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Adaptive Management Framework

gased Adaptive Mq,

o Qg
Within AM N g
. . stemic Adaptiv
monitoring program B oo
Includes science at «° CH

the core to address l

restoration
guestions to inform m
management at sorin.

' . Research
project and system — ¥
scales " e

Link and/or into Model(s)
Run Analyses
and/or
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Relationship between type of study design and strength of inference
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Diescriptive
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strength of inference

Sit, V. and B. Taylor (editors). 1998. Statistical Methods for Adaptive Management Studies. Res. Br., B.C.
Min. For., Res. Br., Victoria, BC, Land Manage. Handbook. No. 42.




Tradeoffs and Compromise

Strength of inference

Intensity :
degree of

control
<

Cost

Modified from: Integrating the Nations Environmental Monitoring and Research Networks



Relationship between type of study design and strength of inference

Pickleweed g19/E13
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Analytical Mo_d_el of habl_tat use:
surveys salinity, foraging
Observational water depth
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Descriptive

surveys Longterm datasets and Monitoring

strength of inference

= Sit, V. and B. Taylor (editors). 1998. Statistical Methods for Adaptive Management Studies. Res. Br., B.C.
science for a changing world

Min. For., Res. Br., Victoria, BC, Land Manage. Handbook. No. 42.




Tidal Marsh Conceptual Model
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Salt Marsh Harvest Mouse

Reithrodontomys raviventris

*Endangered and Endemicto SFB . & = i e f 0
*Only mammal species m“th‘e world endemlc to tlda1-"
-chal species for Tldefl Mar’éh' Recovery Plan (USFW_ W of
| -Longterm monitoring datase;!é (I.e., Tolay Creek Watér” 1ed)
fbl\/ldrsh m’dlcator spemes corgnectlwty, habitat stnu‘:t ,,CC

-Currently partnerlng with CDEW; UCD, USFWS for re earch

.\« Takekaway J.Y., I. Woo, H. Sp utz, N.'Nur, J. L. Grenier, Kt_:’
“f J €. Norby,A CohenT F Mqla ud Roam, S. E. Wamwrlgh




BILa KEeSLOracion: Home - ¥inaows LNCernec cpiorer

Nisqually Delta
Restorations, the
largest estuarine
restoration in the
Pacific
Northwest.

ABOUT SCIENCE REFERENCES NEWS EVENTS CONTACT LINKS NISQUALLY REFUGE

Aerial Photography and Remote Sensing
About the Projd . Real Time Tide Level and

Oline data portal EEEESSEEES— o ST
for monitoring
data and pépulﬂlor

Tribe L Inlirggy historic 0
summaries Sough sysiems andr e ner
" potentiz t ma {f Invertebrates Jor Tidal Depth in MLLW () | Last: 08/01/12 02:38  [>
Rest ti N Weather Station CELED _ Ez=ere
estoration Ne LOGIN
July 02, 2012 Tidal Marsh Monitoring website tidalmarshmonitoring.org Tidalmarshmonitoring.org
launches. We are ple 1to announce the launch of TidalMarshiMonitoring.org, " G
an online tool for tidal r

created out of the gr
among restoration projects throughout the Western United States. [Link]

TIDAL DEPTH

June 01, 2012: Update to Vegetation Science page!. New data and graphs I £ ; y
from 2011 field n. [Link] ”y |

)]foi‘ tfdal n‘iaﬁhf
restoratlon lﬂ;

Aprll 17, 2012: Updated Bird Science page!. Update to Bird Science page now
: a up to December 2011. [Link]




tidalratshmaonitaring. org
iews  Favorites  Tools  Help

52| ~ | [ nisqually Delta Restoration: ... ‘HomEITidal Marsh Manit... X ‘ {E New Tab
Tidal Marsh Tidal Marsh Monitoring 5 (17
Monitoring

An online,
practitioner’s
guide to
monitoring '

