How do we measure positive change in urban seas?

An example using cumulative effects evaluation for salmon habitat
restoration from Washington, USA

Kathryn L. Sobocinski
Associate Professor
Western Washington University, Dept. of Environmental Sciences

AN
WESTERN

WASHINGTON
UNIVERSITY

MAKE WAVES.

PICES Annual Meeting 2025
Yokohama, Japan



Collaborators/Coauthors

Cumulative Effects Evaluation: Urban Seas:

Mike LeMoine, SRSC, PI John Delaney, University of Washington, School
Josh Chamberlin, NOAA-NWFSC 2 QLI 7 (EMELE)

Correigh Greene, SRSC/NOAA-NWFSC
Jason Hall, Cramer Fish Sciences
Heida Diefenderfer, PNNL

Tish Conway-Cranos, WDFW, ESRP

Todd Zackey, Tulalip Tribes @ School of Oceanography

Ginny Broadhurst, Western Washington
University, Salish Sea Institute

COLLEGE of the ENVIRONMENT

G SKAGIT RIVER SYSTEM ~7

87

7JCOOPERATIVE Pacific

)

Nl V)
Northwest

NATIONAL LABORATORY

w5 Il ) hors

SALISH SEA

NS 0 T F

# FIE H SEI EN c EE0 "-"L"ESTER[‘] "FJ‘ﬂSH”‘JETDN Ur\“"u"EFiSlT‘T'
\n Emplovee Owned Consulting Company




N/ il
7~ ELEMENTA  NTENT. KNOWLEDGE DOMAINS « SPECIAL FEATURES & FORUMS .  [ERadudUELUC e BpAvyy:

COMMENTARY | DECEMBER 16 2022

Urban seas as hotspots of stress in the Anthropocene

ocean: The Salish Sea example 3
\ / Collections: Knowledge Domain: Ocean Science

- Kathryn L. Sobocinski &, C. Drew Harvell, Natalie J. K. Baloy, Ginny Broadhurst, Megan N. Dethier,

— Aquila Flower, John R. Delaney Original Research
* Email: sobocik d :" frontiers | Frontiers in 17 June 2025
mail: sobocik@wwu.edu 10.3389/fmars.2025.1514508
Elementa: Science of the Anthropocene (2022) 10 (1): 00055.

https:/doi.org/10.1525/elementa.2022.00055  Article history

< Previous Article  Next Article > m Split-Screen = Views v @ |

Bk Assessing the cumulative effects
of nearshore habitat restoration
actions for multiple populations

Technological Center Expert in Marine and

Food Innovation (AZTI), Spain Of j uven i le sa lmon i n Wh id bey

Basin, Washington: foundation

Geoff Steinhart,

US Fish and Wildlife Service, United States a n d a pproac h for SyntheSIS
Esamockewmmed: and evaluation

21 October 2024
29 April 2025 Kathryn L. Sobocinski*, Michael LeMoine? Joshua W. Chamberlin®,
7/ June 2025 Letitia Conway-Cranos®, Annelise Del Rio®, Heida L. Diefenderfer®’,

. : Sobocinski KL LeMoine M, Chamberlin JW, Correigh M. Greene®, Jason Hall®, Gary E. Johnson®,
Sobocinski et al. 2025 BRI Ronald M. Thom®, Elene Trujillo® and Todd Zackey®

Diefenderfer HL, Greene CM, Hall J,




Urban Seas

Urban Seas are coastal estuaries and
marginal seas with drainage basins that
are extensively developed and
populated by humans...Urban seas are
a nexus of anthropogenic change,
where global climate change intersects
with urbanization, as well as being
living laboratories for generating
solutions for decelerating the
Anthropocene.

Sobocinski et. al. 2022

From Hodgson et al. 2020



A transboundary bioregion
encompassing the inland
marine waterways of British

Columbia and Washington
and their watersheds
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Salish Sea: Unique in Oceanography,
But Not in Stressors and Impacts




Pressures are Relentless
and Growing as Legacy,
Continuing, and Emerging
Impacts Converge
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Environmental Scientists: Very Good at
Problem |dentification

But to change the trajectory, we need solutions.
In open systems, “solutions™ are challenging.



