) ¥ = i 1T, /-

s e aiin YEONIN :a

Ny ; Hﬁ&i ~Iﬁt\_i] { s Y |
NG
\\z#  Sea Level and Climate Variability:

Diatom Records from Coastal Marshes

= b — = =
a | - A e

e

YSE Scott W. Starratt
U.S. Geological Survey

ER— . -

e e

{
=

i




Sea Level Rise

... It Has Happened Before




Sea level rise since the Last Glacial Maximum
has been about 120 m
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About 7,000 years ago the rate of rise slowed due
to a decrease in meltwater input

e rEeeusslll  /\t\ater estimated the rate of sea
A SN |cvel rise to be nearly 2 cm/year in
the early Holocene
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Sea level has risen about
0.04 to 0.08 inches

(0.10 to 0.20 cm) per year
since 1900

FORT POINT SEA-LEVEL RECORD
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WHY DIATOMS?

Liveranywhere: there: s, suificient light and wWater
Secrete shells off amorphous; silica (S105)

INOE susceptikle to selution inl the lew: pH
envirenments: typicall of nmarshes

IHigh! diversity: (more thamn 600 species; andlvareties in
San| Eranciscer Bay)

Ecelegical SpecIiicity,

Proklems
s [ransportation
s Bioturbation
a High diversity and ecolegicall Speciiicity.




WHY MARSHES?

Stabllity ef environment for leng-term studies

Less suisceptinle torphysicaliand hielogical
[eWOrking

Accessipility

Proklems
a Regionall comparanility




Proximal Estuary

Upland

Taxa
{imcluding soil
taxa)

Marine
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Upland
Gradual Taxa

Sea Level [including sail
taxal
Rise
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San Erancisco Bay, Califiornia

Laws (1.986) generated @-mode cluster andlR-
moede prRciple components; analysis

Recegnized six assemblages

a |dentified assemiblages in nerthern, central, and
SoUthErn parts of San! Erancisce: Bay,

m Separate marsh assemmnlages

Assemblages used! o identiify, Sangamon
(125,000 years ago) depoesits and fault effsets




Sea Level Reconstruction

Quantitatne

a Use'medern floras at specific elevations 1n' the tidal
cycle

n Eellow:the histery of specific herzons

nighest astronemical tide
mean; high Water: of sprng| tides

Qualitative
s |dentify transgressive and regressiver markers
x Ofiten In conjunctien wWith) other fiessil groups




Quantitative Sea Level Studies

m Select a marshl transect from the intertidal
ZoOne 10 a pointakoeve marne iniuence

s Evaluate physicall, chemical, and hielegical
Chiaracterstics

Roudsea Marsh

m O.D RM3

1993 Storm Level

Organic deposit

20 COIrNQG [ sandssit

me
L S— . Silt / Clay
site

Puccinellia / Plantago maritima uncus maritima | Phragmites

MHWST - mean high water of spring tides

HAT — highest astronomical tide




Quantitative Sea Level Studies

» Evaluate the modern diatom: flora relative: to
KnownR water levels

Roudsea Marsh (contemporary)

Sand-mudfiat MHWST7 mid-marsh
q.3
/ ,;:“‘\ /

above 5% TDV
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Quantitative Sea Level Studies

s Evaluate the: modern driatom flora relative to
KIROWRI enviroRmental preferences

Roudsea Marsh (contemporary)
summary

Diatom group Salinity
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Quantitative Sea Level Studies

m Evaluate the diatom floras in ene: or more
sediment cores

Roudsea Marsh Core
above 5% TDV

Mid-marsh
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Quantitative Sea Level Studies

s Use the fossil assemblages andl ancillary data
10 Identiiy; paleeenvirenments

Roudsea Marsh Core
Diatom group ————— —————————— Salinily clats ———— - — Lite form
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Quantitative Sea Level
Studies

n Use these
paleeenvirenments te
compare: changes at
e coring| site

Roudsea Marsh

RM3

1993 Storm Level
My
IRV NeY =

Y . by
metres x  COrl ng [] sand/Sit
1 1

. [ sit/ cia
site

Puccinellia / Plantago maritima | Juncus maritima | Phragmites | O:F”c”s. o
nus /
Betula

Diatom zones
for the core




Climatic Influence on Regional
Eresh \Water Varanility

Regional climatic Varations affect amouni of
fireshiwaterflewing 1nte; San: Eranciscor Bay.