ABOUT & CONTACT WHY MONITOR? DESIGN METHODS DISCUSSION FORUM REFERENCES SITE MAP

methods in tidal
marshes Home o

Ecological
A rapidly growing number of tidal marsh restoration projectsare ongoing or in the
planning stages throughout the Western United States. Pre and post restoration
monitoring are critical components of any tidal marsh restoration project to assess How to use this website
project outcomes, evaluate whether objectives are being achieved, to support adaptive
45% retu rn rate management decisions, and investigate the implications of climate change and sea level Get .Sta.rted Ch.cuose 2
rise. Evaluating restoration performance depends on systematic and consistent data Monitoring Metric
collection as well as the development and application of proven and repeatable :
T - . . . Funded by the National
monitoring methods. In addition, each tidal marsh restoration project represents -
o . - . L Wildlife Refuge System
opportunities to advance restoration and monitoring science through the communication ==| |_cifc Reqion | ;
of lessons learned and shared experiences. By implementing a more standardized .M“ acilic keglon inventory

. . f# | and Monitoring Program
approach among restoration projects outcomes can be compared across the larger grreg
geographic scale.

Habitats Covered

nisquallydeltarestoration.org
This project’s obhjective is to provide an online monitoring handbook for tidal marsh
restoration practitioners "on the ground" conducting tidal marsh restoration monitoring.
TidalMarshMeonitoring.org offers information on tidal marsh menitoring design, selection i Tidal Marsh
of appropriate methods, and downloadable standard operating procedures (SOPs), M S

! Cormbhnnl
lmarshmonitoring. orgfmonitoring-methods . php H Internet

JOIN THE DISCUSSION




Partners and Collaborators

Funded by EPA, ESRP, FWS, USGS, and internships (Students in
Support of Native American Relations,Youth interns, Evergreen) :

Nisqually National Wildlife Refuge S——
e J. E. Takekawa, D. Roster, J. Barham,M. Bailey
Nisqually Indian Tribe S 7 ruce

SYSTEM

e J. Dorner, C. Ellings, F. Leischner, J. Cutler and S. Hodgson
Nisqually River Foundation: J. Hall
Ducks Unlimited: D. Golner, S. Liske and P. Schulte
Avian Design: C. Fox

USGS Patuxent Wildlife Research Center: G. Guntenspergen, J.
Lynch and J. Olker

USGS Pacific Coastal and Marine Geology: E. Grossman,, R. Kayen
and D. Finlayson

USGS Western Fisheries Research Center: S. Rubin, K. Larsen and
A. Lind-Null

USGS Washington Water Science Center: R. Dinicola, C. Curran
Washlngton Department of Fish and Wildlife: M. Hayes
J1ally Reach Nature Center: D. Hull

S
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Clapper Rail — high tide refugia
- Arrowhead-Marsh artificial islands
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High tide 6.3 at 10:550n 10.19
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t20:12 AM M 1,10
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Overton, Takekawa, Cas




California Black Raill:

Habitat Use Methylmercury

Populatlonsiln decline _
Secretive, habitat use not well known
~80% of subspecies resides in SFB
e In SFB tidal marsh obligate .

-Glrard P., J. Y Takekawa S R Belssmger 2010. Uncloaklnga
cryptic, threatened fair with molecular markers: orlglns conneetlwty
and demography eta recem;lyI dlscovered populatlon i 1§

Y ‘'sTsao, D. C, J Y. Takekawa 1. Woo J. Yee, and. JnEvens 20@9
HomBdandsy habitat selection and movements of California Black
4 Rals at tidai Marsﬁe*éé& San Francisco Bay, Callforma The iy 4
:Cor)dor 111(4): 599; IR oo Zh /i

| W .r‘

1 *Tsao, D, K: Mlles IV Takekavya,f’andl qu 2008 Potentlal
,aeffects of mercury on threatened: Caltforma blagk ralls Archives of
Enwronmental Ceontamination and: Toxkcolegy Ejnhne F’lrst ﬁ
10 1007/5002:44 “8—*91884 paslie S 1t ”’ﬁ R R e Tt

- - i o 4 2
Ay e U 2y i | Tl R 0




Bird communities In tidal marshes:

effects of fragmentation, disturbance, and sea level rise on
population viability.

