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EXECUOVESUMMARY

The San Francisco Bay Bird Observatory surveyed 22 salt evaporation ponds for waderbsdspled
water qualityfrom October2008through September 208 The salt ponds surveyed are owned by the
Don Edwards San Francisco Bay National Wilddifiege and managed for salt production by Cargill Salt.
We examined species richness, total abundance within and between complexes. We also exaenined
difference inabundance of foraging guilds within each complex.

We observed421,93%irdsduring our nonthly survey$etween October 2008 and September 2009
Species richness was greatest in Coyote Hilldvmary complexes and lowest ithe Dumbarton
complex Total abundance was highest in tiewry complex, followedy Coyote Hillsthen
Dumbarton Theproportion of birds foraging was greatest in Coyote Hills and Dumbaaarplexes
whereasbirds mostly roosted in the Mowry complex.

We found that guilds were most abundant in specific ponds and water quality parametersdidtated
guild-specific distibutions. These distributions wefikely driven by the preyistributionand the
conditions needed for their survivaFor examplewe rarely found fish eaters in high salinity ponds
because fish specieannot tolerate those salinitied.ikewise, weften observed Eared Grebes,
phalaropes, and shorebirds in high salinity ponds where brine shrimp and flies are likely abundant.
Shorebird abundance is alsependentupon appropriate water depth for foraging and islands for
roosting.

As the South Baya$ Pond Restoration Project progresses, we recommend management of salt pond
habitats to retain bird populations by maintaining a variety of water salinities for the guilds. Special
consideration should be given to birds that prefer medium to high $alpunds such as phalaropes and
Eared Grebes. We also suggest providing lower water levels in some ponds for small and medium
shorebirds during migration, and creating or maintaining islands or undisturbed levees for shorebird
roosting habitat. Finally,sathe restoration progresses, continuitigmonitor avian use of these ponds
will allow for managers to assess th@gccess of the restoration maintainingcurrentbird populations.

INTRODUCTION

LY HnAanuwX GKS | ®of{ ® CA &K §DQepartrhehtiofffishafidGaheendded®S | y R
historic agreement with Cargill Salt to purchase 15,100 acres of salt evaporator ponds in the South San
Francisco BayThe South Bay Salt Pond Restoration Project (SBERRB@gun to restore the area to a

mix of idal and ponded habitatand provide flood protection and public access to theuthBay South

Bay Salt Pond Restoration Project

Salt ponds have been present in the San Francisco foyd&@(Ver Planck 958 and have significant
wildlife value aponds(Anderson 1970; Accurso 1992; Takekawa €G@01; Warnock et al. 2002As a
major migratory and wintering location along the Pacific Flyway, the San Francisco Bagssapmre
than a million birds throughout the year and prov&dmportant foragng and roostingites Page et al.
1999 Warnock et al. 2002) TheSBSPRIFas committedo retain some salt pond habitatas managed
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ponds)to maintain existing ecological value for waterbirds, but information is needed to ensure that
habitat requiremens of large numbers of waterbirds can be met with reduced pond acrddgs).S.
Geological Survey (USG@8hductsmonthly monitoring of waterbird use and water quality of the salt
ponds located within th&&BSPR&ea andSan Francisco Bay Bird Observa(@yBBPmonitors the
pondsowned by the Don Edwards San Francisco Bay National Wildlife Refuge (the Retugegrated
by Cargill Salind not slated to be restored to tidal action.

This report presents the results 8FBBQ surveysn the Coyote HillsDumbarton and Mowrgalt pond
complexesfrom October 2008 through September 2009

METHODS

Study Area

We conducted bird surveys at 22 salt pond¢hia cities ofNewark and Fremon#Alameda County,
California Although the ponds are owned by the Refu@argilSaltretains mineral rights and regulates
water flow for salt production. The ponds monitored by SFBBO include Coyote Hills pondNA)1A
Dumbarton ponds (NPP1, NN3) and Mowry ponds (MAM6; Figurel). The salinity and depth of
these ponds varies over the course of the year and according to Cargill management activities.

Data Collection

During each calendar monttve conducted ondird survey at each ahe 22 pondsn the Coyote Hills,
Dumbaton, and Mowry salt pond complexes. During each surveyobserved birds from the nearest
drivable levee, using spotting scopes and binoculs@Ys.countedbird species present on the ponaind
recorded theiflocation in the pond usingerialmaps of eah pond superimposeavith 250m?
individually labeledyrids For each individual bird,enecorded foragingpehaviors and,for roosting or
restingbirdson an island, levear manmade structurewe recorded their locatioon any of these
structures Wedid not record bird use of these structures if the bird was foraging.

We identified birds at the species level whenevessgible, with the exception of Lofgjlled and Short
Billed Dowitcherswhichwe identified as dowitchersand Greater anddsserScaup, whichwe identified
asscaup

When species identification was not possie& identified birdsto genus or foraging guil@.g.gulls,
small shorebirdsmedium shorebirds, or phalaropedVe alsocategorized each species into a foraging
guildfor analysesand presentationbased on their foragingnethods and preyequirements.

We conducted our surveys exclusively during high tide, defined as a tide of 4.0 feet or greater at the
Alameda Creek Tide S@ation (37° 35.7' 122°Duringeach surveywe recorded the pond name, the
date and the observer, anthe start and end time.In addition, diringeachbird surveywe collected a
water sampleand determined salinityby measuring specific gravitxsinghydrometers (Ertco, West
Paterson, NJAndrecordng thetemperature of the pond.We collected thisample at the samgrid at
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each pond every monthWe also recorded water depth reading using a staff gaugegsent inall but
a few ponds.

