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NOVEMBER 10 - NOVEMBER 13, 2022
IN-PERSON MEETING (HURRAH!)

Welcome to the 103rd Annual Meeting of the Western Society of Naturalists! WSN’s roots
can be traced back to 1910 when a group of biologists, concerned about the lack of scientific
meetings on the West Coast, formed the Biological Society of the Pacific (BSP; call this our
larval phase). The BSP was intended to include “any person interested in scientific work of a
research nature.” In 1915, the American Society of Naturalists invited the BSP to join as a
Pacific chapter under the ASN banner. Although the BSP voted in favor, the merger was
eventually rejected by the ASN Executive Committee, who felt that WSN might not be
sufficiently selective in admitting members. Thus, the BSP formally metamorphosed into the
Western Society of Naturalists in 1916.

The first annual meeting of the society that would become WSN featured four scientific
presentations and a dinner. Since then, our meetings and our society have grown substantially,
but we still proudly welcome everyone who is interested in scientific work of a research nature.

The circumstances are unusual: we are returning to an in-person meeting after remotely
connecting throughout a global pandemic. We are also in a period of increased commitment to
our society’s diversity, equity and inclusion of all naturalists. We are excited to welcome over
600 participants to this year’s meeting, hundreds of excellent talks, and a variety of social
events to promote networking among different groups.

Thanks to Volunteers – we appreciate you!
This meeting could not happen without substantial volunteer contributions from many people.
The WSN Secretariat thanks the President and President-elect, Treasurer (Andy!), Student
Committee, the Diversity, Equity and Inclusion Committee, the judges of posters and talks, the
professional and student volunteers (Cass! Cal Poly undergrads!), the members-at-large, and
all those who keep our society going!

WSN COVID POLICY

● WSN will adhere to local, state and federal guidelines.
● Additionally, masks will be required at WSN 2022 in all scientific sessions (talks and

posters) and in many other areas of the meeting. Please be prepared by bringing your
own masks and wearing them throughout the conference. WSN will have high-quality
masks available upon request at the registration booth. During oral presentation
sessions, speakers will be able to unmask as long as podiums are a safe distance from
the audience.



Hotel Floor Plan: Events will take place in the hotel’s 7 breakout rooms and/or two ballrooms
(breakout rooms combined). Please see the maps below:



ACCESSIBILITY

Presentations: Subtitles will be auto-generated for all presentations and shown live on
the big screen. The front row of seating is reserved for those who will benefit most from
real-time captioning (e.g., attendees who are deaf or hard of hearing, people with
learning disabilities, or those for whom English is a second language). If you have
feedback on improving captioning for future meetings, please bring your thoughts to the
Business Meeting or share with a member of the DEIC.

Food: Vegetarian, vegan, and gluten-free options will be available whenever food is
provided at the conference venue. We will make every effort to mark these options. If
you have dietary restrictions that are not met, please let us know so that we can be
more inclusive at future meetings.

Restrooms: We plan to designate one or more restrooms as gender-inclusive for
conference attendees. Please check posted signage during the meeting or ask a DEIC
member if you have trouble locating a nonbinary restroom.

Priority Seating (Poster Sessions and Socials): Seating is limited at poster sessions
and events like the Attitude Adjustment Hour (AAH). We will provide priority seating to
serve those with physical limitations (e.g., people with physical disabilities, attendees
who are pregnant or accompanied by small children, elderly participants). Though
everyone is welcome to use these seats, we ask folks to yield to anyone in greater
need.

Student Travel Awards: The Student Committee developed a new format for student
travel awards, using a standardized scoring rubric to generate fewer but more
meaningful awards. This year, 12 students will receive $500 each to help offset the
costs of attending the meeting.

Travel: Do you need a ride to WSN? Do you have space in your vehicle? Post info on
the WSN Ride Share Board.

Affinity Group Mixers: Affinity group mixers are designed to help members from
underrepresented groups gather, build community, and bolster a sense of belonging
within WSN. BIPOC, LGBTQIA2S+, First Generation College Students (Past and
Present), and Disability groups can be found on the schedule. Please note that you
must identify as a member of the group that you intend to join.

DEI COMMITTEE PROGRAMMING

This year marks the first in-person meeting with a range of programming offered by the
Diversity, Equity and Inclusion Committee (DEIC). These activities and efforts include:

Affinity stickers: Available for name badges at registration, these stickers are used to
identify first-time attendees and one's membership to various underrepresented groups
to help build community within WSN.

Mentorship program: This program is designed to help first-time attendees and
students network with professionals and senior scientists. The mentorship mixer (open
to pre-registrants) is Friday during lunch. If you signed up, you should have received
instructions from the organizers. We are excited about this initiative to make the WSN
meetings more inclusive! The mentorship program is sponsored by CA Sea Grant.
Contact deic@wsn-online.org with questions.

https://docs.google.com/document/d/1UwK9NXwkLLSnhUMIaRRkftslSKCo-NgjN_iGf-MiIGg/edit?usp=sharing
https://caseagrant.ucsd.edu/
mailto:deic@wsn-online.org


DEI Symposium: Our third annual plenary will highlight ways to engage the public and
members of underrepresented groups in science, despite the unique challenges of the
pandemic. This session was made possible by the generous support of CA Sea Grant.

Code of Conduct: See the back page of the Program for the full Code of Conduct.
Please report any concerns or issues directly to a member of the DEIC or the
Secretariat, or by using our online reporting form (anonymous or self-identifying, at your
discretion).

New DEIC Members: We are currently soliciting two new members for three-year
terms (any career stage). Get in touch with us (deic@wsn-online.org) if you are
interested in assisting with these efforts and developing new ways to make WSN more
inclusive and accessible!

Demographic survey: For anyone still wishing to complete this year's demographic
survey, a QR code is available at the DEIC table near registration.

JOIN THE STUDENT COMMITTEE
We are currently soliciting self-nominations from our student membership to join the Student
Committee for our 2023 and 2024 annual meetings! We have four positions to fill this year,
replacing four outgoing members. To self-nominate, please complete the self-nomination form
by November 1, 2022. Appointees will be notified by November 9th, 2022:
NETWORKING AND SOCIALIZING

One of the best parts of WSN meetings is the opportunity to meet new people, network, and
catch up with friends. There are several ways to do this:

● The old fashion way: Walk up to people, introduce yourself, and start talking about
science. You can do it!

● Go online:
○ We are online at https://www.wsn-online.org.
○ In addition, we maintain a WSN Twitter account (@WSN_Secretariat), where you

can find information about the Society and our annual meeting, and connect with
your colleagues. Our Student Committee also maintains separate accounts on
Twitter (@WSN_Students) and Instagram (@wsn_students). Additionally, the
Diversity, Equity, and Inclusion Committee can be found on Twitter (@wsn_deic).
If you have an opportunity that would be appropriate for distribution via the WSN
social media accounts (fellowships, small grants, student opportunities, etc.),
please reach out to the Secretariat,Student Committee, or DEI Committee
through these platforms.

○ Want your work, field site, study organism, or recent publication to be featured on
WSN's Instagram feed? Send a photo and a short blurb to @wsn_students or
@westernsocietyofnaturalists. Material will be accepted at any time on a rolling
basis.

● Attend an affinity group mixer
○ BIPOC, LGBTQIA2S+, First Generation College Students (Past and

Present), and Disability groups can be found on the schedule.
○ Contact deic@wsn-online.org with questions.

https://caseagrant.ucsd.edu/
https://docs.google.com/forms/d/e/1FAIpQLSeU7OOhs4wVR0AMtx1gskJq1Li46kyB4p04976OBCJYeQxhYw/viewform
mailto:deic@wsn-online.org
https://forms.gle/qthU8bRC9TsimSNc8
https://forms.gle/qthU8bRC9TsimSNc8
https://www.wsn-online.org
mailto:deic@wsn-online.org


● Help make a clay mural
○ Workshop leaders, Dr. Nyssa Silbiger and Lauren Shapiro, will have a

booth near the registration tables each afternoon during the conference.
○ Everyone is welcome to press clay into molds and participate in the

creation of a large-scale ceramic mural.
○ This mural will represent rocky intertidal ecosystems and aims to cultivate

awareness of the interconnectivity of ocean and land environments.
○ Stop by this booth to learn more about how to utilize visual art to convey

scientific research to a broad audience.

AUCTION

Proceeds from the auction will support the Student Travel Fund for next year! We have two
different auctions:

● Silent Auction: Conducted in the hotel starting Thursday Nov. 10th, 5pm and closing
Saturday Nov. 12th at 8:30pm, just before the Presidential Address. Winners will be
announced at the end of the special live auction ceremony! We will be accepting
PayPal, checks, and Square payments. View items in person and bid online!
https://www.32auctions.com/wsnauction2022

● Live Auction: Join the live auction extravaganza! We will be auctioning off art,
excursions, and other fun stuff. The live auction is Saturday, Nov. 12th starting at 9:00
pm.

● Submission deadline for donating auction items is Nov. 4th. We already have lots of
great items! Use this link to submit any last minute items before Friday, Nov. 4th. For
questions, contact Ben Walker (benwalker@ucsc.edu).

STUDENT WORKSHOP (THURSDAY)

Join us for an exciting hands-on workshop where you will learn how to effectively
communicate your science using visual art! Together, Marine Ecologist and CSU Northridge
Professor, Dr. Nyssa Silbiger, and visual artist, Lauren Shapiro, M.F.A., will talk about their past
and present collaborative art installations and how they utilize art to reach broad audiences.
This workshop will be specifically geared towards providing information about the logistics of
incorporating visual art to broaden outreach initiatives. All are welcome to attend the lecture
portion of the workshop, but spots are limited for the hands-on portion.

STUDENT ORGANIZED SYMPOSIUM (FRIDAY)

Making open science truly open

Chair: Margaret Slein

Location: TIDES BALLROOM

The goal of this symposium is to highlight recent efforts to address the pitfalls in the
chain of academic collaboration and inclusion, featuring presentations by panelists

https://www.32auctions.com/wsnauction2022
https://docs.google.com/forms/d/e/1FAIpQLSe_tw-z4HdgaeyAsbPzHgxP_GNNfffGluC1gvY-UJczB5MSow/viewform?usp=sf_link
mailto:benwalker@ucsc.edu


followed by a Q+A session. Topics range from increasing awareness and accessibility in
academia to engineering data rescue and open access data for the future.

Partial funding for this session was provided by CA Sea Grant.

Panelists

● Ellen Bledsoe, Assistant Professor, School of Naturalist Resource and the
Environment, University of Arizona

● Rassim Khelifa, Assistant Professor, Department of Biology, Concordia University
● Taylor McKie, PhD Candidate, Scripps Institute of Oceanography, UC San Diego

DIVERSITY, EQUITY AND INCLUSION SYMPOSIUM (FRIDAY)

Pandemic-induced innovations in STEM education and outreach

Chair: Corey Garza

Location: TIDES BALLROOM

COVID-19 forced all of us to do things a bit differently…from simultaneously managing
home and work life to figuring out how to best engage collaborators or students from
afar. This year’s Diversity, Equity, and Inclusion (DEI) Symposium will highlight the
various ways in which leaders from our field rose to meet the challenge. Speakers will
discuss trials and tribulations related to succeeding (or maintaining) in a global
pandemic, how they have engaged folks who may have been excluded in pre-pandemic
science, and how changing the way we do things can lead to more inclusive practices.

Funding for this session was provided by CA Sea Grant.

Panelists:

● Jaclyn Schneider, Ph.D., LiMPETS Program Coordinator, Greater Farallones
Association

● Natasha D. White, Ph.D., NOAA Office of Education
● Corey Garza, PhD, Professor of Marine Science and Director of the Coastal and

Marine Ecosystems Program, California State University Monterey Bay

PRESIDENTIAL SYMPOSIUM (SATURDAY)

Translational Ecology: Integrative science to elevate science

Organizer: Christine Whitcraft

Location: TIDES BALLROOM

Translational ecology is science rooted in an interdisciplinary approach to solving
environmental issues. When scientists, stakeholders, decision makers, and community
groups collaborate, we can better address the sociological, ecological, and political
contexts of environmental problems. The speakers, from a variety of institutions and
agencies, will discuss research that has been co-designed and conducted with local
partners and non-profits in a cross-border example of species management.

https://caseagrant.ucsd.edu/
https://caseagrant.ucsd.edu/


Funding for this session was provided by USC Sea Grant, CA Sea Grant, and the
Marine Group at CSU Long Beach.

Speakers

● Rodrigo Beas, Ph.D. Professor, Universidad Autónoma de Baja California
(UABC)

● Horacio de la Cueva Salcedo, Ph.D., Principal Researcher at El Centro de
Investigación Científica y de Educación Superior de Ensenada (CICESE), Terra
Peninsular

● Julio Lorda, Ph.D. Professor, Autonomous University of Baja California (UABC)
● Hans Sin. Senior Environmental Scientist, California Department of Fish and

Wildlife
● Philip Unitt. Curator of Birds & Mammals, San Diego Natural History Museum
● Jan Walker, Ph.D. Ecologist, Southern California Coastal Water Research Project

(SCCWRP)

PRESENTATIONS

Contributed Talks, Plenary and Symposia

The contributed talks will be held in concurrent sessions in different breakout rooms in the
hotel.

● 15-minute talks include time for Q&A, unless the speaker uses all 15 minutes.

● 5-minute talks will have a multi-talk Q&A period approximately every hour.

Please exercise courtesy when moving between breakout rooms by opening/closing the doors
quietly and only after the speaker has finished (i.e., after the applause).

Plenary and symposia will be held in large-capacity rooms, with an integrated Q&A period
during or at end of scheduled time.

Posters

There will be two poster sessions Friday afternoon; each presenter will be assigned to one of
the back-to-back poster sessions. The presenter will stand beside their poster during their
assigned poster session, discuss their research, and answer questions about it. It is an
opportunity to meet people interested in the work, exchange ideas about the project, and
converse about other aspects of science. Judging for best student poster will take place
throughout each session, and questions addressed to presenters constitute one of the criteria
on which student posters are judged.

Presenters are requested to put up posters between 1 and 2 pm (for the first poster
session) and during the break between poster sessions (for the second poster session).

https://caseagrant.ucsd.edu/


SCHEDULE AT A GLANCE
THURSDAY, NOVEMBER 10, 2022

TIME EVENT INFORMATION LOCATION

1800-2100 STUDENT WORKSHOP
Shaping your research: using art to Communicate your science
Chair: Billie Beckley

COASTAL 1

2100-2300 STUDENT MIXER
Pizza and Beer/Wine - WSN/student committee will cover the first $300 in pizza!)

Toppers
(2701 Peninsula Rd,
Oxnard)

FRIDAY, NOVEMBER 11, 2022

TIME EVENT INFORMATION LOCATION
0800-0810 MEETING WELCOME

Secretariat
Diversity, Equity, and Inclusion Committee

TIDES BALLROOM

0810-0940 STUDENT ORGANIZED SYMPOSIUM
Making open science truly open
Chair: Margaret Slein

TIDES BALLROOM

0940-1000 COFFEE BREAK

1000-1015 LIFETIME ACHIEVEMENT AWARD ( to be announced)
Nominators: Bonnie Becker and Patrick Krug

TIDES BALLROOM

1015-1100 NATURALIST OF THE YEAR (to be announced)
Nominator: Clare Steele

TIDES BALLROOM

1100-1230 DEI SYMPOSIUM sponsored by CA Sea Grant
Pandemic-induced innovations in STEM
Chair: Corey Garza

TIDES BALLROOM

1230-1430 MENTORSHIP MIXER sponsored by CA Sea Grant SHORE

1230-1430 BREAK FOR LUNCH (not provided)

1430-1545 POSTER SESSION I COASTAL BALLROOM

1545-1615 COFFEE BREAK

1615-1730 POSTER SESSION II COASTAL BALLROOM

1730-1815 BIPOC AFFINITY GROUP MIXER I*
Black, Indigenous, People of Color

REEF

1815-1845 LGBTQIA2S+ AFFINITY GROUP MIXER II*
Lesbian, Gay, Bisexual, Transgender, Queer/Questioning, Intersex, Asexual,
Two-spirit +

REEF

1830-2000 ATTITUDE ADJUSTMENT HOUR (AAH) (appetizers provided; cash bar) TIDES BALLROOM

* Affinity groups provide safe spaces for people with historically marginalized identities to gather, build community, and bolster a sense
of belonging in WSN. You must identify as a member of any affinity group that you intend to join. WSN attendees are encouraged
to participate in as many affinity groups as they identify with. Contact deic@wsn-online.org with questions.

https://www.wsn-online.org/student-symposium-2022/
https://www.wsn-online.org/diversity-equity-and-inclusion-plenary/
https://caseagrant.ucsd.edu/
https://caseagrant.ucsd.edu/
mailto:deic@wsn-online.org


SATURDAY, NOVEMBER 12, 2022

TIME EVENT INFORMATION LOCATION

0800-1000 PRESIDENTIAL SYMPOSIUM
Translational ecology: integrative science to elevate science.
Chair: Christine Whitcraft

TIDES BALLROOM

1000-1030 COFFEE BREAK

1030-1200 CONTRIBUTED TALKS (6 CONCURRENT SESSIONS) TIDES, COASTAL, REEF
& SHORE ROOMS

1030-1200 CONTRIBUTED SPEED TALKS COASTAL 1

1200-1330 LUNCH (not provided)

1200-1245 FIRST GEN AFFINITY GROUP MIXER III*
First Generation College Students - Past and Present

REEF

1245-1330 DISABILITY AFFINITY GROUP MIXER IV*
People with medically or self-diagnosed conditions that impact their daily
activities, including (but not limited to) physical abilities, neurodivergence, and
chronic illness.

REEF

1330-1500 CONTRIBUTED TALKS (7 CONCURRENT SESSIONS) TIDES, COASTAL, REEF
& SHORE ROOMS

1500-1530 COFFEE BREAK

1530-1730 CONTRIBUTED TALKS (7 CONCURRENT SESSIONS) TIDES, COASTAL, REEF
& SHORE ROOMS

1745-1915 ANNUAL BUSINESS MEETING COASTAL 1

1930-2030 APPETIZERS (provided) TIDES BALLROOM

2030-2100 PRESIDENTIAL ADDRESS
WSN President: Christine Whitcraft

TIDES BALLROOM

2100-2400 GALA: WSN AUCTION, GAMES, MUSIC, and ENTERTAINMENT
Theme: War and Peace: Natural instances of competition and cooperation

TIDES BALLROOM

SUNDAY, NOVEMBER 13, 2022

TIME EVENT INFORMATION LOCATION

0900-1015 CONTRIBUTED TALKS (6 CONCURRENT SESSIONS) TIDES, COASTAL, REEF
& SHORE ROOMS

0900-1015 CONTRIBUTED SPEED TALKS COASTAL 1

1015-1045 COFFEE BREAK

1045-1200 CONTRIBUTED TALKS (7 CONCURRENT SESSIONS) TIDES, COASTAL, REEF
& SHORE ROOMS

1200-1230 BREAK

1230-1330 SPECIAL PLENARY SPEAKER
Rick Grosberg - Is Life Different in the Sea? The Present, Past, and Future of
Diversity in the Ocean

TIDES BALLROOM

1330-1340 MEETING ADJOURNMENT REEF

https://www.wsn-online.org/presidential-symposium-2019/


Contributed Speed Talks
† eligible for Best Student Paper Award

Saturday 10:30 - 12:00
Time Session 1: Speed Talk General Session I 

Chair: Kristy Kroeker 

Location: COASTAL 1

10:30 -
10:35

CSULB SHARK LAB EDUCATION AND OUTREACH 
Silva, C. L.

10:35 -
10:40

PATTERNS OF SEA URCHIN REPRODUCTIVE CAPACITY ARE NOT CONSISTENT BETWEEN THE SUBTIDAL AND INTERTIDAL 
†Haberman, I. E.

10:40 -
10:45

MAPPING THE STARS: COMPARISONS OF THE BAT STAR LARVAL NERVOUS SYSTEM WITH OTHER TAXA TO INFORM HYPOTHESES ABOUT
LARVAL BEHAVIOR 
†Pagowski, V. A.

10:45 -
10:50

HATCHERY CULTURE OF THE PISMO CLAM 
Jacobson, I. D.

10:50 -
10:55

WHAT IS THE RISK TO JUVENILE DUNGENESS CRAB (CANCER MAGISTER) FROM CLIMATE-DRIVEN CHANGES IN ESTUARINE FOOD WEBS? 
Fisher, M. C.

10:55 -
11:00

Q & A

11:00 -
11:05

Q & A

11:05 -
11:10

IDENTIFYING TROPICAL CRUSTACEAN DIVERSITY WITH A SNAPPING SHRIMP BARCODE LIBRARY 
Hultgren, K. M.

11:10 -
11:15

TIME COURSE OF THE GROWTH-RELATED IGF1 HORMONE RESPONSE TO FEEDING IN JUVENILE GOPHER ROCKFISH (SEBASTES CARNATUS) 
Bersin, T. B.

11:15 -
11:20

DIFFERENTIAL OUTCOMES OF CORAL-ALGAL COMPETITION IN MARGINAL AND NON-MARGINAL REEF ENVIRONMENTS 
†Corso, J. P.

11:20 -
11:25

SENSITIVITY OF A MARINE MUSSEL TO DECREASED PH IS ALTERED WITHIN BIOGENIC HABITAT 
Ninokawa, A. N.

11:25 -
11:30

EVALUATING GIANT KELP RESISTANCE AND RESILIENCE IN MARINE PROTECTED AREAS 
†Villa, E.

11:30 -
11:35

Q & A

11:35 -
11:40

Q & A

11:40 -
11:45

AZOOXANTHELLATE-CALCIFIED CORALS AS BIOINDICATORS FOR EARLY DETECTION AND MONITORING OF CLIMATE CHANGE 
Lopez, C.

11:45 -
11:50

MICROPLASTIC PRODUCTION AND RETENTION IN PURPLE SEA URCHIN STRONGYLOCENTROTUS PURPURATUS 
†Tetteh, G. R.

11:50 -
11:55

EVALUATING THE REPRODUCTIVE TIMING OF SUNFLOWER SEA STARS TO INFORM SPECIES RECOVERY 
Rothman, B.

11:55 -
12:00

Q & A



Contributed Talks

† eligible for Best Student Paper Award

Saturday 10:30 - 12:00

Time Session 2:

Special Session:

Pycnopodia

conservation and

ecology I

Chair: Aaron

Galloway, Sarah

Gravem, Alyssa

Gehman

Location:

COASTAL 2

Session 3:

Community

Ecology I

Chair: Jeremiah

“Jake” Minich

Location: TIDES A

Session 4:

Ecosystem

Assessment

Chair: Nyssa

Silbiger

Location: TIDES B

Session 5: Special

Session: Marine

Protected Area

Network Science

and Management I

Chair: Steve Wertz

Location: TIDES C

Session 6:

Conservation and

Restoration I

Chair: Erik Sotka

Location: REEF

Session 7:

Physiological

Ecology I

Chair: Matthew

Edwards

Location: SHORE

10:30

-

10:45

EXPLORING

ECOLOGICAL

DETERMINANTS OF

REMNANT

POPULATIONS

FOLLOWING A

DISEASE OUTBREAK

Gehman, A.

LATITUDINAL

GRADIENTS IN

PARASITE DIVERSITY

AND LOAD OF THE

SHORE CRAB,

PACHYGRAPSUS

CRASSIPES, IN ITS

TWO COASTAL

HABITATS

†Novoa, A.

MARINE HEATWAVES

EFFECTS ON

MACROCYSTIS

PYRIFERA FORESTS

NEAR THEIR

SOUTHERN

DISTRIBUTION LIMIT

†Lara-Navarrete, J.

FIRST 10-YEAR

MANAGEMENT REVIEW

OF CALIFORNIA’S

GLOBALLY

RECOGNIZED MARINE

PROTECTED AREA

NETWORK AND

MANAGEMENT

PROGRAM

Wertz, S.

EXTRACTED CCA

EXOMETABOLITES

INDUCE CORAL

LARVAL SETTLEMENT

WITH IMPLICATIONS

FOR THE PRODUCTION

OF NEW SETTLEMENT

TILES

†Quinlan, Z. A.

THE PHOTOSYNTHETIC

CARBON-USE

STRATEGIES OF

EUALARIA FISTULOSA

SUGGESTS A

NORTHWARD

MIGRATION INTO ARCTIC

WATERS

Edwards, M. S.

10:45

-

11:00

ESTABLISHING

MICROBIOME

BASELINES OF SEA

STARS IN COASTAL

BRITISH COLUMBIA

WATERS

Kellogg, C. T.

FISH MICROBIOTA 101:

HOST TRAITS,

ECOLOGY, AND

ENVIRONMENTAL

FACTORS INFLUENCE

MICROBIAL DIVERSITY

& BIOMASS

ASSOCIATED WITH

FISH

Minich, J. J.

PREDICTING THE

EFFECTS OF

SUBMARINE

GROUNDWATER

DISCHARGE ON CORAL

REEF

BIOGEOCHEMISTRY

AND ECOSYSTEM

FUNCTIONING

Silbiger, N. J.

SCIENCE GUIDANCE

AND FRAMEWORK FOR

THE EVALUATION OF

MARINE PROTECTED

AREA NETWORK

PERFORMANCE IN

CALIFORNIA

Worden, S.

PROMOTING PINTO

ABALONE (HALIOTIS

KAMTSCHATKANA)

RECOVERY IN THE

SALISH SEA

†Diehl, E. J.

EXPOSURE TO MARINE

HEATWAVES DURING

STRONGYLOCENTROTUS

PURPURATUS

GAMETOGENESIS

IMPACTS LIFE HISTORY

TRAITS AND

PERFORMANCE

McDonald, A. M.

11:00

-

11:15

EXAMINING

VARIATIONS IN FATTY

ACID COMPOSITIONS

OF THE SEA STAR

PYCNOPODIA

HELIANTHOIDES ON

THE COAST OF

BRITISH COLUMBIA

†Taradash, A. C.

LARGE FISHES

CONSISTENTLY

STRUCTURE CORAL

RECRUITMENT

ACROSS LARGE

SPATIAL SCALES

†McDevitt-Irwin, J.

THE RISE OF PURPLE

SEA URCHINS IN

NORTHERN

CALIFORNIA: NINE

YEARS AFTER THE

COLLAPSE OF THE

KELP FOREST

Rogers-Bennett, L.

MARINE RESERVES

THE OREGON WAY:

IMPLEMENTATION,

EVALUATION, AND THE

FIRST DECADE OF

RESEARCH

Fields, S. A.

LEVERAGING LONG-

TERM BIOLOGICAL

MONITORING TO

INFORM ECOLOGICAL

IMPACTS OF SANDY

BEACH RESTORATION

Glenn, M. R.

THE EFFECT OF

FLUCTUATING

TEMPERATURE AND DIET

ON THE CARDIAC

THERMAL

PERFORMANCE OF

CALIFORNIA KILLIFISH

(FUNDULUS

PARVIPINNIS)

†Heard, M. P.

11:15

-

11:30

WHICH ECOLOGICAL

FEEDBACKS MOST

INFLUENCE BULL

KELP FOREST

RESILIENCY AFTER

PYCNOPODIA

REINTRODUCTION?

†Arroyo-Esquivel, J.

CHARACTERIZING

ZOOPLANKTON

ASSEMBLAGES AND

ENVIRONMENTAL

PARAMETERS IN

NATIVE OYSTER AND

EELGRASS HABITATS

†Wilson, E. A.

REMOTELY OPERATED

VEHICLES, ARTIFICIAL

INTELLIGENCE

METHODS OF IMAGE

ANALYSIS, AND

BENTHIC TRANSECT

METHODS IN BULL

KELP FORESTS

Randell, Z. H.

LESSONS LEARNED

FROM ASSESSING

OREGON’S MARINE

RESERVES: POLICY

MEETS REALITY

White, J. W.

THE GENETIC LEGACY

OF THE DELIBERATE

INTRODUCTION OF

PACIFIC OYSTERS

Sotka, E.

DEVELOPMENT OF

APNEAUSTIC BREATHING

IN WEDDELL SEAL PUPS

†Fiskum, E. M.

11:30

-

11:45

INDIRECT EFFECTS

OF THE SUNFLOWER

SEA STAR ON KELP

FORESTS IN

SOUTHEAST ALASKA

†Sridhar, N. M.

DEFENSIVE

COMPOUNDS FROM

SEA SLUGS MAY BE

‘KEYSTONE

MOLECULES’

ALTERING MUDFLAT

COMMUNITY

STRUCTURE AND

FOOD WEBS

Krug, P. J.

A MULTI-PRONG STUDY

OF CORAL REEF

ECOSYSTEMS IN WEST

HAWAI’I

Olsen, A. Y.

A FRAMEWORK FOR

CONDITION

ASSESSMENT AND

MONITORING OF

ESTUARY MPAS IN

CALIFORNIA

O’Connor, K.

I KNOW WHAT YOU DID

LAST SUMMER…OR

DO I? VALIDATING

STRONTIUM ISOTOPE

BASED SALINITY

HISTORIES.

Denney C.T.,

ASSESSMENT OF THE

GROSS AND NET

ENERGETIC VALUES OF

EARLY LARVAL FEEDING

IN THE PACIFIC SAND

DOLLAR, DENDRASTER

EXCENTRICUS

†Vitagliano, J.

11:45

-

12:00

CAN THE

SUNFLOWER SEA

STAR (PYCNOPODIA

HELIANTHOIDES) AID

IN KELP FOREST

RECOVERY VIA

PREDATION ON

PURPLE SEA

URCHINS?

Galloway, A. W.

BOTTOM-UP FACTORS

INFLUENCE ROCKY

INTERTIDAL MICROBIAL

COMMUNITIES AND

ALTER THE STRENGTH

OF TOP-DOWN

PROCESSES

†Lees, L. E.

USING OPEN DATA TO

EXPLORE PATTERNS

OF HYPOXIA AND LOW

PH EXPOSURE IN THE

CALIFORNIA CURRENT

Hamilton, S. L.

EVALUATING THE

RESPONSES OF

ELASMOBRANCHS IN

SURF ZONES TO

MARINE PROTECTED

AREAS (MPAS) IN

SOUTHERN

CALIFORNIA

†Mangino, I. D.

THE EFFECTS OF

PERIODIC FISHERY

CLOSURES ON CORAL

AND MACROALGAL

DOMINANCE

Rassweiler, A.

EFFECTS OF

CONTEMPORARY HIGH

CO2 ON THE THERMAL

PERFORMANCE OF THE

KEY NEARSHORE

CONSUMER

STRONGYLOCENTROTUS

PURPURATUS

†Spindel, N. B.



Contributed Talks

† eligible for Best Student Paper Award

Saturday 13:30 - 15:00

Time Session 8:

Special

Session:

Ecology,

aquaculture,

and

conservation

of Olympia

Oysters I

Chair: Kerstin

Wasson

Location:

COASTAL 1

Session 9:

Special

Session:

Pycnopodia

conservation

and ecology II

Chair: Aaron

Galloway, Sarah

Gravem, Alyssa

Gehman

Location:

COASTAL 2

Session 10:

Community

Ecology II

Chair: Steve

Dudgeon

Location:

TIDES A

Session 11:

Special

Session: Kelp

Restoration

and

Management

Research in

California I

Chair: Kristen

Elsmore &

Michael Esgro

Location:

TIDES B

Session 12:

Special

Session: Marine

Protected Area

Network

Science and

Management II

Chair: Sara

Worden

Location: TIDES

C

Session 13:

Conservation

and

Restoration II

Chair: Jenny

Selgrath

Location: REEF

Session 14:

Physiological

Ecology II

Chair: Jay

Stachowicz

Location: SHORE

13:30

-

13:45

THE NATIVE

OLYMPIA

OYSTER

COLLABORATIVE:

A COMMUNITY

OF PRACTICE

FROM BAJA

CALIFORNIA TO

BRITISH

COLUMBIA

Wasson, K.

THE ENDANGERED

SUNFLOWER STAR

PYCNOPODIA

HELIANTHOIDES

ALTERS SEA

URCHIN GRAZING

BEHAVIOR

THROUGH TRAIT-

MEDIATED

INTERACTIONS

†Whippo, R.

BIOGEOGRAPHY

AND INVASION

POTENTIAL OF

FIVE INVASIVE

SEAWEEDS

UNDER

PROJECTED

OCEAN WARMING

†O’Brien, B. S.

KELP

RESTORATION

AND

MANAGEMENT IN

CALIFORNIA

Elsmore, K. E.

LONG-TERM,

LARGE-SCALE,

SCUBA BASED

MONITORING OF

KELP FOREST

FISHES INFORMS

ADAPTIVE

MANAGEMENT OF

THE CALIFORNIA

MPA NETWORK

Parsons-Field, A. B.

WHAT MAKES A

GOOD BASELINE?

BLACK ABALONE

POPULATIONS

THROUGH TIME

Selgrath, J.

HEAT STRESS

INFLUENCES ON

GROWTH AND

PHYSIOLOGY OF BLACK

ROCKFISH (SEBASTES

MELANOPS)

†Mapes, H. M.

13:45

-

14:00

ABUNDANCE OF

NATIVE VS

INVASIVE

OYSTERS IN THE

NORTHERN

PACIFIC COAST

OF BAJA

CALIFORNIA

†Ferreira-

Sarracino, A.

POPULATION

GENOMICS OF THE

SUNFLOWER SEA

STAR FOR

CONSERVATION

PLANNING

Schiebelhut, L. M.

DECADAL-SCALE

VARIATION IN

CORAL

CALCIFICATION

ON CORAL-

DEPLETED

CARIBBEAN

REEFS

Edmunds, P. J.