Song Sparrow  Black Rail Clapper Rail Black-necked Takekawa. J. Y. T.
Stilt ’ ’
. Woo, K. M.
Thorne, K. J.

Buffington, N. Nur,
M. Casazza, J.
Ackerman. 2012.
Chapter 13: Bird
communities:
effects of
fragmentation,
disturbance, and
sea level rise on
i 4 population viability.
Uplands L O, IN (Palaima, A. Ed).

Marsh Plain ‘D Ecology of San Franciscc
Spartina R e
Bay. UC Press

Zone
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Experimental manipulation of
iInundation and salinity levels

effects on the survival, growth, and reproductive capacity of
common pickleweed

Woo, I. and J. Y. Takekawa. 2012.
Will inundation and salinity levels
associated with projected sea level
rise reduce the survival, growth, and
reproductive capacity of Sarcocornia
pacifica (pickleweed)? Aquatic
Botany 102:8-14.
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Invert Colonization Following Restoration

- Ponds 9 & 10 (Former
Salt Pond)

.« Source populations:
- Fagan Slough (2

locations)
- Napa River (2 locations)

- Monthly sampling:
Dec 2008 — Oct 2011

cionce for & chaaing workd Presentations from Woo, I, A. Smith and J. Y.Takekawa in prep



http://openclipart.org/people/morits/north_arrow_2.svg
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Dumbarton
Shoals

e Benthic
macroinvertebrate
prey varied by
month and by
elevation

=USGS

cience for a changing world
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Woo et al in prep

North Transect

South Transect

0 Amphipoda
W Bivalvia

O Cumacea

B Nematoda
@ Oligochaeta
M Ostracoda

@ Polychaeta
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Shorebird Carrying a) current BWESA
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il
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50 -

-100 -
Rocha, A.,R. 150 - _
l. Woo, 22 (;NS Iit:nBS% OWESA
J. Y. Takekawa, J. 100 - mDUNL
D. Davis, J. R.
Lovvorn. Temporal
Variation of Small 50 A

Shorebird Carrying
Capacity on an
Estuarine Mudflat. Oct Nov Dec Jan Feb Mar
Report in draft for

manuscript -50 1
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USGS WERC Biofilm studiesﬂ_. .

eAlternate food resource for smaII
shoreblrds

NASA DEVELORP interns at
Dumbarton Shoals collecting
spectral reflectance data




a| R (@
Partners & Collaborators k‘

» USGS Priority Ecosystem Studies, SF Bay Program
> USGS, CAWSC, CMG - D. Shellenbarger, D. Schoellhamer, B. Jaffe, A. Foxgrover

» California Department of Fish and Game — Karen Taylor, Tom Huffman, Mike Sipes, Larry
Wyckoff, Stacy Martinelli

» USFWS (San Francisco Bay and San Pablo Bay Refuges— A. Morkill, D. Brubaker, E.
Mruz

» Wildlife Conservation Board - Bonnie Turner, Tony Chappelle

» Ducks Unlimited — Renee Spenst, Steve Carroll, Austin Payne, Russell Lowgren, Fritz
Reid,

» State Coastal Conservancy — Amy Hutzel, Nadine Hitchcock, Betsy Wilson
» SF Bay Joint Venture - Beth Huning, Christina Sloop
» GAIA Consulting, Inc. - Susanne von Rosenberg
» Endangered Species Permits — S.Osborn (CDFG) and D. Kelley (USFWO)
> University of Wyoming— J. Lovvorn

a USGS

science for a changing world
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Goal: Develop high
resolution elevation
model
Data: Elevation Data

San Pablo Bay

Frequency

00

0
00

0
(4]

0

0 --.IIIIII.—_

na

9 1 11 1.2 13 =14

Elevation relative to MSL {m}

*Field data collected Iin
1995 and 2008-2009.

e 1700 elevation points
collected.

