical &readslar increases and decre@ses
others, which may be driven by climate patterns or dedgpendent regulation. It is therefore important

to determine the drivers of these letegm trends, and to contextualize local trends with population trends
elsewhere in the range, to assess the likelihood that observed declines are driven by SBSPRP actions
rather than other factors. Understanding how waterbirds use ponds, identifyingokay dssociations,

and incorporating features essential to pdegendent species into restoration plans is important to
maintaining baseline numbers of waterbirds in the South Bay and recovering populations that have
experienced longerm declines.

This report summarizes the results of surveys conducted by San Francisco Bay Bird Observatory
(SFBBO) in the South San Francisco Bay pond complexesS$eptember 2023 to May 2024
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Methods

Study Area

The study area includes 82 current and former salt ponds in the Santa Clara, Atarde2n Mateo
counties of California. The ponds monitored by SFBBO include 25 ponds in the Alviso complex, 12
ponds in the Coyote Hills complex, 4 ponds in the Dumbarton complex, 25 ponds in the Eden Landing
complex (pond CP3C is owned by Cargill Saltpdhds in the Mowry complex and 10 ponds in the
Ravenswood complex (Fig. 1). Although the Coyote Hills, Dumbarton, and Mowry ponds are owned by
Don Edwards San FranciscaBNational Wildlife Refuge, Cargill Salt retains saléking rights and
regulates water flow for salt production. The salinity and depth of all surveyed ponds varied over the
course of the year due to management practices and business needs of these organizations.

The salinity and depth of all ponds varies from year to year due to restoration and pond enhancement
activities, and the management practices and business needs of salt production. Though not directly the
target of management, this results in changeshieravater quality parametérsemperature, pH,

dissolved oxygen, and specific conductiditywhich may also affect invertebrate communities and
waterbird abundance.
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Salt Pond Survey Sites

* Staff Gauge
Complex

- Alviso
|| coyote Hills
- Dumbarton
- Eden Landing
- Mowry
- Ravenswood

A o 1 2 4 6 8
KM

Figure 1. Map of the study area and all ponds surveyed by the San Francisco Bay Bird Observatory from
September 2028 May 2024 in South San Francisco Bay, California.
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Table 1.Schedule of surveys for the reporting period. Survey numbers are generated consecutively,
dating back to when SFBBO began surveying ponds in 2005. Current surveys comprise visits to 82 ponds
at all complexes in a-@&eek period and occur twice per season in fall, winter, and spring.

Survey Season Month Year Start Date End Date

150 Fall September 202: 202309-05 202310-13
151 Fall October 2023 20231016 202311-22
152 Winter December 2023 202312-01 202401-12
153 Winter January 2024 202401-17 202402-27
154 Spring March 2024 202403-04 202404-11
155 Spring April 2024 202404-15 20240525

Waterbird Surveys

We conducted waterbird surveyseatch of the 82 ponds in the Alviso, Coyote Hills, Dumbarton, Eden
Landing, Mowry, and Ravenswood complexes (Tabl&\l.performed surveys exclusively at high tide,
defined as a tide of 4.0 ft or greater at the Alameda Creek Tidé$uat i on (37A 35. 706
W). Pond surveys were randomized as follows: ponds were split into 6 groups based on geographic
location and pond complex (Newark & Mowry, Northern Eden Landing, Southern Eden Landing,
Ravenswood, Western Alviso, Eastéiiviso); a random list of these groups was generated, field crews
surveyed any accessible ponds within 1 area each survey day and moved to the next area if no ponds wer
accessible in that area. Each survey round lasted 6 weeks, during which all pondsiteereExceptions

to this survey schedule occurred in past years due to changes in funding and land access restrictions due
COVID-19.

During each survey, we observed birds from the nearest drivable road or levee using spotting scopes and
binoculars. We identified birds to the species level whenever possible, with the exceptiontofiéahg
andshofbi | | ed dowitchers (identified as fAdowitcher
Afiscaupo). When species identificati oalidviggsr not p
foraging guild (e.g., gulls, small shorebirds, medium shorebirds, phalaropes). For each sighting of an
individual bird or bird group of the same species, we recorded behavioral data (whether the bird or bird
group was foraging or roosting). For roastibirds only, we recorded whether we observed the bird or

bird group on a levee, an island, or a manmade/atrtificial structure (e.g., blind, fence post).

Water Quality Sampling

During each bird survey, we recorded water levels by reading the water level on staff gauges if present.
See Appendix 8 for a list of all ponds a2@R4staff gauge statuses. On occasion, staff gauges were
removed, replaced, or moved to a different location. We assumed that staff gauges were redeployed in a
standardized manner, and therefore that staff gauge levels are comparable before and aftgesll chan
within a pond. In ponds with multiple staff gauges, we recorded only the master staff gauges(nujcat

a circle of yellow paint on the gauge post). Observers also visually estimated the proportion of any pond
substrate exposed to the air (dry pond bottom or mudflat exposed) to providestéilgecharacterization

of habitat variability.
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We followed water quality monitoring methods outlined by Murphy g28I07). Water quality samples

were collected from the surface of the water (depth of <0.5 m). The number of sampling points per pond
varied based on the size, configuration, and aduiésbf the pond As of spring 2024most of the 82

total ponds had three (32 ponds, 39%) or two (21 ponds, 26%) sampling points, but a few had one (14
ponds, 17%) or four (12 ponds, 15%). Three ponds (A8W, ESAE, ESBAW; 3%), had no water quality
points de to inaccessibility of the water surface (e.g., due to being restored to tidal rBarsk).

sampling points could also temporarily not be reached due to low water levels within the pond during
some surveys. Whenever possible, water quality data was collected on the day of the bird survey, but
otherwise was collected as close to the datbebird survey as possible. We recorded dissolved oxygen
(mg/L), salinity (ppt), conductivity (mS), pH, temperature (°&)d barometric pressufeot used as a

water quality measureat 1-4 predetermined sampling sites at each pond using a Hanna HI98494 Sonde
(Hanna Instruments Inc, Woonsocket, RI). When salinities exceeded approximately 70 ppt (the maximum
value registered by the Hanna HI98494 Sonde), we calculated salinity using a hydrameteiYest
Paterson, NJ) to measure specific gravity in combination with a temperature reading from the water
sample. We calibrated the LDO sensor before the start of each sampling day, and conductivity and pH
sensors at the beginning of each week of $iagp

Historical Surveys

Prior to October 2013, two entities, the U.S. Geological Survey (USGS) and SFBBO, conducted monthly
waterbird surveys and water quality sampling at South Bay ponds. Beginning in 2002, USGS monitored
those ponds located within the SBSPRP footprint begeviteginning in 2005, SFBBO monitored those
ponds managed by Cargill Salt for salt production. From Octoberi20a8uary 2014 no waterbird

surveys were conducted while the project was in transition. Beginning in January 2014, SFBBO
conducted waterbird sueys and water quality sampling at all South Bay ponds (Gangiflaged and

SBSPRP ponds). Surveys from January 20Mvember 2017 were conducted twice during the spring,

fall, and winter seasons and once during the summer season. No Surveys were completed from February
20181 December 2018. The survey from Decen@t8i mid-January 2019 was canceled after counts
occurred at four ponds due to funding restrictions; these data are excluded from summary figures. From
mid-January 2019 to February 2020, surveys were conducted twice per season in winter, spring, and fall
at all 82 accessible ponds. Due to site access limitations associated with the-C&DMBdemic, 45

ponds were surveyed from March to April 11, 2020 and the 25 ponds within Eden Landing Ecological
Reserve were surveyed from April 15 to May 2020 and December 2020 to February 2021 (Tarjan &
Burns 2021). Beginning in September 2021, regslaveys were conducted twice in the fall, winter, and
spring at all 82 ponds.

Prior to January 2019, we counted the total number of individuals of all waterbird species present on each
pond and recorded the location of each using aerial site photos superimposed with 250x250 m
individually labeled grids. Starting in January 2019, birds were only assigned to sites and use of grids was
discontinued. All data summarized in this report is at the pond level. Beginning in fall 2021, we surveyed
pond A19 from the Newby Island Landfilvhich substantially increased the area of this tidakyored

pond that was visible to surveyors.

Data Summary

Data were analyzed and figures generated in R version 3.5.1 (R Development Core Team 2018). Data
were loaded from Microsoft Access in R x86, but all subsequent processing was done in R x64.

Water Quality

We calculated average salinity, temperature, dissolved oxygen, pH, and water level (based on staff gauge
values) for each pond by averaging values taken across all sampling locations within that pond during the
survey period. Staff gauge values were aveddgetween all surveys (bird surveys and water quality

Pond Survey Report September 2023ay 2024 8



surveys), but treated as a single value due to potential duplication of data between tables. If ponds were
dry enough that no water reached the staff gauge, we did not record any staff gauge reading. For each
complex, we calculated average salinity forreaeason (using the season definitions above). In addition,
for discussion purposes, we characterized each pond as-BOvgit), moderate (6120 ppt), or high

(>120 ppt) salinity by averaging means across the study period.

Species Richness

We calculated species richness as the total number of waterbird species observed (with dowitchers and
scaup each counting as one fAispecieso because in
each pond and pond complex across all surveys September 2023 to May 2024/hen calculating

species richness we included waterbird species not in thegioitdd (i.e., geese, rallids, and flamingos).

Guilds

We categorized each species into a foraging guild based on foraging methods and prey requirements (see
Appendix 1). Guilds of primary interest include dabbling ducks (dabblers), diving ducks (divers), Eared
Grebes, fiskeating birds (fisheaters), gulls, herons and egrets, medium shorebirds, phalaropes, small
shorebirds, and terns. Geese, rallids, and flamingos were not analyzed. We calculated abundance by guilc
for each site within the survey area, and then used thesdaies to create guikpecific maps of

abundance distributions. We also examined guild abundance by pond, complex, season, and year.

For analyses that utilized data from multiple years, we defined years as the year in which the study year
started. Generally, this was a feagason year from September through August 2005 for years

20052016, and a thregeason year from September to May from 2pd&sent. Due to a hiatus in surveys

from January 2018 to December 2018, year 2017 included data from only from September 2017 to
January 2018, and year 2018 only from January 2019 to May 2019. There was another hiatus in year 202(
due to COVID19, where surveys only ran from December 2020 to February 2021. We defined seasons as
fall (September, October, and November), winter (December, January, and February), spring (March,
April, and May), and summer (June, July, and August). Prior to 2013@ntheal reports covered a period

from October to September. For the fall season, this meant that data collected in October and November
2011 (for example) were lumped together with data from September 2012. In the 2013 report, we shifted
the reporting pedd to Septembér August to match our seasonal definitions and to facilitate data
interpretation.

Abundance

We esti mated fAseasonal abundanceo (fall, winter
two survey rounds within each season, and used this as our primary measureapinnéichange and

habitat relationship modeling. Due to site fidelity of many birds, we believe that the same individuals

were likely resighted on surveys close together in time and space, so abundance estimates in this report
should be interpreted carefully. Therefore, whe
(rather than abundance) as the sum of all bird sightorgsach species or guild encountered across all
surveys fronSeptember 2023 to May 202d/e calculated both total sightings and seasonal abundance at
both the pond and complex levels. When reporting total sightings and seasonal abundance of waterbirds
asa group, we included species that were not in the focal guilds (i.e., geese, rallids, and flamingos).

To highlight ponds experiencing unusual declines as an early alert, or identify potential beneficial
waterbird responses to conditions, we identified unusually high or low abundance of guilds in each pond
during each of the three seasons. We listed pasmtianang exceptionally low abundance when they were

in the 5th percentile of all surveys across all years for a given guild in each season. We identified ponds a:
having exceptionally high abundance of a given guild when they had both (1) record higbesrsamal

counts as compared to all counts in all years for that guild in any season (excluding summer, because

Pond Survey Report September 2023ay 2024 9



these surveys are no longer conducted), and (2) an average seasonal abundance of ten or more (to preve
flagging Ahigh abundancedo from unusual observat
absent from).

Behavior

Of the total bird sightings (across all surveys), we calculated the proportions of birds observed foraging,
roosting, and resting on islands, levees, and manmade structures for each pond. We also examined these
proportions at the guild level.

Long-term Trends

Annual variability in count data has historically been high within South San Francisco Bay (De La Cruz et
al. 2018), likely due to both real variability in populations (i.e., due to annual weather effects on fecundity
and mortality) and stochastic diffex@s in detection rate from year to year (e.g., whether birds happen to
be present when on a pond when surveying). Yegear changes in abundance may therefore be
misleading when drawing inferences about the health of local populations.

Therefore, we used negrarametric locally weighted smoothing (LOESS) regression (pad@gget?

and running thregear averages to assess kegn trends (De La Cruz et &018, Tarjan 2021). Earlier

reports had also explored linear trends (base paahatgeand generalized additive models (GAMS), but
found these less suitable (De La Cruz eR@l8, Tarjan 2021). We estimated letegm waterbird trends

by selecting the counts within the peak season for each species/guild (i.e., the season when the
species/guild was most abundafiends were estimated for the entire study area, within the
Cargill-managed salt ponds, within the SBSPR&aged ponds that have so far been retained as

managed wildlife ponds, and within the SBSPR&agegonds that have been tidally breached (ponds

that were eventually breached are included in this group from the start of the study even before they were
breached).