MAPPING AND

MONITORING

KELP

RESOURCES IN

THE STATE OF

CALIFORNIA

USING HIGH

RESOLUTION

PLANETSCOPE

SATELLITE

IMAGERY

Cavanaugh, K.

EVALUATING FISH

COMMUNITY

RESPONSES

ACROSS THE

CALIFORNIA MPA

NETWORK USING

COLLABORATIVE

FISHERIES

RESEARCH

Hamilton, S. L.

A QUALITATIVE

NETWORK MODEL

FOR THE

MANAGEMENT

AND

CONSERVATION

OF BULL KELP

(NEREOCYSTIS

LEUTKEANA) IN

PUGET SOUND

†McMahon, S.

LIFE-STAGE SPECIFIC

THERMOTOLERANCE IN

VARIABLE

ENVIRONMENTS: AN

INTEGRATIVE

APPROACH USING

GASTROPODS WITH

GELATINOUS EGG

MASSES

†Litle, J. W.

14:00

-

14:15

PHYSIOLOGICAL

RESPONSES OF

OLYMPIA

OYSTERS

ASSOCIATED

WITH EELGRASS

AND

FLUCTUATING

ENVIRONMENTAL

CONDITIONS

†Strope, L. T.

SOME LIKE IT HOT:

NEAR-FUTURE

CLIMATE CHANGE

RESILIENCE IN

LARVAL AND

JUVENILE

SUNFLOWER

STARS

Kalytiak-Davis, A. R.

EFFECTS OF

INVASIVE ASIAN

MUSSELS AND

EELGRASS

DISTURBANCE ON

NATIVE BIVALVE

COMMUNITIES

†Griffin, J. E.

WHERE TO

RESTORE?

MODELING KELP

STABILITY TO

OPTIMIZE KELP

RESTORATION

ACTIVITIES

Giraldo-Ospina, A.

ECOLOGICAL

MODEL DATA VIEW

APPLICATIONS AS

DECISION-

SUPPORT TOOLS

FOR THE LONG-

TERM CALIFORNIA

MPA MONITORING

NETWORK

La Valle, F. F.

DO BIVALVE

LARVAE RESPOND

TO MICROHABITAT

REFUGES OF

ACIDIFYING

CONDITIONS?

Becker, B. J.

CHANGES IN HEAT

SHOCK PROTEIN 90

ABUNDANCE DURING

THE MATERNAL-TO-

ZYGOTIC TRANSITION IN

STRONGYLOCENTROTUS

PURPURATUS

†Gill, J. R.

14:15

-

14:30

PHYSIOLOGY

AND

ENERGETICS OF

OSTREA LURIDA

DURING

BROODING

Scott, D.

GROWTH AND

HABITS OF THE

SUNFLOWER SEA

STAR PYCNOPODIA

HELIANTHOIDES

DURING EARLY

LIFE STAGES

Gravem, S. A.

SOUTHEAST

ALASKAN KELP

FORESTS:

INFERENCES OF

PROCESS FROM

LARGE-SCALE

PATTERNS OF

VARIATION IN

SPACE AND TIME

Kroeker, K. J.

LONG-TERM

SUCCESS OF

CALIFORNIA’S

LARGEST

ARTIFICIAL REEF

Beheshti, K. M.

TIDAL AND

SEASONAL SANDY

BEACH DYNAMICS

LINK

INVERTEBRATE

PREY TO A SURF

ZONE FISH

†Madden, J. R.

FOR WHOM THE

COAST TOLLS: BIG

DATA TO

UNDERSTAND

CONSUMPTIVE

AND NON-

CONSUMPTIVE

USE OF THE

COASTAL ZONE

Anderson, S. S.

QUANTIFYING THE

SPATIAL DISTRIBUTION

OF KELP CANOPY TRAITS

WITH AIRBORNE

IMAGING

SPECTROSCOPY

†Cavanaugh, K. C.

14:30

-

14:45

FUCUS

DISTICHUS

FACILITATES

OLYMPIA

OYSTER

SURVIVAL IN THE

INTERTIDAL

ZONE

Zabin, C. J.

Q&A PERIOD SHIFTS IN

NEARSHORE FISH

ASSEMBLAGES

WITH THE

REINTRODUCTION

OF SEA OTTERS

†Domke, L. K.

KELP FOREST

RESPONSE TO

URCHIN CULLING

BY SPORT

FISHERS AT

TANKER REEF IN

MONTEREY BAY,

CA

Lonhart, S. I.

EVALUATING THE

PERFORMANCE OF

CALIFORNIA’S MPA

NETWORK

THROUGH THE

LENS OF SANDY

BEACH AND SURF

ZONE

ECOSYSTEMS

Dugan, J.

CONSERVATION

AND

METAPOPULATION

MANAGEMENT OF

THE FEDERALLY

ENDANGERED

TIDEWATER

GOBIES (GENUS

EUCYCLOGOBIUS)

Spies, B. S.

EFFECTS OF OCEAN

ACIDIFICATION ON

FEEDING RATES AND

MORTALITY OF LARVAL

CALIFORNIA GRUNION

(LEURESTHES TENUIS)

†Siegfried, E. J.



14:45

-

15:00

SEEKING

REFUGE:

INFORMING

RESILIENT

RESTORATION

OF OLYMPIA

OYSTERS IN SAN

FRANCISCO BAY

†Margulies, A. R.

Q&A PERIOD A TALE OF TWO

ROCKWEEDS:

THEIR MODES

AND CAPACITIES

OF RESILIENCE

Dudgeon, S. R.

TIMING IS

EVERYTHING: KEY

INSIGHTS FROM

THE FIRST EVER

ATTEMPT TO

RESTORE KELP IN

THE MONTEREY

BAY NATIONAL

MARINE

SANCTUARY.

Seale, M. L.

POPULATION

DENSITY, ACCESS,

AND

INFRASTRUCTURE

DRIVE HUMAN USE

OF MARINE

PROTECTED AREAS

Free, S. M.

MESSED UP IN

THE HEAD?

QUANTIFYING

CRYSTALLINE

ANOMALIES IN

THE OTOLITHS OF

WILD AND

CULTURED DELTA

SMELT

Huang, J. L.

MAKING SENSE OF A HOT

MESS: UNDERSTANDING

THE EVOLVABILITY OF

THERMAL REACTION

NORMS IN A MARINE

FISH

Johnson, D. W.

Time Session 8:

Special

Session:

Ecology,

aquaculture,

and

conservation

of Olympia

Oysters I

Chair: Kerstin

Wasson

Location:

COASTAL 1

Session 9:

Special

Session:

Pycnopodia

conservation

and ecology II

Chair: Aaron

Galloway, Sarah

Gravem, Alyssa

Gehman

Location:

COASTAL 2

Session 10:

Community

Ecology II

Chair: Steve

Dudgeon

Location:

TIDES A

Session 11:

Special

Session: Kelp

Restoration

and

Management

Research in

California I

Chair: Kristen

Elsmore &

Michael Esgro

Location:

TIDES B

Session 12:

Special

Session: Marine

Protected Area

Network

Science and

Management II

Chair: Sara

Worden

Location: TIDES

C

Session 13:

Conservation

and

Restoration II

Chair: Jenny

Selgrath

Location: REEF

Session 14:

Physiological

Ecology II

Chair: Jay

Stachowicz

Location: SHORE



Contributed Talks

† eligible for Best Student Paper Award

Saturday 15:30 - 17:30

Time Session 15:

Special

Session:

Ecology,

aquaculture,

and

conservation

of Olympia

Oysters II

Chair: Danielle

Zacherl

Location:

COASTAL 1

Session 16:

Special

Session: Marine

Protected Areas

and Climate

Resilience

Chair: Will White

Location:

COASTAL 2

Session 17:

Fisheries

Ecology

Chair: Jada-

Simone White

Location: TIDES

A

Session 18:

Special

Session: Kelp

Restoration

and

Management

Research in

California II

Chair: Shelby

Kawana

Location:

TIDES B

Session 19:

Special

Session:

Marine

Protected Area

Network

Science and

Management III

Chair: Kara

Gonzales

Location: TIDES

C

Session 20:

Special Session:

Estuarine and

Coastal

Ecology:

Ecological and

Social

Connectivity and

Recovery and

Resilience

Chair: Steve

Litvin & Drew

Talley

Location: REEF

Session 21:

Evolutionary

Biology

Chair: Emily

Longman

Location: SHORE

15:30

-

15:45

LOCATION,

LOCATION,

LOCATION!

OYSTER AND

EELGRASS

RESTORATION

SUCCESS VARIES

AMONG SITES IN

UPPER NEWPORT

BAY, CA

Zacherl, D. C.

SCENARIO

ANALYSIS OF

MARINE

MEGAFAUNA

FUNCTIONAL

DIVERSITY IN THE

NORTHEASTERN

PACIFIC UNDER

CLIMATE CHANGE

Gissi, E.

CLIMATE-

INFORMED

MODELS BENEFIT

HINDCASTING BUT

PRESENT

CHALLENGES

WHEN

FORECASTING

SPECIES-HABITAT

ASSOCIATIONS

Barnes, C. L.

LAND-TO-SEA

CONNECTIVITY

AND THE

PERSISTENCE OF

NORTHERN

CALIFORNIA KELP

FORESTS

Hughes, B. B.

MULTIPLE

METHODS MAY BE

REQUIRED FOR

COMPREHENSIVE

MPA MONITORING

Honeyman, C. J.

CROSSING

BOUNDARIES -

ECOLOGICAL,

DISCIPLINARY,

COMMUNITY, AND

INTERNATIONAL

Talley, D. M.

CALIFORNIA’S

DYNAMIC CENTRAL

COAST IS A

TRANSITION ZONE

FOR MULTIPLE N/S

LOTTIA SPECIES

PAIRS

Eernisse, D. J.

15:45

-

16:00

FRIEND OR FOE?

EFFECT OF

EELGRASS ON

FILTER FEEDER

BIOMASS AND

CONDITION INDEX

IN A MULTI-

HABITAT LIVING

SHORELINE

Quintana, B. A.

RESIDENCY AND

AGGREGATION

PATTERNS OF

PACIFIC NURSE

SHARKS

(GINGLYMOSTOMA

UNAMI) IN A MARINE

MANAGEMENT

AREA IN COSTA

RICA.

†Madrigal-Mora, S.

SEASONAL

MOVEMENT OF

GIANT SEA BASS

(STEREOLEPIS

GIGAS) WITHIN

THE SOUTHERN

CALIFORNIA BIGHT

†Peria, J. N.

RESTORATION OF

KELP FOREST

HABITAT IN

GREATER

FARALLONES

NATIONAL MARINE

SANCTUARY

Contolini, G. M.

ASSESSING FISH

COMMUNITY

STRUCTURE

THROUGH

MULTIPLE

CAPTURE

METHODS IN FIVE

SOUTHERN

CALIFORNIA

ESTUARIES

†Garcia, S.

THE CALIFORNIA

SHARK BEACH

SAFETY PROGRAM –

QUANTIFY SHARK

BEHAVIOR, HUMAN

RISK, AND

COMMUNITY

ECONOMIC IMPACTS

Lowe, C. G.

GENOTYPE–

ENVIRONMENT

ASSOCIATIONS

ACROSS SPATIAL

SCALES REVEAL

THE IMPORTANCE

OF PUTATIVE

ADAPTIVE GENETIC

VARIATION IN

DIVERGENCE

Alvarado, A.

16:00

-

16:15

QUANTIFYING

ECOSYSTEM

FUNCTIONS

THROUGH FISH

AND EPIFAUNAL

INVERTEBRATE

COMMUNITIES IN

NEWPORT BAY

†Fees, C.

IMPACTS OF

MULTIPLE

STRESSORS ON

TEMPERATE

MARINE

INVERTEBRATE

COMMUNITIES AND

THE ROLE OF

LOCAL REFUGIA IN

COMMUNITY

RESILIENCE

†Maucieri, D. G.

IMPACTS OF 100%

JUVENILE IN-RIVER

RELEASES ON

ADULT RETURNS

OF THREATENED

CENTRAL VALLEY

SPRING-RUN

CHINOOK SALMON

White, J. S.

RESTORATION OF

NORTH COAST

BULL KELP

FORESTS: A

PARTNERSHIP-

BASED

APPROACH

Freiwald, J.

ASSESSING THE

ROLE OF LARVAL

CONNECTIVITY ON

A KELP FOREST

FISHERY ACROSS

THE CALIFORNIA

MPA NETWORK

Yeager, M. E.

‘MICROBIAL’

ECOSYSTEM

ENGINEERS:

SETTLEMENT AND

SULFUR-REDUCING

BACTERIA

ASSOCIATED WITH

SEDIMENTS OF NEW

OFFSHORE

NEOTRYPAEA SP.

Hardisty, S. J.

EXPLORING THE

APPLICATION OF

PHENOLOGY TO

MACROALGAL

RESEARCH

THROUGH

HERBARIUM DATA

Bishop, A. M.

16:15

-

16:30

EXPERIMENTS IN

CONSERVATION

AQUACULTURE:

OUT OF THE LAB

AND INTO THE

SLOUGH, HOW

WILL BABY

OYSTERS DO?

†Harris, J.

MARINE

PROTECTION

COMBINED WITH

ACTIVE

MANAGEMENT

NEEDED TO

ENSURE KELP

FOREST

RESILIENCE IN A

WARMING CLIMATE

Shears, N. T.

RECOVERING AGE

AND LENGTH DATA

FROM FILLETED

GROUNDFISH

CARCASSES

Fritch, K.

EVALUATING

URCHIN TRAPS AS

A GRAZER

SUPPRESSION

TECHNIQUE IN

MENDOCINO,

NORTHERN

CALIFORNIA

McHugh, T. A.

EVALUATING THE

EFFECT OF

MARINE

PROTECTED

AREAS ON

MESOPHOTIC FISH

COMMUNITIES

USING BAITED

REMOTE

UNDERWATER

VIDEO (BRUV)

Jainese, C. J.

SPATIAL SCALES OF

CONNECTIVITY IN

SUBSIDY-

DEPENDENT

COASTAL

ECOSYSTEMS

Emery, K. A.

BEING SHALLOW

HAS ITS BENEFITS:

THE ROLE OF

PHENOTYPIC

PLASTICITY IN A

SPECIES OF

OCTOCORAL IN THE

NORTHEASTERN

GULF OF MEXICO

†Best, R. M.

16:30

-

16:45

USING TROPHIC

CASCADES TO

RESTORE NATIVE

OLYMPIA

OYSTERS

Grosholz, E. D.

POSITIVE EFFECTS

OF COMMUNITY-LED

MARINE RESERVES

ON THE GREEN

ABALONE

†Bauer, J.

EVALUATING THE

IMPACT OF A

MARINE

HEATWAVE ON

THE DIET,

GROWTH,

REPRODUCTION,

AND CONDITION

OF CALIFORNIA

SHEEPHEAD

†Chubak, B. R.

PRODUCTION OF

BULL KELP

NEREOCYSTIS

LUETKEANA

SPOROPHYTES

FOR

RESTORATION

AQUACULTURE

USING LOW-COST

METHODOLOGIES

Bugbee, B. M.

DEEP DIVE INTO

DEEP-SEA CORAL

AND SPONGE

RESEARCH

PROJECT

OUTCOMES

†Lewis, S. L.

TEMPORAL AND

SPATIAL SCALES OF

SEDIMENT

DEPOSITION AT

THREE PHYSICALLY

DISTINCT MARSHES

IN THE SAN

FRANCISCO BAY

DELTA

Bristow, M. L.

CAUSES AND

CONSEQUNECES OF

EELGRASS

ADAPTATION

ACROSS SCALES:

INTEGRATING

GENOMICS, FIELD

AND LAB

EXPERIMENTS

Stachowicz, J. J.



16:45

-

17:00

A COMPARISON

OF RESTORATION

STRATEGIES FOR

OLYMPIA

OYSTERS IN

SEQUIM AND

DISCOVERY BAYS

IN WASHINGTON

STATE

Harrington, N. E.

ECOLOGICAL

PERFORMANCE OF

CALIFORNIA’S

MARINE

PROTECTED AREA

NETWORK ACROSS

REGIONS,

HABITATS, AND

DURING A

HEATWAVE

Nickols, K.

ASSESSING THE

EFFECTS OF SEA

OTTERS ON DEPTH

DISTRIBUTIONS OF

DUNGENESS CRAB

IN SOUTHEAST

ALASKA

†Johnson, C. J.

INBREEDING

DEPRESSION

VARIES ACROSS

THE LIFE CYCLE

OF BULL KELP,

NEREOCYSTIS

LEUTKEANA

Gossard, D. J.

A SITE FOR SORI:

TESTING BULL

KELP

(NEREOCYSTIS

LUETKEANA)

RESTORATION

TECHNIQUES IN A

NORTHERN

CALIFORNIA SEA

URCHIN BARREN

Kim, A.

DRIVERS OF

OYSTER

PHYSIOLOGY AND

BEHAVIOR IN A

SOUTHERN

CALIFORNIA

WETLAND

†Kalbach, G. M.

THE TANGLED BANK

OF EVOLUTIONARY

RESPONSES OF

CORALS SYMBIONTS

TO INCREASING

TEMPERATURE

terHorst, C. P.

17:00

-

17:15

USING

CONSERVATION

AQUACULTURE TO

SUPPORT

IMPERILED

OLYMPIA OYSTER

(OSTREA LURIDA)

POPULATIONS

Ridlon, A.

PRINCIPLES FOR

CLIMATE

RESILIENCE ARE

PREVALENT IN

MARINE

PROTECTED AREA

MANAGEMENT

PLANS

†Lopazanski, C.

ASSOCIATIONS

BETWEEN

ENVIRONMENTAL

CONDITIONS AND

THE SPATIAL AND

TEMPORAL

TRENDS OF

GEODUCK CLAM

TOXICITY IN

SOUTHEAST AK

†Hart, C. E.

EFFECTS OF

OCEAN WARMING

ACROSS THE LIFE

CYCLE OF THE

BULL KELP,

NEREOCYSTIS

LUETKEANA

Weigel, B. L.

Q&A PERIOD A SYNTHESIS OF

SEDIMENT BLUE

CARBON STOCKS IN

COASTAL

WETLANDS ALONG

THE PACIFIC COAST

OF NORTH AMERICA

Janousek, C. N.

ECO-EVOLUTIONARY

DYNAMICS IN A

ROCKY INTERTIDAL

SPECIES

INTERACTION

†Longman, E. K.

17:15

-

17:30

WHERE HAVE ALL

THE OYSTERS

GONE? ANSWERS

FROM

COLLABORATIVE

MAPPING OF

OYSTERS FROM

BAJA CALIFORNIA

TO BRITISH

COLUMBIA

Wasson, K.

MONITORING

MARINE RESERVE

NETWORKS FOR

RESILIENCE IN A

CHANGING

CLIMATE.

Hopf, J. H.

ENVIRONMENTAL

DRIVERS OF

MOBILE FAUNA

ABUNDANCE AND

SIZE DISTRIBUTION

IN RICHARDSON

BAY, CALIFORNIA,

USA

Anderson, E. R.

EXPERIMENTAL

RESTORATION BY

CULTIVATION OF

BULL KELP IN THE

SOUTHERN

SALISH SEA

Hayford, H.

Q&A PERIOD ASSESSMENT OF AN

ENDANGERED

TRANSITION ZONE

TIDAL MARSH PLANT

IN THE SAN

FRANCISCO-BAY

DELTA

Rankin, L. R.

A GENOME-

SKIMMED

PHYLOGENY OF

CALIFORNIA

CHEILOSTOME

BRYOZOANS

†Lee, H. E.

Time Session 15:

Special

Session:

Ecology,

aquaculture,

and

conservation

of Olympia

Oysters II

Chair: Danielle

Zacherl

Location:

COASTAL 1

Session 16:

Special

Session: Marine

Protected Areas

and Climate

Resilience

Chair: Will White

Location:

COASTAL 2

Session 17:

Fisheries

Ecology

Chair: Jada-

Simone White

Location: TIDES

A

Session 18:

Special

Session: Kelp

Restoration

and

Management

Research in

California II

Chair: Shelby

Kawana

Location:

TIDES B

Session 19:

Special

Session:

Marine

Protected Area

Network

Science and

Management III

Chair: Kara

Gonzales

Location: TIDES

C

Session 20:

Special Session:

Estuarine and

Coastal

Ecology:

Ecological and

Social

Connectivity and

Recovery and

Resilience

Chair: Steve

Litvin & Drew

Talley

Location: REEF

Session 21:

Evolutionary

Biology

Chair: Emily

Longman

Location: SHORE



Contributed Speed Talks
† eligible for Best Student Paper Award

Sunday 09:00 - 10:15
Time Session 22: Speed Talk General Session II 

Chair: Patrick Martone 

Location: COASTAL 1

09:00 -
09:05

LOW BLEACHING & DISEASE PREVALENCE ON CORAL REEFS OF ULITHI ATOLL, FSM 2012-2019 
Paddack, M. J.

09:05 -
09:10

STABILITY OF BOTTOMFISH IN TEMPERATE ROCKY REEF SYSTEMS ASSOCIATED WITH KEYSTONE SPECIES 
Larson, S. E.

09:10 -
09:15

EXPLORING THE DEVELOPMENTAL AND TRANSCRIPTOMIC EFFECTS OF AN URBAN POLLUTANT ON A SEA URCHIN LARVAE 
Armstrong, M. L.

09:15 -
09:20

CAN ANCIENT CLAM GARDENS BUFFER THE IMPACTS OF CONTEMPORARY HEATWAVES? 
†Spencer, E. R.

09:20 -
09:25

EXPOSURE OF GAMETES TO MICROPLASTICS CAUSES DEVELOPMENTAL ABNORMALITIES IN THE SEA URCHIN STRONGYLOCENTROTUS
PURPURATUS 
†Sarin, A. L.

09:25 -
09:30

Q & A

09:30 -
09:35

Q & A

09:35 -
09:40

A COMPARISON OF MULTIPLE METHODS TO MEASURE PURPLE SEA URCHIN POPULATION DENSITIES WITHIN THE MONTEREY PENINSULA
INTERTIDAL 
†Vidusic, E. K.

09:40 -
09:45

PHYSIOLOGICAL PERFORMANCE CURVES OF MYTILUS CONGENERS EXPOSED TO THERMAL STRESS 
Vasquez, M. C.

09:45 -
09:50

HOW DO CALIFORNIA BENTHIC INVERTEBRATES EXPERIENCE ENVIRONMENTAL STRESSORS? NEW INSIGHTS FROM AN OCEANOGRAPHIC
DATA SYNTHESIS 
†Zulian, M.

09:50 -
09:55

DOES DISTURBANCE TO UNDERLYING SUBSTRATES STRUCTURE ROCKY INTERTIDAL COMMUNITIES? 
Cramer, A. N.

09:55 -
10:00

EXPLORING THE DYNAMICS OF AN ONGOING RANGE SHIFT 
†Walkes, S. A.

10:00 -
10:05

Q & A

10:05 -
10:10

Q & A



Contributed Talks

† eligible for Best Student Paper Award

Sunday 09:00 - 10:15

Time Session 23:

Applied Ecology I

Chair: Richelle

Tanner

Location: COASTAL

2

Session 24:

Community

Ecology III

Chair: Sara

Swaminathan

Location: TIDES A

Session 25:

Population Biology

and Ecology I

Chair: Sean Bignami

Location: TIDES B

Session 26:

Intertidal Ecology I

Chair: Cascade Sorte

Location: TIDES C

Session 27:

Conservation and

Restoration III

Chair: Alex Davis

Location: REEF

Session 28:

Physiological

Ecology III

Chair: Darren

Johnson

Location: SHORE

09:00

-

09:15

MAPPING THE

IMPACTS OF MULTIPLE

STRESSORS ON THE

DECLINES IN KELPS

ALONG THE GREAT

SOUTHERN REEF,

AUSTRALIA

Young, M. A.

ABUNDANT

CTENOPHORE

PLEUROBRACHIA

BACHEI IN NORTHERN

CALIFORNIA

CURRENT: DIET

VARIES WITH SPACE

AND TIME

†Masterman, J. A.

TRACKING COHORTS

OVER TIME USING SIZE-

FREQUENCY

POPULATION SURVEY

DATA TO DERIVE

GROWTH FUNCTIONS,

WITH KELLET’S WHELK

CASE STUDY

White, C.

SEASONAL VARIATION IN

COMMUNITY

COMPOSITION AFFECTS

BIOLOGICAL

MODIFICATION OF

COASTAL PH

Sorte, C. J.

PHYSIOLOGICAL

RESPONSES TO

MICROBIOME

KNOCKDOWN IN

AIPTASIA - CREATING

MODEL TOOLS TO

STUDY BENEFICIAL

MICROBES FOR

CORALS

MacVittie, S.

ECOLOGICAL EFFECTS

OF SUBMARINE

GROUNDWATER

DISCHARGE AND

NEIGHBORHOOD

INTERACTIONS ON

COMMON CORAL

SPECIES, PORITES

RUS

†Kerlin, J. R.

09:15

-

09:30

CAN INVASION STRESS

MITIGATE CLIMATE

STRESS?

PHYSIOLOGICAL

PERFORMANCE OF

MUD-DWELLING

INVERTEBRATES IN A

RESTORED TIDAL

WETLAND

Tanner, R. L.

DECADAL VARIABILITY

IN SUCCESSION,

CORAL RECRUITMENT,

AND REEF ACCRETION

ON SETTLEMENT

TILES IN A REMOTE

CORAL REEF

ECOSYSTEM

†Romero, S. L.

ONCE-ICONIC PISMO

CLAMS PERSIST IN

SOUTHERN

CALIFORNIA AT LOW

INTERTIDAL

POPULATION

DENSITIES AND WITH

VARIABLE

RECRUITMENT

Bignami, S.

DECLINE OF A NORTH

AMERICAN ROCKY

INTERTIDALFOUNDATION

SPECIES LINKED TO

SYNOPTICALLY DRIVEN

OFFSHORE WINDS

Whitaker, S. G.

EFFECTS OF

TEMPERATURE AND

NITROGEN ON EARLY

LIFE STAGES OF BULL

KELP (NEREOCYSTIS

LUETKEANA) FROM

THE SALISH SEA

Small, S. L.

BULL VS SUGAR KELP:

PHYSIOLOGICAL

COMPARISON OF THE

INTERACTIVE EFFECTS

OF TEMPERATURE &

NITROGEN ON

NEREOCYSTIS AND

SACCHARINA

†Fales, R. J.

09:30

-

09:45

EVALUATION OF LAKE

STURGEON

RESTORATION USING

GENETIC PARENTAGE

ANALYSIS

Atler, L. J.

WHAT TRAITS ARE

FUNCTIONAL? TRAIT

SELECTION IN

CALIFORNIA ROCKY

INTERTIDAL MARINE

MACROALGAE

Smith, L. L.

SEDIMENT, LIGHT, AND

INTERSPECIFIC

INTERACTIONS HAVE

STRONG EFFECTS ON

TWO DOMINANT CORAL

REEF MACROALGAE

Grier, S. R.

POST-FIRE DEBRIS

FLOWS: A NEWLY-

REALIZED THREAT TO

ENDANGERED BLACK

ABALONE AND THE

ROCKY INTERTIDAL

ZONE

†Bragg, W. K.

BLACK ABALONE

TRANSLOCATION AS A

STRATEGY FOR

POPULATION

RECOVERY IN BAJA

CALIFORNIA, MEXICO

Abadía-Cardoso, A.

THE EFFECTS OF

OCEAN ACIDIFICATION

AND WARMING ON THE

METABOLIC

PHYSIOLOGY OF

JUVENILE NORTHERN

SPOT SHRIMP

(PANDALUS

PLATYCEROS)

†Musbach, J. M.

09:45

-

10:00

BIOLOGICAL

MONITORING IN THE

LARGEST PORT

COMPLEX IN US:

EVOLVING

METHODOLOGIES AND

APPLYING

MONITORING TO

MANAGEMENT

PRACTICES

Stolzenbach, K.

STONY CORAL TISSUE

LOSS DISEASE

ALTERS BENTHIC

COMMUNITIES IN THE

US VIRGIN ISLANDS

RUGOSITY-MEDIATED

IMPLICATIONS FOR

REEF FISHES

†Swaminathan, S. D.

ALL THE GLITZ AND

CLAM-OUR: AN

UPDATED POPULATION

ASSESSMENT OF

PISMO CLAMS (TIVELA

STULTORUM) IN

ORANGE COUNTY

Hyla, B. E.

SEVEN YEARS ON SANTA

ROSA: ESTABLISHMENT

AND ECOLOGICAL

MONITORING OF TWO

ROCKY INTERTIDAL

SITES USING CLASSIC

AND MODERN METHODS

Dilly, G. F.

UNDERSTANDING

PRIORITIES FOR

EUROPEAN GREEN

CRAB MONITORING

AND REMOVAL ON

THE WEST COAST OF

NORTH AMERICA:

SURVEY RESULTS

Davis, A. C.

CAN LARVAE OF DEEP-

SEA SNAILS SWIM TO

THE SUFRACE TO FIND

THEIR FOOD?

Hebner, M. G.

10:00

-

10:15

Q&A PERIOD THE BLOB MARINE

HEATWAVE ALTERS

SESSILE SUSPENSION

FEEDER COMMUNITY

STRUCTURE IN

CALIFORNIA KELP

FORESTS

†Michaud, K. M.

SEDIMENT AS A

DRIVER OF BELOW

GROUND

MORPHOLOGY IN

EELGRASS

Zabinski, K. L.

HIGH AND DRY:

INTERTIDAL POSITION

INFLUENCES

DESICCATION

TOLERANCE IN THE

INTERTIDAL ACORN

BARNACLE, BALANUS

GLANDULA

†Dotterweich, M. M.

HELPING THE KELP IN

NORTH-EASTERN

NEW ZEALAND: RAPID

KELP RECOVERY

FOLLOWING LARGE-

SCALE SEA URCHIN

REMOVAL

†Miller, K. I.

PARTITIONING

VARIANCE IN IMMUNE

TRAITS IN A

ZOOPLANKTON HOST–

FUNGAL PARASITE

SYSTEM

Westphal, G. H.



Contributed Talks

† eligible for Best Student Paper Award

Sunday 10:45 - 12:00

Time Session 29:

Anthropogenic

pollution in

marine

environments

Chair: Michelle

Paddack

Location:

COASTAL 1

Session 30:

Applied

Ecology II

Chair: Zoe Zilz

Location:

COASTAL 2

Session 31:

Community

Ecology IV

Chair: Piper

Wallingford

Location: TIDES

A

Session 32:

Population

Biology and

Ecology II

Chair: Richard

Grewelle

Location: TIDES

B

Session 33:

Intertidal

Ecology II

Chair: Matt

Bracken

Location:

TIDES C

Session 34:

Conservation

and Restoration

IV

Chair: Marcella

Heineke

Location: REEF

Session 35:

Behavioral

Ecology

Chair: Nate Kirk

Location: SHORE

10:45

-

11:00

THE INFLUENCE OF

OCEAN

ACIDIFICATION

AND FOOD

QUALITY ON

JUVENILE

DUNGENESS CRAB

FORAGING

BEHAVIOR AND

LIPID

COMPOSITION

Hayes, H. G.

BEACH LIONS,

COYOTES, AND

BEARS, OH MY!

THE ROLE OF

MAMMALIAN

CONSUMERS IN

MARINE TO

TERRESTRIAL

RESOURCE

SUBSIDIES

†Zilz, Z. L.

MATERIAL

LEGACIES CAN

DEGRADE

RESILIENCE:

STRUCTURE-

RETAINING

DISTURBANCES

PROMOTE REGIME

SHIFTS ON CORAL

REEFS

†Kopecky, K. L.

A COMMON GARDEN

OF EXOTIC

HALICHONDRIA

(PORIFERA) IN

CALIFORNIA

Turner, T. L.

HOTSPOTS,

COLDSPOTS,

AND

VULNERABILITY

TO CLIMATE

CHANGE

ACROSS THE

SPECIES RANGE

OF AN

INTERTIDAL

BARNACLE

Gilman, S. E.

THE INFLUENCE OF

MARINE PROTECTED

AREAS ON THE

DIETARY NICHES OF

CALIFORNIA REEF

FISHES

†Gutterman, M. E.

EXAMINING SOCIAL

RELATIONSHIPS

BETWEEN

AGGREGATING

JUVENILE WHITE

SHARKS

(CARCHARODON

CARCHARIAS) IN

SOUTHERN

CALIFORNIA

Anderson, J.

11:00

-

11:15

COLONIZATION

AND SUCCESSION

ON EXPERIMENTAL

NATURAL AND

ARTIFICIAL

SUBSTRATES IN

THE DEEP SEA

†McDermott, S. E.

USING META-

ANALYSIS AND

TAXONOMIC

RELATIVITY TO

FILL IN GLOBAL

CHANGE

VULNERABILITY

DATA GAPS

†Walker, B. J.

EFFECTS OF

PREDATOR

PRESENCE,

CONSPECIFIC

MORTALITY,

HUNGER LEVEL &

DRIFT KELP ON

URCHIN BEHAVIOR

AND KELP LOSS

AND MORTALITY

†Sheridan, C. J.

LONG-TERM

CHANGE AND

SEASONAL

SPILLOVER OF

FATAL P. ALTMANI

INFECTION IN

CALIFORNIA SEA

OTTERS FROM

AVIAN AND

CRUSTACEAN

HOSTS

Grewelle, R.

BRYOZOANS OF

THE ROCKY

OUTER COAST

OF CALIFORNIA:

DIVERSITY AND

DISTRIBUTION

†Chowdhury, I. A.