* 68% within 1.6 — 2.0
m




Elevation Model for San Pablo Bay

San Pablo Bay NWR
Elevation (m)

[ ] High: 2.10

| I Low: 0.57

i

San Pablo Bay

0 O&Ea 2 = 4
R lometers

= U

science for a changing world




San Pablo Bay NWR plant community results

San Pablo Bay NWR\
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Vulnerability of tidal marshes to Climate Change:
Elevation, sediment, hydrology, vegetation

#, - - , - 3 %)
3

Expansion to
SFB marshes

Expansion to US
West Coast
Marshes

Takekawa, J., K. Thorne, C. Overton, M.
Casazza, K. Swanson, J. Drexler, D. s .
Schoellhamer and K. Buffington. 2012. Fatef s
of endangered species in the San Francisco
_ Bay salt marshes with sea-level rise. USGS .
- Open-File Report http://pubs.usgs.gov



http://pubs.usgs.gov/
http://pubs.usgs.gov/

Web outreach: www.werc.usgs.gov/SFBa

About the Project
Executive Summary
Draft Final Report
Results by Site
Literature

Products and Contacts

www.werc.usqgs.gov/SFBaySLR

ZUSGS'

4 Pl £ ,.-_(-.' . N
science for a changing world -, sage 6 e

ia Mountsins, Neyada) ;.

USGS Western Ecological Research Center

Home | Who We Are | Where We Are ‘ What We Do ‘ Products Search |

Modeling
Sea-Level
Rise in San
Francisco Bay
Estuary

Director's Message Qutreach ‘ Jobs ‘ Contacts |

NEWS AND FIELD JOURNALS

Jul 1.

[PROJECT NEWS ARCHIVE]



http://www.werc.usgs.gov/SFBaySLR

Climate Change Partners/Collaborators

USGS Climate Change Program
USGS National Climate Change and Wildlife Science Center
California LCC
North Pacific LCC
U.S. Fish & Wildlife Service | & M Program
U.S. Fish & Wildlife Service — Recovery Branch
U.S. Fish & Wildlife Service — Refuges: SFBNWR, SDNWR
NOAA NERR — China Camp SP, Tijuana Estuary
USGS Western Ecological Research Center
USGS California Water Science Center
USGS Native American Internship Program
California Department of Fish & Game
East Bay Regional Parks
University of California, Davis

ﬁ science for a changing world

science for a changing world
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Year

Salt Pond Program

Project Partners
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i e Salt Pond Program

Year Project Partners

e 1999-2013 North Bay Salt Ponds CDFW (Karen Taylor), UC Davis (Jim Hobbs)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)

Brand et al. 2012. Trajectory of early tidal marsh restoration: elevation, sedimentation and colonization of breached salt
ponds in the northern San Francisco Bay. Ecological Engineering 42: 19-29.

Takekawa et al. 2009. Dietary flexibility in three representative waterbirds across salinity and depth gradients in salt
ponds of San Francisco Bay. Hydrobiologia 626:155—-168.
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Salt Pond Program
Year Project Partners
e 1999-2013 North Bay Salt Ponds CDFW (Karen Taylor), UC Davis (Jim Hobbs)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)
e 2002-2013 South Bay Salt Pond Surveys Don Edwards NWR (C. Strong, E. Mruz)

Athearn et al. 2012. Variability in habitat value of commercial salt production ponds: implications for waterbird
management and tidal marsh restoration planning. Hydrobiologia 697: 139-155.