Adaptive Management Triggers

Management guidelines are provided by the SBSPRP Adaptive Management Plan (AMP; SBSPRP 2007)
to ensure the SBSPRP improves the ecological function and health of San Francisco Bay as part of the
Projectds NEPA/ CEQA r equi r e oreqidused baBeo on meratariegrob i r d
popul ation abundances and comparing thewa to Nt
declines and more strict thresholds for-gear declines (Table 2). Triggers were set based on each
popul ati onds abi200% before the dact of mosgmarzagetnént activities. Eared Grebes
(Podiceps nigricolli¥ , B 0 n a p aChtoieogephalGsphiladglphigphalaropes, diving ducks,

Ruddy Ducks Qxyura jamaicens)s and small shorebirds have had NEPA/CEQA targets defined, and
guidelines have also been established for dabbling ducks and medium shorebirds based on USFWS
management goals (South Bay Salt Pond Restoration ProjectT20féf) 2019a). However, the AMP

triggers arestricterthan NEPA/CEQA targets, and were intentionally designed as an early warning

system. Targets are set for each species/guilds based on abundances during a single focal season (excer:
for small shorebirds, which have a target for both fall and spring nagréable 2).

We assessed directional changes in counts over time by comparing the moshreegetr average of
complete counts to baseline counts or NEPA/CEQA targets when applicable. NEPA/CEQA targets were
used for this assessment for each guild/species addressed in the Adaptive Management Plan (Appendix |
in Tarjan 2021). For guilds/species thare/not included in the Adaptive Management Plan, we defined
baseline values as the mean count per survey froni 2003, which is the earliest period for which

counts are available in both the SBSPRP area and salt production ponds.

Pond Survey Report September 2023ay 2024 10



Table 2. Summary of the most recent thyear average waterbird trends (generally water year

2022-2024) compared with SBSPRP targets or baseline valuesi@00F). For phalaropes, counts from

the most recent three summers of targeted phalarope surveys2@2Z21Van Schmidt & Parsons 2024)

are compared to a revised H8gptember baseline (Burns & Van Schmidt 2023). Season = the season(s)
in which the taxonds counts are highest. Target
target setilong, a target defined by the SBSPRP Adaptive Management Plan (SBSPRP 2007, Appendix
3), or restoration targets set by USFWS Recovery Plan for Tidal Marsh Ecosystems of Northern and
Central California (USFWS 2013), as originally compiled in Tarjan & HeysegR®Baseline = the
comparison abundance value, generally 8@52007 mean seasonal count. Threshold = NEPA/CEQA
significance threshold. % Change = difference between the most recentdghraaean counts and
Target/Baseline value. Trigger = true if a trigger was detected; for most taxa, triggers were true if two out
of the most recent three consecutive years had counts below baseline values, but for PHAL, BOGU, and
EAGR, the trigger was tee consecutive years more than 25% below target, or any single year more than
50% below target.

Species/Guild Season Target Baseline Threshold Percent Trigger Years Years Years
Change Below >25% >50%
Below Below

Ruddy Ducks Winter AMP 12602 -15 136% FALSE 0
Diving ducks Winter AMP 39645 -20 35% FALSE

Small Fall AMP 60623 -20 44% FALSE 1
shorebirds

Small Spring  AMP 73728 20 4% TRUE 2
shorebirds

Eared Grebes Winter AMP 5640 -50 35% FALSE
Phalaropes Summer AMP 5324 -50 -71% TRUE
Bonapar Winter AMP 1270 -50 -53% TRUE

Gulls

Dabbling Winter USFWS 48524 -17% TRUE 3
ducks

Medium Winter USFWS 23312 -6% TRUE 2
shorebirds

Fisheaters Fall None -19% TRUE

Herons and Fall None -31% TRUE

egrets

Gulls Spring  None -36% TRUE

Terns Fall None 52% FALSE 0
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Change Model

We iterated on a model relating static pond characteristics, changes in pond characteristics, and annual
weather to changes in waterbird abundance in order to identify drivers of observed changes in waterbird
populations (Van Schmidt & Parsons 2024). Because summer monitoring efforts are no longer conducted
and other recent efforts have assessed changes in breeding waterbird habitat selection in salt ponds
vs.tidal marsh (Hartman et #2021, Schacter et &023), we assessed only Abreeding (migratory and
wintering) populations of waterbirds within South San Francisco Bay. Phalaropes were included in our
assessment, but it was based on summer records within thteton@BSPRP monitoring dataset rather

than the new Phalarope Migration Surveys (Van Schmidt & Parsons 2024), which will be the subject of a
different report. Least Terns were excluded because they had prohibitively low abundances, which made
fitting complex models difficult, and because summer surveys of this target species are now covered by
other recent studies at SFBBO (Schwarz et al., 2024).

Model Description

A detailed description of the model development process and methods is provided in Van Schmidt &
Parsons (2024). Briefly, we modeled ypemd interannual change in abundance of water species or

guilds with linear mixed models (packalgee4, with a random effect for year. Loading and initial
reprocessing of habitat variables was done in R v4.1.3 (x86) to permit pulling from Microsoft Access
databases, and all other steps were done in R v4.3.1 (x64; R Core Team 2017). For each speses/guild,
calculated abundance in a given season as the average count at that pond across all surveys during that
season. We calculated response variable, percent cimaalgendance, as:

% Change in Abundance = Ln(1 + ((Abundancé[hbundanceftl]) / (Abundanceftl] + 1))) (Eq. 1)

We took the natural log and added 1 to equalize the leverage of percent increases and percent decreases
Because this function is not defined for years where abundance in the first year is zero, we added an
adjustment factor of one to the denominator kavalus to capture new colonizations, which could be
important for capturing the dynamics of rare species. Zero percent change could indicate either a stable
population, or an unoccupied site in both years (i.e., a likely unsuitable site). Because we)quligighy

to model drivers of observed changes in populations, not habitat selection, we removed all rows that were
zero in both years from the dataset.

A full list of variables we assessed is in Table 3. Due to the large number of habitat variables assessed, w
used a structured model selection procedure based on AICc to create a tractable set of up to 4,096
candidate models per guild/species (describedan Schmidt & Parsons 2024). AlCc provides a way to
compare the relative fit of models which penalizes the inclusion of additional covariates to avoid

overfitting models. For the present analyses, we selected only the best model (lowest AlCc), hat note t

as a rule of thumb models with AICc <2 higher than the best model are considered highly competitive
(Bozdogan 1987 We excluded from the modelset phalarope models that include both TMN and TMX,

and gull models that included Salinity and Temp_C togeth@myrcombination of TMN, TMX or

Temp_C. Although correlations among these variables were Qri¢lenodels with these combinations
frequently exhibitecdonvergence issues.
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Table 3.Predictor variables used to predict change in seasonal mean waterbird abundance within current
and former salt ponds of the South San Francisc

for a given species/guild, if and only if they were gigantin De LaCruzetall 2018 ) , whi | e i
indicates Al Cc model selection was carried on o
indicates whether the variable varied was static across years, varied annually, or was modeled as the
yeartooy ear change in this variable (AChangeo, with
Stage Group Name Description Units Change
model
Base Site Area_km?2 Pond area km2 Static
characteristics
Islands_num Number of islands count Static
OpenPublic_pct Maximum % oflevees open to % Static
public across all years
OpenHunting_pct Maximum % of levees open % Static
for hunting across all years
BayDist_km Distance to San Francisco Ba km Static
CreekDist_km Distance to creek/slough km Static
LandfillDist_km Distance to Trcities Landfill  km Static
Main Hydrology Breached Breached to tidal action Binary 1 Annual
/0
Gated Gated culvert / semtidal Binary 1 Annual
/0
WaterElev_m Mean water depth cm Change
Salinity Meansalinity ppt Annual +
Change
pH Mean pH pH scale Annual +
Change
LDO_mgL Mean dissolved oxygen mg/L Annual +
Change
Temp_C Mean water temperature °C Annual +
Change
Weather PPTO Cumulative annual mm Annual
precipitationi yearto-date
PPT1 Cumulative annual mm Annual
precipitationi | ast ye
PPT3 Cumulative annual mm Annual
precipitationi last three years
TMX Mean daily maximum °C Annual
temperature for the season
TMN Mean daily minimum °C Annual

temperature for the season
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Model Assessment

We assessed goodnexfsfit of the best model for each guild based dn\Re report two values: (1)°R,

which is the proportion of variance attributable to both the fixed effect covariates (i.e., the habitat
conditions and accounted for weather variables) and the random effect for year (i.e., the unexplained
annual variation, which likely represents bbtlbader population trends and unaccounted for weather
variables), and (2) #&, which is the proportion of variance attributable to only the fixed effect covariates.

To estimate the impact of the habitat changes and weather on trends within the current year, we used an
approactbased oreffect partitioning and counterfactual analysis. We first predicted the expected percent
change for each pond included in the model (i.e., excluding ponds that had missing habitat data for some
variables and ponds that were unoccupied in both yearshé&letedicted the percent change at each

pond under four counterfactual alternatives with groups of covariates altered: (1) no réfedbfore

year, (2) no change in site hydrology (breached
values, and AACO water quality change variabl es
their mean longerm value across all s#gears), and (4) each static site characteristic set to the mean

value across all sitgears. Because the log percent change measure is difficult to interpret in terms of
meaningful impacts at the populatienale, we transformed siseale predictions to predicted actual

change in mean abundance by applying the inverse of equation Eq. 1 with the actual value of abundance
in the previous yearl. We then summed these values for each alternative scenario across all sites
included in the model. The effect of each of the four groups of covariates on change in overall abundance
was then calculated as:

Overall Effect = Sum Abundance Chandgum Abundance Change in Alternative (Eq. 2)

It is important to note that these estimated effect sizes are based on holding other variables at their real
values, and additional variation may arise from the intercept term and residual model error. Therefore,
estimated effects from each group of modiglsiot sum to the total predicted change, and should only be
compared in terms of the relative magnitude and direction of effects rather than a conclusive
determination of drivers of abundance change. Furtherménglies were generally low, with the

mgority of variation in population changes was unexplained by the modets @F). Therefore, the

ponds with the greatest predicted changes are not always those with the greatest actual change. We repo
pondscale changes to draw attention to where changes in site hydrology are most likely to have
negatively impacted the birds, but these predictions should berefessnced with actual changes and
onthe-ground knowledge of pond conditions to understand potential impacts.

Interpreting the results this model can be challenging because a positive relationship between a predictor
variable and percent change in population size could be the result of that predictor driving population
growth, population declines, or both, and Iddoe the result of increases or decreases in the relevant

habitat variable. Thus, for a bird that prefersdsalinity habitat, a positive relationship between changes

in salinity could be the result of a population growing as salinity falls in one pond, or declining as salinity
rises in another. For this report, we focus on reporting whether each term is godisénte)

relationship, or an indirect (negative) relationship. For all variables, however, it is important to keep in
mind that the observed relationships may have multiple potential explanations.

Model Improvements

Compared to the original report, four notable changes are worth highlighting. First, the response variable
was changed from total sightings per target season to mean abundance per target season, to better align
with other analyses. Second, Horned GrebeBladk Skimmer were both reclassified as fisheaters, in

line with other SFBBO analyses (they had previously been grouped with guilds Eared Grebe and terns,
respectively, following USGS guild definitions). Third, we trimmed the dataset to only rows ofetempl
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cases for all variables included in the final modelset, in order to increase the validity of AICc comparisons
by ensuring the sample size of each candidate model was the same. Lastly, we constrained weather term:
to only allow for a single precipitation iable (PPTO, PPT1, or PPT3), as including more than one of

these variables in the same model often caused convergence problems.

Results
Overview

Abundance and Trends

Overall, we recorde@82,826 total sightings of 8@aterbird species in the Alviso, Coyote Hills,
Dumbarton, Eden Landing, Mowry, and Ravenswood pond complexesSteptamber 2023 to May
2024(Table 4, Fig. 2). This wa#63,246 fewewaterbirds than were detected over the same timespan last
year €37.2%; Fig. 3. This trend was driven liyotable decreases in small shorebir@6@,259
sightings;-48.1%), diving ducks-98,816 sightings:43.4%), Ruddy Ducks45,094 sightings;36.4%),
medium shorebirds 30,646 sightings;25.1%), dabbling ducksZ8,818 sightings;15.3%), gulls

(-22,381 sightings;26.3%), and Eared Grebe22,199 sightings:44.8%) which outpacedotable
increases in Bonaparteds Gulls (+2,420 sighting
+25.6%) (Appendix 2; Table A2.2). The remaining guilds had minor changes, with slight increases in
phalaropes (+31 sightings; +0.6%) and slight dese#n fisheaters,380 sightings:7.9%) and terns

(-410 sightings:6.7%) (Table A2.2)TheAlviso complex supported the highest overall bird count and

the Alviso complex had the highest species richnddse Dumbarton complex had both the lowest

overall bird count and the lowest species richness.

Abundance o6 out of 13taxa assessed (counting small shorebirds twice in both fall and spring) have
increased in SBSPRP ponds since 20087, prior to the onset of most restoration activities. Exceptions

comprissphal aropes, Bonaparteds Gulls, dabbling duc
egrets, and gullAs a result of low abundance over the past three survey years, management triggers are
currently passed f@ species/guildsBonaparteds Gulls, dabbling duck

egrets, medium shorebirds, phalaropes, and small shordWotisthat because triggers could be
activated based on just two of the Hsee years being below the baseline (or for saline specialists just
one year more than 50% below), it is possible for a trigger to be TRUE even if the curregetiree
average is above the baseline.
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Table 4. Waterbird species richness, abundance (total sightings for all species combined), and acreage by
pond complex and individual pond, South San Francisco Bay, California; SeptembeNz22024.