SPATIAL

DISTRIBUTION OF

INTERTIDAL GREEN

ABALONE(HALIOTIS

FULGENS)

POPULATIONS IN

ORANGE COUNTY

Lin, H.

MODEL APEX

PREDATOR (GIANT

SEA BASS) IMPACTS

BEHAVIOR OF

MESOPREDATORY

FISHES AROUND

SANTA CATALINA

ISLAND, CA

†Reed, K. C.

11:15

-

11:30

THE ROLE OF

MACROALGAL

MICROBIOMES IN

THE UPTAKE OF

MERCURY BY

COASTAL AND

ESTUARINE SEA

LETTUCE (ULVA

SPP.)

†Penn, S. P.

THERMAL

REFUGES ALONG

BAJA, MEXICO

COASTLINE

Provost, M. M.

HOW MACHINE

LEARNING CAN

ELUCIDATE

POPULATION

DYNAMICS FROM A

LONG-TERM

DATASET

†Jarman, C. N.

EXPLORING THE

EFFECTS OF OCEAN

WARMING ON THE

TEMPERATE CORAL

ASTRANGIA

POCULATA

†Holliman, D. K.

DOES

CALCIFICATION

REDUCE

GRAZING ON

CORALLINE

ALGAE?

Martone, P. T.

HARNESSING

TROPHIC CASCADES

TO IMPROVE

FOUNDATION

SPECIES

RESTORATION: A

META-ANALYSIS

†Heineke, M. R.

A CURE TO

AGGRESSION:

LEVERAGING

UNDERGRADUATE

RESEARCH

CLASSES TO

EXPLORE

COMPETITIVE

INTERACTIONS IN

THE ROCKY

INTERTIDAL

Kirk, N. L.

11:30

-

11:45

OILED-MARSH

RESTORATION

STUDY: THE

REINTRODUCTION

OF FAUNA INTO

SYSTEMS

Martinson, I. M.

DIET OF THE

JUVENILE WHITE

SHARK

(CARCHARODON

CARCHARIAS) IN

SOUTHERN

CALIFORNIA

†Samara, Y.

DUELING

UNICORNS:

PHYSIOLOGICAL

AND

DISTRIBUTIONAL

COMPARISONS OF

NATIVE AND

RANGE-SHIFTING

WHELKS

Wallingford, P. D.

SYNERGISTIC

EFFECTS OF

TEMPERATURE AND

FOOD AVAILABILITY

ON PURPLE SEA

URCHIN LARVAL

DEVELOPMENT AND

SURVIVAL

†Munstermann, M. J.

BOTTOM-UP

EFFECTS OF

NUTRIENTS ON

HERBIVORY ARE

NEGATED BY

WARMING

Bracken, M. E.

IMPROVING

JUVENILE PINTO

ABALONE (HALIOTIS

KAMTSCHATKANA)

OUTPLANTING

SUCCESS WITHIN

THE SAN JUAN

ARCHIPELAGO IN

WASHINGTON STATE

Stapleton, J. R.

OCEAN WARMING

AFFECTS SPINY

LOBSTER

CONSUMPTION OF

PURPLE SEA

URCHINS

†Van Deusen, V. K.

11:45

-

12:00

UNDERSTANDING

MODIFIED

BEHAVIOR AND

MOVEMENT OF

OREGON SPECIES

IN RESPONSE TO

SEISMIC SURVEY

NOISE

†Borland, L. K.

INVESTIGATING

THE RESILIENCE

OF KELP FORESTS

TO HARVEST AMID

A RAPIDLY

CHANGING OCEAN

†Allchurch, A. E.

PREDICTING THE

IMPACT OF

DIVERSE

PREDATOR

ASSEMBLAGES ON

PREY COMMUNITY

COMPOSITION

USING A

FUNCTIONAL TRAIT

APPROACH

†Gross, C.

SPATIAL PATTERNS

OF PINK LESIONS

ON THE MASSIVE

CORAL PORITES

SPP. DURING 2

OUTBREAKS IN

MOOREA, FRENCH

POLYNESIA

†Ford, A.

A GAME OF

DRONES:

ADVANCING

DISCOVERY AND

INNOVATION IN

INTERTIDAL

RESEARCH

Garza, C. D.

MARINE HEATWAVE

CHALLENGES

SOLUTIONS TO

HUMAN-WILDLIFE

CONFLICT: WHALE

ENTANGLEMENTS IN

THE LUCRATIVE

DUNGENESS CRAB

FISHERY

Samhouri, J. F.

MOM, IS THAT YOU?

A NORTHERN

ELEPHANT SEAL

PUP’S ABILITY TO

VOCALLY

RECOGNIZE ITS

MOTHER

†Murphy, M.



OFFSITE FOOD
In addition to food offerings in the hotel, there are a range of eating options nearby. Ventura
and central Oxnard are about a 10 minute drive away. Breweries, California Fusion, wine bars,
and tacos abound in and around these urban centers. Walking distance options will be found
mostly in Channel Islands Harbor (about a 1 mile walk south/east). A few suggestions for grub
within walking distance include:

Channel Islands Harbor (0.8 miles)

● Toppers PIzza (lunch, dinner): On the south side of the harbor, just over the bridge.
Huge swaths of indoor and outdoor seating (including a second floor with great sunset
views of the harbor). Great pizza and good beer selection. A great spot for large groups.

● Sea Fresh Channel Islands (lunch, dinner): High quality seafood caught locally and two
outdoor patios right on the water.

● Moqueca Brazilian Cafe (dinner): super cool place for dinner. This place is really
popular so reservations are often needed. Walk-ins may work if you are only 2-3 people.

● Honey Cup (coffee, breakfast): Organic coffees, chai, and other coffee shop offerings.
● The Lookout Bar & Grill (lunch, dinner): burgers, fish and chips, and chowder with a

great view.
● Waterside (lunch, dinner): inside and outside seating. Mediterranean offerings. Tends to

be pricier, but seating and views are great.
● Smokin’ Jay’s Hot Chicken & BBQ (lunch, dinner): awesome BBQ spot. Try the brisket!

Harbor Boulevard (1 mile)

● Red Tandem Brewery and The Shores are at 1009 and 1031 Harbor Blvd, in the
opposite direction from the Channel Islands Harbor.

● Red Tandem Brewery Red Tandem Brewery is an award-winning small brewery nestled
into the Oxnard Shores neighborhood.

● The Shores Sports Bar (lunch, dinner): Local sports bar. Could be a good place to
watch the NFL game on Thursday night. Food and beer options are solid.

Channel Islands Boulevard (1.4 miles)

● Habit Burger (lunch, dinner): Local chain with charburgers and other fast, fresh food.
● Boar's Breath Grill (lunch, dinner): Gourmet Burgers, Salads, Sandwiches & More with

11 rotating Brews on Tap!

Seabridge (1.7 miles)

● Raven Tavern (lunch, dinner): Fun place for a group of folks with some higher-end pub
food.

● Yolanda's Mexican Cafe (lunch, dinner): Local favorite! Fun, festive, casual
neighborhood Mexican restaurant.

https://www.topperspizzaplace.com/
https://www.seafreshci.com/
http://www.moquecarestaurant.com/home.html
https://www.honeycupcoffeehouse.com/
https://the-lookout-bar-grill.local-cafes.com/
https://www.watersidechannelislands.com/
https://www.instagram.com/smokin_jays_805/
https://www.redtandembrewery.com/
https://www.theshoresoxnard.com/
https://www.habitburger.com/charburger
https://www.boarsbreathgrill.com/
https://theraventavern.com/
http://www.yolandasmexicancafe.com/index.html


WSN CODE OF CONDUCT

The annual meeting is intended to foster the exchange of scientific ideas, provide participants
with an opportunity to present research findings, establish and renew collaborations, facilitate
recruitment of students and staff to laboratories and institutions, and to learn, teach, and
network with an international community of scientists. WSN is committed to creating an
environment in which all attendees can participate without harassment, discrimination, or
violence of any type.

All meeting participants must be treated with respect, regardless of race, ethnicity, gender
identity, sexual orientation, ability, religion, language, professional status, institution, or age. All
meeting participants including, but not limited to, members, volunteers, attendees, vendors,
exhibitors, contractors, and guests are expected to abide by the WSN Code of Conduct, which
applies to all events at the meeting, all meeting-related activities, and social media
communications associated with WSN.

Expected behaviors include (but are not limited to):

● Treating all participants and meeting facilities with respect and consideration.
● Communicating openly with respect for others, critiquing ideas not individuals.
● Avoiding personal attacks directed toward others.
● Respecting the rules and policies of the meeting venue, hotels, or any venue.
● Abiding by principles of academic integrity and ethical professional conduct.

Unacceptable behaviors include (but are not limited to):

● Behaviors that imply or indicate that someone does not belong at the WSN meeting
based on any personal characteristic or identity.

● Any unwanted attention, sexual advances, and comments about appearance.
● Verbal harassment, including comments, epithets, slurs, threats, and stereotyping that

are offensive, hostile, disrespectful, or unwelcome.
● Non-verbal harassment, including actions or distribution, display, or discussion of any

written or graphic material toward an individual or group that ridicules, denigrates,
insults, belittles, or shows hostility, aversion, or disrespect.

● Bullying, intimidation, stalking, shaming, and assault.
● Retaliation for reporting harassment.
● Reporting an incident in bad faith.

Consequences: The WSN Secretariat reserves the right to enforce this Code of Conduct in
any manner deemed appropriate. Violators will first be asked to cease these behaviors. Failure
to comply may result in escalating consequences including expulsion from the meeting,
prohibition from future meetings, or revocation of WSN membership.

Reporting: If you are the subject of unacceptable behavior or have witnessed any such
behavior, please notify a member of the WSN Secretariat and/or Diversity, Equity, and
Inclusion Committee (DEIC) either on-site or via email (secretariat@wsn-online.org;
deic@wsn-online.org). You can also communicate violations by completing the online reporting
form, which presents an opportunity for anonymity. Anyone experiencing or witnessing
behavior that constitutes an immediate or serious threat to individual or public safety is advised
to contact security or local law enforcement.

https://docs.google.com/forms/d/e/1FAIpQLSeU7OOhs4wVR0AMtx1gskJq1Li46kyB4p04976OBCJYeQxhYw/viewform
https://docs.google.com/forms/d/e/1FAIpQLSeU7OOhs4wVR0AMtx1gskJq1Li46kyB4p04976OBCJYeQxhYw/viewform


Contributed Talks
Session 1: Speed Talk General Session I
* indicates presenting author, † indicates eligibility for Best Student Paper Award

CSULB SHARK LAB EDUCATION AND OUTREACH
Silva, C.L.*; Lowe, C.G.

CSULB Shark Lab

The CSULB Shark Lab has long been a keystone in elasmobranch research in the Southern California
community and global shark knowledge. With so much innovation in new technology and research techniques
to study behavior and ecology of marine animals, the lab has a wealth of scientific findings to make readily
available and applicable to the public and students of all ages. Our mobile outreach program, called Shark
Shacks, travels across southern California beaches and ocean piers to reach thousands of beachgoers and
lifeguards. Additionally, the Shark Lab has begun to implement new educational programs specific to K-12
classrooms focusing on getting students interested in STEM. Beginning with virtual and transitioning to in-
person programming, curricula encompass content covering shark biology, technology, and careers in these
STEM fields. Our outreach and education efforts are focused on informing beach goers across all ages about
shark behavior and how to stay safe while enjoying the ocean. For K-12 students, the goal of the lab is to
increase access to dynamic and interesting fields across disciplines and invoke excitement about fields they
may have never seen themselves in. All our programming is free of charge and open to diverse audiences
across southern California and beyond.

PATTERNS OF SEA URCHIN REPRODUCTIVE CAPACITY ARE NOT CONSISTENT
BETWEEN THE SUBTIDAL AND INTERTIDAL
† Haberman, I.E.1*; Haupt, A.J. 2

1- Cal State - Monterey Bay / Moss Landing Marine Labs 2- Cal State - Monterey Bay

Kelp forests support biodiverse ecosystems and currently face severe declines due to urchin grazing and
marine heat waves. Sea urchins are herbivores that live in kelp forests and can create urchin barrens via
overgrazing. In subtidal systems, urchin reproductive capacity is negatively correlated with urchin density
and food availability, but drivers of intertidal urchin reproductive output are less understood. Even at
high densities, urchins in the intertidal may have high reproductive capacity, since high urchin densities are
not necessarily correlated with low food availability. To understand what factors drive spatial variation in
intertidal urchin reproductive capacity, we collected urchins from nine sites along the Monterey Peninsula in
California as well as algal coverage, urchin population density, and urchin size structure data. We dissected
urchins to calculate gonadal-somatic indices (GSI) of urchins and explored correlations between GSI and
urchin population density and size structure, intertidal algal coverage, wave exposure, and nearshore kelp
coverage. We found there is significant spatial variation in urchin GSI, but intertidal algal coverage and
urchin density was not a reliable predictor of urchin GSI; this is in contrast to subtidal patterns. Other
parameters, like wave exposure and subtidal kelp coverage may drive intertidal urchin GSI via food delivery.
To effectively identify areas for kelp restoration, we must understand the potential contribution of urchin
larvae from intertidal areas where reproductive capacity may be higher.

MAPPING THE STARS: COMPARISONS OF THE BAT STAR LARVAL NERVOUS SYS-
TEM WITH OTHER TAXA TO INFORM HYPOTHESES ABOUT LARVAL BEHAVIOR
† Pagowski, V.A.1*; Bump, P.A. 2; Formery, L 3

1- Hopkins Marine Station 2- Harvard University 3- University of California, Berkely

Larvae represent a distinct life history stage in which animal morphology and behavior contrasts strongly
to adult organisms. This life history stage is a ubiquitous aspect of animal life cycles, particularly in
the marine environment. In many marine species, the structure and function of the nervous system also
differs significantly between metamorphosed juveniles and larvae. However, most larval nervous systems
remain poorly described. Here, we examine the expression of neurotransmitter and neuropeptide synthesis
and transport genes in the bat star Patiria miniata throughout larval development. We also compare key



aspects of the P. miniata larval nervous system to the nervous systems of related taxa which share similar
morphology. We show that the larval nervous system of P. miniata is composed of three main components
with distinct but overlapping territories. Among these, an array of neural subtypes associated with cilia used
in locomotion show regional differences in their localization patterns. The structure of the nervous system
is dynamic throughout the larval stage and we propose that changes in nervous system structure align with
shifting ecological priorities during different stages of the larval period. Among the three morphologically
comparable larvae we examine, we find that the localization of neural subtypes associated with larval ciliary
bands is similar. However, the neural composition and organization of apical structures likely to serve as
neural integration centers differs among these taxa.

HATCHERY CULTURE OF THE PISMO CLAM
Jacobson, Ian.D.1*; Curiel, S. 2; Caruso, N. 3; Bignami, S. 4

1- Holdfast Aquaculture, LLC 2- Universidad Autonoma de Baja California - Centro de Investigación Cien-
tífica y de Educación Superior de Ensenada, Baja California 3- Get Inspired Inc. 4- Concordia University
Irvine

The Pismo Clam (Tivela stultorum) is an edible saltwater bivalve with a historical distribution ranging
from Northern California to Baja Mexico. Over time, their populations have declined from commercial
and recreational fishing pressure. There has been much interest in culturing T. stultorum but little success
has been documented past the settlement stage. This presentation will document the life cycle of the T.
stultorum from spawn up to seed, demonstrating its potential as a new aquaculture species that can be
grown in a Shellfish Hatchery.

WHAT IS THE RISK TO JUVENILE DUNGENESS CRAB (CANCER MAGISTER) FROM
CLIMATE-DRIVEN CHANGES IN ESTUARINE FOOD WEBS?
Fisher, M.C.1*; McDonald, P.S. 1; Kelly, R.P. 1; Holsman, K.K. 2; Levin, P.S. 1

1- University of Washington 2- Alaska Fisheries Science Center, NOAA Fisheries

Dungeness crab (Cancer magister) plays a crucial role supporting coastal livelihoods, recreation, and sub-
sistence on the U.S. West Coast. Multi-stressor vulnerability assessments have evaluated the direct effects
of changing ocean conditions on Dungeness crab, but climate change can also indirectly impact growth and
survival by altering food webs. During early juvenile life stages, when Dungeness crab larvae settle into
estuarine nursery habitats, the availability of quality habitat and prey are important for supporting a period
of rapid growth. Our research combines DNA metabarcoding and bioenergetic modeling to examine the
risk to recently settled juvenile Dungeness crab (age 0+; instars) from climate-driven changes in estuarine
prey availability. We first describe the diet of juvenile crab collected in the northern Puget Sound, using
DNA metabarcoding of the cytochrome c oxidase subunit I (COI) gene region. We identify a broad range
of prey species contributing to an omnivorous diet, with high variability both within and among sampling
sites. We combine diet information and a review of the literature to develop scenarios of changing prey
availability under expected environmental conditions, and explore crab sensitivity to alternative scenarios
using a bioenergetic model. Our research provides updated, taxonomically rich diet information for early
life stage Dungeness crab, and aims to understand the potential exposure and sensitivity of this species to
changing estuarine food webs.

IDENTIFYING TROPICAL CRUSTACEAN DIVERSITY WITH A SNAPPING SHRIMP
BARCODE LIBRARY
Hultgren, K.M.*

Seattle University

Snapping shrimp in the genus Alpheus are one of the most abundant and diverse genera of decapod crus-
taceans, and can constitute a large fraction of the taxa found in tropical coral reef diversity assessments.
However, although rapid biodiversity assessments (e.g., barcoding or metabarcoding) can determine how
many species are present, our ability to match barcodes to species is limited at this time, since snapping
shrimp are poorly represented in existing databases such as GenBank and BOLD. Here we describe a DNA
barcode library that covers ~60% of described species diversity in Alpheus, and assess performance of this



library in identifying barcodes in several published and unpublished tropical barcode datasets worldwide.
In-depth sampling of many species of Alpheus with large geographic ranges also indicates that a large pro-
portion of our sample represent cryptic, undescribed species (~20% of operational taxonomic units), and
elucidate patterns of speciation across the Indo-West Pacific for many goby-associated species.

TIME COURSE OF THE GROWTH-RELATED IGF1 HORMONE RESPONSE TO FEED-
ING IN JUVENILE GOPHER ROCKFISH (SEBASTES CARNATUS)
Bersin, T.B.1*; Mapes, H.M. 1; Journey, M.L. 2; Beckman, B.R. 2; Lema, S.C. 1

1- Cal Poly, San Luis Obispo 2- Northwest Fisheries Science Center, NOAA Fisheries

Spatiotemporal variation in food availability can alter somatic growth rates in marine fishes with impacts
for survival and population recruitment. Growth in fishes is regulated by the growth hormone (GH)/insulin-
like growth factor-1 (Igf1) axis, with GH/Igf1 signaling mediating changes in growth rate in response to
food intake. The hormone Igf1 has potential applications as a biomarker of recent growth rate in wild
fish populations, and a more precise understanding of the response time of this axis can better link this
biomarker to local environmental conditions. We investigated the response time of Igf1 hormone and Igf1
signaling-associated gene expression in juvenile Gopher Rockfish (Sebastes carnatus) to assess how quickly
Igf1 pathways respond to changing food consumption. Rockfish were fasted for 4 weeks, after which a subset
of fish was fed a single meal to satiation, while other fish continued to be deprived of food. Refed fish
displayed higher hepatosomatic index (HSI) values than fasted fish 3 d after feeding. Relative mRNA levels
of Igf1 in the liver were lower in refed fish 2 d and 4 d after refeeding, but returned to fasting levels by
9 d. Levels of hepatic Igf binding proteins (Igfbps) 1a and 1b, which increase under catabolic conditions
and inhibit Igf1 stimulation of growth, declined rapidly (within 24 h) after food intake and remained low
for at least 10 d after feeding. These findings display the sensitivity of the GH/Igf1 axis to a single meal,
potentially linking changes in binding protein gene expression to recent feeding status.

DIFFERENTIAL OUTCOMES OF CORAL-ALGAL COMPETITION IN MARGINAL AND
NON-MARGINAL REEF ENVIRONMENTS
† Corso, J. P.*; Edmunds, P.J.

California State University, Northridge

Marginal reefs exist near or beyond the “normal” environmental limits of reef distribution as defined by
turbidity, light intensity, and temperature. They can offer insight into how extreme conditions associated
with climate change will impact coral reefs. As coral cover declines and algal turf becomes more abundant,
the frequency of coral-algal competitive interactions increases. Yet on marginal reefs, corals appear to persist
even though coral-algal competition is common. This study compares coral-algal competition between sites
categorized as marginal and non-marginal in Moorea, French Polynesia. Two marginal and two non-marginal
sites were distinguished by environmental conditions recorded over time scales ranging from days to years,
thus revealing time-dependent differences. Competition between massive Porites spp. and algal turf was
assessed over 21 days by quantifying the absolute overgrowth as coral tissue growth minus loss measured at
the interface boundary. Coral tissue and skeleton grew over the algae at the two marginal sites (+0.27 and
+0.52 cm2 cm-13wk-1) but showed equivocal outcomes at non-marginal sites, indicating a stand off between
the two (-0.25 and +0.26 cm2cm-13wk-1). These results suggest that massive Porites spp. in marginal
habitats are capable of overgrowing algal turf in competitor encounters more readily than conspecifics in
non-marginal habitats. With the increasing frequency of coral-algal encounters that lead to reef degradation,
emphasis should be placed on better understanding how corals in marginal reefs can outcompete benthic
competitors.

SENSITIVITY OF A MARINE MUSSEL TO DECREASED PH IS ALTERED WITHIN
BIOGENIC HABITAT
Ninokawa, A.N.1*; Li, Y. 2; Carrington, E.C. 3

1- Friday Harbor Laboratories 2- Northeastern University 3- University of Washington

Ocean acidification (OA) resulting from increased anthropogenic carbon dioxide in the atmosphere can have
widespread impacts on marine organisms and communities. However, the metabolic processes of nearshore



habitat forming species, such as marine mussels or algae, can create local chemistry regimes that are quite
different from the surrounding seawater. Such modification may change our predictions of how organisms
to respond to large-scale, regional processes like OA. To test the sensitivity of marine communities to local
modifications of decreased pH we conducted a two-month laboratory experiment during which we exposed
Mytilus trossulus, a common marine mussel in the Salish Sea, to four different pH conditions between pH
7.50 and 7.95 for two months. We allowed the pH to be further modified by the biological activity of three
different habitat-forming aggregations (mussels, fleshy red algae, coralline algae) that alter pH in different
ways. Neither background pH nor habitat treatments drove strong differences in the formation of shell
material. However, when M. trossulus lacked chemical modification by habitat-formers, the relative amount
of organic matter in the tissue compared to the shell decreased, suggesting that maintaining a constant shell
formation rate comes at a cost to other biological functions. This decrease is mitigated however, for mussels
inhabiting the biogenic habitat treatments though there were no differences among habitats. These results
highlight the importance of considering species interactions when predicting responses to climate change.

EVALUATING GIANT KELP RESISTANCE AND RESILIENCE IN MARINE PRO-
TECTED AREAS
† Villa, Emelly1*; Cavanaugh, Kyle 1; Bell, Tom 2; Caselle, Jenn 3; Carr, Mark 4; Malone, Dan 4; Cavanaugh,
Katherine 1

1- UCLA 2- WHOI 3- UCSB 4- UCSC

Kelp forests in California are experiencing a number of stressors, including increased frequency of marine
heatwaves and trophic disruptions that have led to high levels of grazing by sea urchins. These factors have
contributed to population declines along the California coast. The State of California has a large network of
marine protected areas, and this protection may promote resilience of giant kelp by maintaining populations
of predators that can keep urchin populations under control. However, the impact of MPAs on kelp forest
resilience has not been examined across large scales. This information is particularly important as heatwave
events are expected to occur more frequently. Using a long-term dataset of satellite-derived kelp canopy area
estimates, we analyzed kelp canopy resilience and resistance to the 2014-2016 marine heatwave inside and
outside of marine protected areas. We identified a reference site for each MPA based on the dynamics of
kelp abundance before the MPAs were implemented. We then calculated resistance and resilience based on
kelp abundance during and after the heatwave as compared to a baseline of kelp canopy biomass during a 10
year pre-heatwave period (2003-2012). In analyzing annual differences, we found evidence of higher resilience
inside of MPAs as opposed to the unprotected reference sites. These findings contribute to understanding
the dynamics within a protected ecosystem and provide insight about kelp-forest resistance and resilience to
temperature anomalies.

AZOOXANTHELLATE-CALCIFIED CORALS AS BIOINDICATORS FOR EARLY DE-
TECTION AND MONITORING OF CLIMATE CHANGE
Lopez, C.1*; Sabrina Clemente 2; Fernando Tuya 3; Robert J Toonen 1

1- Hawai‘i Institute of Marine Biology, School of Ocean & Earth Sciences & Technology, University of Hawai‘i
at Mānoa, Moku o Lo’e, Kāne‘ohe, HI, United States 2- Departamento de Biología Animal, Edafología y
Geología, Facultad de Ciencias, Universidad de La Laguna, San Cristóbal de La Laguna, Spain 3- Grupo en
Biodiversidad y Conservación, IU-ECOAQUA, Universidad de Las Palmas de Gran Canaria, Las Palmas,
Spain

The future of marine ecosystems is currently at risk due to climate change and other human impacts. In
this context, it is imperative to establish conservation measures that help to preserve marine communities,
and the ecosystem services they provide to human populations. Bioindicators have proven useful to detect
alterations in environmental parameters, improving our understanding of ecological processes, and improving
our ability to detect and respond to change at scales not possible to monitor otherwise. We propose the
solitary cup coral Balanophyllia regia (Scleractinia: Dendrophylliidae) as a bioindicator of climate change
in the Canary Islands (Spain). The results of GLM analyses showed that the main environmental factors
determining populations of B. regia were sea surface temperature (SST) and wave energy, with polyps being
most abundant in areas with high wave action and lower SST. We hypothesize this is due to increased
nutrient availability, allowing this warm-temperate species to thrive at its lower distributional limit. As



an azooxanthellate coral, its metabolic performance depends exclusively on the surrounding environment,
and our analyses suggest that alterations in population abundances and growth rates of B. regia might
reflect alterations in the environmental conditions, such as an increase in SST. Early detection of an area
impacted by the effects of climate change and other anthropogenic causes will enable policy makers to focus
future conservation investments on the most vulnerable and/or most ecologically and economically valuable
locations.

MICROPLASTIC PRODUCTION AND RETENTION IN PURPLE SEA URCHIN
STRONGYLOCENTROTUS PURPURATUS
† Tetteh,G.R.1*; Sullivan,A. 2; Galloway, A.W.E. 3; Yoshioka 4

1- University of Oregon: Oregon Institute of Marine Biology and ESSP 2- University of Oregon: Oregon
Institute of Marine Biology 3- University of Oregon, Oregon Institute of Marine Biology 4- Bigelow Laboratory
for Ocean Sciences

Authors: GR Tetteh, A Sullivan, AWE Galloway, RM Yoshioka Plastic pollution is a global threat and
significant hindrance to the UN’s Sustainable Development Goals. In the marine environment, plastics can
degrade into microplastics, which can enter the food chain causing damage to consumers. For “shredders”
such as the purple sea urchin Strongylocentrotus purpuratus, plastics may be consumed at different rates
based on their age, due to differences in microbial growth and palatability for urchins. This study investigated
whether urchins will produce microplastics and if microplastics retained in their guts relate to plastic aging.
For 25 days, urchins were fed polypropylene ropes that were aged in flowing seawater for 0 days (un-aged),
3 weeks, and 18 months. The incubation water was changed and filtered daily to quantify the microplastics
produced. The urchins were dissected at the end, gut contents digested using 10% KOH, and the number
of microplastics counted. Control and un-aged ropes showed no shredding, 3-wk old rope had minimal
shredding, and 18-mo rope had substantial shredding. The number of microplastics retained in the urchin’s
gut was highest for older rope and the lowest for un-aged plastic. These results indicate that urchins can
contribute to microplastics in the marine food chain with rates dependent on plastic age.

EVALUATING THE REPRODUCTIVE TIMING OF SUNFLOWER SEA STARS TO IN-
FORM SPECIES RECOVERY
Rothman, B.1*; Collins, K 2; Traiger, S 2; Gavenus, K 3; Francis, F 4; Jan Kocian 5; Gravem, S 1

1- Oregon State University 2- United States Geological Survey 3- Center for Alaskan Coastal Studies 4-
Department of Fisheries and Oceans Canada 5- N/A

Sea star wasting disease (SSWD) has rapidly depleted sea star populations along the North American west
coast, with potentially profound ecosystem impacts. SSWD has had a catastrophic effect on the sunflower
sea star, Pycnopodia helianthoides. Sunflower sea stars play a central role in kelp forests as a top predator
that suppresses herbivore populations and benefits kelp. This is especially important in coastal ecosystems
because kelp provides food and habitat for hundreds of species that are crucial fisheries in West Coast
economies. We are interested in predicting whether the sunflower sea star will recover. This project helps fill
these gaps in knowledge by asking when are they reproducing and if there’s any correlation to the lunar cycle.
We analyzed the reproductive seasonality of Pycnopodia by collecting non-lethal arm snips from juvenile and
adult animals, which at first suggested they’re ripe in the summer. However, we tested the reliability of
the arm snip method and found that they are unreliable for assessing gonad index, unlike in other sea star
species. Lethal dissections suggested they are ripe in spring, but spotty data made seasonality unclear. We
gathered information from field observations of spawning and found that these events primarily took place
in spring, so it is likely that spring is the peak reproductive season. We also tested if the moon phases
influenced spawning, but found no clear pattern. Overall, these key measures will be invaluable as scientists
consider the best practices for the recovery of this critically endangered species.
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EXPLORING ECOLOGICAL DETERMINANTS OF REMNANT POPULATIONS FOL-
LOWING A DISEASE OUTBREAK



Gehman, A.*; Froese, T.; Pontier, O.; Sadlier-Brown, G.

Hakai Institute

Disease can have strong negative effects on populations, and novel outbreaks can lead to loss of individuals
over a relatively short time frame. Many factors can influence the host-disease relationship; host-disease traits
(e.g. susceptibility, disease induced mortality) can vary by host species, and environmental context could alter
host-disease traits. Host-population responses following a disease outbreak can provide insight into these
potential drivers of disease dynamics. We monitor a diverse population of sea stars associated with a range
of subtidal habitats (seagrass, rocky reefs and kelp forests) in central British Columbia, Canada, from 2013-
2022, starting a few years before sea star wasting disease (SSWD) reached the region in 2015. With expert
diver belt transects we monitor the size and distribution 20 species of sea star. For all habitat types that we
monitored we saw a marked decrease in many sea star species, most notably a large decline in Pycnopodia
helianthoides, both in density and biomass biomass density. P. helianthoides juveniles have recruited to
several habitats, however the biomass density from 2018-2022 remains drastically reduced. Within several
Fjords in the region P. helianthoides biomass density remains relatively high and representative of pre-wasting
size distributions found within the region. This disparate response over 10’s of kilometers suggests that some
aspect of the Fjord protects the populations from the costs of SSWD, and future work within this region
will evaluate this question.

ESTABLISHING MICROBIOME BASELINES OF SEA STARS IN COASTAL BRITISH
COLUMBIA WATERS
Kellogg, C.T.E.*; Prentice, C.; Froese, T.; Hall, K.; Manning, F.; Monteith, Z.; Olson, A.; Pontier, O.;
Sadlier-Brown, G.; Van Maanen, D.; Gehman, A.-L. M.

Hakai Institute

On the Pacific coast of North America, populations of at least 20 asteroid species have been impacted by sea
star wasting disease (SSWD). Environmental stressors, viral pathogens, and microbiome dysbiosis have all
been suggested to play roles in the progression of SSWD but a consistent causative agent or suite of stressors
has yet to be conclusively identified. While sea star microbiomes have been examined in laboratory settings
with respect to the onset and progression of SSWD, much work remains to be done to characterize the wild
microbiome of Northeast Pacific sea stars populations. We are characterizing the epidermal microbiome of five
asteroid species in British Columbia waters, including the critically endangered, Pycnopodia helianthoides,
to map the microbiome of healthy and diseased sea stars in situ across time and space. We are exploring
the possibility of dysbiosis and opportunistic pathogens and the role they may play in SSWD. Preliminary
observations show that sea star species harbour distinct surface microbiomes. Pycnopodia in particular
harbours relatively more taxa belonging to the bacterial phyla Actinobacteriota, Depedentaie, Firmicutes,
and Planctomycetota. Additionally, the microbiome of these sea star species appears to be plastic, changing
seasonally. The existence of a core sea star microbiome remains to be determined but will be essential for
establishing relationships between dysbiosis, the rise of opportunistic pathogens, and the etiology of SSWD.

EXAMINING VARIATIONS IN FATTY ACID COMPOSITIONS OF THE SEA STAR PY-
CNOPODIA HELIANTHOIDES ON THE COAST OF BRITISH COLUMBIA
† Taradash, A.C.1*; Masterman, J.M. 1; Gehman, A 2; Galloway, A.W.E. 1

1- University of Oregon 2- Hakai Institute

Pycnopodia helianthoides is a large, predatory sea star native to the northeast Pacific coast. This important
intertidal and subtidal predator was historically abundant along the west coast of North America from Alaska
to Baja California until the sea star wasting epidemic caused drastic population declines throughout its
range. The opportunistic diet of Pycnopodia on benthic invertebrates has previously been studied through
observation, but there are no published diet analyses using trophic biomarkers. In order to compare the
trophic ecology of wild Pycnopodia, fatty acids were extracted and identified from tissues of 120 individuals,
ranging in size from 2-46 cm in diameter, collected from different sites and habitats near Calvert Island, BC,
Canada. The multivariate fatty acid signatures of the stars were evaluated using collection site and substrate,
as well as size class (5 categories). Fatty acids were significantly different between sites and substrates, but
not size classes. These differences suggest that the diets of stars found at different sites and substrates



could differ significantly, although very few sites featured more than one substrate type, making it difficult
to distinguish the potential effects of each. Size class, however, does not appear to have an effect on the
fatty acid compositions of the stars, indicating that Pycnopodia diets may not vary much by size, which was
unexpected. Further analysis of both wild and captive stars could continue to provide more insight into the
diet of this understudied species.