SFBBGampledwater quality at all 22 salt ponds each montillectingdissolvedoxygen, salinity, pH
and temperature at eacpre-determinedsample site.We also recordeddrometric pressure the
beginning of each day that water quality samples were takéa.used severabtater quality
instruments to obtain our masurements includingHach HQ1Quminescent Dissolved Oxyg@&iQ
Meter (HydrolabHach Company, Loveland, CBYydrolab Minisonde (Hydroladach Company,
Loveland, COandYSI 63 pH/Conductivity meter (YSI Incorporated, Yellow Springmeédéts. We ako
determined specific gravityisinghydrometers (Ertco, West Paterson, NJ)

Data Analysis

Tocompare the abundance of each guild between poadd seasong each complexwe conducted
separate analyses among each guisihgANOVASystat2004). Our nodels includegond numbeand
seasonand we did not test interaction term®2rior to analysis, we standardized abundance by,acre
and we made pawise comparisons using Tuk&yamer Multiple Comparison TestForthis analyss,
we usedabundanceper ace of the guildsin each salt pond per month as our unit of replication.

We analyzed patterns of foragimgliild composition in salt pondssingCanonical CorrelatioAnalysis
(CCAInSPS8006. We included water quality variables (salinity, pH, digsdloxygen, and
temperature) and pond area (acres) in tB€A analysis.

RESULTS

Coyote Hills

Species Richness and Abundanedn the Coyote Hills complexpecies richess was highest in pond
N4ABwith 49 species recordedpllowed by N3AZ7; Table ). Totalabundance was highest in ponds
N3A, with 17,939 birds recorded, followed by N4AB with 16,293 birds recofa@dydie(}. Abundance
was highest for all ponds duringe wintermonths(Figure2), thoughnumbers remained high
throughout the survey period on pondé2A, N3A and N4ABue to the nesting California Gulls on that
pond. The small island in the south east corner of Méthd large numbers of roosting medium
shorebirds.

Guild Analyses- The number of diving ducks differed significantly between pofgs {,=4.099,P<
0.001).We found significantly more diving ducks per acre in pangsnd N1A than ponds N4, N4&5,

N6, N7, N8 and Nk 0.010. The number of gulls differed significantly between porfes {3,= 6.292,
P<0.001).There were significantly more gulls per acre in ponds N2A and N6 this past year compared to
ponds N4, N4AA, N4B, N5, N7, N8 and™9(.025).The number of terns differed significantly between
ponds Fi1132=2.470,P<0.001).Pond N2A had a higher number of terns per acre than ponds N3A and
N5 (P<0.050).There were no other significant relationships between guilds and pfags,<1.854 P

> 0.051).
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Behavior--- Thedivision of birds by behaviaaried greatly between ponds. The majority of the birds
observed on ponds N4B and N9 were seen foradiddb7% and 46.39%, respectivelable?). The
majority of birds on ponds N4AA, N1A, and N4AB were seen roosting. The most common observed
behavior in ponds N8, N7, N6, N3A, N4 and N4A was roosting on aTel®e2).

Water Quality=-- Pond N1A &d the lowest salinity of all the Coyote Hills complex ponds with an average
salinity of 34.5Jpt (Table3). Pond N4 had the highest salinity with an average of 63.37 ppt. Average
temperatures in the Coyote Hilpponds ranged frona low 0f18.62Cin pond N1A to a high of 21.88°C in
pond N4 Tabled). The dissolved oxygen ranged from a low of 6r&gl in N8 to a high of 8.8Bg/l in

N1A [Table5). The pH in the Coyote Hills ponds ranged from a low of 8.26 in pond N1A to a high of 8.48
in pond N4 Table6).

Dumbarton

Species Richness and Abundaned®ond N1 had the highest species richm@sth 37 species recorded,
followed by pond N3 with 36 speciescorded Table 1)Total abundance was highest in pond N1 with
37,878 birds observed followed by pond N3 with 24,648 birds obseaduld }. Abundance was
highest in the winter months when the Dumbarton ponds hosted high numbers of small shorebirds
(Figure3).

Guild Analyses:- The number of fish eaters differedhsificantly between ponds 4,=7.837,P<
0.001).Pond N1 had a significantly higher number of &slters per acre than all the other Dumbarton
ponds P<0.002).The number of geese differed significantly between poriggsE 3.469,P=0.024).
Pord N2 had a significantly higher number of geese per acre than N1 and WRR2%£.3.469,P<0.039).
The number of medium shorebirds also differed between pofgsE5.154,P=0.004).We found
significantly higher numbers of medium shorebirds peream pond NXhan compared to N2 and N3(
<0.017). The number of small shorebirds differed between porféds{=3.662,P=0.019); mnd NPP1
had a higher number of small shorebirds per acre compared to all other Dumbarton gor@033.
The numbeiof terns differed between pondd$={44=4.972,P=0.005). We found significantly higher
numbers of terns on pond N1 compared to all other porféls .025). There were no other significant
relationships between guilds and pon(s 44<1.823 P>0.157).