Moedern assemblages: calibrated te moedern
salinity’ conditiens

Secondany: calinlatieon te otherr palrameters
INclUding tree=-rng andl strentiting ISOLePE: FECokES




CLIMATE CONTROLS
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-7 HIWLS [
SAN FRANCISQUITO e
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122°00

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: PAST

Deep Bay/Channel
@ Shallow Bay/Channel
i@l Tidal Flat

QiR Tidal Marsh Pan

Lagoon

M Beach/Dune

. Agricultural Bayland
Bw| Diked Wetland

I—S—pi| Salt Pond

Storage or Treatment Pond

Undeveloped Bay Fill
. Developed Bay Fill

Perennial Pond
. Riparian Forest/Willow Grove

@ Moist Grassland

Grassland/Vernal Pool Complex




Significant Salinity Controlled Diatom Species at Rush Ranch

Freshwater Taxa
Denticuky subtilis  Frogfaria capucing var.vaucherige  Melosing varians

Age icalyrBR
rrrrrasny JRER
harrmmzsanes)

? ?"emema;nfﬂswr?t:a;
Temporal variation of selected taxa preferring
fresh water. Gray line is the smoothed curve
for the freshwater assemblage.




Significant Salinity Controlled Diatom Species at Rush Ranch

S
Brackish and Marine Taxa

Cirfoureis washl [ipdeunesd smithil Mavicwla peregring Paratla sufcata

2
=

3
5
8
&

Percentage of Assemblage

Temporal variation of selected taxa preferring
brackish water and normal marine salinity. Gray
line is the smoothed curve for the brackish and
marine assemblage.




Complicated Record Due
to Multiple Factors
Controlling Salinity

Petaluma marsh Benicia State Park Rush Ranch

Petaluma marsh — largely
controlled by local
precipitation conditions

fresh water
interval

Age (cal yr B.R.)

Benicia State Park —
controlled by flow of
Sacramento River

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

General patterns are 0 20 4 6 0 4 80 o0 40
cons_lst_ent bemeen sites Percentage of Assemblage Containing Freshwater Taxa
but timing varies




Tree Ring (Blue Oak)-Derived Precipitation Record
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Salinity record reconstructed from blue oak (Quercus
douglasii) tree-ring data from the central valley (red line;
Stahle and others, 2001; blue line is the smoothed curve
for the freshwater assemblage).
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Mono Lake Record

1970

Medieval
Climate - 1965

Anomaly
- 1960

- 1955

- 1950

5

- 1945

Mono Lake level (above msl) 8
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Mono Lake, California record of reconstructed lake
levels (blue line; Stine, 1990, red line is the smoothed
curve for the freshwater assemblage).




Pyramid Lake Record
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8" O data for Pyramid Lake, NV (red line; Benson and
others, 2002, blue line is the smoothed curve for the
freshwater assemblage). Higher 8'° O values indicate
lower lake level due to both decreased freshwater inflow
and increased evaporation.

% of assemblage preferring fresh water [




CONCLUSION

Climate records can e optamed firom
marshi ecosystems: Using diatems,

BUT . ..

x Detalled knowledge ofi the moden ecolegical
contrels IS necessary

x Highr diversity. requires detailed taxenemic
analy/sis




FUTURE RESEARCH

Calibration studies; at sites throtghouit: San
Eranciscer Bay: andl the: Sacramente: Delta

Additionall dewn' core: studies

Methoed can Be applied te salt marnsh
festeration projects




Pacific Climate Workshop
(PACLIIVI)

“Marne-Terrestrial Connections —
Seasenall Varability: terMillennial- Records”

Aprl 19=22) 2009 (Sunday-\Weadnesday)
Asilomar Conference Grounds
Pacific Grove, California

Abstract andl Registration Deadline Eebruany: 15

sstarrat@usgs.goyV.