WHICH ECOLOGICAL FEEDBACKS MOST INFLUENCE BULL KELP FOREST RE-
SILIENCY AFTER PYCNOPODIA REINTRODUCTION?
† Arroyo-Esquivel, J.1*; Adams, R. 2; Graven, S. 3; Whippo, R. 4; Randell, Z. 5; Kobelt, J. 4; Kroeker, K. 6;
Galloway, A. 4; Baskett, M.L. 2

1- Department of Mathematics, UC Davis 2- Department of Environmental Science and Policy, UC Davis 3-
Department of Integrative Biology, Oregon State University 4- Department of Biology, University of Oregon
5- Seattle Aquarium 6- Department of Ecology and Evolutionary Biology, UC Santa Cruz

The bull kelp forest in the coasts of the Sonoma and Mendocino counties in California experienced a de-
cline in over 95% of kelp coverage during the past decade. This decline occurred do to a combination of
extreme temperatures and the impact the wasting seastar disease had on the local population of Pycnopodia
helianthoides, leading it close to extinction, and thus eliminating the top-down control of the urchins grazing
on kelp. This has led to several efforts to restore the Pycnopodia population, which would also reintroduce
the top-down control of sea urchins. Recovered kelp forests with reintroduced Pycnopodia populations are
expected to be more resilient to future marine heatwaves than those recovered forests without Pycnopodia.
However, it is not clear how much this increase in resiliency might rely on consumptive effects (seastars eating
urchins) or nonconsumptive effects (seastars triggering a fear response on urchins).In this presentation we
introduce a dynamical model that describes a tritrophic food chain of kelp, purple urchins, and Pycnopodia
seastars. In addition to modelling the consumptive effects of the trophic chain, we model multiple noncon-
sumptive effects present in the system. We then run a global sensitivity analysis of the resiliency of the kelp
forest to identify what factors of our model have the greatest influence on system resiliency. These results
can inform management by identifying restoration strategies that might promote a more resilient kelp forest
to increased climate change and future marine heatwaves.

INDIRECT EFFECTS OF THE SUNFLOWER SEA STAR ON KELP FORESTS IN SOUTH-
EAST ALASKA
† Sridhar, N.M.1*; Kroeker, K.J. 1; Gravem, S 2; Galloway, A 3

1- University of California, Santa Cruz 2- Oregon State University 3- University of Oregon

Predators in kelp forest ecosystems can prevent transition into urchin barren states and promote recovery
back to kelp forests by controlling overgrazing of kelp by herbivores. Predators can promote kelp through
direct consumption of herbivores or indirectly, by releasing chemicals that can change herbivore behaviors
in ways that reduce kelp consumption. Most work on trophic cascades in kelp forests has focused on sea
otters and their urchin prey, however emerging evidence suggests secondary predators, such as sunflower
sea stars (Pycnopodia helianthoides), may play an underappreciated role in controlling herbivores. In this
study, we investigated variation in herbivory by red urchins (Mesocentrotus franciscanus) on giant kelp
(Macrocystis pyrifera) with a) exposure to different combinations of predatory chemical cues, including
Pycnopodia individuals and crushed conspecifics (to approximate the chemical cue of predation by sea
otters), and b) varied hunger states (e.g., collected from barrens versus kelp forests). Urchin grazing rates
decreased in the presence of predatory chemical cues from both predators. We also found significantly higher
grazing for urchins collected from a barren, irrespective of predator treatment, suggesting the magnitude of
indirect effects of a predator on an urchin decreases with increasing urchin hunger level. This suggests that
predators may have larger cascading effects on ecosystem dynamics if reintroduced to a kelp forest rather
than a barren.

CAN THE SUNFLOWER SEA STAR (PYCNOPODIA HELIANTHOIDES) AID IN KELP
FOREST RECOVERY VIA PREDATION ON PURPLE SEA URCHINS?
Galloway, A.W.E.1*; Gravem, S.G. 2; Kobelt, J.N. 3; Heady, W.N. 4; Okamoto, D.K. 5; Sivitilli, D.M. 3;
Saccomanno, V.R. 4; Whippo, R. 1



1- Oregon Institute of Marine Biology, University of Oregon 2- Oregon State University 3- University of
Washington 4- The Nature Conservancy 5- Florida State University

The recent collapse of predatory sunflower sea stars (Pycnopodia helianthoides) due to sea star wasting
disease is hypothesized to have contributed to proliferation of sea urchin barrens and losses of kelp forests
on the US West Coast. We used choice and feeding rate experiments to test whether Pycnopodia may help
recover kelp forests through their consumption of nutritionally-poor purple sea urchins (Strongylocentrotus
purpuratus) typical of barrens. Pycnopodia consumed 0.68±0.33 (Mean±SD) urchins per individual per
day, across all 6 day trials (n=24 stars). A population model shows that local extirpation of Pycnopodia
allows for urchin proliferation when urchin recruitment is modest to high, but even small sea star recoveries
could generally lead to lower densities of sea urchins that are consistent with kelp coexistence. Unlike other
important purple sea urchin predators, Pycnopodia seem unable to distinguish between fed and starved
urchins and predation rates on starved urchins were higher, due to shorter handling times. In addition,
Pycnopodia from areas with co-occurring purple urchin populations ate more urchins than those that were
naive to this prey. Our results highlight the potential for Pycnopodia to help regulate purple sea urchin
populations in barrens, and therefore maintain healthy kelp forests through top-down control. The recovery of
this important predator to pre- sea star wasting disease levels may therefore be key for kelp forest restoration
at ecologically significant scales.
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LATITUDINAL GRADIENTS IN PARASITE DIVERSITY AND LOAD OF THE SHORE
CRAB, PACHYGRAPSUS CRASSIPES, IN ITS TWO COASTAL HABITATS
† Novoa, A*; Hechinger, R.F.

Scripps Institution of Oceanography, UCSD

The striped shore crab, Pachygrapsus crassipes, commonly uses two distinct habitats throughout its range—
living on mud in low-energy estuarine habitats and on rock in high-energy rocky intertidal zone (RIZ)—
providing a striking opportunity to examine latitudinal variation in parasite diversity and load while simul-
taneously examining the influence of habitat on parasitism. In the summers of 2018 and 2019, we quantified
parasitism by animal and several protozoan parasites in 327 crabs collected from 13 estuarine and 23 RIZ
localities throughout the crab’s North American Pacific Coast geographic range from Ecola State Park, OR
to Bahia Magdalena, Baja California Sur, MX. Parasite diversity was ~2x higher in estuaries than the RIZ,
on average. However, this depended on latitude as parasite diversity peaked near the range center in es-
tuaries and at range edges in the RIZ. Interestingly, trophically transmitted parasites composed the bulk
of parasite diversity for both habitats, and drove most of the range-center diversity increase in estuaries.
Parasite biomass load (g parasite/g host) was also higher in estuaries (~20x so) than the RIZ on average, but
similarly increased down south for both habitats. Parasite biomass load was also dominated by trophically
transmitted parasites, on average, but, in estuaries, parasite biomass load was dominated by a parasitic
castrator and a deadly pathogen. Hence, P. crassipes appears to be more impacted by parasites (1) that are
trophically transmitted, overall; (2) in estuaries than in the RIZ; and (3) down south in each habitat.

FISH MICROBIOTA 101: HOST TRAITS, ECOLOGY, AND ENVIRONMENTAL FAC-
TORS INFLUENCE MICROBIAL DIVERSITY & BIOMASS ASSOCIATED WITH FISH
Minich, J. J.*

Salk

Fish are the most diverse and widely distributed vertebrates, yet little is known about the microbial ecology
of fishes nor the biological and environmental factors that influence fish microbiota. The microbiota from
101 species of Southern California marine fishes, spanning 22 orders, 55 families, and 83 genera representing
~25% of local marine fish diversity, was analyzed to identify factors that explain microbial diversity patterns
in a geographical subset of marine fish biodiversity. We compared fish microbiota from (gill tissue, skin
mucus, midgut digesta, and hindgut digesta) using alpha, beta, and gamma diversity while establishing a
novel method to estimate microbial biomass associated with these host surfaces (Qiime2 plugin katharoseq).



Body site (anatomy) was the strongest driver of microbial diversity but microbial biomass did not differ
across body sites. Larger, pelagic fishes had lower microbial biomass and diversity in the gill. Patterns of
phylosymbiosis were observed across the gill, skin, and hindgut. The majority of microbes from all fish body
sites were of unknown origin but overall sea water generally contributes more microbes to fish microbiota
compared to marine sediment. In a meta-analysis of vertebrate hindguts (569 species), mammals had the
highest gamma diversity when controlling for host species number while fishes had the highest percent of
unique microbial taxa (92%). The dataset is useful to vertebrate microbiota researchers and fish biologists
interested in microbial ecology with applications in aquaculture and fisheries management.

LARGE FISHES CONSISTENTLY STRUCTURE CORAL RECRUITMENT ACROSS
LARGE SPATIAL SCALES
† McDevitt-Irwin, J.1*; Carlson, R. 1; Palmisciano, M. 1; Tietjen, K. 2; Micheli, F. 1

1- Stanford University 2- University of Victoria

Ecosystems around the world are experiencing a loss of large-bodied consumers that are critical drivers of
community structure and ecosystem function. On coral reefs, fishes are important consumers that mediate
successional dynamics; however, little is known about how these fishes influence succession across large
spatial scales and previous studies have primarily been conducted in regions with high fishing pressure. We
ask the question: how does the exclusion of consumers influence coral recruitment? We conducted a field
experiment in the Chagos Archipelago, a remote protected area in the Indian Ocean with high fish and shark
biomass, across eight sites up to 160km apart. We deployed 221 settlement tiles using three treatments:
caged, uncaged, and partially caged, and monitored coral recruits on the tiles after 2.5 years. The exclusion
of fishes affected the location of where corals grew on the tile (i.e. on the exposed top or sheltered bottom of
the tile). The caged tiles had 9X the number of corals than the uncaged tiles, when only considering corals
on top of the tiles. However, this trend reversed when evaluating the bottom of the tiles, where the uncaged
tiles had 2X more corals than the caged tiles. These results are contrary to most other findings in other
coral reefs, where excluding fishes typically decreases coral recruitment due to increased competition with
algae. Thus, the consequences of fish loss for coral recruitment may vary depending on fishing pressure and
consumer composition.

CHARACTERIZING ZOOPLANKTON ASSEMBLAGES AND ENVIRONMENTAL PA-
RAMETERS IN NATIVE OYSTER AND EELGRASS HABITATS
† Wilson,E.A.*; Nickols,K.J.

California State University, Northridge

Zooplankton assemblages contain a diverse array of organisms with wide-ranging life histories and environ-
mental tolerances, resulting in compositional and abundance variations across environmental, spatial, and
temporal gradients. Habitat-forming species like the native Olympia oyster (Ostrea lurida) and eelgrass
(Zostera marina) can influence their surroundings through their biological activity and by modifying water
flow, which may impact the suitability of these habitats for organisms like zooplankton. To characterize these
habitats and to explore if their zooplankton assemblages differed, we sampled zooplankton and measured
environmental parameters in intertidal oyster, eelgrass, and mudflat habitats at four locations in Upper
Newport Bay, California. Temperature, dissolved oxygen, light intensity, and relative water flow were con-
tinuously measured for roughly 24 consecutive hours each month for twelve months, along with discrete
samples of chlorophyll, salinity, and zooplankton. We observed seasonal patterns in zooplankton composi-
tion, light intensity, chlorophyll, and temperature across locations and habitats. Dissolved oxygen exhibited
diel variation, with eelgrass habitats at some locations showing elevated daytime saturations consistent with
a biological signal. Characterizing zooplankton assemblages and environmental parameters provides context
on food and larval supply, as well as habitat conditions, for organisms living in O. lurida and Z. marina
habitats.

DEFENSIVE COMPOUNDS FROM SEA SLUGS MAY BE ‘KEYSTONE MOLECULES’
ALTERING MUDFLAT COMMUNITY STRUCTURE AND FOOD WEBS
Krug, P..J.1*; Nguyen, H. 1; Weiss, P. 1; Scesa, P. 2; Schmidt, E. 2

1- Department of Biological Sciences, Cal State L.A., CA, 90032-8201, USA 2- Department of Medicinal



Chemistry, University of Utah, Salt Lake City, UT, 84112, USA

Ecological theory has long recognized the disproportionate impact of keystone species, usually through top-
down effects. Low concentrations of ‘keystone molecules’ may similarly alter community structure and energy
flow through food webs at large scales. Identifying such compounds may thus lead to new ecological insights.
Tiny sea slugs in the genus Alderia are exceptionally abundant grazers in estuaries throughout the Northern
Hemisphere. We show that de novo synthesized polyketide compounds protects this potential food resource
from diverse mudflat predators, shunting energy away from higher trophic levels. Moreover, polyketides leach
out from slug pedal mucus and may be released in pulses during episodic mass die-offs. We therefore explored
how these strongly scented, potentially bioactive compounds may affect organisms living on or beneath the
mud. In manipulative field experiments, the abundance of polychaetes, amphipods and benthic copepods
decreased over a tidal cycle in response to slug compounds. In contrast, the California horn snail laid eggs
preferentially in the presence of polyketides. These findings suggest complex community-wide effects of slug
defenses. Understanding how organisms produce, perceive and metabolize keystone molecules should thus
yield new insight into marine ecological processes. However, the abundance of slugs has been declining in
recent years; climate change may be disrupting the distribution of compounds that have a widespread but
unrecognized influence on mudflats before we even begin to understand these complex systems.

BOTTOM-UP FACTORS INFLUENCE ROCKY INTERTIDAL MICROBIAL COMMUNI-
TIES AND ALTER THE STRENGTH OF TOP-DOWN PROCESSES
† Lees, L.E.1*; Martiny, A.C. 1; Miller, L.P. 2; Bracken, M.E.S. 1

1- University of California Irvine 2- San Diego State University

Microbes mediate a variety of processes in ecosystems, but microbes and microbial communities have not
been well-integrated into traditional models of community structure and dynamics. To assess how rocky
intertidal microbial communities are structured by top-down and bottom-up processes, we performed a fully
factorial field experiment within tidepools in the Bodega Marine Reserve, California, where we manipulated
grazer density, nutrient concentrations, and temperature. Because most previous work had focused on the
photosynthetic component of biofilms, we hypothesized that microbial communities would respond similarly
to macroalgae: declining in diversity and abundance due to grazing and warming and increasing due to
nutrients. We amplified and sequenced 16S and 18S rRNA genes to assess the diversity, community composi-
tion, and taxonomy of the microbial community in response to experimental treatments. We found that the
majority of variation in these communities was associated with experimental increases in temperature and
nutrient concentrations. Increasing nutrient concentrations enhanced the impacts of grazers on the micro-
bial community. Grazers alone decreased 16S diversity and had a small effect on prokaryotic communities
and no impact on eukaryotic communities but altered both communities significantly when nutrients were
added. Intertidal biofilms are composed of a diverse assemblage of bacteria, microalgae, and protists, and
they respond in complex ways top-down and bottom-up influences, likely due to trophic interactions within
the microbial community.

Session 4: Ecosystem Assessment
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MARINE HEATWAVES EFFECTS ON MACROCYSTIS PYRIFERA FORESTS NEAR
THEIR SOUTHERN DISTRIBUTION LIMIT
† Lara-Navarrete, J.1*; Beas, R. 2; Lorda, J. 2; Alvarado-Graef, P. 2; de la Cruz, E. 3

1- Universidad Autónoma de Baja California (UABC) 2- UABC 3- UC Davis

Extreme warming events affect the survival, growth, and reproduction of kelp forests, especially near its
distribution limits. The effect of marine heat waves on M. pyrifera and associated species along the Baja
California peninsula has been documented through the years. Still, little is known about the community
dynamics in its distribution limit after the extreme warming event in 2014-2016. The aim of this study was
to document the community dynamics of M. pyrifera near the southern limit of distribution in the Northern
Hemisphere after an extreme and prolonged decline in biomass. In particular, we compared the structure of
the community in two nearby sites during the loss of macroalgae and in 4 consecutive years; and identify the



species that are driving the changes in community dynamics. When comparing the community structure,
there was a non-metric dissimilarity between the algal communities at the different sites and the communities
over the years. During the unusual warming of the Pacific in 2014-2016, the absence of M. pyrifera created
the shift in the composition of the algal community. However, we saw no significant changes in the fish and
invertebrate communities.

PREDICTING THE EFFECTS OF SUBMARINE GROUNDWATER DISCHARGE ON
CORAL REEF BIOGEOCHEMISTRY AND ECOSYSTEM FUNCTIONING
Silbiger, NJ1*; Hagedorn, B 2; Zeff, M 1; Jorissen, H 3; Barnas, D 1; Kerlin, J 1; Maine, B 2; Justis, E 2;
Sparagon, W 3; McClintock, R 3; Nelson, CE 3; Donahue, MJ 4

1- California State University, Northridge 2- California State University, Long Beach 3- University of Hawaii
at Manoa 4- Hawaii Institute of Marine Biology

Submarine groundwater discharge (SGD) is a worldwide phenomenon in coastal ecosystems. The unique
physicochemical environment created by SGD, including high nutrients, low pH, and cool water, can alter
key ecosystem functions. SGD fluxes are affected by physical parameters that are expected to change with
climate change (e.g., sea level rise and precipitation), but changing SGD fluxes and its impact on coastal
biogeochemical and ecological processes is often excluded from climate change predictions. With a focus
on coral reefs, we use high resolution time-series data from two different SGD sites in Mo’orea, French
Polynesia to 1) better understand the interacting effect of tides and waves on SGD flux and 2) determine
how changing SGD alters reef ecosystem metabolism. We then developed a model to assess how changing
physical parameters affect the local biogeochemical conditions near the two SGD seeps. We broadly show
that waves have a significantly higher effect on SGD flux than tides in Mo’orea, a microtidal habitat. Further,
we show a substantial pulse of low pH, low salinity, cool, and high nutrient water onto the reef that lead to
changes in net ecosystem production and calcification on the reef. As the unique biogeochemistry from SGD
can affect ecological processes on coral reefs, our research can uncover how changing physical conditions may
lead to altered coral reef ecosystem functioning via changes in SGD.

THE RISE OF PURPLE SEA URCHINS IN NORTHERN CALIFORNIA: NINE YEARS
AFTER THE COLLAPSE OF THE KELP FOREST
Rogers-Bennett, L.1*; Okamoto, D.A. 2

1- UC Davis, Bodega Marine Lab 2- Florida State Univ.

After nearly a decade with little to no kelp forest following the local extinction of sunflower stars, the massive
marine heatwave purple sea urchin (Strongylocentrotus purpuratus) populations have taken over the north
coast and urchin barrens are persisting. Purple sea urchins have spread south into the Monterey area and
north up into Oregon. The transition of the ecosystem from diverse kelp forest to barrens has had widespread
impacts on kelp dependent species such as abalones. We ask, what are purple sea urchin densities doing now
compared with when the kelp forests were robust and are we seeing any signs that densities are declining?
First, we look at purple urchin densities in shallow, mid and deep habitats. We track changes size classes
along transects, in recruitment modules and larval settlement collectors surveyed for decades. We find that
in 2022 purple sea urchins are still at high densities in both Sonoma and Mendocino Counties. Purple urchin
are twice as dense in Mendocino Co. (33.7/m2) compared with Sonoma Co. (16.4/m2) and densities have
increased since 2018 in Mendocino Co. Within the recruitment modules purple urchin counts remain high
nearly double that of 2019, suggesting purple urchin are still recruiting in high numbers. Understanding the
stability and variability of these sea urchin barrens habitats will require continued vigilant monitoring as
the status of the resources is highly dynamic. Here we see that shifts between states from species rich to
depauperate ecosystems remain persistent with substantial loss of ecosystem services.

REMOTELY OPERATED VEHICLES, ARTIFICIAL INTELLIGENCE METHODS OF IM-
AGE ANALYSIS, AND BENTHIC TRANSECT METHODS IN BULL KELP FORESTS
Randell, Z.H.*; Williams, M.H.

Seattle Aquarium

Remotely Operated Vehicles (ROVs) have the potential to expand the spatial extent across which we collect



data and make inferences in kelp forests, but thus far ROVs have yet to be widely integrated into long-
term kelp forest monitoring programs. In partnership with the Port of Seattle and the North Pacific Coast
Marine Resources Committee, we have customized a small, highly maneuverable ROV from Blue Robotics
to gather benthic imagery in bull kelp forests. As the foremost concern regarding operating ROVs in kelp
forests is the very real risk of tether entanglement, we have developed protocols to deploy our ROV within
bull kelp and successfully extricate it back out without incurring significant entanglement. Paired with our
acoustic GPS tracking system that provides real-time positioning, this ROV is collecting vast quantities of
spatially-explicit, forward- and downward-facing 4K 30fps imagery. To analyze these videos we are training
open-source Artificial Intelligence (AI) algorithms such as CoralNet to obtain metrics of percent-coverage,
and VIAME to obtain metrics of abundances for individually conspicuous species. These methods have the
potential to vastly increase the amount of benthic data resource managers and researchers are able to collect
and use to inform coastal research, conservation, and restoration.

A MULTI-PRONG STUDY OF CORAL REEF ECOSYSTEMS IN WEST HAWAI’I
Olsen, A.Y.1*; Larson, S. 1; Padilla-Gamino, J. 2; Klinger, T. 2; Christiansen, J. 1; Walsh, W. 3; Teague,
C.H. 3; Tissot, B. 4; Randell, Z. 1; Rolf, J. 2

1- Seattle Aquarium 2- University of Washington 3- Hawai’i Division of Aquatic Resources 4- California
State Polytechnic University

Marine heatwaves are prolonged events of anomalously warm water that affect marine habitats and their
associated biota. Evidence shows that anthropogenic climate change is increasing the frequency and duration
of marine heatwaves, and thermal stress has been documented to cause coral bleaching and mortality. In three
studies, we describe a unique underwater video survey method, and use the data to report fish community
and coral species response to consecutive marine heatwaves (2014-2015) in three areas in West Hawai‘i.
Fish were counted and identified to species or genus, and two coral species (Porites compressa and Porites
lobata) were classified alive or dead using CoralNet. Our studies show that all fish assemblages changed
significantly in each area after the marine heatwaves. Following the marine heatwaves, fish abundance
increased in two areas with fewer fishing regulations. In the most protected area, fish abundance remained
high and diversity indices were significantly higher post-marine heatwaves. Porites lobata was observed to
be the most prevalent species, with decreases in live coral cover post marine heatwaves at all sites. Porites
compressa was only present at three sites, with declines in coral cover post marine heatwaves. The increase
in duration and intensity of marine heatwaves, associated with climate change and continuous warming of
oceans, punctuates the need for continued monitoring to understand how Hawaiian coral reefs respond to
increasing heat stress.

USING OPEN DATA TO EXPLORE PATTERNS OF HYPOXIA AND LOW PH EXPO-
SURE IN THE CALIFORNIA CURRENT
Hamilton, S.L.1*; Kennedy, E. 1; Zulian, M. 1; Kroeker, K. J. 2; Walker, B 2; Gaylord, B. 1; Sanford, E. 1;
Ricart, A.M. 3; Ward, M 4; Hill, T.M. 1

1- University of California-Davis 2- University of California-Santa Cruz 3- Bigelow Laboratory for Ocean
Sciences & Institute of Marine Sciences, Barcelona, Spain 4- University of California-San Diego

Dissolved oxygen and pH are key oceanographic parameters structuring marine species and ecosystem re-
sponses to climate change. While previous studies suggest that exposure to dissolved oxygen and pH stress
follow distinct regional patterns in the California Current, most studies are limited in their temporal, seasonal,
or spatial scales to investigate these patterns. Here, we utilize a database of publicly available oceanographic
data totaling more than 12 million observations to investigate patterns of exposure to low dissolved oxygen
and pH across the California Current. We show coastwide maps of seasonal exposure to low dissolved oxygen
and pH and discuss where exposure appears to be driven by seasonal upwelling and where exposure may
be driven by other factors. We also identify spatial gaps in data coverage and how those gaps structure
levels of uncertainty across these maps. Temporally, we show that exposure to hypoxia decreased across the
2014-2016 Blob compared to the period immediately below and after using long term oceanographic cruise
datasets in Oregon and southern California and discuss potential implications for ecosystem-wide responses
to the Blob. Finally, we discuss early results of our work incorporating taxa-specific physiological thresh-
olds with these maps of oceanographic exposure to identify areas of relative vulnerability for a key shellfish



species.
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FIRST 10-YEAR MANAGEMENT REVIEW OF CALIFORNIA’S GLOBALLY RECOG-
NIZED MARINE PROTECTED AREA NETWORK AND MANAGEMENT PROGRAM
Wertz, S.*; Worden, S; Prall, M; Gonzales, K; Van Diggelen, A; Shen, C; Slatoff, L; Heitzenrater, T; Ota, B

California Department of Fish and Wildlife

In 1999, the California legislature passed the historic Marine Life Protection Act (MLPA) to protect Califor-
nia’s marine biodiversity, habitats, and ecosystems. The MLPA required the establishment of a statewide,
science-based network of marine protected areas (MPAs). From 2004-2012, planning took place through a
science-based, policy-guided, stakeholder-driven process, resulting in 124 MPAs. Today, the MPA Network
encompasses 852 sq mi (16%) of state waters, making California home to one of the largest ecologically con-
nected networks in the world. After 2012, the California Department of Fish and Wildlife (CDFW), the lead
managing agency for MPAs in California, developed the Master Plan for MPAs (Master Plan). The Master
Plan laid the foundation for the MPA Management Program (Program) and established a 10-year adaptive
management review cycle. The Program is organized around four pillars: Research and Monitoring, Out-
reach and Education, Enforcement and Compliance, and Policy and Permitting. As California approaches
the 10-year anniversary of Network completion, CDFW is preparing the first comprehensive review of the
Network and Program to evaluate progress made towards meeting the goals of the MLPA. The Review is
rooted in the Program pillars, and will be informed by multiple data streams, including expert science guid-
ance, and Tribal and stakeholder engagement. A milestone in marine conservation, this first Review will
result in broad adaptive management recommendations that will inform future MPA management priorities
and Network evaluations.

SCIENCE GUIDANCE AND FRAMEWORK FOR THE EVALUATION OF MARINE PRO-
TECTED AREA NETWORK PERFORMANCE IN CALIFORNIA
Worden, S.*; Wertz, S.; Van Diggelen, A.; Shen, C.; Gonzales, K.; Prall, M.; Slatoff, L.; Heitzenrater, T.;
Ota, B.

California Department of Fish and Wildlife

Completed in 2012, California’s Marine Protected Area (MPA) Network represents one of the largest ecolog-
ically connected networks in the world. As the state approaches a full decade of protection, the California
Department of Fish and Wildlife (CDFW), lead managing agency of MPAs in California, is preparing the
first comprehensive review of the MPA Management Program and performance of the MPA Network. The
Decadal Management Review is rooted in the four pillars of the Management Program, as well as several
components and data streams including expert science guidance, Tribal coordination, stakeholder input,
gaps in knowledge, and places for improvement. Scientific evaluation of MPA Network performance will be
a core component of the Review, and will encompass 1) results from MPA Monitoring Program’s long-term
monitoring projects, 2) framework developed by CDFW and partners that outlines key metrics, performance
objectives, and evaluation questions to guide data collection and analyses, 3) work conducted by several
science advisory teams that focus on refinement and extension of MPA Network evaluation framework, ex-
amining MPA resiliency and management priorities through a climate change lens, and 4) integration of
data streams across ecological and human dimension domains. A milestone in California’s history in marine
conservation, this first Review will result in broad adaptive management recommendations that will inform
future MPA adaptive management priorities for research and monitoring and future network evaluations.

MARINE RESERVES THE OREGON WAY: IMPLEMENTATION, EVALUATION, AND
THE FIRST DECADE OF RESEARCH
Fields, S.A.*; Aylesworth, L.; Fields, R.F.

Oregon Department of Fish and Wildlife



It has been just over a decade since Oregon implemented its system of marine reserves, and now is a time
of reflection. The Oregon Department of Fish and Wildlife (ODFW) Marine Reserves Program stands as
the state agency responsible for both the implementation and monitoring of Oregon’s five marine reserves
since 2009. What have we learned? What were the goals and objectives of Oregon’s Marine Reserves? The
program is currently under-going a legislative programmatic review that will be completed by June 2023. As
part of this programmatic check-in, ODFW published a 2022 Marine Reserves Program Synthesis Report
to summarize and highlight the accomplishments and lessons learned in the first 10-years of the program.
This talk will cover the establishment and evaluation processes for Oregon’s Marine Reserves and discuss
takeaways from the first decade of research.

LESSONS LEARNED FROM ASSESSING OREGON’S MARINE RESERVES: POLICY
MEETS REALITY
White, J.W.1*; Hopf, J.K. 1; Erickson, B. 1; Biedenweg, K. 1; Caselle, J.E. 2; Nickols, K.J. 3

1- Oregon State University 2- University of California Santa Barbara 3- California State University
Northridge

This year, our multidisciplinary team assessed the Oregon Department of Fish and Wildlife’s synthetic
review of the first ten years of implementation of the state’s Marine Reserve Program. We determined that
overall the program was meeting the original objectives set forth a decade ago. However, some of those
original objectives were impossible to evaluate, either because the desired outcome is impossible to measure
or because the goal is inherently paradoxical or poorly conceived. We discuss these issues – which are
commonplace when marine reserves policy is discussed – focusing on the desire to “protect biodiversity”,
the call to enhance “resilience”, the use of “size and spacing” guidelines, and what it means to detect
“significant” results in ecological and socioeconomic contexts. Finally, we discuss what would be needed to
manage Oregon’s marine reserves in an adaptive manner for the coming decades.

A FRAMEWORK FOR CONDITION ASSESSMENT AND MONITORING OF ESTUARY
MPAS IN CALIFORNIA
O’Connor, K.1*; Clark, R. 1; Fulkerson, B. 1; Walker, J. 2; Stein, E. 2; Whitcraft, C. 3; Garcia, S. 3; Hughes,
B. 4; Cooper, A. 4; Largier, J. 5; Roettger, R. 5; Jacobs, D. 6; Abrecht, M. 6; Toms, C. 7

1- CCWG @ MLML 2- SCCWRP 3- CSULB 4- SSU 5- BML 6- UCLA 7- SWRCB

The condition of California’s diverse coastal lagoons and estuaries has the potential to significantly influence
water quality and ecosystem functioning in nearby coastal habitats, including California’s offshore Marine
Protected Areas. Although California has invested significant funds over the past two decades to acquire
and protect estuaries, the State lacks a coordinated, statewide monitoring program for assessing estuary
health in a systematic, consistent manner. Answering key questions about the efficacy of the estuarine
MPA program, stressor management, and resiliency to climate change requires long-term investment in a
coordinated monitoring program. To address this challenge, we created a monitoring framework that enables
estuaries across California to be systematically assessed and monitored. A key aspect of this program is a
focus on ecological functions versus a single type of flora or fauna. This focus on function allows the
framework to accommodate different estuary types and assimilate data from diverse existing monitoring
programs, while maintaining an underlying comparability. In service of assessing functional performance,
we have developed standard protocols to assessing key estuarine features across different estuaries, coupled
with standard data templates and guidance on analysis, synthesis, and reporting, focused on four guiding
principles – flexibility, comparability, interpretability, and practicality. Currently, our team is testing our
monitoring framework in the field across three geographic regions and fifteen estuaries.

EVALUATING THE RESPONSES OF ELASMOBRANCHS IN SURF ZONES TO MARINE
PROTECTED AREAS (MPAS) IN SOUTHERN CALIFORNIA
† Mangino, I.D1*; Dugan, J.E 1; Marraffini, M. 1; Hubbard, D, M 1; Hamilton, S 2; Marin-Jarrin, J 3; Ladd,
M. 4; Madden, J 1; Koval, G 2; Parker, L 2; Terhaar, K 3; Emery, KA 1; Miller, RJ 1

1- University of California, Santa Barbara 2- Moss Landing Marine Laboratory, SJSU 3- Cal Poly Humboldt
4- Southwest Fisheries Science Center, NOAA



Elasmobranchs (sharks, rays, and skates), a group of international conservation concern, use surf zone ecosys-
tems for nursery and adult habitats. Slow growth and maturation rates make their recovery potential from
exploitation substantially lower than many teleosts. MPAs have been successfully used for the conservation
of elasmobranchs in other regions. We assessed the responses of species of elasmobranchs in surf zones to
MPAs in southern California using beach seines and baited remote underwater video cameras (BRUVs) at
five pairs of MPA and reference sites. We examined catch per unit effort (CPUE) from seines and BRUVs
and biomass per unit effort (BPUE) from seines. Overall, mean total CPUE (seines and BRUVs) and BPUE
(seines only) for elasmobranchs were significantly greater inside MPAs. The mean CPUE of leopard sharks,
bat rays, and shovelnose guitarfish was greater in MPAs, but these species did not occur at all sites, and
differences were not significant. However, the MPA signal in mean BPUE for leopard sharks was significant.
Two MPAs (Point Conception and Point Dume SMRs) supported high numbers of elasmobranchs. Most
sharks and rays in seine hauls were juveniles or pups, while deeper BRUVs placed just outside the breaking
surf recorded primarily adult elasmobranchs. We observed higher elasmobranch species richness in BRUVs
samples, with 8 unique taxa detected versus 5 in seines. Our results describe MPA responses in surf zone
elasmobranch communities and provide new insights into species composition and ontogenic habitat use of
elasmobranchs within California MPAs.