Behavior--- Ponds N2 and RP1supported the highest percentage of foraging bindshe Dumbarton
complex(46.24% and 34.77%espectively Table2). Islands in pnd N1 hosted almost 73% of all the
birds reordedin that pond (Table2).

Water Quality=-- Pond N3 had the lowest salinity in the Dumbarton complex with an average salinity of
80.38 ppt Table3d). Pond NPP1 hadé¢hhighest salinity with an average of 135.63 prdlfle3). Average
temperature in the Dumbarton ponds ranged from 19.Z8 pond N1 to 20.6ZCin pond N3 Table4).

The dssolved oxygen ranged fronm averagdow of 5.14mg/l in NPP1 t@a high7.05mg/l in N3(Table

5). The pH in the Coyote Hills ponds ranged from 7.92 in NPP1 to 8.51 in N2 arabNB)(
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Mowry

Species Richness and Abundane®ond M1 had the highest species richness with 39 species recorded
while M6 had the lowesspecies richness with 19 species recordeable ). Total abudance was

highest in pond M5 with 86,098 birds recorded. The pond with the lowest total abundance was M2 with
18,536 birds recorde(llable ). The Mowry ponds hosted large numbers of gulls throughout the year as
well as large numbers of small shorebirds in the fall and wirkgue 4).

Guild Analyses- The number of Eared Grebes differed significantly between pdrgds< 3.344,P=
0.009) We found significantly more Eared Grebes pcre on pond M3 compared to M1, M2, M4 and
M5 (P<0.039).The number of gulls differed significantly between porfés{=10.804,P<0.001).Pond
M5 hadsignificantly more gulls per acre than ponds M1, M2, M3 and R40(002). Pond M6 had
signifiantly more gulls per acre than pond MB<0.030).There were no other significant relationships
between guilds and pond$s 44< 2.126P>0.073.

Behavior--- Ponds M3 and M4 supported the highest percentage of foraging birds in the Mowry
complex(33.51% and 28.07%gspectively Table2). Alarge percentage of birds observed on M5
(58.65%prnd M6(69.58%)were roosting on islands. Pond M1, M2 and M4 had a large percentage of
birds roosting orlevees(Table2).

Water Quality=-- The average salinity in the Mowry complex ranged from a low of 46.77 ppt in M1 to a
high of 249.21 ppt iM6 (Table3). The temperature ranged from X °C in pond M2 to 22.14°C in

pond M6 Table4). The average dissolved oxygen ranged from 86d in M6 to 12.54mg/l in M1
(Table5). The pH ranged from an average7obl1 in M6 to 8.37 in MZT@ble6).

CCAResults

The canonical correlatioanalysisshd SR G KF i G(GKS O2NNBf I iArAzya F2N Ot
0.357, df=50.0, Rn ® n n m?=132.838,.df = 36.0,€0.001, Table7). Dabbling ducks were found in

ponds with lower temperatures while diving ducks weoerid in smaller ponds with lower salinity and
temperature and high dissolved oxygen. Eared grebes preferred ponds larger ponds with higher salinity.
Fish eates were found in ponds that were smaller and had lower salinity and high dissolved oxygen.
Geesepreferred areas with lower temperature&ulls preferred larger ponds with higher salinity and

lower dissolved oxygertierons preferred smaller ponds with low salinity and high dissolved oxygen.
Medium and small shorebirds were found in ponds with lotesnperatures and terns were found in

smaller ponds with low salinity and high dissolved oxygen.

DISCUSSION

The salt ponds of the South San Francisco Bay have been long recognized as an important waterbird
migration and wintering siteTakekawa et aR001; Warnock et al2002). The ponds surveyed in the

study are managed for salt production and have widely ranging salinities which influences the bird use of
ponds.
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Coyote Hills

The northern Coyote Hills ponds (N1A, N2A, N3A, and N4AB) providedantgaabitat for dabblers,
divers, fish eateranedium shorebirdsand terns These ponds had the highest richness and species
abundance in the complex. The salinity in these ponds is typically the lowestdont@ex;due to the
water control structuren N1A that intakes brackish water from the Alameda County Flood Control
Channel into the pond system. As the water moves south through the complex, the salinity general
increasesand we find lower richness and species abundance in these pdihisyear walso observed
high numbers of small shorebirds in ponds N8 andT\@. majorityof these birds were roostingnd on

the levee between the two ponds aridragingalong theeastern side of N9. The salinity in pond N9 was
higher this year than previous yeaasd may have increased the amount of prey available to small
shorebirds.

Dumbarton

In previous years, the Dumbarton complex has hosted the highest species abundance (Robinson et al.
2009), however, this year the Dumbarton complex had the lowest spabigsdance and lowest

richness. This may be due to changes in water manageasetite salinity was much lower than in the
previous three years (Robinson et al. 2088) the water levels were high#nan the past two years

This may have changed the pregngposition in the pondsEven with these changes)d Dumbarton

ponds hostedarge numbers of small shorebirds as well as dabbling ditkssmalshorebirds roosted

in high numbers along the levee separating N1 and NPP1.