Complex Pond Species _ T_otal %c_)prtaI % Total Most Common
Richness Sightings Sightings Area Taxa
Alviso Al 36 13451 1.72 1.38 DIVER
Al10 45 5,004 0.64 1.26 DIVER
All 42 4,123 0.53 1.32 DIVER
Al2 10 3,962 0.51 1.55 GULL
Al3 21 5,165 0.66 1.35 SMSHORE
Al4 42 22,158 2.83 1.71 DABBLER
Al15 16 4,850 0.62 1.27 SMSHORE
Al6 52 20,694 2.64 1.22 DABBLER
Al7 34 5101 0.65 0.66 DABBLER
Al19 22 7,892 1.01 1.32 DABBLER
A22 26 4,666 0.60 1.35 SMSHORE
A23 16 4,462 0.57 2.25 GULL
A2E 36 11,154 1.42 1.60 DIVER
A2W 38 9,801 1.25 2.16 DIVER
A3N 25 2,882 0.37 0.83 MEDSHORE
A3W 41 25,438 3.25 2.82 DIVER
A5 53 14,332 1.83 3.17 DIVER
ABS 15 727 0.09 1.38 DABBLER
A7 47 14,664 1.87 1.33 DABBLER
A8 44 5511 0.70 2.04 DIVER
A8S 46 4,160 0.53 0.84 DIVER
A8W 33 1,877 0.24 0.08 DABBLER
A9 42 23,390 2.99 1.83 DABBLER
AB1 34 12,696 1.62 0.76 MEDSHORE
AB2 43 14,379 1.84 0.90 DABBLER
Subtotal 78 242539 30.98 36.37 DABBLER
Coyote Hills N1A 44 4,140 0.53 0.83 DIVER
N2A 35 10,513 1.34 0.84 DIVER
N3A 41 14,728 1.88 2.07 GULL
N4 25 4,332 0.55 1.68 MEDSHORE
N4AA 41 7,566 0.97 1.49 DIVER
N4AB 40 13,067 1.67 1.17 DABBLER
N4B 27 3,193 0.41 0.32 SMSHORE
N5 24 770 0.10 0.95 FISHEAT
N6 25 2,991 0.38 0.46 GULL
N7 29 4,778 0.61 1.88 GULL
N8 27 1,938 0.25 0.56 SMSHORE
N9 33 6,603 0.84 0.67 GULL
Subtotal 58 74,619 9.53 12.91 DABBLER
Dumbarton N1 29 11,001 1.41 1.70 DABBLER
N2 19 220 0.03 0.96 DABBLER
N3 29 2,660 0.34 2.72 MEDSHORE
NPP1 28 14,792 1.89 0.95 SMSHORE
Subtotal 42 28,673 3.66 6.32 DABBLER
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Complex Pond Species _ T_otal %c_)prtaI % Total Most Common
Richness Sightings Sightings Area Taxa
Eden CP3C 39 14,502 1.85 0.82 SMSHORE
Landing El 34 4,571 0.58 1.46 DIVER
E10 39 7,015 0.90 1.06 DIVER
El1l 26 2,052 0.26 0.62 MEDSHORE
E12 45 144,80 1.85 0.53 SMSHORE
E13 40 19018 2.43 0.71 SMSHORE
El4 22 18,055 2.31 0.82 SMSHORE
E1C 22 2,893 0.37 0.32 SMSHORE
E2 51 13,854 1.77 3.37 SMSHORE
E2C 27 5416 0.69 0.14 SMSHORE
E4 32 5,238 0.67 0.96 MEDSHORE
E4C 25 14,981 1.91 0.87 SMSHORE
E5 23 5,005 0.64 0.82 DABBLER
E5C 25 7,098 0.91 0.47 SMSHORE
E6 26 3,238 0.41 0.96 SMSHORE
EGA 47 15,664 2.00 1.58 SMSHORE
E6B 32 15,236 1.95 1.40 SMSHORE
E6C 24 4,037 0.52 0.41 DABBLER
E7 34 6,471 0.83 1.07 DABBLER
E8 35 6,887 0.88 0.93 MEDSHORE
ESAE 19 1,432 0.18 0.65 SMSHORE
ESBAW 18 1,644 0.21 0.60 MEDSHORE
E8XN 16 705 0.09 0.05 DIVER
E8XS 9 106 0.01 0.16 SMSHORE
E9 34 9,441 1.21 1.87 SMSHORE
Subtotal 72 199,039 25.43 22.64 DABBLER
Mowry M1 28 27,067 3.46 2.45 SMSHORE
M2 28 39410 5.03 2.39 DABBLER
M3 27 27,611 3.53 2.71 SMSHORE
M4 20 9,900 1.26 2.64 EAREDGR
M5 19 10,423 1.33 2.05 SMSHORE
M6 20 7,484 0.96 2.20 SMSHORE
Subtotal 43 12,1895 15.57 14.44 DABBLER
Ravenswood R1 40 54,519 6.96 2.22 SMSHORE
R2 23 20,300 2.59 0.70 SMSHORE
R3 24 1,559 0.20 1.40 DABBLER
R4 20 6,752 0.86 1.47 SMSHORE
R5 18 697 0.09 0.15 SMSHORE
R5S 14 287 0.04 0.15 SMSHORE
RSF2U1 41 17,298 2.21 0.28 MEDSHORE
RSF2U2 40 10,947 1.40 0.41 MEDSHORE
RSF2U3 21 1971 0.25 0.44 SMSHORE
RSF2U4 20 1,731 0.22 0.08 DIVER
Subtotal 54 116061 14.83 7.31 DABBLER
Study Area  Total 87 782826 100.00 100.00 SMSHORE
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Figure 2. Density of waterbirds (all guilds) averaged across survey rouséssyn, South San Francisco
Bay, California; September 2028 ay 2024. Dark grey ponds had no birds.
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Figure 3. Change in density of waterbirds (all guilds) between Septembén2&22023 and September
2023 May 2024, averaged across survey rounds by season, in pond habitats of South San Francisco Bay,
California. Dark grey ponds had no birds in both sesso
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Pond Conditions

Changes in abundance from year to year (Appendix 2) and season to season (Appendix 3) are likely
driven by both the timing of speciesd migration
6, 7). Water level and quality parameters likely adqrey availability of foraging birds, contributing to
observed guild distribution patterns (Velasquez 1992, Warnock20@2, Takekawa et £2006). We

found that in Cargiimanaged ponds, water quality parameters (Table A6.1) had positive, negative, and
no effects on guild abundances (Appendix 5), depending on the guild and the water quality parameter, in
agreement with other studies (Scullen eR@ll3, De La Cruz et a2018). Due to their connectedness,

ponds in the same general area exhibited similar water quality patterns. In-firecadtion pond

complexes (Coyote Hills, Dumbarton and Mowry) salinity tended to increase as water moved through the
system. Seasonal fluctuations occur in salinity and water temperatures, with lower salinities and colder
temperatures in the winter montéisd higher salinities with warmer temperatures in the fall or summer
months (Figs. A7.1 A7.8). Over the course of the year, poads A17, and A19a pond with a muted

tidal gate and two breached pond®re the least saline ponds monitored, while pa&xids R2, and A15

were the most saline (Figs. A7.JA7.4). Since cold water tends to hold more dissolved oxygen, ponds
tended to show higher dissolved oxygen concentrations in winter months (Figé. A7.22). pH values

varied between ponds, but did not generally show seasonal fluctuations (Figsi A7.18). Influxes of

water from rainfall and management practices, {ofiday effects, algal blooms, and rates of

photosynthesis and respiration by aquatic biota may also have contributed to fluctuations in water quality
parameters. The lattéiree factors can be particularly important determinants of dissolved oxygen levels
and pH (Carpelan 1957%taff gauge readings also showed significant season fluctuations in water levels,
and some were often dry enough that no water reached the stgéf giach that no staff gauge reading is
available for that survey period. (Figs. A7i1A7.20). Several other pondizck staff gauges for the

entire study periodA10, A11, A12, A15, A19, A22, A23, A2E, A6S, A8, A8S, A8W, N4AB, N4B,

NPP1, E4AC, E6, E7, ESAE, ESBAW, M4, M6, R3, R4, R5, Rb&ble A8.1).

Because annual weather conditidrisoth air temperature and precipitaionan affect the hydrologic
conditions within ponds, it is challenging to disentangle the ultimate drivers of changes in pond
abundance. In the subsequent sections we attribute predi@dages in abundance to changes in

hydrologic conditions. Managers should interpret such data in conjunction with their own knowledge of
what management actions were taken in what ponds to identify where changes in conditions are likely the
result of chages in management, versus being driven by weather.

Waterbird Guilds
Dabblers

Abundance

Across all complexes, there wek®9,602total sightings oflabbling duckgsum sightings during the
entire survey period). Comparedl&styear, this was decrease of 28,818 total sightinglkb(3%; Fig.
4). There were on avera@e012 fewer dabbling duclkdetected per survey in fall (Table A2.3)432
fewer detected in winter (Table A2.6), and 4,966 fesltected in spring (Table A2.8, Fig. 4).

At the pond levelM2 had the highest abundance (mean cout@f7per survey), followed bAl4
(2,590)andA16 (2,438 Fig. 5). At these sites, we observed the majoritgadfbling ducks roosting on
the pond (54.2%), foraging (74.8%), and roosting on the pond (5,/r88pectively (Table A4.2). Across
all six surveys, the sites with the largest increasésalnbling duckgrom last year wert2 (+2,663

mean abundance per visit), A7 (+1,100), and AB2 (+88fle the sites with the largest decreases were
A2E (-2,070), E4 {1,454), and RSF2U2X,094; Fig. 6). At M2 (4,301 birds in fall), abundance of
dabbling ducks was higher than ever previously recorded there.
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Figure 4. Abundance of dabbling ducks by (a) study year (September to August of the following year) for
each complex (averaged across surveys), (b) survey period for each complex during the current report
period (September 2023May 2024), and (c) seasdor each study year at all salt production ponds
combined; South San Francisco Bay, California, S¥jfi51 May 2024 (averaged across surveys). Study
years 2019 and 2020 contain incomplete survey rounds.
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Figure 5. Density of dabbling ducks averaged across survey rounds by season, South San Francisco Bay,
California; September 202B8lay 2024. Dark grey ponds had no birds.
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Figure 6. Interannual change in density of dabbling ducks between Septemhaviap2®23 and

September 2023ay 2024 in pond habitats of South San Francisco Bay, California. Seasonal panels are
density averaged across survey rounds by season, while énallpanel is averaged across all six survey
periods. Dark grey ponds had no birds during that seasonal window in both the current and previous year.
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Trends and Trigger Status

For dabbling ducks in winter, their management tri§gevo or more of the past three years of winter
abundance below the 20@B07 baseline valdewas trippedhis year becauseverage seasonal
abundance was below this threshold in all three of the three most recent years of complet¢Tableys
2). The estimated muitiear trend for averageinter abundance adabbling duckscross the study area
was-1,930at the end ofvinter 2024 The trend within the SBSPRRanaged wildlife ponds{8.77 per
km?, -2,185total) wasworsethan the trend within the Cargithanaged salt pond$18.36 per krfy +509
total). The trend within SBSPRP ponds that had been breached to restore tidal manshetwaeerthe

wildlife ponds and salt ponds@.04 per ki, +1 tota] Fig. 7).

Dabbling ducks
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Figure 7. Counts of dabbling ducks during target season(s) within the South Bay Salt Pond Restoration
Project (SBSPRP) and salt production ponds. Lines represent LOESS curves and the dashed lines denote
SBSPRP targets or baseline val(gegerage counts from 202907). Ponds A20, A21, A6N, and E10X

were excluded from analysis because they were not surveyed after tidal restoration.
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Change Model

Increases in dabbling duck abundance were most strongly driven by reductions in pond salinity (Fig. 8).
DelLaCruzetalf 2018) found that dabbling ducks were mo
ppt), though Scullen et gR013) did not find spport for such a relationship in the salt production pond
complexes. Higher precipitation in the previous year was also significantly positively related to change in
abundance of dabbling ducks. The other covariates had 95% confidence intervals thapededsao,

though a positive relationship between dissolved oxygen and increases in abundance was still supported
by AICc model selection (Table A5.1). A positive relationship with dissolved oxygen may be the result of
its benefits for invertebrate preywirance (Scullen et &#013). For both salinity and dissolved oxygen,
changes in water quality parameters more strongly drove changes in abundance than the parameters
themselves. De La Cruz et £018) also found that islands and lower percentage qfdheé open to

hunting predict higher abundance by De La Cruz €Rall8), which our results also supported, though

more weakly.

We report predictions made by the change model withiponds, excluding sites that were unoccupied

by dabbling ducks in wintenf both2024 and 2028A15 and A23 and sites with missing water quality
measurementA 19, AW, EBAE and EBAW)Across this set of sites, the actual change in abundance of
dabbling ducks in winter wag,035 In comparison, the model predicted a total chang6,682, with

this decreasdriven byeffects of changes in site hydrologihe proportion of variance in percent change
in counts explained by the best model &g (R°c = 0.15, Rm = 0.09).

The change model estimated that changes in site hydrology could explaBRadecrease abundance

of dabbling duckdrom last year due tmcreasing salinityThe sites predicted to experience the largest
increase irdabbling ducks&ibundance due to hydrology changes weir®, A2E, and E1Cwhile the sites
predicted to experience the largest increase in suitability (i.e., predicted percent change irrespective of
actual abundance last year) w&22, N8, and E1(Table 5). The sites predicted to experetive

largest negative impacts from changes in hydrologyiimier 2024wereM5, M4, and E4based on

predicted decreases in abundance)R#dA13, and M4based on predicted decrease in suitability).