Session 6: Conservation and Restoration I
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EXTRACTED CCA EXOMETABOLITES INDUCE CORAL LARVAL SETTLEMENT
WITH IMPLICATIONS FOR THE PRODUCTION OF NEW SETTLEMENT TILES
† Quinlan, Z. A.1*; Bennet, M. 2; Levenstein, M. 3; Flores, D. 4; Tichy, L. 2; Juarez, G. 5; Haas, A.F. 6;
Chamberlan, V. 7; Johnson, A.W. 5; Marhaver, K. 2; Wegley Kelly, L. 1

1- Scripps Institution of Oceanography, University of California San Diego, La Jolla, California, USA 2-
Caribbean Research and Management of Biodiversity, Curaçao 3- Université Paris-Saclay, Paris, France 4-
The University of Texas at Austin, Austin, TX, USA 5- University of Illinois Urbana-Champaign Champaign,
Illinois, USA 6- Royal Netherlands Institute for Sea Research, Texel, Netherlands 7- Secore International

Crustose coralline algae (CCA) are commonly associated with the induction of coral larval settlement, how-
ever in algal phase-shifted reefs these species are often absent. Without natural drivers of larval settlement
direct restoration efforts are vital for reef recovery. In this study we evaluated the potential of extracted
metabolites from two species of CCA, Hydrolithon boergesenii and Porolithon solubile, to induce settle-
ment across four species of coral, Acropora palmata, Orbicella faveolata, Diploria labyrinthiformis, and
Colpophyllia natans in a series of experiments at the Caribbean Research and Management of Biodiversity
in Curaçao. We show that in the absence of both microbes and CCA organisms both tissue-bound and
exo-metabolites induce high levels of coral larval settlement. To evaluate the potential to extract and imbed
these exometabolites for restoration applications we extracted the daytime metabolites exuded into the wa-
ter using solid-phase extraction (SPE) columns. When redissolved into filtered seawater, the SPE-extracted
compounds recapitulated the percent settlement which was observed prior to extraction. Capturing the
metabolites responsible for inducing coral larval settlement 1) enables longer term storage on SPE columns,
2) removes possibly negative metabolites which can induce growth of opportunistic and pathogenic microbial
communities, and 3) allows for production of settlement tiles which release settlement inducing metabolites
and can be reintroduced to degraded reefs which have lost their ability to drive larval settlement.

PROMOTING PINTO ABALONE (HALIOTIS KAMTSCHATKANA) RECOVERY IN THE
SALISH SEA
† Diehl, E.J.*; Donovan D.A.

Biology Department, Western Washington University

Overharvesting of pinto abalone (Haliotis kamtschatkana) caused severe population declines leading to the
classification of endangered by the WDFW. Efforts to help pinto abalone recover by outplanting juveniles
at specific sites around the Salish Sea are ongoing. Survival of outplanted individuals is different at each
site, but it is not clear why. Differences in water quality parameters, such as temperature and pH, could



explain differences in survival. The goal of my thesis was to simulate in lab the outplanting of abalone in
fluctuating temperature and elevated CO2 conditions. I hypothesized that temperature fluctuations and high
dissolved CO2 (low pH) will negatively affect survival, growth, and shell and radula morphology. Fluctuating
temperatures yielded lower survival and greater growth compared to constant temperature. High CO2 yielded
comparable survival and smaller growth than low CO2. Traditional morphological analysis of the radula
found fluctuating temperatures yielded a more compact radula. Geometric morphological analysis found
that radula tooth orientation was not affected by either treatment. Overall, the presence of a single stressor
was detrimental to pinto abalone post-sets. However, the combination of stressors preformed similarly to the
absence of stressors. This indicates that fluctuating temperature can mitigate the negative effects of high
CO2. I recommend that pinto abalone be outplanted in areas with constant temperatures and low dissolved
CO2 (high pH).

LEVERAGING LONG-TERM BIOLOGICAL MONITORING TO INFORM ECOLOGICAL
IMPACTS OF SANDY BEACH RESTORATION
Glenn, M.R.1*; Schneider, J.H. 2; Lindquist, K.E. 2; Roletto, J. 3

1- Greater Farallones Association 2- Greater Farallones Association and NOAA Affiliate 3- Greater Farallones
and Cordell Bank National Marine Sanctuaries

Due to coastal development, human activity, and climate change, resource managers are faced with an
increasing need for coastal restoration. To understand the impact of restoration efforts, biological monitoring
is necessary to measure the effects on beach ecosystems. For almost 30 years, the Greater Farallones National
Marine Sanctuary and Greater Farallones Association have maintained community science programs designed
to inform the status and condition of Sanctuary resources. LiMPETS monitors intertidally for pacific mole
crab abundance and Beach Watch monitors wildlife, human activities and pollution. We leveraged these
datasets to investigate their use measuring restoration impacts. We selected mole crabs, which make up
80% of sandy beach biomass, as an invertebrate indicator, and shorebirds as the primary predator of these
ecosystems. An ongoing restoration site at Ocean Beach San Francisco was used as our case study to test
our ability to detect impacts at future restoration sites along the coast from San Mateo to Sonoma. Analysis
of these long-term data sets were used to compare species abundance before and after restoration. A priori
power analysis was performed to estimate the minimum sample size required to test a two-way ANOVA
hypothesis and achieve adequate statistical power. This analysis model is applicable not just to restoration
but to other disturbance events such as natural disasters and oil spills. Implications of using these long-
term data sets to indicate change in environmental function provide invaluable tools in adaptive resource
management.

THE GENETIC LEGACY OF THE DELIBERATE INTRODUCTION OF PACIFIC OYS-
TERS
Sotka, E.1*; Carnegie, Ryan 2; Carlton, Jim 2; Couceiro, Lucia 2; Crooks, Jeff 2; Endo, Hikaru 2; Heyford,
Hilary 2; Hori, Masakazu 2; Kamiya, Mits 2; Kanaya, Gen 2; Kochmann, Judith 2; Lee, Kun-Seop 2; Lees,
Lauren 2; Miller, Hannah 2; Nakaoka, Massa 2; Pante, Eric 2; Ruesink, Jennifer 2; Schwindt, Evangelina 2;
Strand, Åsa 2; Taylor, Richard 2; Terada, Ryuta 2; Thiel, Martin 2; Yorisue, Takefumi 2; Zacherl, Danielle
2; Strand, Allan 2

1- College of Charleston 2- affiliation not listed

Non-native species homogenize the Earth’s biodiversity and profoundly alter community processes and ecosys-
tem function. During the 20th century, the most important marine vector of introductions was the deliberate
worldwide introduction of the Pacific oyster Crassostrea (Magellana) gigas, which incidentally transported
dozens of non-native invertebrates, seaweeds, and disease-causing microbes from Asia. We used a population
genomic survey from 41 C. gigas populations across five continents to detect a high level of spatial genetic
differentiation within the native range. We found that the thermal environment of native sources were pre-
dictive of the environments of multiple introduced populations, as predicted by a hypothesis of within-species
ecological fitting. We also found that native sources predicted levels of heterozygosity available for future
adaptation in the introduced range. We are currently exploring how the genetic legacy of C. gigas predicts
the evolutionary history of multiple co-introduced invertebrates, seaweeds and haplosporidian parasites.



I KNOW WHAT YOU DID LAST SUMMER…OR DO I? VALIDATING STRONTIUM ISO-
TOPE BASED SALINITY HISTORIES.
Denney C.T.1*; Lewis, L.S. 1; Willmes, M. 2; Cavole, L. 1; Xieu, W. 1; Fichman, R.A. 1; Hobbs, J.A 3

1- UC Davis 2- UC Santa Cruz 3- CDFW

Tracking animal movements is a powerful tool for understanding behaviors, populations, and ecosystems.
However, some organisms are too small for traditional tracking methodologies. In such cases, we can use
natural “tags” consisting of environmental signals incorporated into hard parts. The strontium isotope
ratio is one such signal that is incorporated into the otolith (small bones in the ears of fishes) as they
grow. The Delta Smelt (Hypomesus transpacificus) is a critically endangered species endemic to the San
Francisco Estuary (SFE) towards which an increasing amount of effort has gone to understand its behavior,
populations, and ecology. Thanks to the existence of a gradient from fresh to salt water and a minimum
of fractionation during incorporation, several studies have used strontium isotopes to reconstruct salinity
history; however, this technique has not been validated for accuracy of salinity reconstruction. Here we
present data on the validation of this method to estimate environmental salinity as well as the timing of
changes between different salinities . We demonstrate that strontium isotope ratios, when combined with
otolith aging, can estimate salinity to within 1 practical salinity unit (PSU) in the range of 0 to 6 PSU and
can discern a transition from freshwater (0.5 PSU) to brackish water (3 PSU) to within approximately ten
days. This level of accuracy in both salinity and timing of changes suggests that this technique can be used
for tracking movments of wild fish that are unable to be tracked with other techniques.

THE EFFECTS OF PERIODIC FISHERY CLOSURES ON CORAL AND MACROALGAL
DOMINANCE
Rassweiler, A.*; Wall, L.

Florida State University

Fishing can remove herbivores from coral reefs, resulting in increases in macroalgae and loss of coral. These
shifts can be self-reinforcing, persisting even after fishing effort is reduced. Marine Protected Areas (MPAs)
are commonly used to prevent these negative effects. While MPAs protect fixed locations, periodic closures,
in which fishing is sequentially permitted and prohibited, are a common alternative. Previous research
has explored how periodic closures affect fisheries outcomes, but has not evaluated their effects on benthic
ecosystems. Here, we explore the effects of periodic closures in systems with alternative stable states. We
found that short-period closures had little effect on the benthic community. However, longer-period closures
can have significant effects on coral and macroalgae. Periodic closures may trigger coral loss in systems
initially dominated by coral, particularly if closures are large and thus concentrate more fishing effort into
the remaining open areas. By contrast, periodic closures can lead to coral recovery in systems that have
already shifted to macroalgae, with more extensive closures typically resulting in better coral recovery. While
periodic closures and MPAs perform similarly in some contexts, we find that periodic closures can outperform
marine protected areas in systems that are initially dominated by macroalgae but are within the parameter
range at which coral could also persist. These results provide important guidance to managers considering
periodic closures and emphasize their potential utility and pitfalls.

Session 7: Physiological Ecology I
* indicates presenting author, † indicates eligibility for Best Student Paper Award

THE PHOTOSYNTHETIC CARBON-USE STRATEGIES OF EUALARIA FISTULOSA
SUGGESTS A NORTHWARD MIGRATION INTO ARCTIC WATERS
Edwards, M.S.1*; Kim, J.H. 2; Li, H. 2; Kang, E.J. 2; Ahang, Z. 3

1- San Diego State University 2- Kunsan National University 3- Chinese Academy of Sciences

We studied Eualaria fistulosa’s photosynthetic performance related to inorganic carbon conditions at three
depths across eight islands in the Aleutian Archipelago. Our results show that portions of Eualaria thalli
occurring near the benthos exhibit a high affinity for CO2 compared to HCO3-, suggesting the bottom thalli
might be acclimated to low light and high CO2 environments. Meanwhile, photosynthesis of the canopy



thalli is not saturated under the current inorganic carbon concentrations, suggesting that photosynthesis
will increase as ocean acidification intensifies. We confirm that seawater warming and ocean acidification
create beneficial conditions for Eualaria, which may support more dense kelp vegetation in higher latitudes
and reduce the overall loss of this forest-forming kelp within the sub-Arctic coastal ecosystem. Thus, climate
change may lead to northward migration of this iconic forest-forming species.

EXPOSURE TO MARINE HEATWAVES DURING STRONGYLOCENTROTUS PURPU-
RATUS GAMETOGENESIS IMPACTS LIFE HISTORY TRAITS AND PERFORMANCE
McDonald, A.M.*; Chamorro, J.D.; Hofmann, G.E.

UCSB

Kelp forests of the Santa Barbara Channel have experienced prolonged marine heatwaves (MHWs) that
overlap in time with the phenology of life history events (e.g., gametogenesis and spawning) of marine
invertebrates. To study the effect of thermal stress from MHWs during gametogenesis in the purple sea urchin
(Strongylocentrotus purpuratus), adult urchins were acclimated to two conditions in the laboratory – a MHW
(18°C) and a non-MHW (13°C) temperature at a time when gametogenesis would occur in situ. Following a
four-month long acclimation period (September – December), adults were spawned and offspring from each
parental treatment were reared at MHW and non-MHW temperatures, creating a total of four temperature
treatment families. Following spawning, we measured egg size and egg biochemical composition. In addition,
evidence of transgenerational effects were assessed by measuring embryo size, and thermal tolerance of the
progeny. The results indicated that MHW temperatures did affect life history traits. MHW-acclimated
females had eggs with higher protein concentrations. Additionally, maternal thermal history influenced
embryo body size at multiple stages of development while offspring rearing temperatures influenced body
size only at the prism stage. Lastly, embryos from MHW-acclimated females were more thermally tolerant
with higher LT50 values as compared to progeny from non-MHW-acclimated females. Overall, results showed
that the thermal history of female S. purpuratus and developmental temperature influenced offspring traits
and performance.

THE EFFECT OF FLUCTUATING TEMPERATURE AND DIET ON THE CARDIAC
THERMAL PERFORMANCE OF CALIFORNIA KILLIFISH (FUNDULUS PARVIPINNIS)
† Heard, M.P.1*; Hardison, E.H. 1; Schwieterman, G.D. 2; Eliason, E..J. 1

1- University of California, Santa Barbara 2- University of Maine

Salt marshes are dynamic systems that are characterized by rapid and intense fluctuations in temperature.
Because of this, the ectotherms residing in these environments must possess the ability to tolerate thermally
variable environments. Mounting these plastic thermal responses requires energy and nutrients, which are
acquired through diet. As the nutritional landscape shifts and temperatures continue to change, it is critical
we examine the modulating effect of diet on the capacity of ectotherms to respond to thermal variability.
Using the California killifish, we tested the influence of fluctuating temperatures and diet quality through two
specific hypotheses: (1) static acclimation temperature will yield a narrower thermal breadth when compared
to fluctuating acclimation temperatures and (2) mixed diets will yield higher cardiac thermal tolerance
compared to a single-item diet. Killifish were acclimated for 3 weeks at one of five ecologically relevant
temperature regimes (10, 10-20, 20, 20-30, 30°C) while providing either a single-item diet or a mixed-item diet.
Cardiac thermal tolerance was measured using an Arrhenius Breakpoint Temperature test. Both maximum
heart rate and cardiac upper thermal limits increased with increasing acclimation temperature. Diet quality
had a stronger influence on cardiac thermal performance at colder fluctuating temperatures compared to
warmer fluctuating temperatures. This work suggests that both diet and fluctuating temperatures influence
species’ thermal limits and thus their vulnerability to climate change.

DEVELOPMENT OF APNEAUSTIC BREATHING IN WEDDELL SEAL PUPS
† Fiskum, E.M.1*; Pearson, L.E. 1; Weitzner, E.L. 1; Petch, S. 2; Rotella, J. 2; Schroth-Glanz, M 1; Glanz,
H. 1; Liwanag, H.E.M. 1

1- California Polytechnic State University 2- Montana State University

The ability to perform prolonged apnea (breath hold) is a key adaptation in diving mammals. Pinnipeds



(seals, sea lions, walruses) are known to practice apnea on land as well as during the dive response, and
the ability to extend breath hold duration tends to increase with ontogeny. In this study, we examined the
development of apneustic breathing in the Weddell seal (Leptonychotes weddellii), a deep-diving species,
throughout the dependence period. We hypothesized that both age and early experience in the water would
influence the development of apneustic breathing. To test this, we characterized the respiratory patterns of
known-age Weddell seal pups (n=41) using video footage of pups resting on ice, every 1-2 weeks from 1 week
through 7 weeks of age. We quantified eupneic (i.e., normal) respiration rate (breaths/min), presence/absence
of apneustic breathing, and apneustic interval (length of breath hold) for each recording. We found that
most animals did not perform apnea until after their first entry into the water, and apneustic interval was
significantly positively correlated with age (F1,18 = 16.91, R2 = 0.4558, p < 0.001). However, we did not find
any significant correlation between apneustic interval and dive depth or duration, suggesting development
of apnea was associated with time in the water rather than diving experience. These results are consistent
with early developmental patterns in other pinnipeds, but this is the first study to correlate the development
of apnea with early behavioral experience in the water.

ASSESSMENT OF THE GROSS AND NET ENERGETIC VALUES OF EARLY LARVAL
FEEDING IN THE PACIFIC SAND DOLLAR, DENDRASTER EXCENTRICUS
† Vitagliano, J.*; Syverud, A.; Pace, D.A.

California State University Long Beach

While feeding for planktotrophic larvae is a necessity, the energetic consequences of developing the structures
and biochemical pathways to support it significantly alter the physiological state of larvae. In this study, we
quantify changes in physiological state during embryonic and larval development of the Pacific sand dollar,
Dendraster excentricus, in order to determine when they respond to the presence of food. We ran a split-plot
design where embryos were grown with or without algae. Once the feeding developmental stage was achieved,
each embryo treatment was further divided into larval treatments with or without algae. Rates of amino
acid transport, protein synthesis, and protein biomass were measured at blastula and gastrula non-feeding
stages, and during the larval feeding stage. Analysis of resulting larvae indicate that algae exposure only
increases protein biomass once attainment of feeding competency is achieved (p<0.01). This increase in
protein biomass is supported by increased rates of protein synthesis in larvae exposed to algae during feeding
stages (p<0.01). However, these increase rates of protein synthesis come at a cost. Larval treatments exposed
to algae were observed to have 30-fold increases in energy utilization associated with their increases in protein
synthesis. We will further discuss these results as they compare to costs and benefits associated with algal
feeding. Disentangling the gross and net benefits associated with feeding is critical for a comprehensive
ecophysiological understanding of planktotrophic larval development.

EFFECTS OF CONTEMPORARY HIGH CO2 ON THE THERMAL PERFORMANCE OF
THE KEY NEARSHORE CONSUMER STRONGYLOCENTROTUS PURPURATUS
† Spindel,N.B1*; Munstermann,M. 2; Karelitz,S. 2; Galloway,A.W.E. 2; Schram,J.B. 2; Lee,L.C. 2; Pon-
tier,O. 2; Collicutt,B. 2; Rolheiser,K. 2; Gimenez,I. 2; Cronmiller,E. 2; Foss,M. 2; Mahara,N. 2; Evans,W. 2;
Swezey,D.S. 2; Rogers-Bennett,L. 2; Okamoto,D.K. 2

1- Florida State University 2- affiliation not listed

Understanding combined influences of temperature and pCO2 on the rate and efficiencies of consumption
in key consumers is essential for scaling up predictions from individual responses to emergent ecosystem
dynamics. Despite generally limited top-down control of S. purpuratus throughout its range, impacts of
S. purpuratus on macroalgal abundance vary regionally in both magnitude and direction, highlighting the
importance of local drivers and environmental effects. Regional extreme and rapid warming events such as
marine heatwaves (MHW) have punctuated gradual climate driven ocean warming (OW) in recent decades
with devastating consequences for commercial fisheries and biomass production. Moreover, contemporary
upwelling events commonly expose nearshore temperate reefs to elevated pCO2, while projections indicate
both increased upwelling and gradual global ocean increase in pCO2 with deleterious effects on calcifying
organisms. We quantified nonlinear body size specific thermal performance of benthic stage S. purpuratus
across a gradient of static temperature treatments at both ambient and elevated pCO2 as well as two
MHW treatments representing ENSOs observed in Southern California. We demonstrate that exposure to



MHWs reduced both gonadal and skeletal growth more than exposure to static temperatures with equivalent
means. Moreover, OW combined with elevated pCO2 increased rates of consumption with lower gonadal
food conversion efficiency more than OW alone. Our results have important implications for the balance
between herbivory and production in nearshore ecosystems.
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THE NATIVE OLYMPIA OYSTER COLLABORATIVE: A COMMUNITY OF PRACTICE
FROM BAJA CALIFORNIA TO BRITISH COLUMBIA
Wasson, K.1*; Ridlon, A 1; Grosholz, E.D. 2; Peabody, B 3; Ruesink, J 4; Zabin, C. 5; Zacherl, D.C. 6

1- Elkhorn Slough National Estuarine Research Reserve 2- UC Davis 3- Puget Sound Restoration Fund 4-
University of Washington 5- Smithsonian Environmental Research Center 6- CSU Fullerton

The Native Olympia Oyster Collaborative (NOOC) is a network of oyster scientists, practitioners, Tribal
representatives, educators and aquaculturists who learn from each other and share scientific, management
and educational resources. Our vision is: Resilient native oyster populations in a network of bays and
estuaries from British Columbia to Baja California, valued by people and forming an integral part of healthy
coastal ecosystems . Over the past years, NOOC has brought together oyster stakeholders to strengthen
and connect many local efforts to conserve and restore Olympia oysters. We created a NOOC website
that provides resources for science, education and management. We also maintain a Zotero database with
Olympia oyster references. We compiled information on all past restoration projects of this species in an
ArcGIS Story Map. We developed a decision-support tool to evaluate the risks and rewards of conservation
aquaculture for this species in estuaries along the coast. We synthesized all known records of oysters from
Baja California to British Columbia in an interactive web-based portal. These collaborative efforts, building
on local knowledge and expertise, complement place-based conservation for Olympia oysters and allow for
range-wide strategic planning. NOOC accomplishments were made possible due to contributions from many
diverse oyster stakeholders along the coast. This community of practice can serve as a model for other
interdisciplinary networks bringing together stakeholders in coastal science and conservation.

ABUNDANCE OF NATIVE VS INVASIVE OYSTERS IN THE NORTHERN PACIFIC
COAST OF BAJA CALIFORNIA
† Ferreira-Sarracino, A.1*; Lorda J. 2; Abadía-Cardoso, A. 1; Tripp-Valdéz, M 3; Ridlon, A. 4; Wasson, K. 5

1- Universidad Autónoma de Baja California 2- Universidad Autónoma de Baja California, Tijuana River
National Estuarine Research Reserve 3- Centro de Investigaciones Biológicas del Noroeste 4- National Center
for Ecological Analysis & Synthesis, University of California Santa Barbara 5- Elkhorn Slough National
Estuarine Research Reserve, University of California Santa Cruz

The Pacific oyster, Crassostrea gigas, is the most cultured bivalve species worldwide, consequently, invasive
populations have managed to spread throughout different coastal ecosystems. The aquaculture production
of C gigas in the Baja California peninsula has increased six fold in the last four decades. In consequence,
the Northeastern Pacific coast has experienced an increase in the invasive oyster, however, the impact caused
to the native species is unknown. Moreover, the morphological identification of native oysters is not trivial,
and molecular methods are required. Therefore, our goals were 1) to evaluate the abundance of both the
invasive C. gigas and the native oysters; and 2) determine the distribution of the native oysters along the Baja
California Peninsula. Our results from the morphological analysis indicate that some estuaries, especially
those situated in Baja California Sur, show greater presence of the Pacific oyster over its native counterparts,
whereas in the northern estuaries, the native populations are denser. Furthermore, partial results from the
molecular method show that about 40% of the sampled oysters are C. gigas, nevertheless, a broad range of
species are distributed along the peninsula, including Crassostrea gigas, Saccostrea palmula, Ostrea lurida
and Ostrea conchaphila. This study will help us understand better the distribution of oysters in the region
and it will prove crucial to determine the effects of invasive oysters over the native populations and estuarine
communities.



PHYSIOLOGICAL RESPONSES OF OLYMPIA OYSTERS ASSOCIATED WITH EEL-
GRASS AND FLUCTUATING ENVIRONMENTAL CONDITIONS
† Strope, L. T.1*; Zacherl, D. C. 2; Whitcraft, C. R. 3; Carlin, J. A. 2; Arre, B. C. 4; Miller, L. P. 1

1- SDSU 2- CSU Fullerton 3- CSU Long Beach 4- Orange County Coastkeeper

Seagrass meadows and oyster beds are in decline due to the effects of anthropogenic climate change and
human impacts on coastal habitats. Restoration of the native eelgrass (Zostera marina) and the native
Olympia oyster (Ostrea lurida) was conducted in Newport Bay, California. This paired restoration not only
aimed to restore both historically abundant species to functional population sizes, but also intended to return
valuable ecosystem services to Newport Bay. However, excess sedimentation by Z. marina can smother oysters
and prevent filter feeding, counteracting efforts to restore O. lurida. We studied the performance of O. lurida
in three potential substrate types, Z. marina beds, O. lurida beds, and mudflats, and monitored multiple
abiotic factors, including temperature, salinity, oxygen level, tidal elevation, and wave intensity/frequency.
Oyster performance was evaluated through variations in valve gaping and heart rate measurements. Under
stressful conditions bivalves close their shell valves to wait for favorable conditions, but in doing so, can
no longer filter feed or aerobically respire. Sometimes, stressors don’t result in closure of the shell, but can
impact heart rates, with greater variations in heart rate relating to higher stress. The loss of feeding time and
need to divert energy to maintenance can potentially impact growth and reproduction. The fancy-schmancy
sensors used to measure oyster physiology allow for affordable, non-invasive, and continuous physiological
measurements over long periods of time.

PHYSIOLOGY AND ENERGETICS OF OSTREA LURIDA DURING BROODING
Scott, D.1*; Frontella, N. 2; Harris, J. 3; Kahn, A.S. 3; Gardner, L. 4; Wasson, K. 5

1- University of Arkansas 2- California State University at Monterey Bay 3- Moss Landing Marine Labo-
ratories, San Jose State University 4- California Sea Grant, UCSD; Moss Landing Marine Labs, SJSU 5-
Elkhorn Slough National Estuarine Research Reserve

Ostrea lurida, the Olympia oyster, is the only oyster native to the US West Coast. Unfortunately, these
oysters are at risk of extirpation in several estuaries. Years of reproductive failures have led to steep declines
in populations in Elkhorn Slough in central California. This population is currently the focus of a restoration
effort that raises oysters in captivity to boost future reproductive output. Although reproductive issues are
the crux of this problem, it is unknown which part of the reproductive cycle poses a bottleneck. We studied
a particularly vulnerable reproductive stage: the brooding period. Ostrea oysters brood their young, which
confers benefits for larvae. We hypothesized that brooding may disrupt the mothers’ energetic balance
and physiological processes because it occurs in the gill cavity. We set out to assess the effect of brooding
on metabolism and feeding. Using six oysters over several reproductive cycles, we compared filtration
and respiration rates between brooding and pre-brooding oysters. We measured filtration using clearance
rates (volume of water cleared of particles per hour) and excretion rates. Preliminary results suggest that
brooding oysters have lower filtration rates than pre-brooding oysters. Respiration was measured using
closed-chamber respirometry, but no clear pattern was observed. Studying the physiological changes in
oysters during brooding allows scientists to develop better methods for caring for brooding oysters in an
aquaculture setting and to identify optimal outplanting sites for restoration projects.

FUCUS DISTICHUS FACILITATES OLYMPIA OYSTER SURVIVAL IN THE INTER-
TIDAL ZONE
Zabin, C.J.1*; Nielsen, K.J. 2; Knapp, C. 1; Hartnett, R. 3; Wood, A. 1; Blumenthal, J.G. 1; Grosholz, E.D.
4

1- Smithsonian Environmental Research Center 2- Oregon Sea Grant 3- San Francisco State University 4-
University of California, Davis

Restoration of target species may be more successful when key ecological processes can be incorporated into
project design. For intertidal communities, canopy-producing seaweeds are often considered to be foundation
species. Algal canopy can ameliorate heat stress during daytime low tides, increasing the survival of under-
canopy species. With climate change, the provision of cooler microhabitats will likely become increasingly
important in the design of intertidal oyster restoration projects. We were interested in determining whether



the common rockweed, Fucus distichus, could increase the survival of Olympia oysters (Ostrea lurida), with
potential application to oyster-restoration efforts. In a series of field experiments, we assessed the impact of
Fucus canopy on juvenile oyster survival and whether effects varied with tidal elevation. We also measured
the effects of Fucus canopy on temperature and humidity on intertidal surfaces. In experimental plots where
juvenile oysters were outplanted, survival was higher under Fucus compared to controls without Fucus and
these effects were greater in the high intertidal. At a restoration project where Fucus was transplanted
and oysters naturally recruited, higher numbers of oysters were present under Fucus compared to controls.
Loggers deployed at two sites indicated lower temperatures and higher humidity under Fucus compared to
controls. Taken together, these data suggest oyster restoration projects could benefit from the inclusion of
canopy-forming seaweeds.

SEEKING REFUGE: INFORMING RESILIENT RESTORATION OF OLYMPIA OYSTERS
IN SAN FRANCISCO BAY
† Margulies, A. R.1*; Chang, A. I. 2; Deck, A. K. 3; Ferner, M. C. 3

1- EOS Center, San Francisco State University; SERC; SF Bay NERR 2- EOS Center, San Francisco State
University; SERC 3- EOS Center, San Francisco State University; SF Bay NERR

Following extreme rainfall, Olympia oysters (Ostrea lurida) have experienced near 100% mass mortality due
to sustained low salinity at some sites in San Francisco Bay. Extreme climatic events such as drought, floods,
and heat waves are increasing in frequency and severity due to climate change, making Olympia oysters and
other estuarine invertebrate communities increasingly susceptible to significant mortality and inconsistent
recruitment. To determine where, when, and how extreme climatic events affect Olympia oysters in San
Francisco Bay, we monitored adult density (8 sites) and juvenile recruitment (5 sites) since approximately
2010. We found that while average oyster density and recruitment generally increase with location upstream
in the estuary (farther from the ocean), these upstream populations are characterized by enormous booms
and busts. Across the study period, the farthest upstream site experienced ~400% more temperature records
above 30C than the second-highest site. This same region was exposed to salinity below 10psu for over 375%
and 850% more time than the central and downstream regions, respectively. Climate change is likely to
exacerbate these conditions, particularly affecting oysters at more vulnerable upstream sites. We found that
sites in the central region maintained the most stable population density. Our findings support a multi-site
restoration approach that includes upstream sites for their ability to support high densities during dry years,
and central sites for refuge from extreme conditions to support climate change resiliency.

Session 9: Special Session: Pycnopodia conservation and ecology II
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THE ENDANGERED SUNFLOWER STAR PYCNOPODIA HELIANTHOIDES ALTERS
SEA URCHIN GRAZING BEHAVIOR THROUGH TRAIT-MEDIATED INTERACTIONS
† Whippo, R1*; Gravem, S 2; Galloway, AWE 1

1- University of Oregon 2- Oregon State University

Predator-prey interactions shape ecosystem processes, and have far reaching consequences for community
stability and resilience. These interactions may manifest as direct consumptive density-mediated interaction
(DMI), or behavior changes by prey known as trait-mediated interactions (TMI). The physiological state
of the prey may modulate these interactions depending on the risks prey will take in the presence of a
predator. The population collapse of the generalist mesopredator Pycnopodia helianthoides due to sea star
wasting disease has been implicated as a major contributing factor to the proliferation of the grazing purple
urchin Strongylocentrotus purpuratus and recent kelp forest declines on the North American West Coast.
However, the mechanism by which these trophic interactions propagate through the ecosystem (DMI, TMI),
or the relative contribution of each effect are largely unknown. Here, we tested the indirect effects (TMI)
of Pycnopodia on S. purpuratus’ grazing rates and feeding behavior, as well as the effects of the urchins’
physiological state on those interactions. We found that the presence of Pycnopodia inhibited urchin grazing
rates resulting in a 60% decrease in kelp consumption. Additionally, we found that starved urchins spent
66% more time interacting with kelp in the presence of Pycnopodia than well-fed urchins. These results



highlight the indirect pathways of urchin grazer control exerted by predatory sunflower stars, and potential
implications for kelp forest ecosystems.

POPULATION GENOMICS OF THE SUNFLOWER SEA STAR FOR CONSERVATION
PLANNING
Schiebelhut, L.M.*; Dawson, M.N

University of California, Merced

The increased frequency of marine heat waves and mass mortality events threaten population stability of eco-
logically important marine species and can limit the natural capacity of populations to respond to ratcheting
stressors. Starting in 2013, the sunflower sea star (Pycnopodia helianthoides) experienced 88–100% mortality
from all but the northernmost portion of its range due to sea star wasting (SSW) disease and elevated water
temperatures. Once abundant and widespread from Baja California Mexico to Alaska USA, the recent sharp
decline led to the species being listed at Critically Endangered by the IUCN in early 2021. These dramatic
declines and their community consequences have spurred the need for quick concerted actions to conserve
the species and collect the information necessary to inform potential conservation interventions. With Re-
vive & Restore, we are working to discover genomic variants associated with vulnerability to wasting and
describe the distribution of genetic variation in the species. Using whole genome resequencing (WGS) data
we describe the contemporary population genetic structure, compare historical samples from the southern
distribution of the species to surviving northern populations, and compare wasting to non-wasting individu-
als using both WGS and differential gene expression analyses. We aim to describe the genomic seascape for
this ecologically important sea star to help inform conservation actions.