Mowry
The Mowry complex includgke highest salinity ponds that SFBBO surveys. However, the average

salinity for the pond$rom Oct 2008&; Sept 2009vaslower than the past three years (Robinson et al.
2009).Herons, terns and fish eaters were seen using M1 and M2; these ponds haveshlimgy than

the rest of the complex and may support more fish and invertebrates to support foraging for these
guilds.The salinity of ponds M3 through M6 was higher and we observed large numbers of eared grebes
using the more saline ponds, who feediamertebrates such as brine shrinjBullen et al. 1999 he

complex hosted large numbers of small and medium shorebirds, many on roosting on islands in pond
M5, which had an average salinity of over 200.ppt

Guilds
Dabblers:-- Dabbling ducks were assated with low to medium salinity ponds. We observed most of

the dabbling ducks using the Dumbarton ponds, but also saw high densities on Mowry pomtévi3.
affinity of dabblers to these ponds may be related to food abundance. Takekawa et al. (2006)Hatund
the abundance of chlorophydl and macrcinvertebrateswas highest in low salinity pongs80 ppt).
Likewise, low salinity ponds are used generalists like Mallard and Gadwall (Lestchadi©®97; Drilling

et al. 2002) that eat plant mater and inveldrates, and vegetarians suchtas American Widgeon
(Mowbray 1999) that opportunistically eat aquatic vegetationsaknity rises in salt ponds, the biomass
of macro invertebrate copepods decreases, but bshgmp @Artemiaspp) biomass increases inns
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with salinities of 6@ 200 ppt (Carpelan 195Takekawa et al. 2008pabblers such as Northern
Shovelers, which eat small swimmiingertebrates but less commonly picks invertebrates off plant
matter (Dubowy 1996), magepend onArtemiain the medium salinity salt ponds, driving their use of
pondssuch as M3

Divers:-- Diving ducks were associated with low to medium salinity ponds. The majority of the diving
ducks we observed were seen in the northern Coyote Hills ponds, were the salinity adlyylpww.
Because most of these species forage on macroinvertebrates and plant matter |oiesesalinity
ponds likely provide the variety of invertebrates and plants these species eat (Takekawa et al. 2006).

Fish eaterand Terns-- We observedighes numbers of fish eatersuch as cormorantand grebes,

and ternsin the northern Coyote Hills complex poraisd ponds M1 and M2yhich have low salinity.

Fish in the South Bay salt ponds cannot survive in saligitesger than80 ppt (Carpelan 1957),hich
fAYAGE GKS alfAyAde NIy3dS gKSNB 6S s2dzZ R SELISOI
moderate amounts oflissolved oxygen in the water column to survive, and sharp drops in dissolved
oxygen in the saponds, leading to anaerobic comidns, often causes fish to rise to the water surface
toobtain2 E& ISy YI1Ay3a GKSY Y2NB T GLAfI6fS F2N FA&K
Demers, pers. obs.).

Gulls --- The California Gull population in the South Bay is growing expongr(tfong et al. 2004
RobinsonNilsen et al. 2008). There are concerns that this expanding population may negatively impact
the breeding waterbirds of the South Bhy encroaching on nesting habitat (Strong et al. 2004) or
depredating eggs and chicks iwh has been documented in American Avocets and Blacked Stilts
(Ackerman et al. 2006) and the threatened Western Snowy Plover (Robwisam et al. 2008). This

year was the first year since 2004 that the numbers of nesting gulls in the South Bapskl
(RobinsorNilsen et al. 2004).

Gulls use of ponds may be more influenced by pond location, rather than water quality parameters.
Gulls nested in pondsith a wide range of salinities. For exampte colony in the Coyote Hills complex
nests onévees surrounding ponds with an average salinity of just under 4Wpib the colony orthe
levees between ponds M4 and M5, whose average sakvaty just unde200 ppt.

While almost 5000 California Gulls nested at the Coyote Hills colony, their adeeoponds in the

complex was low, suggesting they forage elsewh&he Coyote Hills colony is less than 2 km south of
GKS /FTEAF2NYAl 5SLINIYSYyd 2F CAaK IyR DFYSQa 9
most important Western Snowy Rler breeding habitat in the South Bay (Robinddiisen et al. 2009).
During the 2009 Snowy Plover breeding sea&i#BB@aptured footage of California Gulls depredating

a Snowy Plover nest and newly hatched chicks (RobiNdsenet al. 2009h. This wa the first

documented evidence that California Gulls are impacting Snowy Plovers. If this colony continues to
grow, the potential impact the gulls could have on nesting Snowy Plovers may increase.

puli
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The California Gull colony at the Mowry complex continiwegrow and gulls were the most abundant

guild at Mowry in all seasorfRobinsoANilsen et al. 2009a)rhe gulls used the levees for nesting but we
also observed large numbers of gulls foraging on M3 and M4. The average salinity in both these ponds
wasless than180 ppt and the birds may have been feeding on the brine shrimp and brine flies these
ponds supported. The Mowry ponds akso located close to two active landfills, the-Ciiies Landfill in
Fremont and the Newby Island Landfill in Milpitas. TheCities Landfill is scheduled to close in the next
few years, which may reduce the number of gulls nesting and roosting in the Mowry Complex. In
addition, the Newby Island Landfill started a gull abatement project in 2008 which has significantly
reducedthe number of California Gulls feeding at the landfill during the breeding season (Robinson et al.
2009). We may see a reduction of the numbers of gulls nesting in the Mowry ponds if Newby Island
continues the abatement program into the future.

