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This is information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that 
neither the U.S. Geological Survey nor the U.S. Government may be held liable for any damages resulting from the authorized or unauthorized use of the information.
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4) Management of nesting islands
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Nest Monitoring
2005 to 2024: 29,638 nests



Nesting Distributions 
of Waterbirds in 

San Francisco Bay
2005-2024

N=29,638 nests

Palo Alto

San Jose
Ackerman et al. 2025 U.S. Geological Survey, Open File Report
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Breeding Population Decline
(2001 vs 2019 South Bay Surveys)
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Habitat Use vs Availability
(2019 South Bay Survey)



Restoration Project’s Phase 1 Assessment

Valoppi 2018 U.S. Geological Survey, Open File Report 2018-1039
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Breeding Populations in San Francisco Bay
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California Gull:

+36%

Strong et al. 2004 Waterbirds 27:411-423
Burns et al. 2018 Studies of Western Birds 3:180-189

Hartman et al. 2021 San Francisco Estuary and Watershed Science 19:3:4

American 
Avocet: -76%

Black-necked 
Stilt: 
-62%

Forster’s Tern: 
+83%



Ackerman et al. 2018 Waterbirds 41:384-400
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Gull Breeding Population
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Gulls Use Landfills During Day Operations & Colonies at Night

Ackerman et al. 2018 Waterbirds 41:384-400



Gull Diet in San Francisco Bay
(based on stable isotope analysis)
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Peterson et al. 2017 Ecological Indicators 74:205-215

Individual gulls will 
specialize on prey;
1 gull killed ≥11 tern chicks



Gull Predation on Waterbird Eggs and Chicks

Chicks
55% of avocet, 15% of stilt, 54% of tern chick deaths

Ackerman et al. 2014 Journal of Wildlife Management 78:818-829
Ackerman et al. 2014 Journal of Avian Biology 45:609-623

Herring et al. 2011 Southwestern Naturalist 56:35-43

Eggs
11% of depredation on avocet & stilt



24,000 Gulls 
“Relocated” 

from A6

Tern Colony Location and Year
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Hazing Gulls at Landfills Works, But…

Burns et al. 2018. Studies of Western Birds 3:180-189 

Gull Hazing 
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Newby Island 
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Hazing Gulls at Landfills Works, But…Now Gulls Just 
Travel to Further Landfills

Max Distance from Nest=64km

This is information is preliminary and is subject to 
revision. It is being provided to meet the need for 
timely best science. The information is provided 
on the condition that neither the U.S. Geological 
Survey nor the U.S. Government may be held 
liable for any damages resulting from the 
authorized or unauthorized use of the information.
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Another Threat to Birds: Mercury Toxicity
Effects on Human and Animal Health, Especially Impaired Reproduction
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Ackerman et al. 2016 Science of the Total Environment 568:749-769

SF Bay



Mercury Highest in Failed-to-Hatch Tern Eggs
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Egg Survival Declines with Mercury Contamination

Ackerman et al. 2024 Environmental Toxicology and Chemistry 43:1195-1241
Ackerman et al. 2024 U.S. Geological Survey Software Release, https://doi.org/10.5066/P9MSD8X0
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Nests Are On Islands In Managed Ponds
94% Forster’s Terns (N=9,410 nests)

Island Marsh Levee Peninsula Mudflat Salt Flat
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Ackerman et al. 2014 U.S. Geological Survey, open File Report 2014-1263



South Bay Salt Pond Restoration Project
Pond SF2
30 islands in 2011

Pond A16
20 islands in 2013



1) How many islands to put in a wetland?
2) Location of island within wetland?
3) Size and shape of island?
4) Topography of island?

Constructing Island Nesting Habitat



Island Topography & Nest Site Selection
Real-time kinetics (RTK) GPS (1cm accuracy)

• Topography of 30 nesting islands
• Locations of >1,600 nests on islands

Avocet nest
Tern nest

Island 
Elevation

Nest 
Locations

Nest 
Densities

Hartman et al. 2016 Journal of Wildlife Management 80:1177-1188



Number of Nesting Islands Within Wetlands
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Nesting Island Location Within Wetlands
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Nesting Island Shape
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Ackerman et al. 2014 U.S. Geological Survey, open File Report 2014-1263



Chick Survival is Influenced by Habitat

Survival to Fledging
Stilt=40%
Avocet=6%
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Ackerman et al. 2014 Journal of Avian Biology 45:609-623
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    Stilts fledged 3.3× more chicks, despite     
    Avocets producing 1.8× more nests!

Ackerman et al. 2014 Journal of Avian Biology 45:609-623
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Establishing New Bird Colonies Using Social Attraction
Decoys and electronic broadcasting of bird calls

Caspian terns



Caspian Tern Social Attraction Islands
Pond A16

Caspian tern islands
Pond SF2



New Caspian Tern Colonies Established on Refuge
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Forster’s Tern Social Attraction in Pond A16
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This is information is preliminary and is subject to 
revision. It is being provided to meet the need for 
timely best science. The information is provided on 
the condition that neither the U.S. Geological Survey 
nor the U.S. Government may be held liable for any 
damages resulting from the authorized or 
unauthorized use of the information.

Hartman et al. 2020. U.S. Geological 
Survey, Open File Report 2020-1081
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Habitat Change in South San Francisco Bay
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This is information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is provided on the condition that 
neither the U.S. Geological Survey nor the U.S. Government may be held liable for any damages resulting from the authorized or unauthorized use of the information.



Habitat Changes & Avocet Population Trends
2005

479 nests
2024

222 nests
2050

517 nests?

Restoration Project Boundary
Managed Pond
Enhanced Managed Pond with Islands
Tidal Marsh
Tidal Mudflat
Non-tidal Marsh
Salt Pond

Nest Location & Abundance

This is information is preliminary and is subject to 
revision. It is being provided to meet the need for 
timely best science. The information is provided 
on the condition that neither the U.S. Geological 
Survey nor the U.S. Government may be held 
liable for any damages resulting from the 
authorized or unauthorized use of the information.



 Some nesting populations are declining
 Islands are important nesting habitat
 Informing construction and management 

of island nesting habitat
 Social attraction techniques can            

establish nesting colonies
 Predatory gull populations are               

increasing & gulls depredate                 
waterbird eggs and chicks

 Mercury toxicity causing                 
reproductive impairment

 Future distributions of breeding            
waterbirds will be influenced by             
these management challenges                   
and opportunities

Conclusions



Thank You Partners!

Photos by: USGS Staff, Ken Phenicie, & Michael Kern