SOME LIKE IT HOT: NEAR-FUTURE CLIMATE CHANGE RESILIENCE IN LARVAL
AND JUVENILE SUNFLOWER STARS
Kalytiak-Davis, A.R.1*; Hodin, J. 2; Anteau, F.P. 3; Brito, M. 4; Curliss, F. 1

1- Friday Harbor Labs 2- Friday Harbor Labs, Friday Harbor, WA, USA 3- Friday Harbor Labs and Wagenin-
gen University & Research, Wageningen, Netherlands 4- Friday Harbor Labs and Noyo Center for Marine
Science, Fort Bragg, CA, USA

Almost a decade ago, an unprecedented seastar wasting (SSW) event spread throughout the northeast Pacific,
involving dozens of species of sea stars along thousands of kilometers of coastline. The worst impacted species
was the sunflower star, Pycnopodia helianthoides, now listed as critically endangered on the International
Union for the Conservation of Nature’s ‘red list’. In 2019 we established the first ever captive breeding
program for this top predatory star, and have since had several rounds of successful reproduction and
juvenile growth in captivity. We aim not only to learn basic information about the ecology and physiology of
the various sunflower star life stages, but also to help facilitate their recovery in areas where they have all but
disappeared. Still, if sunflower stars are going to be recovering in the wild, they will be doing so in a warming
ocean. Will they be robust in the face of climate change? We report on a series of experiments designed to
examine performance of larvae and juveniles raised over a range of temperatures, including those predicted in
near-future warming scenarios. Our results overall indicate that sunflower star larvae and juveniles are quite
robust to warmer temperatures, and their optimum growth temperatures are significantly higher even than
summertime environmental temperatures in our region (the Salish Sea). Together, our findings indicate that
sunflower stars are well adapted to predicted near-future ocean temperatures. We will also briefly describe
other recent findings by our group and touch on our future plans.

GROWTH AND HABITS OF THE SUNFLOWER SEA STAR PYCNOPODIA HE-
LIANTHOIDES DURING EARLY LIFE STAGES
Gravem, S.A.1*; Collins, K. 2; Traiger, S. 3; Gavenus. K. 4; Francis, F. 5

1- Oregon State University 2- community scientist 3- US Geological Survey 4- Center for Alaskan Coastal
Studies 5- Dept of Fisheries and Oceans Canada

The sunflower sea star Pycnopodia helianthoides has undergone a range-wide decline due to sea star wasting
disease (SSWD) and is now considered critically endangered. As we explore management options, we require
fundamental information about its growth and other habits at early life stages to determine its prospects



for recovery or its vulnerability to extinction. But surprisingly little is known about this species, which
is precluding these recovery efforts. We have been tracking young sea stars ~monthly since March 2020
in the understudied soft-sediment ecosystem at one of the southern-most healthy populations on Whidbey
Island, WA . We surveyed 387 animals and captured 2 distinct cohorts of recruits. Young animals grew more
rapidly than expected and reached around 20cm diameter within 3 years of the estimated settlement date.
Further, preliminary data suggest that young animals settle and forage in shallow eelgrass habitats (<20 ft),
then they move downslope as they grow to forage in soft-sediment sugar kelp beds (15-30 ft) and eventually
deeper sandy slopes (25-45 ft) . These key demographic measures and life history information will help us
build population models that are crucial as we consider the best practices for managing the recovery of this
critically endangered species. This is important because new research in our group is showing that healthy
sunflower sea star populations are capable of top-down control of herbivorous sea urchins. So their recovery
may confer substantial benefits to the health of our coastal kelp forest ecosystems.

Session 10: Community Ecology II
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BIOGEOGRAPHY AND INVASION POTENTIAL OF FIVE INVASIVE SEAWEEDS UN-
DER PROJECTED OCEAN WARMING
† O’Brien,B.S.1*; Neefus,C.D. 1; Dijkstra,J.A. 2

1- University of New Hampshire, Department of Biological Sciences 2- University of New Hampshire, Center
for Coastal and Ocean Mapping

Introduced seaweeds can have severe negative impacts on their introduced ecosystems, often through the
alteration of physical habitat space. One question surrounding every invasive species is whether or not it
has reached its geographic limit, or if it will continue to spread. Here we investigate the invasion potential
of five widely introduced seaweeds: Caulerpa taxifolia, Codium fragile subsp. fragile, Dasysiphonia japonica,
Sargassum muticum, and Undaria pinnatifida.Species distribution models were used to predict the potential
geographic distribution of each species under present-day and future climate scenarios. The most important
driving environmental variables for each species were determined. Under current conditions, minimum sea
surface temperature had the highest percent contribution in the models of all species. All five species were
found to have significant potential to invade new territory. Under future conditions, evidence of poleward
shifts were apparent in all five species. However, the balance of tropical contraction and poleward expansion
was not always equal. Caulerpa was projected to experience a net loss in potential suitable habitat as
contractions outweigh expansion. Sargassum and Undaria were projected to experience a net gain in territory,
while Dasysiphonia and Codium showed zero net change. These results show that there will be species-specific
responses to ocean warming, making it difficult to make broad statements about future threats by invasive
species.

DECADAL-SCALE VARIATION IN CORAL CALCIFICATION ON CORAL-DEPLETED
CARIBBEAN REEFS
Edmunds, PJ1*; Perry, CT 2

1- CSUN 2- University of Exeter

Most Caribbean coral reefs are no longer dominated by stony corals. The community dynamics culminating
in this situation are well known, but its functional implications remain incompletely understood. We use
surveys from 1992–2019 to describe coral communities at 6 sites off St. John, US Virgin Islands, and explore
how their ecological dynamics interact with their capacity to sustain coral calcification. Ecologically, these
communities changed through small and incremental events that summed to declines in coral cover and
changes in species assemblages favoring weedy species. Coral G remained low (0.3-1.3 kg CaCO3 m-2 yr-1),
but it differed among sites and years, largely through spatio-temporal variation in the relative contribution
of coral species. The dominant contributors to G were Siderastrea siderea, Porites astreoides, and Orbicella
spp., but higher G only occurred where Orbicella spp. remained common; G declined when the abundance of
this genus collapsed. These results suggest that coral-depleted reefs can maintain low G sufficient to sustain
their existing reef framework, at least if biological and physical losses of CaCO3 remain small. Maintaining



even low G is dependent, however, on the persistence of diminutive populations of key reef-building taxa
like Orbicella spp. Accelerating mortality of these species through disturbances like Stony Coral Tissue
Loss Disease (SCTLD) is likely to threaten the capacity of coral-depleted reefs to maintain even minimal
reef-building capacity.

EFFECTS OF INVASIVE ASIAN MUSSELS AND EELGRASS DISTURBANCE ON NA-
TIVE BIVALVE COMMUNITIES
† Griffin, J.E.1*; Hovel, K.A. 2

1- University of California, Davis and San Diego State University 2- San Diego State University

Coastal habitats are increasingly being degraded by multiple human-induced stressors, such as invasive
species, habitat destruction, climate change and pollution. Due to the urbanization of southern California,
its eelgrass beds (Zostera marina), which provide vital ecosystem services, are widely affected by invasive
species and habitat disturbance. Invasive Asian mussels (Arcuatula senhousia) have been established in
southern California eelgrass beds for decades. Both Asian mussels and eelgrass are ecosystem engineers,
and thus Asian mussels may facilitate some species which live among its mussel matrix, while competing
with others, such as other bivalves. While previous studies have investigated how Asian mussels affect
infaunal communities, they have not addressed its potential interactive effects when combined with eelgrass
disturbance. To address this knowledge gap, we conducted field experiments in Mission Bay, San Diego, CA
in which we manipulated Asian mussel presence and eelgrass habitat disturbance to understand their effects
on native bivalve species. We found that while disturbance had little effect on communities, high Asian
mussel abundance reduced bivalve abundance, particularly of the most common native clam, Macoma sp.
An interactive effect of mussels and disturbance on native bivalves was not evident. Our results indicate
that Asian mussels may be negatively impacting native bivalve species, which are an important component
of eelgrass communities.

SOUTHEAST ALASKAN KELP FORESTS: INFERENCES OF PROCESS FROM LARGE-
SCALE PATTERNS OF VARIATION IN SPACE AND TIME
Kroeker, K.J.*; Gorra, T.R.; Garcia, S.C.R.; Langhans, M.R.; Hoshijima, U.; Estes, J.A.; Raimondi, P.T.;
Tinker, M.T.; Kenner, M.C.

UC Santa Cruz

Humans were considered external drivers in much foundational ecological research. A recognition that
humans are embedded in the complex interaction networks we study can provide new insight into our
ecological paradigms. Here, we use time-series data spanning three decades to explore the effects of human
harvesting on otter–urchin–kelp trophic cascades in southeast Alaska. These effects were inferred from
variation in sea urchin and kelp abundance following the post fur trade repatriation of otters and a subsequent
localized reduction of otters by human harvest in one location. In an example of a classic trophic cascade,
otter repatriation was followed by a 99% reduction in urchin biomass density and a greater than 99% increase
in kelp density region wide. Recent spatially concentrated harvesting of otters was associated with a localized
70% decline in otter abundance in one location, with urchins increasing and kelps declining in accordance with
the spatial pattern of otter occupancy within that region. While the otter–urchin–kelp trophic cascade has
been associated with alternative community states at the regional scale, this research highlights how small-
scale variability in otter occupancy, ostensibly due to spatial variability in harvesting or the risk landscape
for otters, can result in within-region patchiness in these community states.

SHIFTS IN NEARSHORE FISH ASSEMBLAGES WITH THE REINTRODUCTION OF
SEA OTTERS
† Domke, L.K.1*; Cates, R.J. 1; Whitney, J.M. 2; Waldschmidt, A. 2; Beaver, E.C. 3; Noel, B. 2; Eckert, G.L.
1

1- University of Alaska Fairbanks 2- University of Alaska Southeast 3- Whitman College

The reintroduction of sea otters in Southeast Alaska provides the opportunity to explore the role of apex
predators in affecting nearshore marine community structure. Nearshore marine regions are important
because they are productive, diverse ecosystems that provide critical refuge, migratory, and residential



habitat for a variety of species. We examined fish species composition and abundance using beach seines in
areas with and without sea otters. We employed a before-after-control-impact framework to quantify shifts
in nearshore fish communities and to distinguish which changes may be associated with recolonization of sea
otters, while accounting for changes over time. Fish community composition from sites sampled before, after,
and in control, and impacted locations did not differ, meaning that fish assemblages were similar across time
and with sea recolonization. On the other hand, we found that species richness increased over time after sea
otters colonized and did not differ over time in areas where they had not colonized. Further work is needed
to identify potential mechanisms to explain these results. Potentially sea otters, through indirect impacts,
allow for more niches or reduce interspecific competition, thereby increasing species richness. This work
reinforces the role of apex predators, along with various environmental, interannual, and species-specific
forces, as important to structuring nearshore marine fish assemblages.

A TALE OF TWO ROCKWEEDS: THEIR MODES AND CAPACITIES OF RESILIENCE
Dudgeon, S.R.1*; Petraitis, P.S. 2

1- California State University, Northridge 2- University of Pennsylvania

Resilience is key to the integrity of ecological systems in a changing climate. Here, data from long-term
experimental time series are used to examine resilience of fucoid macroalgae in the Gulf of Maine and its
role in the formation of alternative states. Sheltered bays are dominated by Ascophyllum nodosum while
Fucus vesiculosus occurs sporadically in large patches. Experimental clearings that mimic ice scour were
established in stands of A. nodosum in the winter of 1996-97 and half of them were cleared again during
winter 2010-11. Short-term experiments examined how hydrodynamic exposure, clearing size, consumers and
inhibition affected recruitment and successional trajectories. A. nodosum was resilient and recovered in small
clearings within 15-18 years, but resilience lessened with increasing clearing size, leaving nearly half of large
clearings as F. vesiculosus after 25 years. F. vesiculosus, if it recruited early, was resilient against invasion
by A. nodosum and dominated clearings within three years. When A. nodosum established a foothold prior
to dominance by F. vesiculosus, F. vesiculosus was a long transient state. Water motion, lack of consumers
and large clearings favor rapid domination by F. vesiculosus, which inhibits establishment of A. nodosum.
Longevity and large biomass per unit area are key to A. nodosum inhibiting Fucus. Trade-offs in resilience
are hypothesized to not only account for their patterns of abundance, but also leads to them being alternative
states.

Session 11: Special Session: Kelp Restoration and Management Research in
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KELP RESTORATION AND MANAGEMENT IN CALIFORNIA
Elsmore, K.E.1*; Esgro, M.W. 2

1- California Department of Fish and Wildlife 2- California Ocean Protection Council

Kelp forests are critically important ecosystems in California, providing a broad suite of services, including
support of commercial and recreational fisheries, and holding cultural significance to California’s Native
American tribes and coastal communities. In recent years, California has experienced climate-driven kelp
declines along its coastline, with some places exhibiting severe and persistent loss that has led to significant
negative impacts to biodiversity and coastal communities. Given the severe ecological and economic con-
sequences of kelp forest loss statewide, as well as the urgency and severity of the global climate crisis, an
improved understanding of the status of kelp forest ecosystems, kelp harvest, and the suite of kelp restoration
techniques that could be applied as management tools is essential to promoting kelp forest ecosystem re-
silience. The state has responded to this need by taking a “learn-by-doing” approach to advance the growing
field of kelp protection and restoration. Importantly, the California Department of Fish and Wildlife, in
close collaboration and with support from the California Ocean Protection Council and other partners, is
developing a statewide, ecosystem based, climate-ready Kelp Restoration and Management Plan (KRMP)
for giant kelp, Macrocystis pyrifera, and bull kelp, Nereocystis luetkeana. Here we will discuss recent kelp



action in California, the core components of the KRMP, and the KRMP’s overall development process and
opportunities for engagement.

MAPPING AND MONITORING KELP RESOURCES IN THE STATE OF CALIFORNIA
USING HIGH RESOLUTION PLANETSCOPE SATELLITE IMAGERY
Cavanaugh, K.*; Cavanaugh, K.; Leung, M.; Villa, E.

University of California, Los Angeles

In recent years, parts of California have experienced major losses of canopy forming kelp. For example,
between 2013 and 2015 the abundance of bull kelp along the coast of northern California declined by more
than 90%. However, in other regions, e.g., southern California, kelp forests have been more resilient to
climatic impacts such as marine heatwaves. Comprehensive kelp forest monitoring data is needed to identify
areas of concern and better understand the drivers of loss and resilience. To address this need, we developed
a methodology for mapping giant and bull kelp canopy from 3 m resolution PlanetScope satellite imagery and
validated our approach using high-resolution kelp canopy maps from occupied and unoccupied aerial surveys.
We then created annual maps of bull kelp along the coast of northern California between 2016-2021. This
enabled us to map areas where kelp was able to persist during the regional collapse and document a partial
recovery of kelp in 2020 and 2021. Spatial patterns of recovery appeared to be driven by a combination
of physical factors, spatial variability in grazing pressure, and seascape characteristics (e.g., connectivity).
Our results provide insight into the role of persistent kelp refugia in regional scale recolonization, which can
inform strategies for kelp forest conservation and restoration, e.g., restoration site prioritization. We are
currently expanding this dataset to cover the entire State of California, which will provide a valuable tool
for monitoring the State’s important kelp resources.

WHERE TO RESTORE? MODELING KELP STABILITY TO OPTIMIZE KELP
RESTORATION ACTIVITIES
Giraldo-Ospina, A1*; Caselle, J 1; Bell, T 2; Carr, M 3

1- UCSB 2- Woods Hole Oceanographic Institution 3- UCSC

The kelp forests of Northern California were decimated when a marine heatwave in the region resulted in
kelp beds replaced by urchin barrens and the closure of the recreational red abalone fishery. To facilitate the
rehabilitation of this important ecosystem, research and implementation of restoration projects have been
initiated in California. However, kelp restoration is expensive and since local environmental factors will likely
influence the success of a restoration project, site selection is one of the most important considerations so that
locations chosen for restoration actions offer the best possible chances of restoration success.In this study
we mapped the stability of kelp density along the coast of California and for two kelp species (Nereocystis
luetkeana and Macrocystis pyrifera), with the aim of building a proxy for the likelihood of kelp restoration
success at any given location. We combined ecological data from long term monitoring programs with
environmental variables to identify the drivers of kelp density in each geographic region of California using
a spatial modeling approach. We then reconstructed the historic density of kelp along the California coast
for the past 18 years and employed these results to calculate the stability of kelp at a spatial resolution
relevant to kelp restoration efforts. We integrated estimations of kelp stability with calculations of kelp
recovery obtained from Landsat imagery to construct a prioritization scheme that will help managers to
make decisions about where to conduct restoration efforts in California

LONG-TERM SUCCESS OF CALIFORNIA’S LARGEST ARTIFICIAL REEF
Beheshti, K.M.*; Page, H.M.; Reed, D.; Schroeter, S.; Smith, R.S.

Marine Science Institute, University of California, Santa Barbara

The California Coastal Commission required owners of the San Onofre Nuclear Generating Station (SONGS)
to construct an artificial reef large enough to compensate for the loss of kelp forest habitat caused by the
operations of SONGS. The artificial reef was built in two phases: a 25-acre experimental reef was built in
1999 to test different reef designs followed by a 150-acre mitigation reef constructed in 2008 to compensate
for the kelp forest resources lost due to SONGS’ operations. Annual monitoring revealed that the mitigation
reef was not large enough to consistently meet its design targets for fish standing stock and kelp acreage,



and remediation was required to expand the reef an additional 198 acres in 2019-2020. Today the artificial
reef, known as Wheeler North Reef, covers 373 acres of seafloor spread across 2.5 miles of coastline. Annual
monitoring of algae, invertebrates and fish at the Wheeler North Reef and two nearby natural reefs has been
ongoing since 2000 to determine whether the Wheeler North Reef is meeting its performance goals. Results
to date show that the Wheeler North Reef is performing similarly to the natural reefs in the region. The
project represents one of the largest and most comprehensively studied kelp afforestation projects to date,
and it demonstrates the potential of artificial reefs as a conservation management tool for mitigating adverse
impacts to kelp forests.

KELP FOREST RESPONSE TO URCHIN CULLING BY SPORT FISHERS AT TANKER
REEF IN MONTEREY BAY, CA
Lonhart, S.I.1*; Elsmore, K. 2

1- Monterey Bay National Marine Sanctuary, NOAA 2- California Department of Fish and Wildlife

In April 2021 California’s Fish and Game Commission modified sport fishing regulations at Tanker Reef in
Monterey Bay for the next three years. At Tanker Reef, divers with a valid sport fishing license may take
red and purple sea urchins in any number for the purpose of restoring the kelp ecosystem, and may only be
taken by hand or with manually operated hand-held tools. To track anticipated changes, science divers from
MBNMS and CDFW conducted targeted monitoring of urchins and kelp at a designated restoration area
culled by sport fishers (aka the grid, 100x100 m), and a nearby reference area that was not culled. Replicate
transects (n=18) were surveyed at least twice per year at both sites, including prior to the onset of culling.
Since the spring of 2021, purple urchin densities dramatically declined from over 7 per m2 to under 2 per
m2, and red urchins from nearly 0.3 to 0.06 per m2. Densities of adult giant kelp increased at the restoration
grid 4-fold in one year, and densities of juvenile giant kelp increased from near zero prior to culling to nearly
1 per m2 by spring 2022. In the nearby reference area, where urchin densities were unchanged, adult and
juvenile giant kelp densities remained close to zero during all surveys. Sustained sport fisher culling efforts
have reduced urchin numbers and increased kelp recruitment and survivorship to adulthood during the first
18 months of this regulatory change.

TIMING IS EVERYTHING: KEY INSIGHTS FROM THE FIRST EVER ATTEMPT TO
RESTORE KELP IN THE MONTEREY BAY NATIONAL MARINE SANCTUARY.
Seale, M.L.*; Vallentyne, D.; Abbott, D.O.; Freiwald, J.

Reef Check Foundation

Following the 2014-2016 El Niño, kelp forest communities along the California Current System (CCS) have
experienced a shift from a macroalgal dominant reef-state to an urchin barren reef-state associated with
significant reductions in ecosystem biodiversity, functional redundancy and biomass. In response, a suit of
urchin barren mitigation tools have emerged in attempts to reduce urchin populations and drive reverse
shifts. Previous restoration projects along the CCS have identified hysteretic threshold densities between
0.6 to 2 urchinsm^-2 to drive reverse shifts, but were tested in regions with different systematic controls
which may improve or inhibit kelp recruit resilience. This study evaluates a range of urchin densities and
recreational removal strategies on SCUBA in combination with photogrammetric techniques to explore what
conditions best permit kelp recruitment in the Central Coast from 2019-2021. We found conducting weekly
removals in the Spring resulted in mean urchin densities of 0.18 urchinsm^-2 to yield the highest magnitude
kelp recruitment and survivorship. Removals on monthly intervals resulted in a mean of 1.07 urchinsm^-2
with no significant kelp response. Additionally, notable challenges were associated with reducing urchins
below 0.72 urchinsm^-2 on monthly schedules as urchins actively repopulated reefs. These findings highlight
the importance for restoration practitioners in the Central Coast to consider urchin behavior in addition to
species densities when establishing kelp forest restoration metrics for success.

Session 12: Special Session: Marine Protected Area Network Science and Man-
agement II
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LONG-TERM, LARGE-SCALE, SCUBA BASED MONITORING OF KELP FOREST
FISHES INFORMS ADAPTIVE MANAGEMENT OF THE CALIFORNIA MPA NET-
WORK
Parsons-Field, A.B.1*; Spiecker, B.J. 1; Caselle, J.C. 1; Carr, M.H. 2; Malone, D.P. 2

1- UC Santa Barbara 2- UC Santa Cruz

The state of California (USA) implemented a scientifically-designed network of Marine Protected Areas
beginning in 2003, ultimately placing approximately 17% of coastal waters into protection by 2012. We
conducted SCUBA surveys on nearshore rocky reefs inside and outside (reference sites) of MPAs across
1350km of coastline beginning in 2003 in order to investigate the responses of kelp forest fish species to MPA
implementation. We developed a framework to test for MPA effects that takes into account the trajectories
of species that are expected to be affected by the cessation of fishing (Targeted species) and those not
expected to be directly influenced (Non-targeted species). We found that MPA effects vary across species,
individual MPAs, and biogeographic regions, and that analyses at the regional scale proved more insightful
than combined network-wide analyses. Of the MPAs with sufficient time series data for analysis, half were
found to exhibit increasing biomass of targeted fish species over time inside the MPA relative to co-located
reference areas, while the other half had either decreasing biomass or no effect. The strongest positive
population level responses occurred in MPAs in the southern region (South Coast and Northern Channel
Islands), and in the southern portion of the Central Coast. The results of this large-scale, long-term MPA
assessment program are being used to inform statewide MPA management and recommendations on future
monitoring and research.

EVALUATING FISH COMMUNITY RESPONSES ACROSS THE CALIFORNIA MPA
NETWORK USING COLLABORATIVE FISHERIES RESEARCH
Hamilton, S.L1*; Ziegler, S.L. 2; Brooks, R.O. 1; Jorgensen, S.J. 1; Ruttenberg, B.I. 3; Wendt, D.E. 3;
Caselle, J.E. 4; Mulligan, T.J. 5; Buchheister, A. 5; Morgan, S.G. 6; Pasparakis, C. 6; Semmens, B.X. 7;
Bellquist, L.F. 8; Starr, R.M. 1

1- Moss Landing Marine Laboratories 2- University of Georgia 3- Cal Poly SLO 4- UC Santa Barbara 5- Cal
Poly Humboldt 6- Bodega Marine Lab, UC Davis 7- Scripps Institution of Oceanography, UC San Diego 8-
The Nature Conservancy

The California Collaborative Fisheries Research Program (CCFRP) is a community-based science program
that uses volunteer anglers and standardized hook-and-line fishing surveys to monitor responses of fish to
marine protected areas (MPAs) across the state. With 15 years of data from Central California and 5 years
of data statewide, we assessed changes in catch per unit effort (CPUE), size structure, and biomass inside
and outside MPAs over time and evaluate the effects of fishing pressure and MPA design attributes, such
as age and size, on the strength of MPA responses. We found compelling evidence statewide that MPAs
are working, when compared to reference sites. MPAs had elevated CPUE, larger body size, and higher
biomass for the vast majority of fished species. Moreover, the strength of MPA responses was explained
by the amount of fishing pressure occurring outside the MPA; stronger differences in fish biomass between
MPA and reference sites occurred in heavily fished areas. We also observed stronger MPA responses in
larger and/or older reserves. Tag-recapture data provided evidence of spillover of some individuals across
MPA boundaries, with presumed benefits to fisheries; however, our data indicated many fish species have
small home ranges and stay within the boundaries of the MPAs. Finally, examination of CPUE and biomass
trends with increasing distance from MPA boundaries indicated that fishing-the-line behavior and edge
effects modify MPA responses in California.

ECOLOGICAL MODEL DATA VIEW APPLICATIONS AS DECISION-SUPPORT TOOLS
FOR THE LONG-TERM CALIFORNIA MPA MONITORING NETWORK
La Valle, F.F.1*; Anderson, C.R. 2; Low, N.H.N. 3; Daniel, P. 3; LaScala-Gruenewald, D. 3; Edwards, C. 4;
Ruhl, H. 3

1- Pepperdine University 2- Southern California Coastal Ocean Observing System 3- Central and Northern
California Ocean Observing System 4- University of California Santa Cruz

California’s marine protected areas (MPAs) face many pressures, from resource use to climate variations and



long-term change. These factors operate from local to global spatial scales over daily to decadal timescales.
This wide range of variance in space and time presents serious challenges to understanding how ocean weather,
climate, and ecological processes converge to shape MPA conditions. We built three Shiny applications in
R: (1) Environmental and Biological Time Series, (2) Climate Change Risk Indicator, and (3) Ecological
Models Visualizations. In the latter application, Seascapes show that biogeochemical and oceanographic
characteristics of MPAs clustered by bioregions, with more dynamic MPAs located in the Channel Islands
and the Southern California coast. We explore the biological relevance of Seascapes within MPAs and show
that the presence of specific Seascapes is correlated to kelp biomass and that Seascape diversity, or the
amount of water masses a MPA sees, is biologically relevant to benthic community diversity. Moreover,
California Harmful Algae Risk Mapping (C-HARM) shows that areas with highly predicted domoic acid
events are larger and last longer in the northern and central coast than in southern California MPAs, but
that over the last few years, these events are more frequent and occur throughout the year. This talk will
highlight upcoming work relating these two models with long-term ecosystem monitoring data as well as the
uses of this work to inform policy in the upcoming California’s MPA network decadal assessment.

TIDAL AND SEASONAL SANDY BEACH DYNAMICS LINK INVERTEBRATE PREY
TO A SURF ZONE FISH
† Madden, J. R.1*; Dugan, J. E. 1; Hubbard, D. M. 1; Emery, K. A. 2; Capittifenton, F. 1; Miller, R. J. 1;
Page, H. M. 1

1- University of California, Santa Barbara 2- University of California, Los Angeles

Cross-ecosystem subsidies of phytoplankton to sandy beaches fuel productive populations of suspension-
feeding sand crabs that are prey for vertebrates, including surf zone fish that support recreational and
commercial fisheries. Macroalgal wrack subsidies, particularly kelps, from subtidal reefs also support diverse
and abundant invertebrates on beaches, but the role of these upper beach biota as prey for fishes is unknown.
We compared spring and neap tidal phase and seasonal variation in availability of macroinvertebrate prey
to diet of barred surfperch, Amphistichus argenteus, an abundant surf zone predator that responds to MPA
protection. We expected increased diversity and abundance of invertebrates from higher beach zones in
fish diet when access and availability were greater during spring tides and in fall when wrack-associated
invertebrates peak in abundance. Diversity of prey consumed by fish was highly correlated with diversity of
the beach community. Barred surfperch diet was more diverse during spring tides and in winter, with more
wrack-dependent taxa consumed. Our results suggest that spring tide inundation and high wave wash make
more of the beach macroinvertebrate community accessible to predation by surf zone fish. Our finding of
tidal phase and seasonal modulation of predator-prey interactions highlights the importance of beach prey
resources in coastal food webs. While surf zone fish populations may benefit directly from MPA protection,
additional conservation of sandy beach and kelp forest ecosystems is needed in the face of warming and rising
seas.

EVALUATING THE PERFORMANCE OF CALIFORNIA’S MPA NETWORK THROUGH
THE LENS OF SANDY BEACH AND SURF ZONE ECOSYSTEMS
Dugan, J.1*; Marraffini, M. 2; Hubbard, D.M 2; Hamilton, S 2; Marin-Jarrin, J. 2; Colwell, M. 2; Lindquist,
K. 2; Neuman, K. 2; Robinette, D. 2; Ladd, M. 2; Koval, G. 2; Parker, L. 2; Blair, J. O 2; Terhaar, K. 2;
Emery, K 2; Mangino, I. 3; Miller, R. 4

1- Marine Science Institute, University of California, Santa Barbara 2- affiliation not listed 3- University of
California, Santa Barbara 4- University of California, Santa Barbara

At the edge of land and sea, sandy beach and surf zone ecosystems are part of many California MPAs.
Surf fishing and strong trophic connections to rocky reefs and kelp forests can affect these ecosystems. We
evaluated direct effects of MPAs for surf zone fish using beach seines and baited remote underwater video
(BRUV). We used surveys of shorebirds and wrack to explore indirect effects of MPAs via the bottom-up
effects of drift macrophyte subsidies. Effects of MPAs on fish varied significantly with survey method. Deeper
BRUVs detected positive MPA signals in fish richness and abundance, while higher biomass of fish in MPAs
was evident in seines. MPA effects varied across regions and site pairs, with more significant positive MPA
effects in the south. Important targeted groups of live-bearing or egg-laying fish had varied responses to
MPAs. Elasmobranchs exhibited strong positive MPA signals, particularly in the south. Targeted barred



and silver surfperch had higher abundance of both juveniles and large adults in MPAs. Wrack subsidies were
similar inside and outside MPAs. Shorebirds were 30% more abundant in MPAs but not significantly so, and
species responses varied. Some MPAs were hotspots for shorebirds, including the threatened Western Snowy
Plover. Overall, our first two years of data showed direct effects of MPAs on beach and surf zone fishes, while
evidence for indirect effects was equivocal. Our findings highlight the diversity of MPA responses possible
and suggest that MPAs may be valuable management tools for these dynamic and highly vulnerable edge
ecosystems.

POPULATION DENSITY, ACCESS, AND INFRASTRUCTURE DRIVE HUMAN USE OF
MARINE PROTECTED AREAS
Free, SM1*; Smith, JG 1; Lopazanski, CJ 1; Francis, TB 2; Eurich, JG 3; Claudet, J 4; Kaschner, K 5;
Nickols, KJ 6; Caselle, JE 1; Gill, D 7; Mouillot, D 8

1- University of California, Santa Barbara 2- University of Washington, Tacoma 3- Environmental De-
fense Fund 4- PSL Université Paris 5- Albert-Ludwigs-University of Freiburg 6- California State University
Northridge 7- Duke University 8- Institut Universitaire de France

There are increasing calls for using marine protected areas (MPAs) to achieve goals for nature and people.
While the conservation and fisheries impacts of MPAs have been well studied, impacts on other dimensions of
human use have received less attention. Understanding how humans use MPAs and the traits of MPAs that
promote human engagement is critical to ensuring that goals for human use are achieved effectively, equitably,
and sustainably. Quantifying human use patterns can also provide context for measuring the success or failure
of MPAs to achieve conservation goals. We characterize human uses of California’s MPA network and identify
traits associated with higher human engagement in MPAs. We assemble diverse indicators of human use
that capture recreational, educational, and scientific engagement, addressing a specific goal of California’s
MPA network. We find that human use inside MPAs is generally correlated to nearby population density
and that “site charisma” can expand human use beyond what would be predicted by population density
alone. Charismatic sites are near tourist destinations and are often adjacent to state parks and associated
infrastructure. These results have important management implications. First, engagement in MPAs can
be promoted by developing land-based infrastructure that eases access to coastal MPAs or by locating new
MPAs near existing infrastructure during the design phase. Second, managers may prioritize monitoring,
enforcement, education, and outreach programs in MPAs with traits that predict high human use.
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WHAT MAKES A GOOD BASELINE? BLACK ABALONE POPULATIONS THROUGH
TIME
Selgrath, J.1*; Carlton, J. 2; Pearse, John 3; Haupt, Alison 4; Thomas, Tim 5; Micheli, F. 6

1- Stanford University | NOAA Channel Islands National Marine Sanctuary | CPC 2- Williams College
3- UC Santa Cruz 4- CSU Monterey Bay 5- J. B. Phillips Historical Fisheries Project 6- Hopkins Marine
Station, Stanford University

Historical ecology seeks to describe the alterations that have occurred in communities and ecosystems over
time in response to shifts in natural conditions and human impacts, thus providing us with the tools to predict
how ecosystems may respond to future change. However, records are often missing of baseline changes that
have occurred to biodiversity and the environment. This can be true even for common species in well-studied
ecosystems, such as Monterey Bay, CA, USA. When baseline data are missing, the long-term knowledge of
scientists, naturalists, and others can provide a powerful opportunity to understand the past. Black abalone
(Haliotis cracherodii) are an intertidal species of abalone that are now listed as endangered. In an on-going
project to reconstruct ecosystem changes in Monterey Bay, we interviewed approximately 50 people who
were students or researchers in Monterey Bay from 1938 to 2019. Additionally, we evaluated archival records
and contemporary ecological survey data (2002 - 2019). We report low densities of black abalone in the
1900s, but high densities of black abalone in the Monterey Peninsula area in the early- to mid-twentieth
century. Following the return of extirpated sea otters to the area in the 1960s, black abalone populations



gradually declined, and existing populations became spatially restricted to deep crevices. However, since the
mid-1980s, populations of black abalone in the Monterey Peninsula have remained stable. Targeted abalone
recovery plans have estimated that black abalone densities of 0.2/m2 are required for population viability.