Eared @Gebesand Phalaropes—- As theSBSPRé&bntinues, land managers are concerned that the loss of
medium and high salinity ponds may impapecies thatlepend on saline habitatsuch as Eared Grebes
and PhalaropesThese species rely on saline bodies of wétat host brine flies and brine shrimp

(Cullen et al. 1999). We typicatigcordedEared Grebes and Phalaropes in ponds with average salinities
ranging from 63 ppt to 180 pptDuring this reporting periodye only observed 59 phalaropes during

our surve/s.Phalaropesnigrate through the Bay during relatively short time perio@). Demers, pers.
obs), and, therefore, by surveying the ponds once a momtie, may might misssampling ponds during
peak phalaropenigration.

Medium and Small Shorebires Medium and small shorebirds were most abundant in anels

moderate to high salinity. Additionally, the ponds were we observed the most shordtadislands or

levees that were suitable for roosting or water depth suitable for foraghugin, brine shmp and brine

flies are both important food sources for these species, butabidity of shorebirds (other than

phalaropes) to forage on these prey items is limited by theitdagth, and therefore, water depth.
Furthermore, shorebird use of salt ponidshighly tidedependant(Warnock et al. 2001), and most

shorebird species in the San Francisco Bayusedaly R4 | & KAIKnMGARS NBTFdzaA L
Therefore, the presence of roosting islangsntegral for shorebirds in salt ponds.

MANAGBMENTRECOMMENDATIONS
1. Maintain the pond system to have a variety of water salinities for the various g@8laescial
consideration should be given to birds that prefer medium to high salinity ponds such as
phalaropes and Eared Grebes.

2. Provide lower watetevels in some ponds for small and medium shorebirds during migration.

3. Provide islands or undisturbed levees for shorebird roosting habitat. This is especially important
during high tides.

4. Survey pondsvery 23 daysduring phalarope migration. This wile necessaryo accurately
monitor migrating fhalaropes use ofsalt ponds

12
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5. Continue monitoringhe avian use of these ponds as the South Bay Salt Pond Restoration Project
starts its restoration activities.
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Tablel. Species richness, totaddundanceandacreage by pond and area, Don Edwards San Francisco
Bay N&onal Wildlife Refuge, CAct. 2008 Sep. 2009

Percent of Percent of Total
Species  Total Total birds in Acreage in
Complex Pond Richness Birds Survey Area Acreage Survey Area
Coyote
Hills N1A 46 11730 2.8% 172.574 2.5%
N2A 40 14263 3.4% 171.392 2.5%
N3A 47 17939 4.3% 417.868 6.1%
N4 30 11288 2.7% 339.648 5.0%
N4AA 44 6240 1.5% 299.309 4.4%
N4AB 49 16293 3.9% 237.529 3.5%
N4B 34 1950 0.5% 72.95 1.1%
N5 25 1801 0.4% 193.632 2.8%
N6 27 5284 1.3% 94.175 1.4%
N7 34 4399 1.0% 383576 5.6%
N8 32 5514 1.3% 114.133 1.7%
N9 35 4886 1.2% 128.431 1.9%
Coyote
Hills Total 73 101587 24.1% 2625.217 38.3%
Dumbarton N1 37 37878 9.0% 344.733 5.0%
N2 26 7363 1.7% 193.109 2.8%
N3 36 24648 5.8% 553.502 8.1%
NPP1 32 21920 5.2% 195.309 2.9%
Dumbarton
Total 51 91809 21.8% 1286.653 18.8%
Mowry M1 39 23441 5.6% 496.541 7.3%
M2 27 18536 4.4% 485.474 7.1%
M3 35 27669 6.6% 549.936 8.0%
M4 23 33441 7.9% 537.507 7.9%
M5 23 86098 20.4% 415.117 6.1%
M6 19 39358 9.3% 449.61 6.6%
Mowry
Total 55 228543 54.16% 2934.036 42.9%
Survey
Area Total 84 421939 100% 6845.906 100%
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Table2. Percentage of total birds foraging, resting, or on levesmymade structures or islands in each

salt pond DonEdwards San Francisco Bay National Wildlife Refug€dt.A008; Se. 2009

Complex Pond % Foraging % Resting % Levee % Manmade % Island
Coyote Hills N1A 21.51% 50.28% 20.91% 5.71% 1.59%
N2A 5.88% 33.67% 60.05% 0.14% 0.26%
N3A 9.82% 21.66% 68.15% 0.27% 0.09%
N4 20.97% 2.09% 61.92% 0.27% 14.75%
N4AA 23.46% 56.46% 13.97% 4.36% 1.75%
N4AB 5.90% 44.45% 46.18% 0.28% 3.19%
N4B 54.67% 8.72% 26.00% 10.05% 0.56%
N5 7.22% 4.78% 71.63% 8.22% 8.16%
N6 13.40% 0.42% 85.79% 0.00% 0.40%
N7 5.71% 1.77% 74.49% 1.00% 11.03%
N8 1.69% 5.68% 92.38% 0.02% 0.24%
N9 46.38% 4.24% 28.86% 0.08% 20.45%
Dumbarton N1 14.01% 7.13% 3.40% 2.89% 72.57%
N2 46.24% 36.63% 3.94% 0.33% 12.86%
N3 25.44% 18.69% 15.81% 3.01% 37.05%
NPP1 34.77% 12.39% 0.77% 0.03% 52.05%
Mowry M1 7.45% 37.11% 51.91% 0.24% 3.28%
M2 3.26% 1.58% 49.99% 0.04% 45.13%
M3 33.51% 49.68% 11.27% 0.63% 4.92%
M4 28.07% 30.51% 40.66% 0.00% 0.75%
M5 9.80% 7.45% 24.10% 0.00% 58.65%
M6 3.80% 5.99% 16.39% 4.25% 69.58%
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Table3. The monthly average salinifppt) by area and pond, Don Edwards San Francisco Bay National Wildlife Refuge, CA, Q&ep008
2009 We were unable to access ponds MB to collect water quality data in August Z2D@ue to levee maintenance.

