
Sea Level and Climate Variability:
Diatom Records from Coastal Marshes



Sea Level Rise  . . .Sea Level Rise  . . .

. . . It Has Happened Before. . . It Has Happened Before



Sea level rise since the Last Glacial Maximum
has been about 120 m

Initial flooding of
San Francisco Bay



About 7,000 years ago the rate of rise slowed due
to a decrease in meltwater input

Atwater estimated the rate of sea
level rise to be nearly 2 cm/year in
the early Holocene

Over the past 5,000 
years, the rate sea 
level rise has been  
less than half the rate 
of the early Holocene



Sea level has risen about
0.04 to 0.08 inches
(0.10 to 0.20 cm) per year
since 1900



WHY DIATOMS?WHY DIATOMS?

Live anywhere there is sufficient light and waterLive anywhere there is sufficient light and water
Secrete shells of amorphous silica (SiOSecrete shells of amorphous silica (SiO22))
Not susceptible to solution in the low pH Not susceptible to solution in the low pH 
environments typical of marshesenvironments typical of marshes
High diversity (more than 600 species and varieties in High diversity (more than 600 species and varieties in 
San Francisco Bay) San Francisco Bay) 
Ecological specificityEcological specificity
ProblemsProblems

TransportationTransportation
BioturbationBioturbation
High diversity and ecological specificityHigh diversity and ecological specificity



WHY MARSHES?WHY MARSHES?

Stability of environment for longStability of environment for long--term studiesterm studies
Less susceptible to physical and biological Less susceptible to physical and biological 
reworkingreworking
AccessibilityAccessibility
ProblemsProblems

Regional comparabilityRegional comparability









San Francisco Bay, CaliforniaSan Francisco Bay, California

Laws (1988) generated QLaws (1988) generated Q--mode cluster and Rmode cluster and R--
mode principle components analysismode principle components analysis
Recognized six assemblagesRecognized six assemblages

Identified assemblages in northern, central, and Identified assemblages in northern, central, and 
southern parts of San Francisco Baysouthern parts of San Francisco Bay
Separate marsh assemblagesSeparate marsh assemblages

Assemblages used to identify Sangamon Assemblages used to identify Sangamon 
(~125,000 years ago) deposits and fault offsets(~125,000 years ago) deposits and fault offsets



Sea Level ReconstructionSea Level Reconstruction
QuantitativeQuantitative

Use modern floras at specific elevations in the tidal Use modern floras at specific elevations in the tidal 
cyclecycle
Follow the history of specific horizons Follow the history of specific horizons 

highest astronomical tidehighest astronomical tide
mean high water of spring tidesmean high water of spring tides

QualitativeQualitative
Identify transgressive and regressive markersIdentify transgressive and regressive markers
Often in conjunction with other fossil groupsOften in conjunction with other fossil groups



Quantitative Sea Level StudiesQuantitative Sea Level Studies
Select a marsh transect from the intertidal Select a marsh transect from the intertidal 
zone to a point above marine influencezone to a point above marine influence
Evaluate physical, chemical, and biological Evaluate physical, chemical, and biological 
characteristicscharacteristics

MHWST - mean high water of spring tides

HAT – highest astronomical tide

coring
site



Quantitative Sea Level StudiesQuantitative Sea Level Studies
Evaluate the modern diatom flora relative to Evaluate the modern diatom flora relative to 
known water levelsknown water levels



Quantitative Sea Level StudiesQuantitative Sea Level Studies
Evaluate the modern diatom flora relative to Evaluate the modern diatom flora relative to 
known environmental preferencesknown environmental preferences



Quantitative Sea Level StudiesQuantitative Sea Level Studies
Evaluate the diatom floras in one or more Evaluate the diatom floras in one or more 
sediment coressediment cores



Quantitative Sea Level StudiesQuantitative Sea Level Studies
Use the fossil assemblages and ancillary data Use the fossil assemblages and ancillary data 
to identify paleoenvironmentsto identify paleoenvironments



Quantitative Sea Level Quantitative Sea Level 
StudiesStudies

Use those Use those 
paleoenvironments to paleoenvironments to 
compare changes at compare changes at 
the coring sitethe coring site

coring
site



Climatic Influence on Regional Climatic Influence on Regional 
Fresh Water VariabilityFresh Water Variability

Regional climatic variations affect amount of Regional climatic variations affect amount of 
fresh water flowing into San Francisco Bayfresh water flowing into San Francisco Bay
Modern assemblages calibrated to modern Modern assemblages calibrated to modern 
salinity conditionssalinity conditions
Secondary calibration to other parameters Secondary calibration to other parameters 
including treeincluding tree--ring and strontium isotope recordsring and strontium isotope records



CLIMATE CONTROLSCLIMATE CONTROLS



CLIMATE CONTROLSCLIMATE CONTROLS



Located between normal
marine and freshwater
environment

Some of the last remaining
areas of original tidal marsh

40% of the precipitation that
falls in California and 90%
of the freshwater entering
San Francisco Bay flows
through the Sacramento-
San Joaquin River Delta