A QUALITATIVE NETWORK MODEL FOR THE MANAGEMENT AND CONSERVA-
TION OF BULL KELP (NEREOCYSTIS LEUTKEANA) IN PUGET SOUND
† McMahon, S.1*; Hollarsmith, J. 2; McDonald, P.S. 1; Klinger, T. 1

1- University of Washington 2- NOAA Alaska Fisheries Science Center

Significant declines in the extent and density of the canopy-forming kelp Nereocystis luetkeana (bull kelp)
have been documented within the inland waters of the Salish Sea, most notably the Puget Sound. Expert
focus groups in combination with a global literature review have been used to identify the primary stressors
most likely driving kelp decline in the Salish Sea in the absence of quantitative data. Qualitative network
models require only a qualitative understanding of the interactions between the components of an ecological
system, and can be useful management tools in data-limited situations. The goal of this project was to
develop a qualitative network model to evaluate the impacts of identified stressors on bull kelp in Puget
Sound, following the development of a conceptual model by Hollarsmith et al. (2022). Simulations of the
model system highlight the indirect impacts of human activities on bull kelp canopy cover, the threats climate
change poses to bull kelp in Puget Sound, and explore management interventions to protect and restore bull
kelp.

DO BIVALVE LARVAE RESPOND TO MICROHABITAT REFUGES OF ACIDIFYING
CONDITIONS?
Becker, B.J.1*; Horwith, M. 2; McCartha, M. 3

1- University of Washington Tacoma 2- Washington Department of Ecology 3- Western Washington Univer-
sity

Ocean acidification threatens many shell-building organisms and the human activities that depend on them.
The ultimate solution to ocean acidification is to limit CO2 emissions globally. Local adaptation measures
may also be important, such as the use of macrophytes to alter local water chemistry. Algal and seagrass
photosynthesis removes CO2 from the water column, which could locally counteract ocean acidification and
improve conditions for shell-building organisms. In this study, we tested the hypothesis that bivalve larval
abundance would be higher in microhabitats with more favorable acidification conditions. At four sites in
the Salish Sea, we collected larvae of three commercially and ecologically important species above seagrass
and nearby stations with no seagrass, in the morning and evening. We hypothesized that abundance would
track diel cycles of photosynthesis and respiration. At seagrass stations, we expected larvae to concentrate
towards the bottom during the day, with no expected depth pattern in the evening or over bare space. We
found no evidence for the prospect of eelgrass as a refuge for bivalve larvae seeking favorable microhabitats.
It is possible that bivalve larvae lack the mobility to optimize their position in the water column, or that the
differences may be undetectable or unimportant to bivalve larvae given the large variability that individuals
experience across tide flats and time. Our results reveal a number of behavioral, ontogenetic, and geographic
patterns, indicating that their distribution may be controlled by other factors.

FOR WHOM THE COAST TOLLS: BIG DATA TO UNDERSTAND CONSUMPTIVE AND
NON-CONSUMPTIVE USE OF THE COASTAL ZONE
Anderson, S.S.*; Patsch, K.

CSU Channel Islands

Coastal resource managers have traditionally restricted interest in “big data” to abiotic or ecological data,
but new possibilities for socioeconomic big data are beginning to become more widely available and offer the
possibility of improving both our understanding of coastal stressors and quantification of ecosystem service
benefits. We will discuss two categories of data and their application to coastal management: cell phone
location data and direct surveying of public opinion/behaviors. We will illustrate the value of both with
reference to the COVID-19 impact on coastal resources; 1) Cell phone location and associated demographic
data proved public beaches to be an essential, durable, and repeated public health refuge, both informally



and formally, through several different stages of the quarantine; 2) Longitudinal, direct canvassing of coastal
residents showed that consumption of seafood and consumer’s interest in seafood item source declined since
the onset of the COVID-19 pandemic.

CONSERVATION AND METAPOPULATION MANAGEMENT OF THE FEDERALLY EN-
DANGERED TIDEWATER GOBIES (GENUS EUCYCLOGOBIUS)
Spies, B.S.1*; Jacobs, D.K. 2

1- CSU Channel Islands, UCLA 2- UCLA

The federally endangered northern tidewater goby (E. newberryi) and the newly described southern tidewater
goby (E. kristinae) are currently in review for reclassification, despite the shortage of thorough population
surveys needed to conduct the appropriate metapopulation viability analysis (MVA) listed in the USFWS
Recovery Plan for reclassification. Given the recent extreme and volatile weather patterns that have occurred
in California over the past decade ranging from severe drought to record rains, many coastal estuaries and
lagoons where the tidewater gobies occur continue to be heavily impacted and degraded. Therefore, we
conducted annual population surveys (2014, 2015, and 2017-2018) in 117 estuaries and lagoons to assess the
current health and status of the tidewater gobies in five of the six Recovery Units, spanning from Bodega
Bay to San Diego, CA. This massive effort has provided continuous coastal surveys over four years, and
over 300 observations, which helped create the framework for a robust and comprehensive presence/absence
dataset to help inform metapopulation management and recovery actions. Surveys revealed a high degree
of endangerment of both species, mainly in Southern California – south of Point Conception, due to habitat
desiccation and the presence of invasive species. Additionally, surveys revealed a range expansion of the
microsporidian parasite Kabatana newberryi in 24 localities south of Rodeo lagoon, Marin County to Topanga
Canyon, Los Angeles County.

MESSED UP IN THE HEAD? QUANTIFYING CRYSTALLINE ANOMALIES IN THE
OTOLITHS OF WILD AND CULTURED DELTA SMELT
Huang, J.L.1*; Willmes, M. 2; Fichman, R. 3; Hung, T. 3; Ellinson L.T. 3; Stevenson, T.A. 3; Teh, S.J. 3;
Hammok, B.G. 3; Schultz, A.A. 4; Grimsich, J.L. 5; Chalker, C.J. 3; Hobbs, J.A. 3; Lewis, L.S. 3

1- California State University, Northridge 2- University of California, Santa Cruz 3- University of California,
Davis 4- United States Fish and Wildlife Service, United States 5- University of California, Berkeley

Developmental abnormalities in otoliths can impact growth and survival in teleost fishes. Here, we quantified
the frequency and severity of developmental anomalies in Delta Smelt otoliths (Hypomesus transpacificus),
a critically endangered estuarine fish that is endemic to the San Francisco Estuary. Anomalous crystalline
polymorph within otoliths (i.e., vaterite) were compared between wild and cultured populations using digital
image analysis. Visual estimates of vaterite were validated using X-ray diffraction, Raman spectroscopy, and
laser ablation ICPMS. Results indicated that cultured Delta Smelt was 80 times more likely to contain at
least one vaterite otolith and 18 times more likely to contain relatively large (15%) amounts of vaterite.
These results indicate that cultured Delta Smelt exhibits a significantly higher frequency of vestibular ab-
normalities which are known to reduce fitness and survival. Such hatchery effects on otolith development
could have important implications for captive culture practices and the supplementation of the wild Delta
Smelt population with cultured individuals.

Session 14: Physiological Ecology II
* indicates presenting author, † indicates eligibility for Best Student Paper Award

HEAT STRESS INFLUENCES ON GROWTH AND PHYSIOLOGY OF BLACK ROCKFISH
(SEBASTES MELANOPS)
† Mapes, H.M.1*; Bersin, T.V. 1; Journey, M.L. 2; Beckman, B.R. 2; Lema, S.C. 1

1- Cal Poly - San Luis Obispo 2- NOAA Fisheries Northwest Science Center

Teleost fishes experiencing atypically high temperatures and shifts in nutritional input often show indications
of energetic stress. While changes in nutrition and temperature have each been shown to alter profiles of
growth- and stress-related hormones in fish, as well as plasma lactate, osmolality, and glucose levels, less is



known about how these stressors interact. Here, we examined how differential food availability (‘high’ and
‘low’ feed rations) influenced the growth and physiological responses of black rockfish (Sebastes melanops)
exposed to a short-term heat stress event. Black rockfish were acclimated under a ‘high’ feed (9% g feed per
g body mass per day) ration for 21 d under ambient ocean temperatures, after which subsets of fish were
either transferred to a ‘low’ feed ration (1% ration) or continually maintained on ‘high’ ration. Following 21
d of exposure to these feed rations, fish were exposed to a 54 h heat stress event (increase of ~5°C above
acclimation conditions), after which temperature returned to ambient ocean conditions. Fish in both ration
treatments showed reduced mass-specific growth rate (SGR) during the 3 week period after the heat stress
event, but then increased growth above pre-stressor rates 6 and 9 weeks after the temperature stress. Plasma
osmolality significantly decreased 20 days after the heat shock event in both low and high ration feed groups.
Our findings indicate that an acute temperature increase can affect the growth rate of black rockfish with
possible compensatory growth observed weeks after the acute thermal stress.

LIFE-STAGE SPECIFIC THERMOTOLERANCE IN VARIABLE ENVIRONMENTS: AN
INTEGRATIVE APPROACH USING GASTROPODS WITH GELATINOUS EGG MASSES
† Litle, J.W.*; Carrington, E.

University of Washington Department of Biology, Friday Harbor Laboratories

Accurate predictions of how environmental change will impact organisms with complex life cycles depend
on measurements of how well-matched the physiological tolerance of each life stage is to the environment
it experiences. To assess this match, we integrated field and laboratory observations of two species of
marine gastropod, Haminoea vesicula and Melanochlamys diomedea, that undergo early development in
gelatinous masses in intertidal marine habitats. In the field, we measured egg mass deposition, embryonic
survivorship, and temperature in deposition habitat to show that embryos experience high (> 15°C) thermal
variability on short (daily) and long (to seasonal) time scales and die regularly (> 25% mortality). In
laboratory experiments, we measured embryonic growth, developmental rate, and survivorship across a range
of temperatures to generate thermal performance curves and determine critical temperature thresholds for
embryonic performance. We show embryos of both species regularly experience transient temperatures that
exceed their critical thermal maxima by 4-6° C. However, the frequency and duration at which embryos exceed
their critical thermal maxima depends on the timing and location of adult deposition. This study suggests
a possible mechanism for transgenerational thermoregulatory behavior, and demonstrates the importance
of providing life-stage specific, environmentally-relevant context to thermal risk assessment of species with
complex life cycles.

CHANGES IN HEAT SHOCK PROTEIN 90 ABUNDANCE DURING THE MATERNAL-
TO-ZYGOTIC TRANSITION IN STRONGYLOCENTROTUS PURPURATUS
† Gill, J. R.*; Zippay, M.L.

Sonoma State University

The ocean has warmed unabated for over a century leading to extreme marine heatwaves and rising sea
surface temperatures. Adaptive thermotolerance and embryonic growth are both critical in early life but
energetically expensive. Heat-stress impacts vulnerable meroplankton such as purple sea urchin (Strongy-
locentrotus purpuratus) embryos, a well-known model organism in developmental biology. We investigated
how heat-stress impacted protein abundance of heat-shock protein 90 (Hsp90) in S. purpuratus during the
maternal-to-zygotic transition (MZT). The MZT is when preloaded maternal machinery is eliminated and
the zygotic genome takes over development. Many client proteins of Hsp90 are directly involved in the com-
pletion of embryogenesis. We determined that there were no significant changes in Hsp90 protein abundance
throughout the MZT for embryos as a result of increased rearing temperature or acute heat-shock. Embryos
reared at ambient (13 °C) and exposed to a 1-hour heat-shock of 18 °C had significantly lower Hsp90 protein
abundance than embryos held at 13 °C or heat-shocked at 22 °C. Two-cell stage embryos reared at 13 °C
had significantly lower protein abundance than later stage embryos; early blastula and early gastrula. Hsp90
protein abundance in S. purpuratus embryos reared at elevated temperatures (18 °C) were not affected by
heat-shock temperature, developmental stage, or the heat-shock temperature by developmental stage inter-
action. It is possible that there is energetic trade-off between growth and protection against environmental
stressors.



QUANTIFYING THE SPATIAL DISTRIBUTION OF KELP CANOPY TRAITS WITH
AIRBORNE IMAGING SPECTROSCOPY
† Cavanaugh, K.C.1*; Bell, T.W. 2; Beckley, B.A. 3; Gierach, M.M. 4; Cavanaugh, K.C. 1

1- University of California, Los Angeles 2- Woods Hole Oceanographic Institution 3- University of California,
Santa Barbara 4- Jet Propulsion Laboratory, California Institute of Technology

Advances in the remote sensing of giant kelp (Macrocystis pyrifera) forests have provided spatially continuous
time series of canopy area and biomass in several global regions. However, spatial and temporal information
on other valuable canopy traits (i.e., photosynthetic pigments, nitrogen content, age) are lacking, which
would provide insight to the timing and magnitude of physiological responses to changing environmental
conditions. In terrestrial forests, canopy chemical patterns are commonly estimated using imaging spec-
troscopy, as many traits exhibit unique spectral absorption features. Here, we combined field-collected blade
spectra and trait data to develop quantitative models for estimating kelp canopy pigments and nitrogen
concentration. We applied these models to a time series of imaging spectroscopy data from the Airborne
Visible/Infrared Imaging Spectrometer-Next Generation (AVIRIS-NG) sensor collected weekly at 5m resolu-
tion from late February to May 2022. Regional scale dynamics were closely linked to nutrient supply, namely
sea surface nitrogen concentrations. At the local scale, senescence patterns that were related to the age of
canopy emergence were evident in several locations. We show that imaging spectroscopy has extensive utility
for understanding giant kelp population dynamics, as these data can observe decreased physiological condi-
tion before full canopy senescence occurs. Additionally, the developed methods show potential for planned
satellites that will provide global time series of imaging spectroscopy data.

EFFECTS OF OCEAN ACIDIFICATION ON FEEDING RATES AND MORTALITY OF
LARVAL CALIFORNIA GRUNION (LEURESTHES TENUIS)
† Siegfried, E.J.*; Johnson, D.W.

California State University, Long Beach

Studies investigating the effects of ocean acidification (OA) on larval mortality have produced varying results,
suggesting other factors may have a moderating influence on responses to OA. To investigate how food
availability may affect the responses of individuals to OA, larvae of California Grunion were raised under
two pCO2 concentrations representing current day and a possible future climate change scenario and two
feeding ration treatments, where groups were fed either a high (160 nauplii) or low (80 nauplii) amount
of food per individual per day. Short-term feeding rates were measured by placing individual larvae in
containers with a known quantity of food and volumetrically estimating the quantity of food remaining once
the larvae were removed two hours later. Feeding rates were compared between treatments using a linear
mixed effects model. Mortality was measured by counting the number of dead larvae each day and analyzed
using a generalized linear mixed effects model. Ocean acidification significantly decreased feeding rates of
larvae (p=0.004), but there was no effect of feeding history or the interaction of the two factors. In addition,
the combination of low feeding levels and high CO2 led to a further decrease in mortality rate (p=0.0326).
The synergistic effects of OA and food availability on both mortality and feeding rate is important to consider
as ongoing changes in seawater chemistry are likely to occur in concert with shifts in food web dynamics and
prey availability.

MAKING SENSE OF A HOT MESS: UNDERSTANDING THE EVOLVABILITY OF THER-
MAL REACTION NORMS IN A MARINE FISH
Johnson, D.W*; Siegfried, E.J.; Shelley, C.E.

California State University Long Beach

Understanding how populations may evolve with ocean warming is a challenge because organisms typically
exhibit a high degree of plasticity in their responses to temperature. Such variable responses can be de-
scribed by a thermal reaction norm – a function relating temperature to the phenotype expressed by a
genotype. Reaction norms are useful for describing the thermal niche of a population, but may also vary
among individuals, and any consideration of long-term responses to ocean warming will need to consider
genetic variation. One hypothesis is that populations are composed of both thermal specialists and thermal
generalists, and variation along this specialist-generalist axis can provide the raw material for evolution. In



a study of California Grunion, we combined controlled breeding experiments with manipulation of water
temperature to evaluate genetic variation in reaction norms of larval growth and mortality. We detected sig-
nificant effects of genotype, temperature, and the genotype-by-temperature interaction on both growth and
mortality rates. These results were combined to describe thermal reaction norms for the production of larval
biomass. This analysis revealed a pattern that was inconsistent with variation along a specialist-generalist
axis. Instead, these results were consistent with individual variation in energy acquisition or allocation. A
follow-up experiment indicated substantial genetic variation in feeding rate, supporting the hypothesis that
genetic variation in thermal performance is more closely linked to innate differences in resource acquisition.
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LOCATION, LOCATION, LOCATION! OYSTER AND EELGRASS RESTORATION SUC-
CESS VARIES AMONG SITES IN UPPER NEWPORT BAY, CA
Zacherl, D.C.1*; Whitcraft, C. 2; Nichols, K.D. 3; Claire Arre 3

1- CSU Fullerton 2- CSU Long Beach 3- OC Coastkeeper

Natural habitats (e.g., eelgrass, oyster beds) can increase shoreline resiliency and support unique native
species communities. The Upper Newport Bay Living Shorelines project explores whether integrated oyster,
Ostrea lurida, and eelgrass, Zostera marina, restoration enhances or reduces the performance of each target
species, a suite of other species, and shoreline resiliency metrics. At each of 4 sites in Upper Newport Bay,
CA, we restored eelgrass and oyster beds both in combination and in isolation in 2016-17 and monitored >
45 biological and physical metrics. Post-restoration eelgrass density ranged from 3 to 8 times greater than
pre-restoration densities and eelgrass bed areal extent is 13.4 times greater than targeted; oyster density was
2.6 to 25 times greater relative to pre-restoration but declined substantially since 2020 as bed integrity and
shell cover declined. Despite declines in density, post-restoration oyster abundance was high and relatively
stable across the years; oysters still successfully recruit to widely scattered oyster shell. Total filter feeder
density was 2.4 to 5 times greater than pre-restoration and remains stable despite oyster bed degradation; the
5 dominant filter feeders are a mix of native and non-native bivalve and gastropod species. Most surprising
has been the remarkable site-to-site differences in bed integrity, target species densities, and treatment effects.
Our focus is now on examining shoreline resiliency metrics and factors that may drive among-site differences
in outcomes.

FRIEND OR FOE? EFFECT OF EELGRASS ON FILTER FEEDER BIOMASS AND CON-
DITION INDEX IN A MULTI-HABITAT LIVING SHORELINE
Quintana, B.A.*; Silva, M.; Kenney, K.; Sanchez, A.; Zacherl, D.C.

California State University, Fullerton

Over the past decades, estuarine ecosystems have suffered significant habitat loss. Implementation of multi-
habitat living shorelines (MHLS) can restore lost habitat function. Researchers constructed a MHLS in 2016
in Newport Bay, California by restoring eelgrass and oyster beds together and in isolation at four locations
each. Increased sedimentation from eelgrass could threaten oysters and other filter feeders if deposited onto
oyster beds. We investigated whether eelgrass-induced sedimentation occurs and if it impacts filter feeder
biomass (a proxy for filtration capacity) and condition index (CI) by comparing biomass and CI of native and
non-native filter feeders one year (2018) and four years (2021) post-restoration. We quantified sedimentation
by measuring mud deposition on oyster beds using periodontal probes and quantified eelgrass presence and
densities via quadrat surveys. We excavated filter feeders from quadrats (n=10) on oyster beds, identify by
species, weighed to determine wet and dry tissue and shell weight, and quantified CI. In 2018, mud deposition
onto oyster beds was not generally affected by eelgrass, except at PCH where it may have actually reduced
sedimentation. Eelgrass presence, but not its density, sometimes increased non-native and decreased native
CI. Filter feeder biomass was reduced in the presence of eelgrass, but not consistently across sites. Combining
eelgrass and oyster restoration may not compatible when returning filtration services are the primary goal,
but other services warrant consideration.



QUANTIFYING ECOSYSTEM FUNCTIONS THROUGH FISH AND EPIFAUNAL IN-
VERTEBRATE COMMUNITIES IN NEWPORT BAY
† Fees, C.1*; Whitcraft, C. 1; Zacherl, D. 2

1- California State University, Long Beach 2- California State University, Fullerton

Despite the recognized importance, significant areas of wetland habitat have been lost. With that loss,
there has been a decline in native species and the functions they provide. One solution to overcome this
loss of organisms and functions has been restoration. Our study assessed paired Olympia oysters (Ostrea
lurida) and eelgrass (Zostera marina) restoration through the response of fish and epifaunal invertebrates in
Newport Bay, CA in 2016 and 2017. We monitored fish communities using baited cameras (BRUVs) and
epifauna using oyster sampling units (OSUs) for 3 years post-complete restoration. Site influenced the fish
and epifauna communities, likely due to site-specific variation in eelgrass density, eelgrass area, oyster bed
morphology, and human access at each site. Immediately post-restoration, one site, Shellmaker, diverged
with a lack of eelgrass but sustained the most intact oyster beds of all sites. While additional monitoring
is needed along with abiotic correlates, the restoration of oysters and eelgrass in a paired design appears
to positively affect the fish and epifaunal communities within this southern California estuary over a 3-year
time scale.

EXPERIMENTS IN CONSERVATION AQUACULTURE: OUT OF THE LAB AND INTO
THE SLOUGH, HOW WILL BABY OYSTERS DO?
† Harris, J1*; Gardner, L 2; Kahn, A.S. 1; Wasson, K 3

1- Moss Landing Marine Labs, San Jose State University 2- Moss Landing Marine Labs, San Jose State
University; California Sea Grant, University of California San Diego 3- Elkhorn Slough National Estuarine
Research Reserve; University of California Santa Cruz

Olympia oysters are depleted throughout their range and declining populations are facing local extinction.
Conservation aquaculture can directly enhance oyster abundance and reinforce natural reproduction in habi-
tats with low oyster density. Oysters are most vulnerable to environmental stressors during their first year
after settlement. Long-term restoration may therefore be constrained by conditions that reduce growth
rates during this critical period such as desiccation, predation, and competition. In winter 2021, we out-
planted 8,500 aquaculture-raised juvenile oysters into the Elkhorn Slough, CA. We conducted experiments
to determine how growth and survival relate to oyster size and tidal elevation. Oysters that settled earlier
in the summer were larger when outplanted and survived better than smaller oysters that settled later in
the summer. Within this late-summer group, however, larger individuals outplanted later in the season
did not survive better or grow larger than those outplanted earlier. Oysters outplanted at a lower eleva-
tion (Mean Lower Low Water; MLLW) had higher growth and survival rates than those placed 0.5m above
MLLW. Enhanced performance at the lower tidal elevation suggests that factors like desiccation and reduced
feeding time due to tidal exposure are more influential than stressors oysters experience while submerged.
These findings directly contribute to the Elkhorn Slough’s habitat restoration program, and to Olympia
oyster conservation in general, by guiding targeted outplant size and tidal elevation to maximize aquaculture
efficiency.

USING TROPHIC CASCADES TO RESTORE NATIVE OLYMPIA OYSTERS
Grosholz, E.D.1*; Heineke, M.R. 2; Zabin, C.J. 3

1- University of California, Davis 2- Northeastern University 3- Smithsonian Environmental Research Center

As foundation species such as native Olympia oysters are facing steep declines, restoration is becoming a
top priority in many western estuaries. Restoration ecologists are starting to consider the well-documented
strength of top-down control in estuarine/marine systems and to use trophic cascades for mitigating the
impacts of mid-tier consumers such as predatory whelks. In western estuaries, cancrid crabs have been
shown to be effective consumers of whelks with little impact on oysters. However, oyster restoration projects
to date have rarely employed complete food webs. In this study, we used experimental mesocosms to quantify
the preference of cancrid crabs for concrete blocks relative to PVC pipes or other structures. We then used
concrete block arrays in field experiments to increasing local abundance of these crabs. We then created field
arrays in which concrete blocks were either surrounded by mesh cages to exclude crabs, or in open controls



to allow full access. When we placed tiles with juvenile Olympia oysters in these arrays, we found oyster
survival was significantly higher in arrays with crab access. In caged arrays (crabs excluded), we recorded
higher oyster mortality due to drilling by whelks. We conclude that structures like these can be used in
Olympia oyster restoration projects to increase survival and restoration success through consumptive control
of mesopredators (whelks) by top predators (crabs). We suggest that an increased focus on restoration of
complete food webs can lead to greater success of restoration projects more broadly.

A COMPARISON OF RESTORATION STRATEGIES FOR OLYMPIA OYSTERS IN SE-
QUIM AND DISCOVERY BAYS IN WASHINGTON STATE
Harrington,N.E.*; Tobin,E.D.; Burns,C.T.; Raymond,A.E.T.

Jamestown S’Klallam Tribe

As part of a regional effort to rebuild Olympia oyster (Ostrea lurida) populations, the Jamestown S’Klallam
Tribe has partnered with Clallam County Marine Resources Committee, Jefferson County Marine Resources
Committee and the Puget Sound Restoration Fund to reestablish sustainable populations in Sequim and
Discovery Bays, WA.Due to the very small remnant population in Sequim Bay, aquaculture has played a
vital role in meeting restoration objectives. Using Sequim Bay broodstock, hatchery-raised juvenile oysters
were out planted on tribal tidelands to bolster the population. In contrast, at Discovery Bay a robust
but geographically limited population of Olympia oysters already existed. Therefore, it was decided to
add oyster shell substrate to expand the population through increasing suitable habitat for recruitment.
Surveys of oyster bed area, density, estimated abundance and size-frequency distribution were completed
annually. While oyster densities and annual abundance estimates within restoration area did not increase in
Sequim Bay, documented new recruitment and growth in oyster bed area and distribution throughout the
tidelands indicates overall restoration goals are being met. In Discovery Bay, Olympia oyster populations
have increased in the restoration area and show reoccurring recruitment, indicating that the strategy of
expanding an extant population using only habitat enhancement was a success. These restorations sites
show the importance of evaluating potential sites on a case-by-case basis to customize the appropriate
restoration activities.

USING CONSERVATION AQUACULTURE TO SUPPORT IMPERILED OLYMPIA OYS-
TER (OSTREA LURIDA) POPULATIONS
Ridlon, A.1*; Kerstin Wasson 2; Tiffany Waters 2; John Adams 2; Jamie Donatuto 2; Gary Fleener 2; Halley
Froehlich 2; Rhona Govender 2; Aaron Kornbluth 2; Julio Lorda 2; Betsy Peabody 2; Gifford Pinchot IV 2;
Steven S. Rumrill 2; Elizabeth Tobin 2; Chela J. Zabin 2; Danielle Zacherl 2; Edwin D. Grosholz 2

1- UC Davis 2- affiliation not listed

Conservation aquaculture - culturing a species to support conservation goals - shows promise as a tool for
marine species recovery. However, aquaculture techniques introduce risks, as well as benefits, which must be
assessed to guide their use as conservation interventions. Here, we present a framework for evaluating and
strategically planning the use of aquaculture for Olympia oyster (Ostrea lurida ) recovery. We identified 12
benefits, such as the rapid rebuilding of declined populations, and 11 risks including negative ecological con-
sequences of transferring cultured oysters into wild populations. Informed by these trade-offs, we identified
ten estuaries within the species’ range where aquaculture interventions are most needed, because the benefits
likely outweigh the risks. We also integrated social criteria to determine which project types would meet
the goals of local stakeholders in each estuary. Community restoration was most broadly suited to the prior-
ity areas, with limited commercial aquaculture and no current community harvest of the species, although
this is a future stakeholder goal. The framework we created can be used with marine species globally to
assess conservation aquaculture and develop recommendations for implementation via transparent criteria.
Our collaborative process of engaging managers, scientists, Indigenous communities, and shellfish growers
to prioritize local knowledge can be used wherever conservation aquaculture is implemented to maximize its
benefits for both people and imperiled species.

WHERE HAVE ALL THE OYSTERS GONE? ANSWERS FROM COLLABORATIVE MAP-
PING OF OYSTERS FROM BAJA CALIFORNIA TO BRITISH COLUMBIA
Wasson, K.1*; Perog, B.D 2; Crippen, S. 3; Zacherl, D.S. 2; Quintana, B. 2; Grosholz, E.D. 4; Kornbluth, A.
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1- Elkhorn Slough National Estuarine Research Reserve 2- CSU Fullerton 3- UC Riverside 4- UC Davis 5-
The Pew Charitable Trusts

To conserve coastal foundation species, it is essential to understand patterns of distribution and abundance
and how they change over time. We synthesized oyster distribution data across the west coast of North
America to improve conservation strategies for the native Olympia oyster (Ostrea lurida), and also gathered
information on feral populations of the non-native Pacific oyster (Magallana gigas), the only widespread
non-native oyster and a notorious global invader, occurring within this range. We gathered over 2000 oyster
records from published records, verified iNaturalist entries, and unpublished data from oyster experts. The
resulting database is publicly available via an interactive web-based map. Comparing records from pre-2000
vs. post-2000, we found that O. lurida significantly decreased in abundance and distribution, while <iM.
gigas increased significantly. Currently the distribution and abundance of the two species are fairly similar,
despite one being endemic to this region since the Pleistocene, and the other a new introduction. We mapped
the networks of sites occupied by oysters based on estimates of larval dispersal distance, and found that these
networks were larger in Canada, Washington, and southern California than in other regions. We recommend
restoration to enhance <O. lurida network size where it is small, to increase abundance where it declined,
and to increase natural biogenic beds on mudflats especially in the southern range, where native oysters are
currently found most often on anthropogenic structures.
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SCENARIO ANALYSIS OF MARINE MEGAFAUNA FUNCTIONAL DIVERSITY IN THE
NORTHEASTERN PACIFIC UNDER CLIMATE CHANGE
Gissi, E.1*; McDevitt-Irwin, J. 1; Kaschner, K. 2; Kesner-Reyes, K. 3; Hazen, E. 4; Santoleri, R. 5; Micheli,
F. 1

1- Hopkins Marine Station, Stanford University, USA 2- Albert-Ludwigs-University of Freiburg, Germany
3- Quantitative Aquatics, Philippines 4- NOAA Southwest Fisheries Science Center, USA 5- Institute of
Marine Sciences, National Research Council, Italy

In the face of escalating pressures from climate change, we need to properly understand how marine organ-
isms are responding. Current approaches in ocean management and conservation planning typically aim to
identify and protect climate refugia defined as i) areas with persistent species taxonomic diversity over space
and time, and/or ii) areas with stable climatic conditions (i.e., climate analogs). However, this approach
critically overlooks complex shifts in functional diversity of community assemblages to multiple climate
change stressors. Here, we innovatively define climate refugia as areas where functional diversity persists
over space and time, independent from persistence in species taxonomic diversity and/or climate analogs.
We performed a scenario analysis by modelling the functional space of marine megafauna in the Northeast-
ern Pacific using 19 functional traits. Although moving northwards, some ecoregions’ functional diversity
changed at lower rate than taxonomic diversity, meaning that the turnover of species did not correspond
to a similar functional diversity shift. With the combined analysis of taxonomic and functional diversity
patterns we also identified areas where their relative change will place to new systems, including areas with
increased functional diversity. This novel definition of climate refugia will help shape future protection and
goals of conservation while considering the capacity of these new systems to provide functions and related
ecosystem services in the future.

RESIDENCY AND AGGREGATION PATTERNS OF PACIFIC NURSE SHARKS (GING-
LYMOSTOMA UNAMI) IN A MARINE MANAGEMENT AREA IN COSTA RICA.
† Madrigal-Mora, S.1*; Espinoza, M. 2; Clark, C. 3; Lowe, C. 1

1- Department of Biological Sciences, California State University, Long Beach, California, 90840, USA. 2-
Escuela de Biología, Universidad de Costa Rica, San Pedro, 11501-2060 San José, Costa Rica. 3- Dept. of
Engineering, Harvey Mudd College, Claremont, California, 91711, USA.



Endangered and poorly studied Pacific nurse sharks (Ginglymostoma unami) aggregate in Santa Elena Bay
(SEB), a newly established Marine Management Area (MMA) in the Costa Rican Pacific. This bay undergoes
seasonal upwelling, where water temperature drops as much as 10° C in a couple days. Fluctuating water
temperatures may influence the movement and aggregation behavior of nurse sharks; as they move to areas
with warmer water to behaviorally thermoregulate. This may cause sharks to exit the MMA more often,
where they may be exposed to fisheries. We used passive acoustic telemetry and unoccupied aerial vehicle
(UAV, drone) surveys to quantify the residency and aggregation patterns of G. unami in the MMA and
adjacent unprotected waters. Aggregations with abundances of 8 to 27 individuals were detected in 8 out of
21 UAV surveys. 13 sharks ranging from 85-256cm total length (TL) were tagged and monitored between
September 2018 and September 2022. Sharks had low Residency Index (days detected/days monitored; mean:
0.22, sd: 0.19). Indicating that individuals are detected infrequently at the SEB and are likely visiting other
sites. Three sharks, measuring >2 m TL when tagged, were detected throughout mid 2022 at the station
furthest from SEB. These sharks were tagged in the inner area of Santa Elena Bay, about 14 km away,
recording the longest movement so far reported for this species. Being an endangered and endemic species of
Latin America, knowledge of Pacific nurse shark biology in SEB will help inform management of the species
throughout its distribution.