2008 2009
Area Pond October| November| December January| February| March | April | May June | July | August| September
Coyote Hills N1A 37.79 33.75 36.74 38.93 36.79 3359 37.74 3153 3165 31.06 31.36 33.20
N2A 38.51 36.37 38.41 40.07 37.70 3432 3747 4151 32.04 3243 34.66 36.10
N3A 43.07 41.46 42.72 42.35 39.42 3476 38.68 48.11 36.45 37.23 4131 42.38
N4 63.28 60.46 61.84 63.17 58.95 5244 56.84 6845 67.61 6190 65.17 80.30
N4AA 43.82 42.97 44.36 43.09 40.33 34.84 3931 49.74 3751 39.44  44.67 44.33
N4AB 42.47 38.29 39.46 40.88 38.22 3455 37.92 4426 3278 33.28 36.56 38.15
N4B 45.62 45.23 48.77 50.01 48.04 38.29 49.08 69.49 39.12 4176 4857 50.13
N5 61.67 56.95 60.89 61.91 58.04 50.89 55.26 67.17 5950 552  60.88 67.81
N6 51.36 49.40 53.32 55.25 51.96 46.73 5231 62.02 4136 4224 50.77 51.62
N7 54.74 44.80 55.39 55.79 52.84 4738 53.08 63.53 52.68 4899 56.84 61.07
N8 48.67 49.12 51.91 54.06 51.05 46.19 5158 6557 4579 4488 51.78 53.69
N9 47.00 46.46 50.39 52.98 49.68 45.61 50.98 64.63 40.42 42.64 4857 47.85
Dumbarton N1 135.00 104.00 99.40 95.00 96.50 85.10 95.00 128.00 148.00 138.00 126.00 135.00
N2 104.10 80.59 88.08 83.80 83.30 68.38 79.02 105.00 111.00 92.11 98.18 109.50
N3 83.99 78.87 80.21 77.06 77.62 64.17 7350 9279 89.05 7161 8212 93.60
NPP1 159.50 111.00 110.00 112,50 112.00 99.00 111.00 150.50 179.00 167.00 153.00 163.00
Mowry M1 41.74 55.97 56.92 58.84 57.31 53.67 60.83 37.00 33.73 29.23 29.23
M2 53.75 26.16 5988 64.54 60.77 59.25 63.81 59.67 51.12 56.37 52.72
M3 124.00 131.75 14525  127.75 12850 116.00 124.75 131.00 107.75 129.50 105.92
M4 160.33 170.00 170.00 181.00 182.33 175.00 194.00 206.50 191.00 174.00 171.00 153.67
M5 180.33 227.67 238.33 20267  216.00 214.33 231.00 240.67 238.33 238.67 202.00 216.33
M6 209.00 262.67 258.33  233.00 233.00 217.67 240.67 275.67 279.33 283.00 245.50 252.67
17
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Table4. The monthly average temperature (degrees Celsius) by area and Pondzdwards San Francisco Bay National Wildlife Refuge, CA,
Oct. 2008&; Sep. 2009 We were unable to access ponds MIB to collect water quality data in August 2009 due to levee maintenance.

2008 2009

Area Pond October| November| December| January | Februay | March | April | May | June | July | August | September

Coyote

HiII);, N1A 22.27 17.51 13.48 12.60 14.27 12.43 16.90 20.96 20.85 24.94 23.25 24.02
N2A 22.40 17.14 14.97 12.27 14.73 13.26 16.96 21.13 20.79 24.45 23.58 23.33
N3A 20.38 17.09 13.44 11.58 16.23 13.19 15.58 20.25 19.23 22.29 23.60 30.09
N4 24.31 20.75 16.44 13.89 18.68 16.13 19.79 26.24 24.59 29.08 25.74 26.87
N4AA 2211 17.82 14.85 13.19 15.52 13.31 16.74 21.03 20.76 24.07 24.54 27.63
N4AB 24.16 17.30 15.82 12.36 17.17 13.12 16.56 21.41 21.15 25,51 25.16 24.45
N4B 23.25 19.32 16.12 14.27 15.60 14.22 17.98 24.49 22.79 26.53 26.04 27.37
N5 21.36 17.84 15.30 12.50 15.59 13.43 16.56 20.80 20.99 25.04 23.78 24.68
N6 22.70 19.95 16.34 16.23 16.64 13.82 18.80 26.65 22.99 26.30 25.83 26.53
N7 20.71 17.11 14.10 15.09 14.67 12.61 15.55 19.63 20.49 23.38 23.80 25.07
N8 21.58 17.29 14.65 13.32 17.24 1351 16.87 21.20 20.56 24.74 22.99 24.58
N9 22.99 17.56 15.36 13.44 15.00 13.15 17.67 24.04 23.20 27.06 25.35 26.63