THE STUDY SITES: PASTTHE STUDY SITES: PAST

• Rush
Ranch

• Benicia State Park



Significant Salinity Controlled Diatom Species at Rush Ranch



Significant Salinity Controlled Diatom Species at Rush Ranch



Petaluma marsh – largely
controlled by local
precipitation conditions

Benicia State Park –
controlled by flow of
Sacramento River

Rush Ranch – most 
sensitive to rapid shifts in
fresh water flow

General patterns are
consistent between sites
but timing varies

Complicated Record Due
to Multiple Factors 
Controlling Salinity









CONCLUSIONCONCLUSION
Climate records can be obtained from Climate records can be obtained from 
marsh ecosystems using diatoms, marsh ecosystems using diatoms, 

BUT . . .BUT . . .
Detailed knowledge of the modern ecological Detailed knowledge of the modern ecological 
controls is necessarycontrols is necessary
High diversity requires detailed taxonomic High diversity requires detailed taxonomic 
analysisanalysis



FUTURE RESEARCHFUTURE RESEARCH

Calibration studies at sites throughout San Calibration studies at sites throughout San 
Francisco Bay and the Sacramento DeltaFrancisco Bay and the Sacramento Delta
Additional down core studiesAdditional down core studies
Method can be applied to salt marsh Method can be applied to salt marsh 
restoration projectsrestoration projects



Pacific Climate WorkshopPacific Climate Workshop
(PACLIM)(PACLIM)

““MarineMarine--Terrestrial Connections Terrestrial Connections ––
Seasonal Variability to Millennial RecordsSeasonal Variability to Millennial Records””

April 19April 19--22, 2009 (Sunday22, 2009 (Sunday--Wednesday)Wednesday)
Asilomar Conference GroundsAsilomar Conference Grounds

Pacific Grove, CaliforniaPacific Grove, California

Abstract and Registration Deadline February 15Abstract and Registration Deadline February 15

sstarrat@usgs.govsstarrat@usgs.gov



















Thames Estuary, EnglandThames Estuary, England

Juggins (1992) used weightedJuggins (1992) used weighted--averaging averaging 
to create a salinity transfer functionto create a salinity transfer function
Applications for seasonal variability and Applications for seasonal variability and 
decadal temperature trendsdecadal temperature trends
Evaluate Pleistocene sea level trends Evaluate Pleistocene sea level trends 
through changes in the diatom through changes in the diatom 
assemblagesassemblages



Earthquakes and TsunamisEarthquakes and Tsunamis

HemphillHemphill--Haley (1992, 1995a, 1995b)Haley (1992, 1995a, 1995b)
History of tsunami events in coastal History of tsunami events in coastal 
WashingtonWashington
Transects from intertidal zone to high marsh Transects from intertidal zone to high marsh 
environments.environments.
Diatom assemblages characterized and Diatom assemblages characterized and 
marsh, intertidal, and upland assemblages  marsh, intertidal, and upland assemblages  
using principle components analysisusing principle components analysis











MHHW – mean high high water
MHW – mean high water
MLHW – mean low high water



Brackish intertidal diatom index simplifies presentation of changes in sea level 











EXAMPLESEXAMPLES

Calibration setsCalibration sets
Sea level reconstructions on a passive Sea level reconstructions on a passive 
marginmargin
Evidence of earthquakes and tsunamis on Evidence of earthquakes and tsunamis on 
an active marginan active margin
ClimateClimate--controlled variations in freshwater controlled variations in freshwater 
flowflow











ENVIRONMENTAL PARAMETERS IN ENVIRONMENTAL PARAMETERS IN 
MARSHES AND ESTUARIESMARSHES AND ESTUARIES

Well understoodWell understood
SalinitySalinity
TemperatureTemperature
pHpH

Poorly understoodPoorly understood
Major nutrients    Major nutrients    (N, P, (N, P, 
Si)Si)

Minor nutrients   Minor nutrients   (Fe, (Fe, 
Cu, Mg, Cu, Mg, etcetc.).)

TurbidityTurbidity
Sediment typeSediment type
ExposureExposure
Oxygen levelsOxygen levels





MHWST - mean high water of spring tides

MTL – mean tide level

HAT – highest astronomical tide





Canonical Correspondence Analysis identifies about 12.9% of the 
variance

I – High Marsh – dense vegetation, high organic content, short and low 
duration of tidal influence, oligohalobous indifferent and halophobous

II – Middle and low marsh – dense vegetation, low organic content, 
longer duration of tidal influence, oligohalobous indifferent, oligohalobous
halophilous, and mesohalobous

III – tidal flat – sparse vegetation, inorganic substrate, polyhalobous and 
mesohalobous





MHWST - mean high water of spring tides

MTL – mean tide level

HAT – highest astronomical tide





Canonical Correspondence Analysis identifies about 12.9% of the 
variance

I – High Marsh – dense vegetation, high organic content, short and low 
duration of tidal influence, oligohalobous indifferent and halophobous

II – Middle and low marsh – dense vegetation, low organic content, 
longer duration of tidal influence, oligohalobous indifferent, oligohalobous
halophilous, and mesohalobous

III – tidal flat – sparse vegetation, inorganic substrate, polyhalobous and 
mesohalobous



Calibration SetsCalibration Sets

Advances have been made with the increasing Advances have been made with the increasing 
availability of statistical packages such as availability of statistical packages such as 
CANOCO and PRIMERCANOCO and PRIMER--EE
Not often applied to estuaries due to high Not often applied to estuaries due to high 
seasonal variabilityseasonal variability





WATER FLOWWATER FLOW









ABUNDANCE OF FRESHWATER TAXA





Strontium IsotopeStrontium Isotope--Derived Salinity Derived Salinity 
RecordRecord