Static site characteristi¢aumber of islands and hunting accemsjounted foan increase of 628irds.

The change model predicted that deviations from mean weather could d4y@8& increasm

abundance due tagh precipitation last yedmable 5). There was also a substantial amount of change in
abundance attributable to the unexplained annual variability (the random year effect), with this term in
2024 decreasingbundance b$5,581 some of which is likely due to complex effects of weather not
included in the model.
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Dabbling ducks

Salinity_AC 1

Salinity 1

PPT1

Covariate

OpenHunting_pct 1

Islands_num 1

(Intercept) 1

-1.10 -0.55 0.00 0.55 1.10
Effect size of standardized covariate

Figure 8. Fixed effects for the top model for interannual change in abundance of dabbling ducks during
winter in current and former salt ponds in South San Francisco Bay, California, water yé&02d0@
=1,247). Dark bars show coefficients and eramslshow 95% confidence intervals.
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Table 5. Actual and predicted changes in mean abundance per survey of dabbling ducks from winter 2023
to winter 2024 (sorted greatest decrease to greatest increase). Predicted effect sizes of covariate groups &
shown for hydrology (salinity; comparedro change from last year), weather (precipitation last year,;
compared to mean annual weather), static site characteristics (number of islands and hunting access;
compared to mean across all sites), and a year random effect. Change values were calculated by
backtransforming the predictions on the In(% change + 1) scale (showneimtlpeses and interpretable

as change in relative habitat suitability) and
Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
E4 4,848 436 -4,411 -726 -1,081 +1,727 +113 -3,744
(-2.41) (-0.16) (-0.23) (+0.54) (+0.03) (-0.65)
N4AA 2,812 400 -2,412 -302 -285 +1,025 -32 -2,280
(-1.95) (-0.11) (-0.11) (+0.52) (-0.01) (-0.65)
AB1 2,448 245 -2,204 -216 +31 +791 -35 -2,028
(-2.30) (-0.09) (+0.01) (+0.44) (-0.02) (-0.65)
M5 2,142 243 -1,898 -1,182 -1,500 +336 +61 -872
(-2.17) (-0.80) (-0.94) (+0.43) (+0.07) (-0.65)
A2E 1,806 34 -1,771 -157 +37 +583 -46 -1,498
(-3.93) (-0.09) (+0.02) (+0.44) (-0.03) (-0.65)
E3C 1,345 182 -1,163 -58 -142 +531 +63 -1,170
(-2.00) (-0.04) (-0.10) (+0.53) (+0.05) (-0.65)
A9 2,856 1,898 -958 -374 -99 +880 -32 -2,255
(-0.41) (-0.14) (-0.04) (+0.44) (-0.01) (-0.65)
N3A 1,942 1,030 -912 -189 -179 +717 -22 -1,592
(-0.63) (-0.10) (-0.10) (+0.53) (-0.01) (-0.65)
R4 630 0 -630 -600 -594 +12 -0 -28
(-6.45) (-3.02) (-3.01) (+0.49) (-0.01) (-0.65)
RSF2U2 683 122 -560 +131 -85 +305 +231 -741
(-1.71) (+0.18) (-0.10) (+0.47) (+0.33) (-0.65)
Al 1,362 848 -514 -422 -333 +337 +17 -855
(-0.47) (-0.37) (-0.30) (+0.44) (+0.02) (-0.65)
M6 502 5 -498 -13 -62 +174 -6 -446
(-4.43) (-0.03) (-0.12) (+0.44) (-0.01) (-0.65)
A2W 530 36 -494 -56 -29 +170 +16 -432
(-2.65) (-0.11) (-0.06) (+0.44) (+0.03) (-0.65)
N2 495 1 -494 -58 -87 +172 +15 -398
(-5.51) (-0.12) (-0.18) (+0.50) (+0.03) (-0.65)
E5 805 322 -482 +53 +17 +362 -44 -780
(-0.91) (+0.06) (+0.02) (+0.55) (-0.05) (-0.65)
E2 564 210 -354 +54 +2 +263 +31 -562
(-0.98) (+0.09) (+0.00) (+0.55) (+0.05) (-0.65)
E11 362 76 -286 +1 -4 +161 -19 -330
(-1.56) (+0.00) (-0.01) (+0.59) (-0.05) (-0.65)
E1C 313 34 -280 +46 +34 +149 -5 -327
(-2.21) (+0.14) (+0.10) (+0.54) (-0.01) (-0.65)
El 280 9 -270 -13 -13 +115 -9 -243
(-3.33) (-0.05) (-0.05) (+0.56) (-0.03) (-0.65)
ABS 412 184 -228 -45 -3 +131 -5 -334
(-0.81) (-0.12) (-0.01) (+0.44) (-0.01) (-0.65)
E9 1,559 1,402 -158 +6 -41 +683 -29 -1,422
(-0.11) (+0.00) (-0.03) (+0.57) (-0.02) (-0.65)
N9 231 78 -154 -21 -17 +83 -3 -192
(-1.08) (-0.10) (-0.08) (+0.50) (-0.01) (-0.65)
ES8 576 476 -100 -78 -68 +213 -25 -452
(-0.19) (-0.15) (-0.13) (+0.56) (-0.05) (-0.65)
RS5 107 8 -99 -17 -13 +36 -1 -83
(-2.48) (-0.17) (-0.13) (+0.50) (-0.01) (-0.65)
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Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
N3 74 0 -74 -6 -15 +27 +6 -63
(-4.32) (-0.09) (-0.19) (+0.50) (+0.10) (-0.65)
N6 78 6 =72 +3 +4 +32 -1 -74
(-2.50) (+0.03) (+0.05) (+0.50) (-0.01) (-0.65)
Al16 4,356 4,285 -70 -40 +211 +1,445 +275 -3,920
(-0.02) (-0.01) (+0.05) (+0.41) (+0.07)  (-0.65)
N4B 319 256 -63 -47 -40 +109 -3 -248
(-0.22) (-0.16) (-0.14) (+0.51) (-0.01) (-0.65)
E4C 168 117 -52 +41 +15 +88 +16 -191
(-0.36) (+0.22) (+0.08) (+0.54) (+0.08) (-0.65)
E8X 54 22 -32 -2 -2 +23 -3 -48
(-0.87) (-0.03) (-0.03) (+0.57) (-0.05) (-0.65)
E5C 38 11 -26 -1 -2 +16 -0 -34
(-1.17) (-0.02) (-0.05) (+0.54) (-0.01) (-0.65)
R3 25 0 -25 -11 -11 +6 -0 -14
(-3.26) (-0.53) (-0.54) (+0.49) (-0.01) (-0.65)
A8S 62 38 -24 -11 -2 +18 -2 -48
(-0.47) (-0.18) (-0.03) (+0.42) (-0.03) (-0.65)
RSF2U4 26 3 -23 -4 -2 +9 -0 -21
(-1.91) (-0.15) (-0.08) (+0.46) (-0.01) (-0.65)
N8 24 12 -12 +5 +5 +12 -0 -28
(-0.67) (+0.18) (+0.19) (+0.51) (-0.01) (-0.65)
Al3 11 3 -8 -9 -9 +1 +0 -2
(-1.120) (-1.47) (-1.46) (+0.42) (+0.02) (-0.65)
R5 10 4 -6 -3 -2 +3 -0 -8
(-0.79) (-0.28) (-0.24) (+0.50) (-0.01) (-0.65)
N4 4 0 -4 -1 -1 +2 -0 -4
(-1.61) (-0.19) (-0.18) (+0.50) (-0.01) (-0.65)
RSF2U3 4 0 -4 -3 -3 +1 -0 -2
(-1.61) (-1.02) (-1.00) (+0.47) (-0.01) (-0.65)
N2A 6 4 -3 -1 -1 +3 -0 -6
(-0.51) (-0.08) (-0.08) (+0.53) (-0.01) (-0.65)
A8 44 42 -2 -7 -0 +13 -1 -35
(-0.06) (-0.16) (-0.00) (+0.42) (-0.03) (-0.65)
Al2 0 1 +1 -0 -1 +0 -0 -1
(+0.69) (-0.59) (-0.75) (+0.42) (-0.01) (-0.65)
R2 6 13 +7 -0 -0 +3 -0 -6
(+0.69) (-0.06) (-0.04) (+0.48) (-0.03) (-0.65)
All 13 23 +10 -1 +0 +4 -0 -12
(+0.54) (-0.07) (+0.04) (+0.42) (-0.01) (-0.65)
A3N 12 38 +25 -1 +0 +4 -1 -11
(+1.05) (-0.07) (+0.04) (+0.44) (-0.04) (-0.65)
E2C 135 160 +26 -7 -8 +54 +0 -118
(+0.17) (-0.05) (-0.06) (+0.53) (+0.00) (-0.65)
N7 8 36 +28 -2 -2 +3 -0 -6
(+1.43) (-0.26) (-0.25) (+0.51) (-0.01) (-0.65)
E6 36 68 +32 -3 -4 +14 -1 -31
(+0.62) (-0.08) (-0.10) (+0.55) (-0.03) (-0.65)
El4 9 43 +34 -0 -0 +4 -0 -9
(+1.48) (-0.02) (-0.02) (+0.57) (-0.05) (-0.65)
R1 82 130 +48 -5 +2 +30 -4 -71
(+0.46) (-0.06) (+0.03) (+0.48) (-0.05) (-0.65)
E7 23 90 +68 -2 -3 +9 -0 -20
(+1.34) (-0.10) (-0.112) (+0.55) (-0.02) (-0.65)
A22 12 80 +68 +3 +4 +5 -0 -14
(+1.83) (+0.20) (+0.27) (+0.43) (-0.01) (-0.65)
N5 22 92 +70 -5 -5 +7 -0 -16
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Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
(+1.40) (-0.24) (-0.24) (+0.51) (-0.01) (-0.65)
E13 256 328 +72 -8 -9 +109 -13 -226
(+0.25) (-0.03) (-0.04) (+0.58) (-0.05) (-0.65)
E10 106 188 +82 +14 +5 +54 +1 -110
(+0.57) (+0.12) (+0.04) (+0.59) (+0.01) (-0.65)
E6B 77 180 +102 -2 -1 +33 -4 -69
(+0.84) (-0.03) (-0.02) (+0.56) (-0.05) (-0.65)
RSF2U1 245 357 +112 -15 -29 +86 +25 -210
(+0.38) (-0.06) (-0.12) (+0.47) (+0.11) (-0.65)
M4 1,469 1,596 +127 -1,063 -1,109 +141 -5 -369
(+0.08) (-1.29) (-1.32) (+0.43) (-0.01) (-0.65)
N1A 14 144 +130 -1 -1 +6 -0 -12
(+2.30) (-0.06) (-0.06) (+0.53) (-0.01) (-0.65)
A10 32 194 +162 -3 +0 +11 -0 -27
(+1.78) (-0.09) (+0.01) (+0.44) (-0.01) (-0.65)
E6A 572 874 +302 -11 -28 +240 -2 -510
(+0.42) (-0.02) (-0.05) (+0.56) (-0.00)  (-0.65)
E6C 22 344 +322 -10 -13 +5 -0 -11
(+2.71) (-0.60) (-0.69) (+0.54) (-0.02) (-0.65)
Al7 508 846 +338 =77 -9 +145 -6 -392
(+0.51) (-0.16) (-0.02) (+0.41) (-0.01) (-0.65)
Al4 3,780 4,152 +372 -915 -475 +987 -37 -2,603
(+0.09) (-0.28) (-0.15) (+0.42) (-0.01) (-0.65)
A5 174 554 +380 -29 -7 +51 -3 -133
(+1.15) (-0.18) (-0.05) (+0.43) (-0.02) (-0.65)
M3 291 1,004 +713 +26 -13 +113 +29 -288
(+1.24) (+0.08) (-0.04) (+0.44) (+0.10) (-0.65)
A7 32 772 +740 +0 +1 +12 +3 -30
(+3.15) (+0.01) (+0.03) (+0.43) (+0.08) (-0.65)
E12 543 1,309 +766 -7 -11 +236 -27 -488
(+0.88) (-0.01) (-0.02) (+0.58) (-0.05) (-0.65)
M1 104 970 +866 -35 -33 +25 +1 -63
(+2.22) (-0.41) (-0.39) (+0.45) (+0.02) (-0.65)
NPP1 26 922 +896 -14 -15 +5 -0 -12
(+3.53) (-0.74) (-0.75) (+0.49) (-0.01) (-0.65)
N1 22 1,212 +1,190 -10 -11 +5 -0 -12
(+3.97) (-0.59) (-0.60) (+0.50) (-0.01) (-0.65)
AB2 788 2,111 +1,324 +90 -41 +310 +192 -798
(+0.99) (+0.11) (-0.05) (+0.44) (+0.25) (-0.65)
N4AB 96 2,083 +1,988 -12 -11 +34 -1 =77
(+3.07) (-0.14) (-0.12) (+0.52) (-0.01) (-0.65)
A3W 1,221 3,954 +2,734 -130 +11 +386 -39 -992
(+1.17) (-0.11) (+0.01) (+0.44) (-0.03) (-0.65)
M2 40 3,700 +3,659 -12 -13 +11 +1 -26
(+4.49) (-0.35) (-0.36) (+0.45) (+0.05) (-0.65)

Pond Survey Report September 2023ay 2024

29



Divers

Abundance

Across all complexes, there wek28,761total sightings ofliving ducks(sum sightings during the entire
survey period). Compared to the previous year, thisamecrease of 98,816 total sighting®3(4%; Fig.
9). There were on averad®,630 fewer diving duckdetected per survey in fall (Table A2.2%,009
fewer detected in winter (Table A2.6), and 14,769 fedetected in spring (Table A2.8, Fig. 9).