Dumbarton | N1 24.22 14.84 14.24 14.76 19.21 12.22 16.55 17.70 24.88 25.13 24.83 28.13
N2 24.58 20.49 14.86 17.48 15.65 15.01 17.71 22.54 22.29 26.35 24.16 25.64
N3 24.07 19.57 14.94 16.01 17.18 15.54 18.83 23.31 22.20 25.15 24.47 26.18
NPP1 24.72 14.84 13.14 18.91 18.08 12.56 16.86 17.13 26.30 25.28 24.18 28.62

Mowry M1 24.52 20.83 15.83 16.98 19.66 12.16 20.86 22.57 24.27 25.46 28.46
M2 23.75 18.81 14.26 12.03 17.51 12.74 17.71 21.72 23.82 26.28 27.19
M3 24.14 18.99 13.81 14.56 16.21 15.55 18.61 21.21 23.60 26.82 27.76
M4 24.46 18.72 14.02 14.83 18.77 15.49 20.42 23.73 25.86 27.11 27.70 30.69
M5 24.60 19.26 14.61 15.13 17.92 14.83 19.39 22.45 24.95 27.73 27.28 30.64
M6 25.46 19.49 14.61 16.03 17.98 14.46 20.16 22.88 27.37 29.49 27.43 30.32
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Table5. The monthly average dissolved oxydemy/l) by area and pond, Don Edwards San Francisco Bay National Wildlife Refuge, CA, Oct.
2008c¢ Sep. 2009 We were unable to access ponds B to collect water quality data in August 2009 dodevee maintenance.

2008 2009
Area Pond October| November| December January| Februaryl March | April | May | June | July | August |September
Coyote Hills|  N1A 8.83 10.85 9.60 11.61 8.51 11.53 7.08 7.20 8.16 7.88 7.69 7.24
N2A 9.80 8.77 10.38 8.98 5.28 12.10 5.87 7.99 6.96 8.09 6.75 6.54
N3A 5.78 14.37 5.61 9.31 8.53 10.70 8.55 12.26 7.43 5.43 7.80 7.99
N4 8.58 8.61 10.00 9.12 9.61 7.53 3.96 6.59 8.55 7.46 7.78 6.48
N4AA 4.57 9.87 491 9.52 10.80 10.11 6.77 10.67 6.70 6.10 5.94 5.04
N4AB 2.70 6.83 9.61 10.62 8.18 10.35 5.41 8.99 9.42 9.73 8.50 3.57
N4B 9.87 8.93 9.41 12,51 11.02 9.47 5.73 8.61 8.84 7.30 8.00 5.68
N5 6.00 7.94 8.24 9.61 12.11 9.86 3.87 5.69 6.34 5.48 6.86 5.25
N6 7.92 9.30 11.08 8.60 9.36 10.12 4.78 5.89 9.61 8.72 9.81 7.74
N7 4.73 8.29 7.55 9.44 11.25 9.14 4.13 5.01 4.80 3.80 7.35 6.86
N8 5.46 9.01 8.03 8.98 10.44 8.11 3.94 5.16 6.18 4.74 6.98 5.02
N9 7.20 9.40 8.55 8.70 10.18 8.58 4.04 6.31 9.18 8.72 9.04 6.36
Dumbarton N1 4.29 6.53 6.61 9.85 6.02 5.38 3.66 5.26 4.29 4.53 4.82 8.17
N2 7.79 9.61 7.84 9.85 7.34 8.53 3.08 4.55 5.84 4.16 6.41 8.21
N3 9.22 7.38 8.06 8.28 8.37 9.43 3.62 5.21 5.94 3.87 7.84 7.39
NPP1 4.02 6.68 5.66 8.84 6.02 4.86 4.73 6.85 4.20 1.03 3.01 5.82
Mowry M1 8.59 7.01 9.46 11.03 7.33 8.06 7.29 40.74 17.97 6.91 13.58
M2 9.34 8.02 7.61 6.61 491 7.70 5.59 19.49 8.79 8.72 6.98
M3 6.20 5.49 8.52 7.18 4.40 4.73 2.55 7.20 4.33 4.59 7.20
M4 3.42 4.77 2.53 11.87 4.86 5.25 3.08 2.18 2.22 2.16 1.26 4.27
M5 2.13 4.26 2.81 8.80 5.03 5.08 2.63 3.47 2.53 2.37 2.35 4.27
M6 4.35 3.53 2.51 7.10 5.69 4.91 3.19 3.11 2.15 2.99 1.29 2.77
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Table6. The monthly average pH by area and pond, Don Edwards San Francisco Bay National Wildlife Refuge, CA; Seji. 2008. We
were unable to access ponds N3 to collect water quality data in Augu2009 due to levee maintena@cThe pH meter was broken in
Septemberand we were unable to collect that data