Demers et al. 2010. Space use and habitat selection of migrant and resident American avocets in San Francisco Bay.
Condor 112: 511-520.
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science for a changing world

Salt Pond Program

Year Project Partners

e 2002-2011 South Bay Water Quality NRP (Jim Kuwabara, Brent Topping)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)

Shellenbarger et al. 2008. Dissolved oxygen in Guadalupe Slough and Pond A3W, South San Francisco Bay, California, August and
September 2007: U.S. Geological Survey Open-File Report 2008—-1097, 26 pp.

Takekawa et al. 2006. Trophic structure and avian communities across a salinity gradient in evaporation ponds of the San Francisco
Bay estuary. Hydrobiologia 567: 307-327.
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Salt Pond Program

Year Project Partners

e 2009-2013 Pond A3W Water Quality NRP (J. Kuwabara, B. Topping, Jim Cloern)
CAWSC (G. Shellenbarger)
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Year

e 1999-2013

e 2002-2013

e 2002-2011

e 2009-2013

e 2008-2011

Salt Pond Program

Project

North Bay Salt Ponds

South Bay Salt Pond Surveys
South Bay Water Quality

Pond A3W Water Quality

Shoals

Partners

CDFW (Karen Taylor), UC Davis (Jim Hobbs)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)
Don Edwards NWR (C. Strong, E. Mruz)

NRP (Jim Kuwabara, Brent Topping)

CAWSC (Greg Shellenbarger, Dave Schoellhamer)
NRP (J. Kuwabara, B. Topping, Jim Cloern)
CAWSC (G. Shellenbarger)

CMG PSC (Bruce Jaffe, Amy Foxgrover)

NRP (Jan Thompson)
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Year
e 1999-2013
e 2002-2013
e 2002-2011
e 2009-2013
e 2008-2011
e 2009-2013

Salt Pond Program

Project

North Bay Salt Ponds

South Bay Salt Pond Surveys
South Bay Water Quality

Pond A3W Water Quality
Shoals

Island Management Project

Partners

CDFW (Karen Taylor), UC Davis (Jim Hobbs)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)
Don Edwards NWR (C. Strong, E. Mruz)

NRP (Jim Kuwabara, Brent Topping)

CAWSC (Greg Shellenbarger, Dave Schoellhamer)
NRP (J. Kuwabara, B. Topping, Jim Cloern)
CAWSC (G. Shellenbarger)

CMG PSC (Bruce Jaffe, Amy Foxgrover)

NRP (Jan Thompson)

CSU-SJ, Don Edwards NWR,

WERC-Dixon (Josh Ackerman)
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Salt Pond Program

Year Project Partners

e 2010-2013 Biofilm CAWSC (D. Schoellhamer), NASA (J. Davis)
Port of Tokyo (Tomohiro Kuwae)
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Salt Pond Program

Year Project Partners

e 2011-2014 Living Shorelines SCC, CSU-SF, NOAA Fisheries, UC Davis
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Salt Pond Program

Year Project Partners

e 2013-2016 Eden Landing E12/E13 CDFW (John Krause), Ducks Unlimited (R. Spenst)
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Year
e 1999-2013
e 2002-2013
e 2002-2011
e 2009-2013
e 2008-2011
e 2009-2013
e 2010-2013
e 2011-2014
e 2013-2016
e 2013-2014

Salt Pond Program

Project

North Bay Salt Ponds

South Bay Salt Pond Surveys
South Bay Water Quality

Pond A3W Water Quality
Shoals

Island Management Project
Biofilm

Living Shorelines

Eden Landing E12/E13
Eden Landing Scaup

Partners

CDFW (Karen Taylor), UC Davis (Jim Hobbs)
CAWSC (Greg Shellenbarger, Dave Schoellhamer)
Don Edwards NWR (C. Strong, E. Mruz)

NRP (Jim Kuwabara, Brent Topping)