At the pond levelA3W had the highest abundance (mean cout%if6per survey), followed byl
(1,788)andA2W (1,397 Fig. 10). At these sites, we observed the majorityivahg ducks roosting on
the pond (70.2%), roosting on the pond (85.4%), and roosting on the pond (GE§3éxtively (Table
A4.3). Across all six surveys, the sites with the largest increasigmg ducksfrom last year werédB1
(+543 mean abundance per visit), N2A (+449), and E6B (#&2Bile the sites with the largest decrease
wereA8 (-2,148), A14 {2,142), and E7-1,487; Fig. 11). Seasonal abundance of diving ducks was
exceptionally low (5th percentile) at AB2 (422 birds in winter). At N2A (3,040 birds in winter),
abundance of diving ducks was higher than ever previously recorded there.

Note that the numbers in this section and the next two sections include counts of Ruddy Ducks. We also
report trends in Ruddy Ducks aseparate sulgroup below.
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Diving ducks
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Figure 9. Abundance of diving ducks by (a) study year (September to August of the following year) for
each complex (averaged across surveys), (b) survey period for each complex during the current report
period (September 2023May 2024), and (c) seasorr feach study year at all salt production ponds
combined; South San Francisco Bay, California, S¥fi51 May 2024 (averaged across surveys). Study
years 2019 and 2020 contain incomplete survey rounds.
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2023-2024 Survey Year Fall 2023
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Figure 10. Density of diving ducks averaged across survey rounds by season, South San Francisco Bay,
California; September 20®lay 2024. Dark grey ponds had no birds.
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Figure 11. Interannual change in density of diving ducks between SeptembekM2922023 and

September 2023ay 2024 in pondhabitats of South San Francisco Bay, California. Seasonal panels are
density averaged across survey rounds by season, while the Overall panel is averaged across all six surve
periods. Dark grey ponds had no birds during that seasonal window in bothrére end previous year.
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Trends and Trigger Status

For diving ducks in winter, their management triggéwvo or more of the past three years of winter
abundance below the 20@B07 baseline valdewas not trippedhis year becaussverage seasonal
abundance was below this threshold in one of the three most recent years of completd ainleys.
The estimated mulyear trend for averageinter abundance afliving ducksacross the study area
was-7,303at the end ofinter 2024 The trend within the SBSPRRanaged wildlife pondsZ44.19 per
km?, -6,775 tota) wasworsethan the trend within the Cargithanaged salt ponds5(16 per km, -171
total). The trend within SBSPRP ponds that had been breached to restore tidal mdrstiexdisan both
the wildlife ponds and salt pondd (02 per km, -28 total Fig. 12).

Diving ducks
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Figure 12. Counts of diving ducks during target season(s) within the South Bay Salt Pond Restoration
Project (SBSPRP) and salt production ponds. Lines represent LOESS curves and the dashed lines denote
SBSPRP targets or baseline values (average count2@052007). Ponds A20, A21, A6N, and E10X

were excluded from analysis because they were not surveyed after tidal restoration.
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Change Model

Change in diving duck abundance was very strongly related to decreases in salinity, and to a lesser
degree, precipitation in the focal year (Sé&@b), with rainier years showing increased abundance (Fig.
13). Less saline ponds were slightly more likelgée population growth, but confidence intervals
overlapped zero, echoing previous studies that have found that less saline ponds have higher overall
abundance of diving ducks (Scullen etz4l13, De La Cruz et a2018). Surprisingly, an inverse

relatiorship with dissolved oxygen was supported in model selection (Table A5.2), though weak (Fig.
13). This was unexpected because previous reports found abundance was higher in ponds with higher
dissolved oxygen (Scullen et 2013, De La Cruz et a&018). As in dabbling ducks, the base pond
characteristics showed little influence on change in abundance. Previous research has also found that
diving ducks demonstrated a higher abundance in larger ponds and in ponds with higher staff gauge levels
(at the gid level, abundance was highest at 0i3851 m deep), while they had lower abundance in
breached ponds (De La Cruz et2018).

We report predictions made by the change model withiponds, excluding sites that were unoccupied

by diving ducks in winteof both2024 and 2028A12, A23 and E8AlEand sites with missing water

guality measuremen{a19, ABW and E8AW)Across this set of sites, the actual change in abundance of
diving ducks in winter was23,849 In comparison, the model predicted a total changb,0¥6, with this
decreaseriven byeffects of changes in site hydrologyhe proportion of variance in percent change in
counts explained by the best model Was (R°c = 0.19, Rm = 0.18).

The change model estimated that changes in site hydrology could expl&#ilalecrease abundance

of diving ducksfrom last year due tmcreasing salinityThe sites predicted to experience the largest
increase irdiving ducksabundance due to hydrology changes wele, A16, and A3Wwhile the sites
predicted to experience the largest increase in suitability (i.e., predicted percent change irrespective of
actual abundance last year) w&22, N8, and E1(Table 6). The sites predicted to experienee th

largest negative impacts from changes in hydrologyiitier 2024wereAl14, Al, and N1based on
predicted decreases in abundance)R#dA13, and Al%based on predicted decrease in suitability).
Static site characteristi¢distance to bay, number of islands, and pond aeajunted foan increase of
663birds.

The change model predicted that deviationsifmean weather could drivés@5 decreasm abundance

due tohigh precipitation last year, low minimum temperature, and/or high maximum tempéiathle

6). There was also a substantial amount of change in abundance attributable to the unexplained annual
variability (the random year effect), with this term2i®24 decreasingbundance b®,861, some of which

is likely due to complex effects of weather not included in the model.

Pond Survey Report September 2023ay 2024 35



Diving ducks

TMX 4

TMN A
Salinity_AC A
Salinity 1

PPT1

Covariate

Islands_num - ——
BayDist_km A ——
Area_km?2 1 —

|_
(Intercept) 1 >—.—<

-1.10 -0.55 0.00 0.55 1.10
Effect size of standardized covariate

Figure 13. Fixed effects for the top model ifmerannual change in abundance of diving ducks during
winter in current and former salt ponds in South San Francisco Bay, California, water yé&02d0@
=1,302). Dark bars show coefficients and error bars show 95% confidence intervals.
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Table 6. Actual and predicted changes in mean abundance per survey of diving ducks from winter 2023 to
winter 2024 (sorted greatest decrease to greatest increase). Predicted effect sizes of covariate groups are
shown for hydrology (salinity; compared to cloange from last year), weather (precipitation last year,
minimum temperature, and maximum temperature; compared to mean annual weather), static site
characteristics (distance to bay, number of islands, and pond area; compared to mean acrossrall sites), a
a year random effect. Change values were calculated byttaaxstorming the predictions on the In(%

change + 1) scale (shown in patheses and interpretable as change in relative habitat suitability) and

then multiplying by the actual previous year o0s
Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
Al4 5,073 928 -4,146 -528 -870 +154 +56 -223
(-1.70) (-0.11) (-0.18) (+0.03) (+0.01)  (-0.05)
E2 4,610 1,093 -3,518 -14 +19 -282 +214 -225
(-1.44) (-0.00) (+0.00) (-0.06) (+0.05)  (-0.05)
E7 3,412 214 -3,198 -550 -387 -170 +3 -140
(-2.76) (-0.18) (-0.13) (-0.06) (+0.00)  (-0.05)
All 2,662 300 -2,362 +264 +127 +100 +24 -143
(-2.18) (+0.09) (+0.04) (+0.03) (+0.01)  (-0.05)
N4AB 3,282 1,056 -2,226 -417 -437 +77 =77 -140
(-1.13) (-0.14) (-0.14) (+0.03) (-0.03)  (-0.05)
N3A 2,208 414 -1,794 -182 -238 +37 +1 -99
(-1.67) (-0.09) (-0.11) (+0.02) (+0.00)  (-0.05)
A3W 6,173 4,390 -1,782 +201 +73 -83 +151 -312
(-0.34) (+0.03) (+0.01) (-0.01) (+0.02)  (-0.05)
A5 2,964 1,199 -1,764 +78 -174 +29 +136 -149
(-0.90) (+0.03) (-0.06) (+0.01) (+0.05)  (-0.05)
N1 1,481 365 -1,116 -797 -678 -45 +9 -34
(-1.40) (-0.77) (-0.69) (-0.06) (+0.01)  (-0.05)
A2W 3,408 2,432 -977 -190 -227 -39 +26 -158
(-0.34) (-0.06) (-0.07) (-0.01) (+0.01)  (-0.05)
A8 1,247 288 -958 +89 -8 +5 +59 -66
(-1.46) (+0.07) (-0.01) (+0.00) (+0.04)  (-0.05)
A7 1,248 360 -888 +143 +48 +31 +40 -68
(-1.24) (+0.11) (+0.03) (+0.02) (+0.03)  (-0.05)
AB2 1,287 422 -864 -2 -69 +8 +39 -63
(-1.11) (-0.00) (-0.05) (+0.01) (+0.03)  (-0.05)
N7 836 26 -810 -250 -197 -37 -0 -29
(-3.42) (-0.35) (-0.29) (-0.06) (-0.00)  (-0.05)
M1 858 130 -728 -309 -309 -1 +9 -27
(-1.88) (-0.45) (-0.45) (-0.00) (+0.02)  (-0.05)
Al6 1,224 508 -716 +203 +79 +42 +68 -70
(-0.88) (+0.15) (+0.06) (+0.03) (+0.05)  (-0.05)
EGA 2,601 1,964 -637 -324 -128 -304 +76 -112
(-0.28) (-0.13) (-0.05) (-0.13) (+0.03)  (-0.05)
N3 600 28 -572 -114 -121 -2 +17 -24
(-3.05) (-0.21) (-0.22) (-0.00) (+0.04)  (-0.05)
E1ll 767 214 -554 -50 -9 -21 -26 -35
(-1.28) (-0.07) (-0.01) (-0.03) (-0.04)  (-0.05)
R1 594 206 -389 +39 +20 +18 -1 -31
(-1.06) (+0.06) (+0.03) (+0.03) (-0.00)  (-0.05)
E5 402 27 -375 -47 +8 -38 +0 -17
(-2.67) (-0.12) (+0.02) (-0.10) (+0.00)  (-0.05)
E8 473 118 -354 -87 -61 -25 -2 -19
(-1.38) (-0.20) (-0.15) (-0.06) (-0.01)  (-0.05)
R4 316 0 -316 -307 -296 +0 -0 -0
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Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
(-5.76) (-3.47) (-3.44) (+0.00) (-0.02)  (-0.05)

NPP1 276 33 -242 -171 -144 -8 +1 -5
(-2.10) (-0.96) (-0.86) (-0.07) (+0.01) (-0.05)

A9 1,324 1,086 -238 -10 -60 +34 -2 -64
(-0.20) (-0.01) (-0.04) (+0.03) (-0.00) (-0.05)

N2 243 13 -230 -65 -41 -12 -1 -9
(-2.86) (-0.31) (-0.21) (-0.07) (-0.01) (-0.05)

M5 234 38 -196 -154 -158 +5 +6 -4
(-1.80) (-1.06) (-1.07) (+0.07) (+0.07) (-0.05)

N6 206 59 -147 -13 +11 -16 -7 -10
(-1.24) (-0.06) (+0.06) (-0.08) (-0.04) (-0.05)

E9 150 48 -102 -10 -4 -8 +0 -7
(-1.12) (-0.07) (-0.03) (-0.05) (+0.00) (-0.05)

A22 70 12 -58 +31 +27 +3 +4 -5
(-1.74) (+0.36) (+0.31) (+0.03) (+0.04) (-0.05)

E6C 88 40 -48 -56 -40 -4 -0 -2
(-0.78) (-0.99) (-0.79) (-0.12) (-0.01) (-0.05)

R3 46 5 -42 -23 -21 +0 -0 -1
(-2.07) (-0.66) (-0.62) (+0.01) (-0.01) (-0.05)

El 1,238 1,198 -40 -131 -63 -73 -6 -54
(-0.03) (-0.12) (-0.05) (-0.06) (-0.00) (-0.05)

A8S 521 483 -38 +13 -18 +2 +15 -26
(-0.08) (+0.02) (-0.03) (+0.00) (+0.03) (-0.05)

R2 122 88 -34 -10 -6 +4 -4 -6
(-0.33) (-0.08) (-0.05) (+0.04) (-0.03) (-0.05)

RSF2U2 62 34 -27 -1 -7 +3 +2 -3
(-0.57) (-0.02) (-0.11) (+0.05) (+0.03) (-0.05)

Al5 18 0 -18 -16 -15 +0 +0 -0
(-2.94) (-1.71) (-1.67) (+0.03) (+0.01) (-0.05)

RSF2U3 86 70 -16 -60 -58 +1 -1 -1
(-0.20) (-1.16) (-1.124) (+0.05) (-0.04) (-0.05)

N8 53 44 -9 +6 +12 -5 -1 -3
(-0.18) (+0.112) (+0.21) (-0.08) (-0.02)  (-0.05)

N5 36 32 -4 -9 -9 +1 -1 -1
(-0.13) (-0.27) (-0.27) (+0.04) (-0.03) (-0.05)

E6 126 124 -2 -27 -13 -12 +1 -5
(-0.02) (-0.24) (-0.12) (-0.12) (+0.01) (-0.05)

E14 1 0 -1 -0 -0 -0 -0 -0
(-0.69) (-0.05) (-0.02) (-0.02) (-0.02)  (-0.05)

ABS 26 26 0 +0 -0 +0 -0 -1
(0.00) (+0.01) (-0.01) (+0.02) (-0.02)  (-0.05)