2008 2009
Area Pond October| November| December January| February | March | April | May June | July | August | September
Coyote Hills N1A 8.13 7.98 8.27 8.45 8.09 8.76 8.49 8.21 8.13 8.45 7.94
N2A 8.53 8.15 8.22 8.29 7.97 8.48 8.31 8.38 8.36 8.80 7.92
N3A 8.40 8.33 8.05 8.18 8.35 8.17 7.68 8.02 8.23 8.56 8.95
N4 8.66 8.55 8.65 8.50 8.79 8.73 8.29 8.26 8.23 8.36 8.31
N4AA | 8.48 8.26 8.07 8.32 8.24 8.14 7.73 7.97 8.22 8.50 8.82
N4AB | 7.65 8.00 8.17 8.29 8.25 8.38 8.11 8.23 8.43 9.23 8.39
N4B 8.75 8.34 8.51 8.49 8.44 8.06 7.82 8.33 8.28 8.75 8.78
N5 8.53 8.50 8.59 8.51 8.65 8.72 8.00 8.00 8.17 8.34 8.34
N6 8.71 8.59 8.70 8.54 8.47 8.39 7.80 7.69 8.33 8.88 9.08
N7 8.52 8.46 8.52 8.47 8.44 8.34 7.56 7.84 8.15 8.36 8.75
N8 8.54 8.45 8.46 8.55 8.37 8.29 7.57 7.90 8.18 8.55 8.86
N9 8.63 8.42 8.41 8.36 8.36 8.23 7.70 8.06 8.32 8.95 8.97
Dumbarton N1 7.82 8.39 8.59 8.49 8.63 8.24 7.66 7.31 7.88 7.87 7.77
N2 8.27 8.50 8.73 8.78 8.86 9.09 8.90 8.58 8.15 7.98 7.82
N3 8.63 8.41 8.60 8.55 8.86 9.00 8.73 8.54 8.21 8.10 8.00
NPP1 | 7.69 8.16 8.24 8.43 8.44 8.35 7.40 7.39 7.89 7.64 7.56
Mowry M1 8.30 8.15 7.88 8.48 8.49 8.16 8.25 8.51 9.08 7.90
M2 8.41 8.22 8.44 8.27 8.33 8.20 8.18 8.30 8.71 8.65
M3 8.02 7.94 8.11 8.21 8.03 7.88 7.43 7.57 8.06 7.96
M4 7.82 7.66 7.72 8.00 7.88 7.78 7.51 7.33 7.66 7.84 7.49
M5 7.73 7.55 7.59 7.79 7.82 7.79 7.46 7.25 7.55 7.65 7.45
M6 7.62 7.44 7.51 7.63 7.75 7.80 7.41 7.16 7.45 7.51 7.32
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Table7. Correlation and Standardized Canonical Coefficients between Water Quality and Guild Variables

First Canonical Correlation Second Canonical Cefation
Loading ‘ Coefficient Loading ‘ Coefficient
Water Quality
Acres -0.736 -0.434 -0.183 -0.232
pH 0.393 -0.387 0.160 0.289
Dissolved Oxygen 0.544 0.122 0.275 -0.025
Salinity -0.880 -0.881 -0.042 0.422
Temperature -0.101 0.093 -0.945 -0.991
Guilds
Dabbler -0.103 -0.062 0.385 0.117
Diver 0.444 0.314 0.686 0.708
Eared Grebe -0.387 -0.328 0.367 0.167
Fish eater 0.419 0.045 -0.200 -0.111
Goose 0.215 0.144 0.392 0.371
Gull -0.627 -0.520 -0.054 0.039
Heron 0.635 0.345 -0.068 -0.086
Medium Shorebird -0.243 -0.104 0.371 0.209
Small Shorebird -0.259 -0.068 0.421 0.275
Tern 0.415 0.216 -0.260 -0.167
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Active Salt Pond Complexes

- Coyote Hills

Figurel. The Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don Edwards San Francisco Bay\\dliienRefuge, South San
Francisco Bay, CA.
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Figure2. Average(+ 1 standard errgrseasonabird useby guild and salinity (ppt) inthe Coyote Hills Complex, Don Edwards San Francisco
Bay NationaWildlife Refuge, CA, Oat. nny 1n{ SLI® HAnpo
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Figure3. Average (+ 1 standard error) seasonal bird use by guild and salinity (ppt)DuthkartonComplex, Don Edwards San Francisco Bay
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Figure6. Dabblerguild abundance in each 250°salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, O& ® wnny mn{ SLIW P HAnpD
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Figure7. Diverguild abundance in each 25(°salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
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Figure8. EaredGrebeguild abundance in each 25(salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, Q& ® wnny mn{SLIW P HAnpd
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Figure9. Fish eateguild abundance in each 25(salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, O& ® wnny mn{ SLIW P HAnpD
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Figurel0. Gooseguild abundance in each 25¢*salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, Q& ® wnny mn{SLIW P HAnpd
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Figurell. Gullguild abundance in each 25¢*salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, O& ® wnny mn{ SLIW P HAnpD
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Figurel2. Heronguild abundance in each 250°salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, O& ® Hnny mn{SLW P HAnpD
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Figurel3. Medium Shorebirdyuild abundance in each 25¢srlt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes,
DonEdwards San Francisco Bay National Wildlife Refuge, South San FranciscaBap, O& ® wnany mn{ SLW® HAnpD
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Figurel4. Phalaropeyuild abundance in each 25¢salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, O& ® wnny mn{ SLIW P HAnpD
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Figurel5. Small Shorebirduild abundance in each 25¢*salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San FranciscaBap, O& ® Hnny mn{SLW P HAnpD
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Figurel6. Ternguild abundance in each 250°salt pond grid in Coyote Hills, Dumbarton, and Mowry salt pond complexes, Don
Edwards San Francisco Bay National Wildlife Refuge, South San Francisc&Bap, Q& ® wnny mn{SLIW P HAnpd
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