Medieval Warm Period

transition from
brackish to fresh
water conditions
at Rush Ranch

(Meko, 2001)
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Little Ice Age

erosion at
Benicia State Park

1000 600
yrA.D. 1000 1400
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Salinity (%9,,) from tree rings
(Stahle and others, 2001)




e EeT Freshwatfzr and Brackish Brackls_h and
Brackish e
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Little lce Age

: . 16 th Century
L ’ Drought? |- : :

Age (calyrB.R)

0 20 40 60 80 0 5 1015202530 0 10 20 30 40 50 0O 20 40 60 B8O O 10 20 30 40 &0

Percentage of Assemblage

Temporal variation of the five diatom assemblages found at Rush Ranch. Black
line represents curve fit using Stineman function (+10% data range). Shaded
areas represent historically documented climatic intervals Medieval Warm Period,
16th century megadrought?, Little Ice Age, modern interval of diversion).
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Tsunami

Upland
Taxa

{including soil
taxa)

Diatom
Assemblage
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Seismic
Event

Uplift
due to
Seismic Event Upland

Taxa
fincluding soil
taxa)

Diatom
Assemblage

Age (cal yr B.P)

——
A—

Reworked
Taxa

Subsidence
due to
Seismic Event

Upland
Taxa

fincluding soil

H taxa)
Increasing

Salinity Marine

, Freshwater
—_— Taxa Diatom Taxa

‘ Assemblage




Thames Estuary, England

Jugaeins (1992) usediwelghted-averaging
10 create: a, salinity’ transter filnction

Applicatiens fierrseasenal varanility and
decadal temperature trends

Evaltiate Pleistecene sea level trends
ihArough changes in: the: diatom
assemplages




Earthguakes and Tisunamis

Hemphili-Haley (1992, 19953, 1995/9)

s Histery/ of tsunami events in: coastal
Washingten

 [fransects' from intertidal’ zene: te high marsh
envikenments.

s Diaten assemblages; chanacterized ana
marsh, Intertidal;, and tpland assemblages
UsSIng principle components analysis
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Mud flat and Zostera beds
Low or high marsh diatoms

Ratio of Paralia sulcata

to total diatoms
High marsh diatoms

Diatom preservation
I _ diatoms
Sand flat diatoms
Low marsh diatoms
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_Tidal flat, slough, subtidal

Low marsh
High marsh
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diatom index Percent of total diatoms used in index

Brackish intertidal diatom index simplifies presentation of changes in sea level




Sixes River

Marine terrace
coastal plain

%

552
divide %/ Q

fence for a changing worki




_Buried sea cliff
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Lake outlet at
5.5 melev.

__lake outlet

Sea level —
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Lake floor

Freshwater marsh
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Holocene Brackish diatoms
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Increasing Relative Abundance

——

|:| Paralia sulcata

- Brackish and marine estuarine diatoms

- Freshwater and brackish marsh diatoms




EXAMPLES

Calipration sets

Sea level reconstructions on a pPassive
margin

EVidence off earthiguakes anad tstinamis en
an active margin

Climate-controlled varnations In: freshwater:
il0))




Petaluma marsh Benicia State Park

-

o
[an}
S 2000
S
<

I ! ! ! L
0 10 20 10
Percentage of Assemblage Containing
Freshwater and BrackishTaxa




Petaluma marsh

Benicia State Park Rush Ranch
— . . . o -

o
a
S 2000
S
<

TR R S SO B
40 40 0 20 40

Percentage of Assemblage Containing BrackishTaxa




Petaluma marsh Benicia State Park Rush Ranch
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0 Petaluma marsh Benicia State Park Rush Ranch
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ENVIRONMENTAL PARAMETERS IIN
MARSHES AND ESTUARIES

Wellf understooed Poery: Understood
= Salinity x Major nutrents (N, P,

Si)
s flemperature s Minor nutrients (e,
s pH Cu, Mg, etc.)

m [UrIdity;

a Sediment type

a EXposure

x Oxy@en levels
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THORNHAM MARSH COWPEN MARSH

LTI | e n (| TN I

HAT
I

MHWST VAWST
MTL MTL 0 metres 40
0 metres 200 J 0 mefres 4

Tidalflat | PM | HM I Tidalflat | PM | | MM | Hw T

Vegetation cover Vegetation cover

Loss on ignition Loss on ignition
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MHWST - mean high water of spring tides
MTL — mean tide level

HAT — highest astronomical tide
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THORNHAM MARSH COWPEN MARSH
MHWST

~— HAT
MTL L1, = tidal flat MHW/ST t1. = tidal flat
T‘} I PM | MM | MTL

Navicula halophila (M-4) ‘ 7[_1_ IPM 1 MM I HM
A i Luticola mutica
ﬁ A LA_j .
e

Tryblionella hungarica (OH-4) . Nitzschia dissipata (Ol-4)