E13 14 16 +1 -1 -1 -0 -0 -1
(+0.06) (-0.08) (-0.04) (-0.02) (-0.02)  (-0.05)

E2C 2 3 +1 -1 -0 -0 -0 -0
(+0.29) (-0.20) (-0.07) (-0.12) (-0.02)  (-0.05)

R5 0 1 +1 -0 -0 -0 -0 -0
(+0.69) (-0.31) (-0.28) (-0.00) (-0.04) (-0.05)

RSF2U1 198 200 +2 -18 -26 +8 -4 -9
(+0.01) (-0.10) (-0.13) (+0.05) (-0.02) (-0.05)

RS5 1 8 +7 -0 -0 -0 -0 -0
(+1.50) (-0.18) (-0.15) (-0.00) (-0.04)  (-0.05)

E4 4 20 +16 -1 -1 -0 +0 -0
(+1.46) (-0.33) (-0.27) (-0.05) (+0.00) (-0.05)

E5C 22 44 +22 -4 -1 -2 -0 -1
(+0.69) (-0.20) (-0.06) (-0.12) (-0.01) (-0.05)
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Pond Previous Current Actual Predicted Hydrology Weather Site Year
abun. abun. change change effect effect effect effect
E12 209 236 +28 -13 -5 -5 -4 -10
(+0.12) (-0.06) (-0.02) (-0.03) (-0.02)  (-0.05)
A10 1,418 1,460 +42 +59 +19 +39 -12 -72
(+0.03) (+0.04) (+0.01) (+0.03) (-0.01) (-0.05)
N4B 52 94 +42 -12 -7 -4 -1 -2
(+0.58) (-0.26) (-0.16) (-0.08) (-0.02)  (-0.05)
Al17 160 206 +46 +7 -4 +5 +2 -8
(+0.25) (+0.04) (-0.02) (+0.03) (+0.01) (-0.05)
Al13 146 192 +46 -119 -121 +1 +1 -1
(+0.27) (-1.66) (-1.67) (+0.04) (+0.03) (-0.05)
E1C 10 63 +53 +0 +1 -1 -0 -1
(+1.76) (+0.00) (+0.11) (-0.07) (-0.02)  (-0.05)
N1A 509 566 +58 -67 -34 -22 -11 -22
(+0.11) (-0.14) (-0.07) (-0.05) (-0.03) (-0.05)
N4 32 101 +69 -6 -6 +0 -0 -1
(+1.13) (-0.22) (-0.20) (+0.02) (-0.02)  (-0.05)
A3N 64 136 +72 +1 +3 +1 -3 -3
(+0.75) (+0.02) (+0.04) (+0.02) (-0.04) (-0.05)
E4C 74 154 +81 -3 +6 -9 +2 -4
(+0.74) (-0.04) (+0.09) (-0.12) (+0.03) (-0.05)
RSF2U4 396 494 +98 -33 -35 +18 -21 -18
(+0.22) (-0.09) (-0.09) (+0.05) (-0.06) (-0.05)
E8X 132 239 +108 -11 -4 -5 -3 -6
(+0.59) (-0.09) (-0.03) (-0.04) (-0.03) (-0.05)
N9 40 222 +182 -7 -3 -3 -1 -2
(+1.69) (-0.19) (-0.09) (-0.08) (-0.02)  (-0.05)
M3 14 223 +209 -0 -1 +0 +1 -1
(+2.70) (-0.03) (-0.05) (+0.03) (+0.06) (-0.05)
M2 22 282 +261 -8 -8 +0 +0 -1
(+2.53) (-0.412) (-0.41) (+0.01) (+0.02) (-0.05)
E3C 171 448 +277 -33 -18 -17 +2 -7
(+0.96) (-0.22) (-0.12) (-0.12) (+0.02) (-0.05)
M4 64 342 +278 -50 -50 +0 +1 -1
(+1.67) (-1.51) (-1.50) (+0.03) (+0.07)  (-0.05)
N4AA 227 516 +288 -39 -25 -14 -0 -9
(+0.82) (-0.19) (-0.12) (-0.07) (-0.00) (-0.05)
E6B 284 850 +566 -18 -5 -18 +3 -13
(+1.09) (-0.06) (-0.02) (-0.07) (+0.01) (-0.05)
A2E 2,096 2,738 +642 +41 +55 -4 -30 -105
(+0.27) (+0.02) (+0.03) (-0.00) (-0.01) (-0.05)
Al 2,464 3,128 +664 =737 -715 -23 -19 -85
(+0.24) (-0.36) (-0.35) (-0.01) (-0.01) (-0.05)
AB1 270 1,042 +772 +1 +4 +3 -10 -13
(+1.35) (+0.00) (+0.02) (+0.01) (-0.04) (-0.05)
M6 18 827 +809 -3 -2 +1 +0 -1
(+3.77) (-0.17) (-0.14) (+0.09) (+0.02) (-0.05)
E10 166 1,534 +1,369 +9 +8 +4 -4 -9
(+2.22) (+0.05) (+0.05) (+0.02) (-0.02) (-0.05)
N2A 1,462 3,040 +1,578 -156 -126 +15 -51 -64
(+0.73) (-0.11) (-0.09) (+0.01) (-0.04)  (-0.05)
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Ruddy Duck

Abundance

Across all complexes, there wef®,704total sightings oRuddy Duckgsum sightings during the entire
survey period). Compared to the previous year, thisamecrease of 45,094 total sighting¥(4%; Fig.
14). There were on avera@e718 fewer Ruddy Duclkdetected per survey in fall (Table A2.8)706
fewer detected in winter (Table A2.6), and 10,122 fedeected in spring (Table A2.8, Fig. 14).

At the pond levelA3W had the highest abundance (mean cougt286per survey), followed bA2E
(1,157)andAl (90Q Fig. 15). At these sites, we observed the majoritRuddy Ducks roosting on the
pond (73.6%), roosting on the pond (89.3%), and roosting on the pond (9Ee8pectively (Table

A4.4). Across all six surveys, the sites with the largest increastisddy Duckdrom last year werdB1
(+622 mean abundance per visit), N2A (+395), and E6B (H&Bile the sites with the largest decreases
wereE7 (-1,524), N3A {888), and E2-813; Fig. 16). Seasonal abundance of Ruddy Ducks was
exceptionally low (5th percentile) at AB2 (326 birds in winter). At RSF2U4 (441 birds in winter),
abundance of Ruddy Ducks was higher than ever previously recorded there.
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Ruddy Ducks
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Figure 14. Abundance of Ruddy Ducks by (a) study year (September to August of the following year) for
each complex (averaged across surveys), (b) survey period for each complex during the current report
period (September 2023May 2024), and (c) seasorr feach study year at all salt production ponds
combined; South San Francisco Bay, California, S¥fi51 May 2024 (averaged across surveys). Study
years 2019 and 2020 contain incomplete survey rounds.
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Figure 15. Density of Ruddy Ducks averaged across survey rounds by season, South San Francisco Bay,
California; September 202B8lay 2024. Dark grey ponds had no birds.
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Figure 16. Interannual change in density of Ruddy Ducks between Septembievid02023 and

September 2023ay 2024 in pond habitats of South San Francisco Bay, California. Seasonal panels are
density averaged across survey rounds by season, while thedl@aeel is averaged across all six survey
periods. Dark grey ponds had no birds during that seasonal window in both the current and previous year.
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Trends and Trigger Status

For Ruddy Ducks in winter, their management triggewo or more of the past three years of winter
abundance below the 20@B07 baseline valdewas not trippedhis year becaussverage seasonal
abundance was below this threshold in none of the three most recent years of complet¢Talrieg3.
The estimated mulyear trend for averageinter abundance dRuddy Ducksacross the study area
was-6,328at the end ofinter 2024 The trend within the SBSPRRanaged wildlife ponds189.93 per
km?, -5,269 tota) wasworsethan the trend within the Cargithanaged salt ponds3@.25 per kri -950
total). The trend within SBSPRP ponds that had been breached to restore tidal mdrstiexdisan both
the wildlife ponds and salt ponds4(45 per kri, +124 total Fig. 17).

Ruddy Ducks
Winter

50,000 -

40,000 1

30,000 1

20,000 1

Number of Birds

10,000

Year

Pond area == Al Salt ponds =e= Tidal ponds =e= Wildlife ponds

Figure 17. Counts of Ruddy Ducks during target season(s) within the South Bay Salt Pond Restoration
Project (SBSPRP) and salt production ponds. Lines represent LOESS curves and the dashed lines denote
SBSPRP targets or baseline values (average count2@052007). Ponds A20, A21, A6N, and E10X

were excluded from analysis because they were not surveyed after tidal restoration.
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Change Model

The best change model for Ruddy Ducks differed from the best change model for diving ducks.
Decreasing salinity, decreasing pH, and increasing dissolved oxygen all very strongly predicted increases
in abundance (Fig. 18). Model selection supported thathiRDdick population growth was higher as

water depth in ponds increased (Table A5.num.table.aic), which is in line with expectations for a species
of diving duck; however confidence intervals overlapped zero (Fig. 18). Increases were also more
commonly in years with greater fall through winter precipitation (Fig. 18). Like dabbling and diving

ducks, base site characteristics did not strongly predict percent changes in abundance.

We report predictions made by the change model wBiponds, excluding sites that were unoccupied

by Ruddy Ducks in winteof both2024 and 2028A12, A13, A15, A23, E14, E2C, E4, E5C, E8AE,

EBAW, M6, R3, R4, R5, RS5 and RSF2Uihd sites with missing water quality measuremght® and

A8W). Across this set of sites, the actual change in abundariRedoly Ducks in winter wasl1,707 In
comparison, the model predicted a total chang&,823, with thisdlecreaseriven byeffects of changes

in site hydrology The proportion of variance in percent change in counts explained by the best model was
low (R?c = 0.15, Rm = 0.11).

The change model estimated that changes in site hydrology could explaRB8adecrease abundance

of Ruddy Duckgrom last year due tdecreasing dissolved oxygen, increasing pH, increasing salinity,
and/or decreasing depthhe sites predicted to experience the largest increddaddy Ducksabundance

due to hydrology changes wek8W, A16, and E1Qwhile the sites predicted to experience the largest
increase in suitability (i.e., predicted percent change irrespective of actual abundance lastrg®&8) we
A3N, and E1(QTable 7). The sites predicted to experience the largest negative impacts from changes in
hydrology inwinter 2024wereE7, E2, and A9based on predicted decreases in abundanceg arg6C,

and M1(based on predicted decrease in suitability). Static site charactdgidsstesice to bay, number of
islands, and pond areagcounted foa decrease of 73firds.

Weather was not a significant variable, there was also a substantial amount of change in abundance
attributable to the unexplained annual variability (the random year efféis)term in2024 increasd
abundance b280 some of which is likely due to complex effects of weather not included in the model.
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Ruddy Ducks
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Figure 18. Fixed effects for the top model for interannual change in abundance of Ruddy Ducks during
winter in current and former salt pondsSouth San Francisco Bay, California, water year PR024 (n
=1,079). Dark bars show coefficients and error bars show 95% confidence intervals.
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Table 7. Actual and predicted changes in mean abundance per survey of Ruddy Ducks from winter 2023
to winter 2024 (sorted greatest decrease to greatest increase). Predicted effect sizes of covariate groups &
shown for hydrology (dissolved oxygen, pH,is#éy, and depth; compared to no change from last year),

static site characteristics (distance to bay, number of islands, and pond area; compared to mean across al
sites), and a year random effect. Change values were calculated kyapest&rming the predictions on

the In(% change + 1) scale (showmparentheseand interpretable as change in relative habitat