Solution: Systems Thinking

Data collection, curation,
and integration using a
systems approach in
science and

management
Sobocinski et al. 2022
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LANDSCAPE PRESSURES

* GHG e acidification e warming e rising sea levels e declining biodiversity e overfishing
e pollution e urbanisation e demographic change « technological innovation

Values, frames and worldviews of Values, frames and worldviews of
consumerism, marketisation, well-being, sustainability and
(national) self interest and growth global commons

Dominant political, economic &
social institutions

Novel approaches emerging in the
ocean commons, as a result of
top-down and bottom-up governance
innovation, new knowledge commons,
justice and stewardship.

TRANSITION TO A SUSTAINABLE OCEAN ECONOMY OVER TIME

Dominant societal values and worldviews shift over time supporting transformation.

Economic system is rigid due to inter-dependent sets of interests, self stabilising and growth and market orientated.
Many isolated niche innovations forming at different scales, tolerated by the mainstream system.

Feedback between the three different change levels, all impact one another to generate transformation.

Niche innovations emerge in response to failing pre-transition regimes thereby stimulating transformation.

Shifts in social values towards sustainability contribute to the decline of pre-transition regimes.

Shifts in social values towards sustainability positively impact the emergence of niche innovations.

Shifts in social values towards sustainability contribute to the transformation of niche innovations into mainsteam regimes.
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EACH PROCESS CAN
BE CHARACTERIZED
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Solution: Ecosystem Restoration

Restoration of areas with
characteristics of
success but history of
impacts

Sobocinski et al. 2022

Opening habitat access
for outmigrating juvenile
salmon




Restoration is Opportunistic and Piecemeal

STANWOOD
<]

Port

Susan Port Susan Bay
Ba y Restoration
Area

Stillaguamish River Estuary Projects

B The Nature Conservancy
Stillaguamish Tride

B WA Dept. of Fish & Wildife Photo: Seattle Times ™
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Calls for an Integrated Approach to Assessment
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The Problem:
Detecting a restoration signal in a sea of noise




Cumulative Effects Evaluation Framework

F______________l______________T

RESEARCH N CONCEPTUAL MONITORED CAUSAL CUMULATIVE
OUESTIONS MODELS INDICATORS INFERENCE EFFECTS EVALUATION

Sobocinski et al. 2025



Hierarchy of Hypothesis: A Bottom-Up Approach

Hypothesis: Restoration creates reference-condition-like
habitat structure that increases juvenile Chinook salmon

rearing density. Habitat restoration
9 RESTORATION & PROCESS CONTEXT l
PHYSICAL RESPONSE ECOLOGICAL RESPONSE Vegetation Structu re,
Habitat restoration FW complexity & productivity Habitat EXtent &
Complexity

l

Juvenile Chinook
Rearing Density




Hypothesis “Testing” Using Causal Analysis

1. Use available evidence (empirical data, literature, and novel
analyses where needed) to assess each hypothesis with
causal criteria

2. Score each hypothesis for strength of support based upon
causal criteria

3. Synthesize scores and provide overall support for higher
order hypotheses using causal inference



Causal Analysis

Breaks down cause-and-effect
relationships into relatable things

* |f X causes Y, then:
e Xis known to influence Y
« X and Y must co-occur in space
« X must precede Y
 If Xis removed, Y does not occur

OO0 ® @

e.g. Temperature
MONITORED Velocity
Fish Abundance

INDICATORS

LINES OF
EVIDENCE

Systematic Literature Review Novel Analyses Critical Uncertainties




Causal Criteria

 Strength and consistency of association TIER 3

. Biological plausibility () ) @ () ()
* Biological gradient
* Experimentation

« Specificity of association L INES OF
* Temporality -

Systematic Literature Review Novel Analyses Critical Uncertainties
* Analogy . g

MONITORED
INDICATORS

» Coherence
« Complete exposure pathway
 Predictive performance

From Diefenderfer et al. 2016, Adapted from Hill 1965



Hypotheses

Restoration increases available rearing
habitat.