FNilzschia tryblionella (OH-4) 2 [ Frustuiia vuigaris (01-6)

ﬁ Denticula subtilis (M-2)[" FNawcuIa cﬂplocephala (OH-4) PN

F - Nitzschia dubia (OH-d)F 20

20

I: ' Scoliopleura tumida (M-4)F Navicula halophila (M-4)
LSE R -
E Gyrosigma wansbeckii [P-4)J: 20

Navicula digitoradiata (M-4)

Navicula cari var. cincta (OH-4) 20

E Tryblionella hungarica (OH-‘tl)Fgn
20
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Amphora marina (M-Z)FED
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Achnanthes delicatula EM-SJEN
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vicula retusa ( Jﬁzo Navicula peragrina (M—Mf:z0

: 40
Opephora pacifica (P-5) IE % E" Navicula phyllepta (MAME
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Axis two

¢ Poly
+ Meso.
® Oligo-h
B Oligo-i
¥ Halo

4
Axis one

Canonical Correspondence Analysis identifies about 12.9% of the
variance

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

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

lIl — tidal flat — sparse vegetation, inorganic substrate, polyhalobous and
mesohalobous
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MHWST - mean high water of spring tides
MTL — mean tide level

HAT — highest astronomical tide
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THORNHAM MARSH COWPEN MARSH
MHWST

~— HAT
MTL L1, = tidal flat MHW/ST t1. = tidal flat
T‘} I PM | MM | MTL

Navicula halophila (M-4) ‘ 7[_1_ IPM 1 MM I HM
A i Luticola mutica
ﬁ A LA_j .
e

Tryblionella hungarica (OH-4) . Nitzschia dissipata (Ol-4)

FNilzschia tryblionella (OH-4) 2 [ Frustuiia vuigaris (01-6)
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Axis two

¢ Poly
+ Meso.
® Oligo-h
B Oligo-i
¥ Halo

4
Axis one

Canonical Correspondence Analysis identifies about 12.9% of the
variance

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

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

lIl — tidal flat — sparse vegetation, inorganic substrate, polyhalobous and
mesohalobous




Calibration Sets

Advances have heen made with the Inereasing

avallability ef statistical packages such: as
CANOCE and PRIMER=-E

Not eften applied terestuanes; due e hign
seasonalivaraniliby,




CLIMATE-DRIVEN SALINITY
CONTROLS

-- Position of high and low pressure systems controls
precipitation and upwelling

-- Cloudiness of spring and ealry summer controls timing
of snowmelt




Northern San Francisco Bay

WATER FLOW
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Peterson and others, 1989
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Freshwater and Brackish Taxa

Cyclotella menegheniana Cylotella striata Epithemia trugida

]

Trvbllonella scwminata
. T T

~ ‘%h = -

Age (cal yr BR)
T
=

B
=]

N A .
20 ag o 10 20 30 0 10 20 an
Percentage of Assemblage

Temporal variation of selected taxa preferring

fresh and brackish water. Gray line is the

smoothed curve for the freshwater and

brackish assemblage.




Brackish Taxa
Achnanthes brevipes Mitzschia obtusa
R SR )

g p—

Mitzschia slgra Rhopalodia glbberula

Age {cal yr BR)
2

£

ao &0 10 an S0
Percentage of Assemblage

Temporal variation of selected taxa preferring
brackish water. Gray line is the smoothed curve
for the brackish assemblage.




Marine Taxa
Trytiflownefia granclafa

Trybitonelia granulafa
war 1 {Laws, 19488)

Ageical yr BF)

40 0
Percentage of Assemblage

Temporal variation of selected taxa
preferring normal marine salinity. Gray line
is the smoothed curve for the marine
assemblage.




ABUNDANCE OF FRESHWATER TAXA

Petaluma marsh Benicia State Park Rush Ranch

post-AD. 1860 Ly ) ) } e ]

fresh water
interval

o
tm
—_
=23
T
)
0
<

oo oy oy T
20 40 a0 0 40 0 40

Percentage of Assemblage Containing Freshwater Taxa




Petaluma marsh Benicia State Park
T T IDivetaionl |
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Strontium; Isotepe-Derived Salinity.
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(Cook and others, 2004)
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Salinity (ppt) in Richardson Bay
based on strontium isotopes
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