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“Our capacity to efficiently provide timely information to 

meet modern societal challenges will depend on a global 

“greening” of ecology – that is, data should not only be 

generated and analyzed, but must also be available to be 

re-used and recycled.”

- Hampton et al. 2013, “Big data and the future of ecology”



What is open science?
Plan

Collect

Assure

Describe

Publish

Information

Data driven 
decisions

Use case 
development

• Open scholarship at 
each stage of 
research lifecycle

• AB 1755: Open and 
Transparent Water 
Data Act

Transparency
Sharing

Inclusivity

https://water.ca.gov/ab1755 

https://water.ca.gov/ab1755


What is synthesis?

The process of combining disparate sources of information/data 
to see the bigger picture and gain new insights



Synthesis at the Delta Science Program
• Perform analysis and synthesis of scientific information to 

report on status and trends of key issues 
• Update the scientific state of knowledge; identify science needs 

and data gaps; guide adaptive management



Where can I find open data products?



Open science synthesis 
example #1

© ESA
Copernicus Sentinel-2
25 January 2019



Delta Science Program synthesis working group

2021-2022



Drivers of the 
estuary food supply
Critical knowledge gap 
identified by Delta 
Independent Science Board



Hot off the press…

https://doi.org/10.1002/ecy.4274

https://doi.org/10.1002/ecy.4274


What is top-down control?

Predator

Prey

The number of predators controls the number of prey 
through direct consumption

vs.

Many predators Few predators



What is bottom-up control?

Consumer

Resource

The availability of food resources controls the number of 
consumers that can eat and survive

vs.

Resource rich Resource poor



What is environmental control?

Organism

High flows

Prevailing environmental conditions directly control the 
number of organisms based on physiology or behavior

vs.

Environment
Low flows



Food web conceptual model

Phytoplankton

Estuarine forage fishes

ZooplanktonEnvironment
Flow

Temperature 
Turbidity

Clams

Competitor fishes

PO4 NH4
NO3

Predator fishes

}

Nutrients

Modeled relationships:
Top down

Bottom 
up

© Tanya Rogers

Environment

Direct interaction

Other interaction

Predation

Resource 
limitation



Synthesis in action: 
8 different datasets 1980-2020





Key finding #1:
All three drivers were important in the models 
(net effects had similar magnitudes)
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Key finding #2:
Data quality or quantity issues

Bottom-upTop-down

Phytoplankton

Not enough data to determine 
effects of large fishes

Predator fishes

Low resolution data; 
need to identify species



Key takeaways for research and management
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Predation
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limitation

• Synthesis revealed 
new insights not 
previously known

• Model support for 
ecosystem-
based management
solutions



Open science synthesis 
example #2

© ESA
Copernicus Sentinel-2
25 January 2019
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• Support commercial, recreational, and subsistence fisheries
• San Francisco Bay = largest spawning aggregation in the state

TheFrisc.comUmamiMart.com adfg.alaska.gov

Sac-roe Whole fish Eggs on kelp



What is population stability?

vs.
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What is population stability?

Record lows prompted commercial fishery closures

vs.
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What guides fishery closure decisions as of 2019?

• Forecasting model for adult spawners
• Below threshold? CDFW proactively 

closes the fishery for the season



Forecasting model:
Adult spawners entering the estuary

=
+

Adults entering the estuary to 
spawn in wintertime

(biomass)

Ocean temperatures during the 
summer and fall prior to 

spawning season

Juveniles rearing in the estuary 
three years prior

(abundance)

+
Adults entering the estuary to 

spawn in wintertime
(biomass)

One year prior



Forecasting model:
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Rearing habitat 
loss

Spawning habitat 
loss

Upwelling 
frequency & 

duration

Marine 
heatwaves

Flood vs. drought Low adult 
numbers

What factors threaten population stability?



Salinity (PSU) Temperature (°C)

Record heatwave

South Bay

Central Bay

San Pablo Bay

Suisun Bay

Record drought



Conceptual model: 
Juveniles rearing in the estuary

=
+

Temperatures in the estuary

Juveniles rearing in the estuary 
in springtime
(abundance)

+

Adults entering the estuary to 
spawn during the prior winter

(biomass)

Salinities in the estuaryCompetition for resources
(density dependence)

+



Synthesis in action: 
2 different datasets 1981-2015



Key findings #1:
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+
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Key findings #1:
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Key findings #1:
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Key findings #1:

Cooler water Saltier water Density dependence

• Juvenile herring generally associated with cool, salty waters
• Strongly density dependent = scarcity of resources 

(competition for food, cover) limited population growth



Key findings #2:

• Central and San Pablo bays 
were major contributors to 
population

• The population was 15% 
more stable than in 
individual regions

• Unique regional variation 
conferred stability

Minor

MajorMajor

Minor



Management implication #1:
Boost juvenile production in the estuary to 
prevent fishery closures

= +
Adults entering the estuary to 

spawn in wintertime
(biomass)

Ocean temperatures during the 
summer and fall prior to 

spawning season

Juveniles rearing in the estuary 
three years prior

(abundance)

+
Adults entering the estuary to 

spawn in wintertime
(biomass)

One year prior



Management implication #2:
Improve rearing conditions via habitat restoration 

(eelgrass meadows, tidal marsh)

© SFEI BEHGU 2015



Management implication #3:
Mitigate marine heatwave effects– topic needs more attention

Adults entering the estuary to 
spawn in wintertime

(biomass)

Ocean temperatures during the 
summer and fall prior to 

spawning season

Juveniles rearing in the estuary 
three years prior

(abundance)

Temperatures in the estuary



Warm off the press…

https://doi.org/10.1002/ecs2.4440



Food web study Herring study

Where can I read these papers and access 
their data products?

Email me Denise.Colombano@DeltaCouncil.Ca.Gov 

mailto:Denise.Colombano@DeltaCouncil.Ca.Gov


“Our ability to produce specific analytical information for 

local problems that can also address questions at larger 

spatial scales and over longer time frames depends on our 

willingness to work collaboratively to collect, preserve, and 

share our data across projects, locations, and research 

groups.”

 - Hampton et al. 2013, “Big data and the future of ecology”



Thank you

@deltastewardshipcouncil

Delta Stewardship Council

@DeltaCouncil

@deltastewardshipcouncil

Scan the QR code to 
subscribe to our email 
announcements

Connect with us

Deltacouncil.ca.gov
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