suitability) and then multiplying by the actual
Pond Previous Current Actual Predicted Hydrology Site Year
abun. abun. change change effect effect effect
E2 4,891 848 -4,044 -3,034 -2,549 -220 +19
(-1.75) (-0.97) (-0.86) (-0.11)  (+0.01)
E7 3,340 0 -3,340 -3,036 -2,734 +1 +3
(-8.11) (-2.40) (-2.30) (+0.00)  (+0.01)
N3A 1,645 124 -1,521 +434 +343 -18 +21
(-2.58) (+0.23) (+0.18) (-0.01)  (+0.01)
N4AB 1,584 596 -988 -986 -596 +18 +6
(-0.98) (-0.97) (-0.69) (+0.03)  (+0.01)
N7 832 0 -832 -584 -565 -1 +2
(-6.73) (-1.21) (-1.18) (-0.00)  (+0.01)
AB2 1,152 326 -826 -115 -103 -127 +10
(-1.26) (-0.10) (-0.09) (-0.12) (+0.01)
Al16 1,110 350 -761 +400 +459 -76 +15
(-1.15) (+0.31) (+0.36) (-0.05)  (+0.01)
A5 1,282 546 -735 -325 -448 -70 +10
(-0.85) (-0.29) (-0.38) (-0.07) (+0.01)
Ell 737 30 -707 -152 -146 +28 +6
(-3.17) (-0.23) (-0.22) (+0.05)  (+0.01)
A3W 4,342 3,826 -516 +2,875 +2,818 -308 +72
(-0.13) (+0.51) (+0.50) (-0.04)  (+0.01)
All 534 62 -472 -160 -115 +3 +4
(-2.14) (-0.36) (-0.27) (+0.01)  (+0.01)
EGA 2,266 1,824 -442 -264 -296 -59 +20
(-0.22) (-0.12) (-0.14) (-0.03)  (+0.01)
A8 698 258 -439 -149 -134 -18 +6
(-0.99) (-0.24) (-0.22) (-0.03)  (+0.01)
E8 358 76 -282 -11 -19 +8 +3
(-1.54) (-0.03) (-0.05) (+0.02)  (+0.01)
M1 400 120 -280 -290 -277 -5 +1
(-1.19) (-1.28) (-1.25) (-0.04)  (+0.01)
A9 1,309 1,047 -262 -620 -872 -1 +7
(-0.22) (-0.64) (-0.82) (-0.00)  (+0.01)
A7 316 128 -188 -191 -210 -7 +1
(-0.90) (-0.92) (-0.98) (-0.05) (+0.01)
N6 198 15 -183 +190 +198 +21 +4
(-2.52) (+0.67) (+0.71) (+0.05)  (+0.01)
R1 294 112 -183 -102 -89 -2 +2
(-0.97) (-0.43) (-0.38) (-0.01) (+0.01)
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Pond Previous Current Actual Predicted Hydrology Site Year
abun. abun. change change effect effect effect
N1 180 27 -152 -135 -112 -0 +0
(-1.86) (-1.39) (-1.25) (-0.01) (+0.01)
Al4 582 431 -152 -314 -265 -2 +3
(-0.30) (-0.77) (-0.68) (-0.01) (+0.01)
A8S 417 266 -152 -101 -188 +3 +3
(-0.45) (-0.28) (-0.47) (+0.01) (+0.01)
N1A 132 18 -114 -45 -36 +3 +1
(-1.94) (-0.42) (-0.34) (+0.04) (+0.01)
N4AA 94 42 -52 -18 -22 +1 +1
(-0.78) (-0.20) (-0.25) (+0.01) (+0.01)
N8 52 11 -42 +61 +65 +5 +1
(-1.49) (+0.76) (+0.84) (+0.04) (+0.01)
A2W 968 934 -35 -404 -323 -21 +6
(-0.04) (-0.54) (-0.45) (-0.04) (+0.01)
E8X 112 79 -32 -15 -2 +5 +1
(-0.34) (-0.14) (-0.02) (+0.06) (+0.01)
E12 50 18 -32 -3 -2 +2 +0
(-0.96) (-0.06) (-0.04) (+0.04) (+0.01)
N4B 50 20 -30 -27 -35 +1 +0
(-0.90) (-0.76) (-0.90) (+0.05) (+0.01)
RSF2Ul1 46 29 -18 -14 -18 -0 +0
(-0.46) (-0.35) (-0.42) (-0.00) (+0.01)
NPP1 16 0 -16 -12 -11 +0 +0
(-2.83) (-1.32) (-1.22) (+0.02) (+0.01)
A22 13 0 -13 -1 -1 -0 +0
(-2.64) (-0.06) (-0.07) (-0.01) (+0.01)
M5 4 0 -4 -4 -3 -0 +0
(-1.70) (-1.33) (-1.02) (-0.08) (+0.01)
M4 6 3 -2 -5 -4 -0 +0
(-0.49) (-1.49) (-1.25) (-0.06) (+0.01)
E1C 4 2 -2 -1 -2 +0 +0
(-0.51) (-0.33) (-0.37) (+0.05) (+0.01)
E9 1 0 -1 -1 -1 -0 +0
(-0.69) (-1.25) (-0.83) (-0.02) (+0.01)
N2 1 0 -1 -1 -1 +0 +0
(-0.69) (-0.34) (-0.32) (+0.00) (+0.01)
N3 1 0 -1 -1 -1 -0 +0
(-0.69) (-0.57) (-0.46) (-0.10) (+0.01)
R2 1 0 -1 -1 -1 +0 +0
(-0.69) (-0.49) (-0.47) (+0.05) (+0.01)
RSF2U2 1 0 -1 -1 -1 -0 +0
(-0.69) (-0.75) (-0.59) (-0.14) (+0.01)
E4C 48 47 -0 -20 -21 -1 +0
(-0.01) (-0.53) (-0.56) (-0.03) (+0.01)
A6S 24 26 +2 -5 -4 +0 +0
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Pond Previous Current Actual Predicted Hydrology Site Year
abun. abun. change change effect effect effect
(+0.08) (-0.22) (-0.19) (+0.02) (+0.01)
Al7 28 31 +2 -7 -3 +0 +0
(+0.08) (-0.28) (-0.11) (+0.02) (+0.01)
E13 0 6 +6 -0 -0 +0 +0
(+1.87) (-0.13) (-0.10) (+0.04) (+0.01)
N5 21 28 +6 -15 -16 +0 +0
(+0.26) (-1.17) (-1.23) (+0.04) (+0.01)
E6C 1 23 +22 -2 -2 +0 +0
(+2.48) (-1.57) (-1.56) (+0.04) (+0.01)
M3 2 26 +24 -0 +0 -0 +0
(+2.18) (-0.06) (+0.18) (-0.11) (+0.01)
Al10 1,075 1,107 +32 +119 +21 +21 +12
(+0.03) (+0.11) (+0.02) (+0.02) (+0.01)
E5 2 44 +42 -1 -1 +0 +0
(+2.71) (-0.38) (-0.44) (+0.02) (+0.01)
El 543 593 +50 -42 +52 +2 +5
(+0.09) (-0.08) (+0.11) (+0.00) (+0.01)
A3N 47 98 +50 +83 +74 +6 +1
(+0.72) (+1.00) (+0.82) (+0.05) (+0.01)
E6 7 78 +71 -4 -6 +0 +0
(+2.29) (-0.67) (-0.86) (+0.01) (+0.01)
N4 2 75 +73 -1 -1 +0 +0
(+3.23) (-0.49) (-0.53) (+0.01) (+0.01)
N9 34 118 +84 -18 -18 +1 +0
(+1.22) (-0.72) (-0.72) (+0.04) (+0.01)
E3C 276 384 +108 -140 -167 -2 +1
(+0.33) (-0.70) (-0.80) (-0.01) (+0.01)
M2 1 112 +112 -1 -1 -0 +0
(+4.04) (-0.91) (-0.87) (-0.05) (+0.01)
RSF2U4 290 441 +150 +307 +316 +43 +6
(+0.42) (+0.72) (+0.75) (+0.08) (+0.01)
Al 873 1,362 +489 -634 -554 +0 +2
(+0.44) (-1.29) (-1.20) (+0.00) (+0.01)
E6B 228 829 +600 -120 -107 +0 +1
(+1.29) (-0.74) (-0.68) (+0.00) (+0.01)
AB1 66 1,006 +939 -18 -23 +2 +0
(+2.70) (-0.30) (-0.38) (+0.04) (+0.01)
E10 291 1,277 +986 +401 +377 +6 +7
(+1.48) (+0.86) (+0.79) (+0.01) (+0.01)
A2E 1,476 2,530 +1,054 -473 -637 +12 +10
(+0.54) (-0.39) (-0.49) (+0.01) (+0.01)
N2A 427 1,670 +1,242 -167 -106 +12 +3
(+1.36) (-0.50) (-0.34) (+0.05) (+0.01)
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Eared Grebes

Abundance

Across all complexes, there we2@é,310total sightings oEared Grebegsum sightings during the entire
survey period). Compared to the previous year, thisamecrease of 22,199 total sighting®(8%; Fig.
19). There were on averadd.8 more Eared Grebdstected per survey in fall (Table A2.3)938 fewer
detected in winter (Table A2.6), and 7,279 fedetected in spring (Table A2.8, Fig. 19).

At the pond levelM3 had the highest abundance (mean coudt4i20per survey), followed b1 (814)
andM4 (798 Fig. 20). At these sites, we observed the majorityased Grebes foraging (80.9%),

foraging (66.5%), and foraging (67.2%¢spectively (Table A4.5). Across all six surveys, the sites with

the largest increases Hared GrebeBom last year wer#1 (+790 mean abundance per visit), M2

(+682), and A8 (+86while the sites with the largest decreases Wetg-2,404), M5 ¢1,294), and M6

(-1,009; Fig. 21). Seasonal abundance of Eared Grebes was exceptionally low (5th percentile) at A15 (0
birds in spring), A15 (0 in winter), N2 (0 in winter), and N3 (0 in winter). At M2 (1,056 birds in winter),
abundance of Eared Grebes was higher thanpeegiously recorded there.
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Figure 19. Abundance of Eared Grebes by (a) study year (September to August of the following year) for
each complex (averaged across surveys), (b) survey period for each complex during the current report
period (September 2023May 2024), and (c) seasoorfeach study year at all salt production ponds

combined; South San Francisco Bay, California, S¥fi51 May 2024 (averaged across surveys). Study
years 2019 and 2020 contain incomplete survey rounds.

Pond Survey Report September 2023ay 2024 51



2023-2024 Survey Year Fall 2023

Eared Grebes
per sq. km

I 804

100

Spring 2024 Winter 2023

2

10

San Francisco
Bay

Figure 20. Density of Eared Grebes averaged across survey rounds by season, South San Francisco Bay,
California; September 202B8lay 2024. Dark grey ponds had no birds.
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Figure 21. Interannual change in density of Eared Grebes between Septembda3(02223 and

September 2023ay 2024 in pond habitats of South San Francisco Bay, California. Seasonal panels are
density averaged across survey rounds by season, while thedl@a@el is averaged across all six survey
periods. Dark grey ponds had no birds during that seasonal window in both the current and previous year.
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Trends and Trigger Status

For Eared Grebes in winter, their management triygeore than 25% below the 20@907 baseline
winter abundance for the past three years, or more than 50% below in any singjlevgeanot tripped
this year becauseeither of these conditions were met, with counts below the 25% threshold in none of
the three most recent years of complete sur¢egble 2).However, the trendline fdtared Grebes within
the wildlife ponds continued to decline towards z@itwe estimated muHlyear trend for averageinter
abundance dEared Grebeacross the study area w&4l7at the end ofvinter 2024 The trend within the
SBSPRPmanaged wildlife ponds34.09 per krfy -946 tota) wasworsethan the trend within the
Cargill-managed salt ponds@.43 per km, +12 tota). The trend within SBSPRP ponds that had been
breached to restore tidal marsh viabetweerthe wildlife ponds and salt pondsQ(36 per km, +10

total, Fig. 22).

Eared Grebes
Winter
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10,000

8,000 1

Number of Birds
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Pond area == Al Salt ponds =e= Tidal ponds =e= Wildlife ponds

Figure 22. Counts of Eared Grebes during target season(s) within the South Bay Salt Pond Restoration
Project (SBSPRP) and salt production ponds. Lines represent LOESS curves and the dashed lines denote
SBSPRP targets or baseline values (average count2@052007). Ponds A20, A21, A6N, and E10X

were excluded from analysis because they were not surveyed after tidal restoration.
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Change Model

As the SBSPRP continues, state and federal land managers are concerned that the loss of medium and
high salinity ponds may impact species like Eared Grebes that depend on these habitatstidesgjte
divergent patterns of decline within the SBSPRP footprint and increase within the salt production ponds,
change in Eared Grebes abundance was not strongly related to any variable except a positive relationship
with interannual increases in watde\eation (a proxy for increasing water depth; Fig. 23). Both De La

Cruz (2018) and Scullen et §013) found that Eared Grebe abundances were higher at ponds with

greater staff gauge values. This suggests possibly that the restoration activitiesdnapatmivns could

be a driving factor in the observed changes, but more analyses are necessary to disentangle whether this
relationship could explain the decline within the SBSPRP, the increase within salt production ponds, or
both. There was also support faean maximum monthly winter temperatures and changes in dissolved
oxygen explaining changes in Eared Grebe abundance (Table A5.4), but with large confidence intervals
that overlapped zero (Fig. 23). Similarly, De La Cruz et24118) did not find any tationships between
abundance and water quality measures, though Scullen2058) found support for higher abundances

at ponds with higher pH, higher salinity, and lower temperature. Changes in Eared Grebe abundance were
not strongly related to pondharacteristics.

We report predictions made by the change model wiihiponds, excluding sites that were unoccupied
by Eared Grebes in wint&f both2024 and 2028A12, A17, A19, A23, A6S, A9, E11, E13, E14, E1C,
E2C, E4, E5C, E6C, EBAE, EBAW, E8X, E9, N4, N5, N9, R5, RS5, RSF2U1 and Rp&iatl8ites

with missing water quality measureme(M8W). Across this set of sites, the actual change in abundance
of Eared Grebes in winter wag,762 In comparison, the model predicted a total chang8,@97,

however it did not identify specific drivers of this decrease¢he decline was primarily attributed to the
random year effeciThe proportion of variance in percent change in counts explained by the best model
waslow (R%c = 0.10, Rm = 0.01).

The change model estimated that changes in site hydrology could exp&inaeasén abundance of
Eared Grebekom last year due tmcreasing depthlhe sites predicted to experience the largest increase
in Eared Grebeabundance due to hydrology changes vi8e AB2, and E1Qwhile the sites predicted

to experience the largest increase in suitability (i.e., predicted percent change irrespective of actual
abundance last year) wek2, RSF2U4, and E1(Qrable 8). The sites predicted to experience the largest
negative impacts from changes in hydrologyinter 2024wereN1, N3, and A5based on predicted
decreases in abundance) ant, E6B, and N{basd on predicted decrease in suitability). Static site
characteristicénumber of islands and pond areafounted foan increase of 73@irds.