CAWSC (Greg Shellenbarger, Dave Schoellhamer)
NRP (J. Kuwabara, B. Topping, Jim Cloern)
CAWSC (G. Shellenbarger)

CMG PSC (Bruce Jaffe, Amy Foxgrover)

NRP (Jan Thompson)

CSU-SJ, Don Edwards NWR,

WERC-Dixon (Josh Ackerman)

CAWSC (D. Schoellhamer), NASA (J. Davis)

Port of Tokyo (Tomohiro Kuwae)

SCC, CSU-SF, NOAA Fisheries, UC Davis

CDFW (John Krause), Ducks Unlimited (R. Spenst)
CDFW (J. Krause),

Trustee Council for Cosco Busan oil spill
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e South Bay Salt Pond Surveys
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2 USGS
s South Bay Salt Pond Surveys
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1. The project EIS requires science and monitoring to determine adaptive
management




\1
(\

2 USGS
s South Bay Salt Pond Surveys

1. The project EIS requires science and monitoring to determine adaptive
management

2. Our 10-year dataset provides important insights into bird response of
initial restoration and pond management




USGS
s South Bay Salt Pond Surveys

&

1. The project EIS requires science and monitoring to determine adaptive
management

2. Our 10-year dataset provides important insights into bird response to
initial restoration and pond management

3.  We must continue monitoring to understand future bird response to
habitat changes and to help guide the future restoration decisions
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st orcig v Salt Pond Survey Data

1. Waterbirds




= USGS

st orcig v Salt Pond Survey Data

1. Waterbirds
2. Elevation & water depth
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st orcig v Salt Pond Survey Data

1. Waterbirds
2. Elevation & water depth

3. Water quality
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st orcig v Salt Pond Survey Data

1. Waterbirds

2. Elevation & water depth
3. Water quality
4

. Invertebrates
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st orcig v Salt Pond Survey Data

. Waterbirds
. Elevation & water depth

1
2
3. Water quality
4. Invertebrates
5

. Vegetation
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science for a changing world Waterbi rds

Salt Pond Waterbird Counts
e Monthly counts at high tide

 Recorded
— Species
— Abundance
— Spatial location

— Behavior: roosting or foraging




a USGS
i Elevation & Water Depth

e Real Time Kinematics GPS in ,
combination with Reson Navisound Transducer ‘.
Console with
echosounder LT
e LiDAR
e Staff gages read monthly

RTK antenna

Athearn et al. 2010, Takekawa et al. 2010



-
2 USGS :
science for a changing world Wate r Qu a I Ity

e Surveyed monthly
e 1-3locations per pond
* Parameters

— pH

— Dissolved oxygen
— Temperature
— Salinity

e Focused studies with deployed
meters

Citations here
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e Samples collected by boat
during high tide

e Sieve through 0.5 mm
screen

e Stained with Rose Bengal
dye, preserved in 95%
ethanol

 Prey sorted into taxonomic
categories
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e 2-5RTK GPS locations
taken per Spartina
patch in the ponds

* Colonization occurred
at this elevation or
lower




ZUSGS

s Spartinag foliosa Elevation

Above 50th Percentile
B Above 10th Percentile
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NsEUE]

NERS
Grids
Ponds
Complexes

L e

Adjacent
Shoals
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— Experimental ponds
— Varying water depth
— Varying salinity

— Islands

— Shorebird response
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e Eden Landing E12/E13

— Experimental ponds
— Varying water depth
— Varying salinity

— Islands

— Shorebird response

e Eden Landing Diving Ducks
— Habitat preferences

— Managing for ducks in
winter and snowy plovers in
summer
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1. Importance of long term data to assess impacts of management actions
on bird distribution and abundance

2. From our data we have modeled habitat availability, carrying
capacity, and have assessed waterbird use of salt ponds

3. Importance of continued monitoring to provide science support for
managers

Athearn et al. 2011, 2012; Rowan et al. 2011; Warnock et al. 2002
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