Restoration increases habitat availability
unevenly among habitat types and/or

watersheds.

The effect of restoration on habitat
structure is contingent upon a site’s
location in the Whidbey Basin.

Restoration creates reference-condition-
like habitat structure.

Restoration-related effects on habitat
structure change over time, trending
toward a reference condition.

Evidence
Based
Literature
Review

Empirical| Spatial
Analysis | Analysis | Analysis

2.86 (0.38)
n=7

Modeling

H1.0 Habitat Structure: Restoration increases available habitat and improves habitat structure.

Lines of Evidence

Assessment for

Each Hypothesis

Scores from 0-3, with 3
being strong support



Causal Criteria Assessed Across all Lines of Evidence
for Each Hypothesis

Strength of Consitency Biological Biological Experimen- | Specificityof

Hypotheses
Assocation Plausibility Gradient tation Association

Temporality Analogy

Restaration increases available habitat and improves habitat structure.
Restaration increases available rearing habitat

Restaration increases habitat availability unevenly among habitat types

and/or watersheds.

The effect of restoration on habitat structure is contingent upon a site’s

location in the Whidbey basin.
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Synthesis in Ecology and Environmental Science

CEE is fundamentally a science synthesis analysis:

» Taking disparate streams of data and unifying them in a
framework where they can be collectively analyzed

» Using multiple lines of evidence and causal inference to draw
colnc usions about cumulative effects of restoration for
salmon



Solutions: Systems Thinking

Data collection, curation, and
integration using a systems approach

In science and management
Sobocinski et al. 2022
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Values, frames and worldviews of Values, frames and worldviews of
consumerism, marketisation, well-being, sustainability and
(national) self interest and growth global commons

Dominant political, economic &
social institutions
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Estuaries and Coasts (2012) 3 22
DOI 10.1007/512237-011-9464-9

Novel approaches emerging in the
ocean commons, as a result of
top-down and bottom-up governance
innovation, new knowledge commons,
justice and stewardship.

THE H.T. ODUM SYNTHESIS ESSAY

Accelerate Synthesis in Ecology
and Environmental Sciences

TRANSITION TO A SUSTAINABLE OCEAN ECONOMY OVER TIME

Dominant societal values and worldviews shift over time supporting transformation.

Synthesis in Estuarine and Coastal Ecological Research:
What Is It, Why Is It Important, and How Do We Teach It?

Economic system is rigid due to inter-dependent sets of interests, self stabilising and growth and market orientated
ons forming at different scales, tolerated by the mainstre:

STEPHEN R. CARPENTER, E. VIRGINIA ARMBRUST, PETER W. ARZBERGER, F. STUART CHAPIN III, JAMES J.
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STEWARD T. A. PICKETT, KATHLEEN K. SMITH, DIANA H. WALL, AND ANN S MMERMAN

Feedback between the three different change levels, all impact one another to generate transformation.
Niche innovations emerge in response to failing pre-transition regimes thereby stimulating transformation.
W. Michael kenlp - Walter R. BOyl‘ltOﬂ Shifts in social values towards sustainability contribute to the decline of pre-transition regimes.

Shifts in social values towards sustainability positively impact the emergence of niche innovations.

Shifts in social values towards sustainability contribute to the transformation of niche innovations into mainsteam regimes.

Carpenter et al. 20009, Kemp and Boynton 2012 Rudolph et al. 2020
BioScience Estuaries & Coasts Nature Communications



‘Phé’r; Frank



Science Synthesis

Synthesis in estuarine and coastal science:

The inferential process whereby new models are developed from
analysis of multiple data sets to explain observed patterns across a
range of time and space scales
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