Weather was not a significant variable, but theas a substantial amount of change in abundance
attributableto the unexplained annual variability (the random year effect), with this te20P#h
decreasingbundance b$,699 some of which is likely due to complex effects of weather not included in
the model.
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Figure 23. Fixed effects for the top model for interannual change in abundance of Eared Grebes during
winter in current and former salt ponds in South San Francisco Bay, California, water yé&02d0@
=1,023). Dark bars show coefficients and errasishow 95% confidence intervals.
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Table 8. Actual and predicted changes in mean abundance per survey of Eared Grebes from winter 2023
to winter 2024 (sorted greatest decrease to greatest increase). Predicted effect sizes of covariate groups &
shown for hydrology (depth; compared to namge from last year), static site characteristics (humber of
islands and pond area; compared to mean across all sites), and a year random effect. Change values wer
calculated by backansforming the predictions on the In(% change + 1) scale (shoparentheseand

interpretable as change in relative habitat sui
abundance.
Pond Previous Current Actual Predicted Hydrology Site Year
abun. abun. change change effect effect effect
M4 4,044 1,682 -2,362 -1,482 0 +315 -1,477
(-0.88) (-0.46) (0.00) (+0.13)  (-0.46)
M5 2,280 410 -1,870 -869 0 +145 -814
(-1.71) (-0.48) (0.00) (+0.11)  (-0.46)
M6 1,249 1 -1,248 -496 0 +59 -435
(-6.44) (-0.51) (0.00) (+0.08)  (-0.46)
N1 299 48 -252 -164 -35 +3 -79
(-1.82) (-0.79) (-0.23) (+0.02)  (-0.46)
N3 164 0 -164 -59 -6 +19 -61
(-5.11) (-0.44) (-0.06) (+0.20)  (-0.46)
NPP1 171 68 -103 -82 0 -6 -52
(-0.91) (-0.65) (0.00) (-0.06) (-0.46)
N2 40 0 -40 -19 0 -1 -13
(-3.73) (-0.62) (0.00) (-0.03) (-0.46)
E6 42 5 -38 -20 0 -1 -13
(-1.98) (-0.64) (0.00) (-0.05) (-0.46)
R4 27 0 -27 -12 0 -0 -9
(-3.33) (-0.59) (0.00) (-0.00)  (-0.46)
EGA 16 2 -13 -7 0 +0 -5
(-1.55) (-0.56) (-0.00) (+0.03)  (-0.46)
N7 14 1 -13 -8 -2 +0 -4
(-2.01) (-0.78) (-0.24) (+0.05)  (-0.46)
A2E 22 10 -12 -10 0 +0 -7
(-0.74) (-0.57) (0.00) (+0.01)  (-0.46)
EGB 10 0 -10 -6 -2 -0 -3
(-2.40) (-0.89) (-0.30) (-0.01) (-0.46)
Al16 18 8 -10 -8 +1 +0 -7
(-0.69) (-0.51) (+0.06) (+0.01)  (-0.46)
E10 8 0 -8 -3 +1 -0 -4
(-2.20) (-0.35) (+0.25) (-0.02)  (-0.46)
A7 16 9 -7 -7 0 +0 -6
(-0.53) (-0.54) (0.00) (+0.04)  (-0.46)
AB2 8 3 -5 -1 +2 +1 -4
(-0.81) (-0.17) (+0.34) (+0.08)  (-0.46)
R3 5 0 -5 -3 0 -0 -2
(-1.79) (-0.60) (0.00) (-0.01) (-0.46)
A5 44 40 -4 -19 -4 +5 -15
(-0.09) (-0.54) (-0.16) (+0.20)  (-0.46)
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Pond Previous Current Actual Predicted Hydrology Site Year

abun. abun. change change effect effect effect

El 4 0 -4 -2 +1 +0 -2
(-1.61) (-0.40) (+0.18) (+0.01)  (-0.46)

E7 4 0 -4 -2 0 -0 -2
(-1.61) (-0.62) (0.00) (-0.03) (-0.46)

N4AB 11 7 -4 -6 0 -0 -4
(-0.41) (-0.62) (0.00) (-0.03) (-0.46)

R2 4 0 -4 -2 0 -0 -1
(-1.61) (-0.67) (0.00) (-0.09) (-0.46)

N3A 4 0 -4 -2 -0 +0 -1
(-1.50) (-0.58) (-0.06) (+0.07)  (-0.46)

Al13 3 0 -3 -2 0 +0 -1
(-1.39) (-0.58) (0.00) (+0.00)  (-0.46)

A15 3 0 -3 -2 -0 -0 -1
(-1.39) (-0.64) (-0.03) (-0.02) (-0.46)

A2W 8 4 -3 -3 +0 +1 -3
(-0.44) (-0.46) (+0.03) (+0.10)  (-0.46)

A3N 3 0 -3 -2 +0 -0 -1
(-1.39) (-0.65) (+0.01) (-0.07) (-0.46)

AB1 2 0 -2 -2 -0 -0 -1
(-1.10) (-0.73) (-0.07) (-0.07) (-0.46)

E4C 2 0 -2 -1 0 -0 -1
(-1.10) (-0.60) (0.00) (-0.02) (-0.46)

E8 2 0 -2 -2 -0 -0 -1
(-1.10) (-0.70) (-0.06) (-0.06) (-0.46)

N4AA 3 1 -2 -2 -0 +0 -1
(-0.69) (-0.73) (-0.14) (+0.00)  (-0.46)

R1 3 1 -2 -2 0 +0 -1
(-0.69) (-0.50) (0.00) (+0.08)  (-0.46)

E5 3 2 -2 -2 -0 -0 -1
(-0.47) (-0.69) (-0.03) (-0.07) (-0.46)

A22 1 0 -1 -1 0 -0 -1
(-0.69) (-0.60) (0.00) (-0.01) (-0.46)

E2 2 1 -1 -0 +0 +1 -1
(-0.41) (-0.17) (+0.16) (+0.26)  (-0.46)

N1A 1 0 -1 -1 +0 -0 -1
(-0.69) (-0.59) (+0.07) (-0.07) (-0.46)

N6 1 0 -1 -1 -0 -0 -1
(-0.69) (-0.79) (-0.08) (-0.11) (-0.46)

N8 1 0 -1 -1 -0 -0 -0
(-0.69) (-0.93) (-0.24) (-0.10) (-0.46)

RSF2U2 1 0 -1 -1 +0 +0 -1
(-0.69) (-0.49) (+0.03) (+0.07)  (-0.46)

RSF2U4 1 0 -1 -1 +0 -0 -1
(-0.69) (-0.45) (+0.30) (-0.16) (-0.46)

E12 1 1 0 -1 +0 -0 -1

Pond Survey Report September 2023ay 2024 58



Pond Previous Current Actual Predicted Hydrology Site Year
abun. abun. change change effect effect effect
(0.00) (-0.55) (+0.14) (-0.11) (-0.46)
E3C 0 1 +1 -0 +0 -0 -0
(+0.69) (-0.51) (+0.11) (-0.04) (-0.46)
N4B 0 1 +1 -1 0 -0 -0
(+0.69) (-0.72) (0.00) (-0.13) (-0.46)
All 4 7 +2 -2 0 -0 -2
(+0.37) (-0.61) (0.00) (-0.02) (-0.46)
Al 5 10 +4 -3 +0 +0 -2
(+0.56) (-0.56) (+0.02) (+0.01) (-0.46)
A3W 58 64 +7 -20 +1 +5 -22
(+0.11) (-0.41) (+0.03) (+0.15) (-0.46)
N2A 4 17 +13 -3 -0 -0 -1
(+1.28) (-0.74) (-0.08) (-0.07) (-0.46)
Al0 4 26 +22 -2 0 -0 -2
(+1.67) (-0.61) (0.00) (-0.02) (-0.46)
Al4 14 84 +70 -7 -1 +0 -5
(+1.73) (-0.65) (-0.08) (+0.03) (-0.46)
A8S 38 141 +102 -19 0 -2 -12
(+1.28) (-0.66) (0.00) (-0.07) (-0.46)
A8 4 238 +234 -2 0 +0 -2
(+3.97) (-0.52) (0.00) (+0.06) (-0.46)
M3 1,478 1,792 +314 -418 +58 +191 -611
(+0.19) (-0.33) (+0.06) (+0.20) (-0.46)
M1 6 660 +654 -4 -2 +0 -1
(+4.55) (-1.02) (-0.56) (+0.13) (-0.46)
M2 2 1,056 +1,054 -1 -0 +0 -1
(+5.86) (-0.65) (-0.20) (+0.14) (-0.46)
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Fisheaters

Abundance

Across all complexes, there wetr®,015total sightings ofisheatergsum sightings during the entire
survey period). Compared to the previous year, thisamecrease of 1,380 total sightings 9%; Fig.
24).There were on averadgel12 fewer fisheatexdetected per survey in fall (Table A2.8%0 more
detected in winter (Table A2.6), and 218 fewetected in spring (Table A2.8, Fig. 24).

At the pond levelN4AB had the highest abundance (mean couA#d6iper survey), followed biN3A
(262)andA5 (196 Fig. 25). At these sites, we observed the majorifysbkaters roosting on levees

(71.4%), foraging (53.1%), and roosting on levees (77.58gpectively (Table A4.6). Across all six

surveys, the sites with the largest increasdsieaterdrom last year wer&l4AB (+335 mean

abundance per visit), N3A (+60), and A8 (+B#hile the sites with the largest decreases Wérk(-186),

A7 (-115), and E1-{74; Fig. 26). Seasonal abundance of fisheaters was exceptionally low (5th percentile)
at A10 (22 birds in spring), A3W (27 in fall), and A9 (0 in spring). At E11K(it@s in winter), abundance

of fisheaters was higher than ever previously recorded there.
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Fisheaters
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Figure 24. Abundance of fisheaters by (a) study year (September to August of the following year) for each
complex (averaged across surveys), (b) survey period for each complex during the current report period
(September 2028 May 2024), and (c) season feach study year at all salt production ponds combined;

South San Francisco Bay, California, S@M0517 May 2024 (averaged across surveys). Study years 2019
and 2020 contain incomplete survey rounds.
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Figure 25. Density of fisheaters averaged across survey rounds by season, South San Francisco Bay,
California; September 202B8lay 2024. Dark grey ponds had no birds.
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Figure 26. Interannual change in density of fisheaters between Septembdviap2®23 and September

2023 May 2024 in pond habitats of South San Francisco Bay, California. Seasonal panels are density
averaged across survey rounds by season, while thellpaaral is averaged across all six survey

periods. Dark grey ponds had no birds during that seasonal window in both the current and previous year.
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Trends and Trigger Status

No formal targets have been set for fisheaters, but we still provide a comparison to a hypothetical
management trigger based on baseline abundance for a more comprehensive assessment of waterbird
populations within the South Bay. For fisheaters in fai§ flypothetical triggéy two or more of the past
three years of fall abundance below the 20087 baseline valdewas trippedhis year becausgverage
seasonal abundance was below this threshold in all three of the three most recent years of complete
surveyg(Table 2). The estimated multear trend for averadall abundance disheatersacross the study
area was919at the end ofall 2024 The trend within the SBSPRRanaged wildlife pondsZ6.97 per

km?, -748 tota) wasworsethan the trend within the Cargithanaged salt ponds3(58 per kr, -99 tota).

The trend within SBSPRP ponds that had been breached to restore tidal mdvsttevdsan botkthe

wildlife ponds and salt ponds@.27 per ki, +8 total Fig. 27).
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Figure 27. Counts of fisheaters during target season(s) within the South Bay Salt Pond Restoration Projec
(SBSPRP) and salt production ponds. Lines represent LOESS curves and the dashed lines denote
SBSPRP targets or baseline values (average counts @0&2R07). Ponds A20, A21, A6N, and E10X

were excluded from analysis because they were not surveyed after tidal restoration.

Pond Survey Report September 2023ay 2024 64



Gulls

Abundance

Across all complexes, there wei2,646total sightings ofulls (sum sightings during the entire survey
period). Compared to the previous year, this avdecrease of 22,381 total sighting&(3%; Fig. 28).
There were on avera@e015 fewer gullsletected per survey in fall (Table A2.2)122 fewer detected in
winter (Table A2.6), and 7,054 feweetected in spring (Table A2.8, Fig. 28).

At the pond levelAl12 had the highest abundance (mean coubt0iper survey), followed biN3A
(631)andA2E (549 Fig. 29). At these sites, we observed the majorityulis roosting on the pond

(95.5%), roosting on levees (88.6%), and roosting on levees (92&8pectively (Table A4.7). Across

all six surveys, the sites with the largest increasegsilis from last year werdl1 (+370 mean abundance

per visit), A2E (+243), and N9 (+21&hile the sites with the largest decreases W&¢572), A5

(-557), and AB2475; Fig. 30). Seasonal abundance of gulls was exceptionally low (5th percentile) at Al
(1 birds in spring), A10 (6 in fall), A10 (4 in winter), A11 (6 in winter), A6S (0 in spring), and N3 (3 in
winter). At A2E (1,120 birds in spring), abundance of gwiés higher than ever previously recorded

there.

Note that the numbers in this section and the next two seatidosec ount s of Bonapart e
which we also assessed as a separatgmaup in a following section. In addition, while in the winter

there are a diversity of gull species present, the presence of gulls on levees in the spring is largely due to
summer California Gull breeding colonies. Supplementary surveys of California&stithg colonies

(Parsons & Van Schmidt 2025) found an estimated 21,781 breeding pairs of California Gulls in May

2024, a decrease of 1,069 (4.7%) since May 2023.
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Figure 28. Abundance of gulls by (a) study year (September to August of the following year) for each
complex (averaged across surveys), (b) survey period for each complex during the current report period
(September 2028 May 2024), and (c) season for eatudy year at all salt production ponds combined;
South San Francisco Bay, California, S@M0517 May 2024 (averaged across surveys). Study years 2019
and 2020 contain incomplete survey rounds.
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