IMPACTS OF MULTIPLE STRESSORS ON TEMPERATE MARINE INVERTEBRATE
COMMUNITIES AND THE ROLE OF LOCAL REFUGIA IN COMMUNITY RESILIENCE
† Maucieri, D.G.*; Bates, A.E.

University of Victoria

Human actions are leading to large-scale changes in ecosystems and global climate, with events such as
marine heatwaves, expected to increase in frequency and duration, putting many ecosystems at risk of losses
in biodiversity. Stressors (i.e., factors usually resulting from human activity that affect one or more levels of
biological organization) such as marine heatwaves and habitat loss do not only occur in isolation, but often
they are acting simultaneously with a possibility that there will be interactive and combined effects. Kelp
forests are a valuable model system along Pacific Northwest coasts, as they are detectable, common, under
threat, and have high-quality monitoring programs that stretch back decades. Within long-term monitoring
sites in the Channel Islands, off the coast of southern California, kelp cover is the main predictor of species
richness within marine invertebrate communities. In contrast, measures of diversity that incorporate species
abundance are also affected by ocean temperatures. The 1996/1997 El Niño event and the 2014-2016 marine
heatwave known as the “Blob”, resulted in losses of species at sites, followed by sites gaining species after
the marine heatwave concluded. Increases in beta diversity resulted from both marine heatwaves which were
driven by high turnover and instead of sites losing similar species, which species were lost differed at the
site level. Implications on recovery and resilience as well as the effects of echinoderm wasting disease will be
discussed.

MARINE PROTECTION COMBINED WITH ACTIVE MANAGEMENT NEEDED TO EN-
SURE KELP FOREST RESILIENCE IN A WARMING CLIMATE
Shears, N.T.*; Balemi, C.A.; Miller, K.I.

University of Auckland

Protection of predators has long been proposed to restore lost food web interactions and increase ecosystem
resilience. However, a changing climate can result in the arrival of new species or outbreaks of native species
that alter ecosystem dynamics and make it difficult to predict how ecosystems will respond to protection.
Long-term monitoring of marine protected areas with high predator abundance, and adjacent fished areas
where predators are rare, provide an opportunity to examine the interactive effects of predators and climate
change on ecosystems. We compare the response of two native sea urchin species to marine reserve protection
at an offshore island in northeastern New Zealand over a 23-year period of oceanic warming. Within the
marine reserve, the common sea urchin Evechinus chloroticus decreased, became more cryptic, and urchin
barrens associated with this species largely disappeared. In contrast, the abundance of the subtropical
sea urchin Centrostephanus rodgersii increased by 2.7 times, and large areas of urchin barrens associated
with this species have developed. The increase in C. rodgersii coincides with recent warming and is likely
facilitated by very low abundances of rock lobster, which are the most effective predator of this species.



This challenges traditional conservation and fisheries management approaches and suggests that large-scale
rebuilding of lobster populations, combined with marine protection and active restoration, is necessary to
mitigate the impacts of this “native pest” species and increase kelp forest resilience in a warming climate.

POSITIVE EFFECTS OF COMMUNITY-LED MARINE RESERVES ON THE GREEN
ABALONE
† Bauer, J.1*; Segovia-Rendón, J. 2; Lorda, J. 3; Beas-Luna, R. 3; Alvarado-Graef, P. 3; Abadía-Cardoso, A.
3; Malpica-Cruz, L. 3; Searcy-Bernal, R. 4

1- Universidad Autónoma de Baja California (UABC) 2- Proyectos y Servicios Marinos (PROSEMAR) 3-
UABC 4- International Abalone Society (IAS)

Marine reserves are implemented worldwide to protect, restore, and manage marine ecosystems and species.
The green abalone, Haliotis fulgens, is a marine gastropod of high economic value, extracted for over 35 years
at Guadalupe Island, Mexico. In this work, we assessed the effects of recent marine reserves established and
managed by the local fishing cooperative. We evaluated the population status of the green abalone by
conducting 1) an assessment of the green abalone population around Guadalupe Island through subtidal
monitoring; and 2) an evaluation of the effect of newly established marine reserves (Plancha and Gaviota),
on abundance, size, aggregation, and potential egg production. To assess the population structure around
Guadalupe Island, we surveyed during 2020 and 2021 a total of 11,160 m2. We recorded and measured 2,327
green abalones. All variables were higher at the marine reserves, except the shell length. For example, the
green abalone densities inside the marine reserves in 2020 (Plancha = 0.70 ± 0.06 SE), and 2021 (Plancha
= 0.66 ± 0.06; Gaviota = 0.66 ± 0.26 SE individuals m-2) were in average three times higher compared
to fished sites in 2020 (0.19 ± 0.02 SE individuals m-2), and 2021 (0.21 ± 0.02 SE individuals m-2). In
this work, we report a positive biological response to community-led marine reserves on a green abalone
population. This study shows that marine reserves can support sustainable fishing practices and enhance
ecosystem resilience.

ECOLOGICAL PERFORMANCE OF CALIFORNIA’S MARINE PROTECTED AREA
NETWORK ACROSS REGIONS, HABITATS, AND DURING A HEATWAVE
Nickols, K.1*; Smith, Josh 2; Caselle, Jenn 2; Lopazanski, Cori 2; Brun, Julien 2; Anderson, Clarissa 2; Carr,
Mark 2; Claudet, Joachim 2; Eurich, Jacob 2; Francis, Tessa 2; Free, Chris 2; Gill, David 2; Hamilton, Scott
2; Kaschner, Kristin 2; Mouillot, David 2; Raimondi, Pete 3; Starr, Rick 4; Ziegler, Shelby 4

1- CSU Northridge 2- affiliation not listed 3- NCEAS/University of California Santa Barbara 4- University
of California Santa Barbara

As part of the 1999 Marine Life Protection Act California established a network of 124 marine protected
areas (MPA) to conserve the diversity and abundance of marine life, and protect the structure and func-
tioning of coastal ecosystems. The network was implemented from 2007-2012, and 2022 marked 10 years
since full implementation. The State of California invested in monitoring of the MPA network, which was
managed according to distinct habitats and sectors. As part of the Decadal Management Review of Califor-
nia’s MPA Network, the California MPA Network Synthesis Working Group (NCEAS) synthesized results
from monitoring data across the MPA network. Here we describe the effect of regulatory protection on
ecological responses across habitats and regions and explore whether MPAs confer resistance and resilience
to climate perturbations (such as marine heatwaves) across habitats within the Central California region.
Fish biomass tended to be greater in MPAs relative to outside of MPAs for targeted species across different
monitored habitats and for all regions except Northern California. However, only in the South region was
this MPA effect significant, with this region driving a significant positive ‘statewide’ effect of MPAs. Within
Central California, community composition changed as a result of the marine heatwave across all ecological
monitoring groups. However, there was no overarching effect of MPAs in mitigating change in communities.
Our work highlights the need for a comprehensive monitoring plan in order for MPAs to be evaluated under
an adaptive management framework.

PRINCIPLES FOR CLIMATE RESILIENCE ARE PREVALENT IN MARINE PRO-
TECTED AREA MANAGEMENT PLANS
† Lopazanski, C.1*; Foshay, B. 1; Couture, J. 2; Wagner, D. 2; Hannah, L. 2; Pidgeon, E. 2; Bradley, D. 1



1- University of California, Santa Barbara 2- Conservation International

Climate change is threatening marine systems, and its widespread and dynamic effects are creating challenges
for designing and managing marine protected areas (MPAs). The majority of recommendations for climate-
resilient MPAs are focused on two main strategies: using spatial planning to enhance ecological resilience to
disturbance, and implementing adaptive management strategies to buffer against uncertainty. Here, we assess
how these strategies are applied in real-world MPA management. Our review evaluates 171 management
plans spanning 554 marine protected areas across 51 countries and written in 8 different languages. We find
that the incorporation of climate change guidance is quite prevalent, with 87.3% of spatial plans discussing at
least one strategy for resilience, and 93% of plans using adaptive management. However, we find substantial
variation in the degree to which MPAs incorporate climate change into their strategies, from not mentioning
it at all (21%) to developing detailed climate change-specific action plans (20.5%), with most somewhere
in between (57.9%). Many plans discuss the limitations of the MPA or its management to address climate
change (24%), and all plans are implementing strategies to address additional localized threats, which may
interact with and exacerbate climate impacts. In addition to identifying general trends among management
plans, this study also provides examples of practical activities that MPAs are undertaking to address climate
change.

MONITORING MARINE RESERVE NETWORKS FOR RESILIENCE IN A CHANGING
CLIMATE.
Hopf, J.H.*; White, J.W.

Oregon State University

We are rapidly trying to understand how to best mitigate the adverse impacts of increasing disturbances
associated with climate change. No-take marine reserves are viewed as tools that could enhance resilience
against extreme events. In the last decade, multiple reserves have been established along the U.S. Pacific coast
and evaluations of those reserve systems are underway. Concurrently, these systems have also experienced
multiple extreme events, including heatwaves, hypoxic events, and pathogen outbreaks. To support these
evaluations, there is a need to understand how we can best detect: 1) direct reserve effects (enhancing
harvested populations) when the system is also experiencing extreme events, and 2) the resilience effects of
reserves when they are undergoing transient dynamics resulting from reserve establishment. To address this,
we used a blue rockfish (Sebastes mystinus) population model to evaluate the detectability of reserve benefits
in their first decade, during which an acute disturbance occurs. Counterintuitively, our results suggest that
widespread disturbances that affect larval recruitment should make it easier to detect increases in abundances
within reserves, relative to reference sites, especially soon after establishment. However, the reverse is true
for disturbances also affecting adult fish. Additionally, reserves should gain resilience to juvenile disturbances
very rapidly. These findings will help support monitoring efforts and management evaluations by setting
expectations around our ability to detect reserve effects and resilience.
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CLIMATE-INFORMED MODELS BENEFIT HINDCASTING BUT PRESENT CHAL-
LENGES WHEN FORECASTING SPECIES-HABITAT ASSOCIATIONS
Barnes, C.L.1*; Essington, T.E. 2; Pirtle, J.P. 3; Rooper, C.N. 4; Laman, E.A. 5; Holsman, K.K. 5; Aydin,
K.Y. 5; Thorson, J.T. 5

1- University of Washington and NOAA Fisheries 2- University of Washington 3- Alaska Regional Office,
NOAA Fisheries 4- Fisheries and Oceans Canada 5- Alaska Fisheries Science Center, NOAA Fisheries

Species distribution models (SDMs) often rely on spatially-explicit but time-invariant environmental condi-
tions to predict fine-scale population metrics. We compared these conventional (i.e., ‘static’) SDMs with
more climate-informed (i.e., ‘dynamic’) SDMs to assess whether the addition of time-varying processes im-
prove hindcast performance and/or forecast skill. We present two case studies from the Bering Sea – a
high latitude system that has recently undergone considerable warming. We relied on conventional statistics
(R2, % deviance explained, UBRE or GCV) to evaluate hindcast performance for Arrowtooth Flounder and



Walleye Pollock. We then used a technique called retrospective skill testing to evaluate near-term forecast
skill. We found that the inclusion of temporally dynamic covariates improved hindcasts, but had no change
on (or decreased) forecast skill relative to static SDMs. This is likely a result of rapidly changing temper-
atures, which necessitated predictions to environmental conditions that were outside the range of observed
values. Until additional model development allows for fully dynamic predictions, static model forecasts - or
persistence forecasts from dynamic models - serve as reliable placeholders, especially when anomalous condi-
tions are anticipated. Nonetheless, our findings demonstrate support for the use of retrospective skill testing
rather than selecting forecast models a priori based on their ability to quantify species–habitat associations
in the past.

SEASONAL MOVEMENT OF GIANT SEA BASS (STEREOLEPIS GIGAS) WITHIN THE
SOUTHERN CALIFORNIA BIGHT
† Peria, J.N.*; Steele, M.A.

California State University, Northridge

The giant sea bass, Stereolepis gigas, is an endangered apex predator, found in the kelp forests of California.
During the summer months, there are several predictable locations at which this species is known to aggregate,
but during the winter, they leave these sites, most likely traveling offshore. It is thought that they most
likely aggregate to spawn, but little is known about their use of aggregation sites from year to year. This
study used spot pattern analysis (IS3) to identify at least 119 unique individuals and monitor their use
of various southern California sites between 2017 and 2022. Instances of re-sightings were then used to
detect movement of these individuals from one site to another. Re-sightings revealed that these fish move
among different aggregation sites, though it seems to be rare for them to do so during the spawning season.
Movements among sites usually occurred between years. Some individuals were also observed returning to
the same aggregation site year after year.

IMPACTS OF 100% JUVENILE IN-RIVER RELEASES ON ADULT RETURNS OF
THREATENED CENTRAL VALLEY SPRING-RUN CHINOOK SALMON
White, J.S.S.1*; Kindopp, J. 2; Kurth, R. 2

1- Pacific States Marine Fisheries Commission 2- California Department of Water Resources

Threatened spring-run Chinook Salmon (SRCS), Oncorhynchus tshawytscha , produced by the Feather River
Fish Hatchery (FRFH) have been 100% coded wire tagged since 2004 and were released in the Feather River
and the Bay historically. Bay releases led to straying into other tributaries of the Sacramento River and
intermixing with wild populations. Since 2015, 100% of juveniles have been released within the lower Feather
River in a crossed design, upstream vs. downstream of the Yuba River in March vs. April, yielding 4 release
treatments. Following in-river releases stray rates of returning adults were reduced, especially for juveniles
released upstream of the Yuba River, a tributary to the Feather River. In particular, strays to external
drainages diminished rapidly following 100% in-river releases. However, more SRCS strayed within the
Feather River watershed to the Yuba River, though only juveniles released downstream of the confluence.
We evaluated release month to determine if timing of emigration altered SRCS returns to the Central Valley,
or their harvest in oceanic and/or freshwater fisheries. Release timing was confounded with size at release
because juveniles released in March had grown less and were smaller than those released in April. Nonetheless,
March releases produced more SRCS adult returns than April releases in some years, although not reliably.
Future research will incorporate additional release factors, including predator presence and behavior, disease
prevalence, and environmental factors including water year type, temperature, and flow.

RECOVERING AGE AND LENGTH DATA FROM FILLETED GROUNDFISH CAR-
CASSES
Fritch, K.1*; Waltz, G. 2; Monk, M. 3; Brauer, E. 1; Kucinski, Z. 1; Skinner-Horne, C. 1; Wendt, D. 1

1- California Polytechnic State University, San Luis Obispo 2- Oregon Department of Fish and Wildlife
3- Southwest Fisheries Science Center, U.S. Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Service

West Coast rockfish stock assessments commonly cite a need for additional biological data to provide more



accurate population estimates, which are used to set catch quotas along the coast of the United States. The
commercial passenger fishing vessel fleet in the state of California has historically landed large amounts of
rockfishes, however, they discard the carcasses once the fillets have been removed. These carcasses could be
a valuable source of age, length and sex data with a standardized measurement method to relate the post-
fillet measurement to the pre-fillet measurement of the carcass. To determine the feasibility of a program
to collect rockfish carcasses for biological data, four species of rockfish were collected from the central coast
of California and measured before and after filleting to develop these relationships. Significant relationships
were found between the post-fillet elongate length and the pre-fillet length for blue (Sebastes mystinus),
gopher (S. carnatus), copper (S. caurinus) and vermilion (S. miniatus) rockfish. A high percentage (88%) of
the carcasses had identifiable gonads, an important consideration for species with dimorphic growth. This
new data source can be used to enhance the length-at-age and life history data available for stock assessments
or other biological studies of rockfish populations.

EVALUATING THE IMPACT OF A MARINE HEATWAVE ON THE DIET, GROWTH,
REPRODUCTION, AND CONDITION OF CALIFORNIA SHEEPHEAD
† Chubak, B.R.*; Steele, M.A.; Adreani, M.S.

California State University, Northridge

Environmental factors can affect reproductive success and growth in fish populations in a variety of ways,
including by affecting diet. California sheephead (Semicossyphus pulcher) are among the most ecologically
important fish on temperate reefs in California and Mexico, yet little is known about their growth and
reproductive ecology. The main goal of this study was to evaluate the impact of a large marine heatwave
on the diet, growth, reproductive output, and condition of the California sheephead, specifically testing the
hypothesis that these responses differed during a marine heat wave from before or after it. I measured the
batch fecundity, growth rates, and body condition of sheephead on three large rocky-reef kelp forests within
the Southern California Bight from 2009 to 2020, a period which included a large marine heatwave from 2014-
2016. Prey availability and diet composition were measured within a subset of this timeframe, from 2012 to
2018. Growth rates, reproductive output, body condition, diet, and prey availability all differed among the
years, however, most interannual differences were not closely tied to the heatwave. Condition tended to be
lower during the marine heatwave, but growth and reproductive output had no discernable relationship with
the marine heatwave. Understanding the extent and causes of year-to-year variation in reproductive output
and growth can aid in future management efforts of economically and ecologically important species of fish,
especially when related to warming events, which are becoming more common and more intense.

ASSESSING THE EFFECTS OF SEA OTTERS ON DEPTH DISTRIBUTIONS OF DUN-
GENESS CRAB IN SOUTHEAST ALASKA
† Johnson, C.J.1*; Vernon, E.C. 2; Whitney, J.M. 3; Eckert, G.L. 1

1- University of Alaska Fairbanks 2- Boise State University 3- University of Alaska Southeast

Sea otters (Enhydra lutris) consume large quantities of macroinvertebrate prey and have a well-documented
history of disrupting fisheries throughout the North Pacific. The expansion of the sea otter population in
Southeast Alaska from ~400 translocated individuals in the 1960s to over 25,000 individuals resulted in
reductions to invertebrate fishery species, including sea cucumbers and sea urchins. However, the region
continues to support a highly productive Dungeness crab (Metacarcinus magister) fishery, and it is unclear
how this is possible. We are investigating the ecological conditions in Southeast Alaska that may allow
commercial Dungeness crab catch to persist in proximity to sea otters. Here we test one hypothesis that
Dungeness crab may utilize a depth refuge beyond the diving limits of sea otters to avoid predation. We set
130 crab pots at depths within and below the regular diving limits of sea otters in four bays in Southeast
Alaska; two bays that were newly colonized by sea otters and two bays without sea otters. The depth
distribution of Dungeness crab was similar among bays with and without sea otters, suggesting crabs are not
shifting to deeper habitat. The presence of sea otters, however, was associated with a reduction in size of
male Dungeness crab. Future studies could examine if crab seek a depth refuge in areas with long established
sea otter populations. We plan to further investigate the spatial and temporal overlap of Dungeness crab
and sea otters to better understand interactions between these two species.



ASSOCIATIONS BETWEEN ENVIRONMENTAL CONDITIONS AND THE SPATIAL
AND TEMPORAL TRENDS OF GEODUCK CLAM TOXICITY IN SOUTHEAST AK
† Hart, C.E.1*; Tobin, E. 2; Greengrove, C. 3; Eckert, G.L. 1

1- University of Alaska Fairbanks 2- Jamestown S’Klallam Tribe 3- University of Washington Tacoma

Alexandrium catenella is the primary phytoplankton species that causes harmful algal blooms (HABs) and
toxifies many species of shellfish in Southeast Alaska. A. catenella produces a potent neurotoxin which
is ingested by filter feeding organisms and can cause paralytic shellfish poisoning (PSP) in humans that
consume contaminated shellfish. Geoduck clams (Panopea generosa) are shellfish harvested commercially by
divers and exported to Asian markets. Federal mandates require these clams be screened for toxicity prior
to opening the fishery to ensure they are non-toxic and safe for consumption. In recent years, the geoduck
fishery was hampered by clam toxicity that fluctuated well above and below the regulatory limit of 80µg
STX/100g tissue. These unpredictable patterns resulted in economic losses to the fishery through increased
sampling costs and closed harvests. Understanding what causes variation in clam toxicity is fundamental to
informing management actions to mitigate impacts on the fishery. Recent studies in coastal AK and WA
suggest that combinations of environmental parameters enable HABs, but the spatial and temporal extent
of blooms and subsequent shellfish toxicity is regionally specific. When we compared 20 years of past testing
results from this commercial fishery with a suite of environmental parameters, we found that air and sea
surface temperatures are related to increased test failures in some areas, but the trend is not ubiquitous. A
deeper dive into precipitation, wind, and marine heatwave events may further explain toxicity trends.

ENVIRONMENTAL DRIVERS OF MOBILE FAUNA ABUNDANCE AND SIZE DISTRI-
BUTION IN RICHARDSON BAY, CALIFORNIA, USA
Anderson, E.R.1*; Ritter, C.J. 2; Olson, J.C. 3; Goodison, M.R. 1; Ogburn, M.B. 1

1- Smithsonian Environmental Research Center 2- James Cook University 3- Fish and Wildlife Research
Institute, Florida Fish and Wildlife Conservation Commission

Estuarine species are adapted to changing environments but increased environmental variability due to
climate change has the potential to alter estuarine communities. In this study, we used imaging sonar to
document the community of mobile fauna in Richardson Bay, CA in two consecutive summers, one following
a dry winter (2016) and one following a wet winter (2017). A Dual-frequency Imaging Sonar (DIDSON)
was deployed for 1 minute at 50 locations each year to obtain point counts and fish sizes as well as benthic
habitat information (eelgrass presence and abundance and size of foraging pits). Temperature, salinity, and
dissolved oxygen were measured at the surface and bottom at each site and water samples were collected at
about half the sites and analyzed for nutrients (urea, ammonium, nitrate, silica). Relationships between fish,
environmental, nutrient, and habitat data were explored using an information theoretic approach using the
glmmTMB package. Nutrients were higher and salinity and temperature were slightly lower during summer
2017 compared to 2016. Fish abundance was associated with nutrients, salinity, and temperature in 2016
and eelgrass presence in 2017, and fish size was greater at sites with eelgrass in 2017. Foraging pit density
was associated with areas with higher nutrient loads in both years. Our results suggest that the Richardson
Bay fish community, foraging pits, and seagrass presence were similar in summer following dry and extremely
wet winters and that imaging sonar is a promising tool for exploring patterns in estuarine fish communities.
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LAND-TO-SEA CONNECTIVITY AND THE PERSISTENCE OF NORTHERN CALIFOR-
NIA KELP FORESTS
Hughes, B.B.1*; Ricart, A.M. 2; Gomez, J. 1; Karm, R. 1; Dias, A. 1; Souza, V. 1; Velazquez, M. 1; Cavanaugh,
K. 3; Cavanaugh, K. 3; Saccomanno, V. 4; Adams, F. 1; Nelson, T. 1

1- Sonoma State University 2- UC Davis - Bodega Marine Lab 3- UC Los Angeles 4- The Nature Conservancy



In the Anthropocene, ecologists are challenged with determining the drivers of ecosystem collapse in order
to inform management and restoration actions. When ecosystem collapse is complete across regional scales
it can be difficult to tease apart drivers of decline when multiple stressors are involved, and data prior to the
collapse are limited. Such is the case for northern California bull kelp (Nereocystis luetkeana), where a perfect
storm of the loss of predators, runaway herbivory by urchins, and ocean warming likely led to the collapse of
these kelp forests over the last decade. Despite this collapse, a few patches of kelp have persisted giving hope
to a better understanding of the collapse and informing managers on how to address future declines. We
studied these remaining kelp patches to determine the drivers of persistence. From 2020-2021 we surveyed
subtidal reefs along a gradient of kelp persistence (measured in years from 2016-2021 using satellite data),
kelp abundance, benthic communities, and abiotic factors, specifically focusing on the influence of land-to-
sea connections (distance to freshwater source and freshwater discharge). We found that these land-to-sea
connections were key correlates for urchin and kelp abundance, and that sites with low urchin densities and
higher kelp abundance were closer to freshwater sources and had higher freshwater discharge. Together these
results indicate that land-to-sea connectivity is an important driver for maintaining low urchin populations
while promoting kelp forests.

RESTORATION OF KELP FOREST HABITAT IN GREATER FARALLONES NATIONAL
MARINE SANCTUARY
Contolini, G.M.*; Hohman, R.; Gomez, J.; Zepp, A.

Greater Farallones Association and Greater Farallones National Marine Sanctuary

Bull kelp, Nereocystis luetkeana, is the foundation species of kelp forest ecosystems in northern California
and historically provided essential ecosystem services. Since 2014, the north coast of California has suffered
extensive and prolonged loss of bull kelp, with an estimated 90% loss in many areas. An exponential
increase in purple sea urchin densities and a dramatic suppression of bull kelp growth led to devastating
ecological and economic impacts, and a persistent urchin barren state could prevent long-term recovery of
the bull kelp population. The Kelp Restoration Project, supported by NOAA’s Greater Farallones National
Marine Sanctuary and the Greater Farallones Association, was established to address this severe kelp loss by
informing strategic kelp forest restoration and management in the sanctuary. The project seeks to transition
urchin barrens to kelp forests by removing red and purple urchins to less than two urchins per meter squared
and increase annual recruitment and growth of bull kelp through outplanting. The project will monitor the
success and effectiveness of urchin management and kelp regrowth at four restoration and control sites in
Sonoma County over five years to facilitate the recovery of kelp forest habitat in the area. The restored kelp
network can provide a proactive mitigation strategy that countervails kelp forest ecosystem losses during
climate fluctuations to enable and facilitate natural regional kelp recruitment, and, over the long-term,
contribute to species recovery and economic viability of commercial and recreational fisheries.

RESTORATION OF NORTH COAST BULL KELP FORESTS: A PARTNERSHIP-BASED
APPROACH
Freiwald, J.1*; Ward, M. 2; McHugh, T.A. 3; Elsmore, K. 4; Esgro, M. 5; Ray, J. 4; Murphy-Cannella, M. 1;
Norton, I. 1

1- Reef Check Foundation 2- San Diego State University 3- The Nature Conservancy 4- California Department
of Fish and Wildlife 5- California Ocean Protection Council

Starting in 2014, California’s North coast experienced a dramatic loss of bull kelp (Nereocystis luetkeana)
due to a combination of oceanographic and biological stressors. This loss had catastrophic impacts to the
kelp forest ecosystem, as well as socio-economic impacts on the human communities that rely on the kelp
forests’ natural resources. This has elevated the restoration of California’s kelp forests as a top priority for
state resource managers. One restoration approach is the reduction of grazing pressure through large-scale
urchin removal by commercial divers, which hereto had not been investigated in California’s bull kelp forests.
We impended restoration at two sites in Mendocino County at Noyo Cove and in Albion Cove starting
in 2020. This project demonstrates that commercial divers can conduct kelp forest restoration via urchin
harvest. Specifically, with a frequent and coordinated initial removal effort, urchin densities can be reduced
to a target threshold density of 2 urchins/m2 over spatial scales of several acres and can be maintained
over time with lower relative effort. One year after restoration began, kelp density at the first restoration



site was significantly higher relative to an unmanipulated reference site and reached about 20% of historical
densities observed during Reef Check surveys in Mendocino County prior to the kelp forest loss. These
findings suggest that reducing and maintaining low purple urchin (Strongylocentrotus purpuratus) density
may contribute to bull kelp ecosystem recovery along California’s North coast.

EVALUATING URCHIN TRAPS AS A GRAZER SUPPRESSION TECHNIQUE IN MEN-
DOCINO, NORTHERN CALIFORNIA
McHugh, T.A.1*; Downie, G. 2; Saccomanno, V.R. 1; Heady, W.N. 1; Caselle, J.E. 3; Elsmore, K.E. 4; Vargas
Paulsen, C. 3; Stein, D. 4; Freiwald, J. 5; Murphy Cannella, M. 5; Eddy, N.E. 1

1- The Nature Conservancy 2- Commercial Urchin Diver, FV Crazyhorse 3- University of California Santa
Barbara 4- California Department of Fish and Wildlife 5- Reef Check Foundation

Along California’s North Coast, a combination of stressors, including an over-abundance of kelp-grazing
native purple urchins, have resulted in a loss of over 96% of the bull kelp forest in that region. As a first
step in kelp ecosystem recovery, novel ways of reducing the urchin population must be developed due to
the high cost of urchin removal, volume of urchins in target areas, the region-wide extent of this problem,
and the logistical challenges presented by the North Coast limiting diving efforts for urchins. In partnership
with a local commercial urchin diver, state resource managers, and NGOs, we evaluated urchin trapping
as a tool for kelp forest restoration in California. Specifically, we explored the efficacy (catch per unit
effort) of traps in catching urchins across different conditions and among different use scenarios. In 2021, we
evaluated trap design, and experimented with different bait types and soak times. In 2022, we conducted
seasonal deployments from winter through fall, deploying traps at two locations. Subtidal surveys captured
overall trapping effect on reef community response, and urchin densities around the traps at hours 0 and at
prescribed soak time. Upon trap retrieval, a commercial urchin diver collected key trap and urchin metrics.
Our results show that maximum CPUE was achieved with a soak time greater than four hours, a high
surrounding urchin density, and high spatial distribution of kelp bait on trap.Urchin trapping appears to
provide a viable non-diver option to remove purple urchin from reefs to facilitate kelp forest restoration.

PRODUCTION OF BULL KELP NEREOCYSTIS LUETKEANA SPOROPHYTES FOR
RESTORATION AQUACULTURE USING LOW-COST METHODOLOGIES
Bugbee, B.M.*; Kim, A; Hamilton, S.L.; Graham, M.H.

Moss Landing Marine Labs

The annual foundation species bull kelp (Nereocystis luetkeana) recently experienced widespread and per-
sistent population declines in 2015 across its northeastern Pacific geographic range, with scarce signs of
rebounding. Inter-annual persistence of natural populations relies on the completion of the biphasic alter-
nation of generations characteristic of kelps, whilst in the presence of competitors and grazers. Fertile adult
sporophytes must release ample spores that result in settlement to the benthos in critical densities that
permit sexual fertilization and subsequent microscopic development. The microscopic phase of the kelp life
history is often the bottleneck to population persistence. Using only raw seawater and shade cloth to reduce
ambient light, we have been able to reliably and quickly produce all bull kelp life history stages in large
quantities. Inoculation concentrations ranged from 600 to 25000 spores per ml yielding an average settle-
ment density of 33,117 spores per mm2 across multiple independent trials. Bull kelp development progressed
to microscopic sporophytes as early as 13 days and macroscopic sporophytes in 56 days post settlement.
Utilizing low-cost non sterile conditions, aquaculture production of bull kelp, and other kelps, permits quick
and reliable production of all life history stages. Further, aquaculture presents a highly scalable framework
that managers could employ for continuing restoration efforts.

INBREEDING DEPRESSION VARIES ACROSS THE LIFE CYCLE OF BULL KELP,
NEREOCYSTIS LEUTKEANA
Gossard, D.J.1*; Lanza, J.R. 2; Flitcroft, K.E. 3; Montecinos Arismendi, G..J. 3; Alberto, F.A. 3

1- Monterey Bay Seaweeds, Moss Landing Marine Laboratories 2- Moss Landing Marine Laboratories 3-
University Wisconsin–Milwaukee

Kelps (Laminariales) possess a biphasic life cycle subject to selfing: a process occurring when gametophyte



progeny of the same sporophyte produce the subsequent generation. The effects of inbreeding depression
(decreased survivorship, developmental aptitude, and fitness due to selfing) have not been uniform across
kelp genera. Therefore, to inform management strategies for exposed northeast Pacific kelp forests, we
attempted to quantify inbreeding depression in the bull kelp, Nereocystis luetkeana, with ex-situ experiments
culturing bull kelp in petri dishes, flasks, and open system tumble culture tanks. In May 2022, germplasm
gametophytes from central California were fragmented, recombined, and cultured in two crossing treatments
(100% selfed and 4.2% selfed) to test the hypothesis that outcrossed bull kelp will significantly outperform
selfed bull kelp. Early post-fertilization responses suggested low inbreeding depression at microscopic stages.
Post-transplant developmental differences in macroscopic sporophytes (total length, maximum blade length,
number of blades, biomass) favored the outcrossed treatment, with mean differences between treatments
increasing over time. Preliminary findings suggest compounding developmental inbreeding depression toward
sporophyte maturity, the consequences of which will need to be reconciled with in-situ research. Theoretical
studies quantifying true selfing rates will further elucidate the role of selfing within populations. Our findings
are discussed pertaining to population genetics and bull kelp restoration.

EFFECTS OF OCEAN WARMING ACROSS THE LIFE CYCLE OF THE BULL KELP,
NEREOCYSTIS LUETKEANA
Weigel, B.L.1*; Small, S.L. 1; Fales, R.J. 2; Berry, H.D. 3; Dethier, M.N. 1

1- University of Washington, Friday Harbor Labs 2- University of Washington, Department of Biology 3-
Washington State Department of Natural Resources

Bull kelp (Nereocystis luetkeana) are declining at some locations within the Salish Sea, particularly in
areas with elevated summer water temperatures and low nutrients. We conducted temperature-controlled
experiments with bull kelp from multiple populations to determine the critical thermal limits for growth
and reproduction. First, we grew gametophytes from 7 different populations at 7 different temperatures,
spanning 10-22°C, and compared the thermal limits of each population with the in situ water temperatures
(-3 to -5 m depth) at each site. Our experimental results indicate that daily mean and maximum temperatures
in the kelp bed reached the thermal limits of gametophyte growth (18°C) and sporophyte production (16-
18°C) at multiple sites. Second, to assess the impact of ocean warming and nitrogen depletion on adult
sporophytes, we held blades collected from 2 different populations at 12, 16 and 20°C, under both high and
low nitrogen levels, for 8 days. Regardless of nitrogen levels, blade growth rates were similar at 12 and
16°C, while blades incubated at 20°C had low or negative growth rates and showed signs of stress, including
elevated respiration rates. Prolonged exposure of bull kelp gametophytes to bottom temperatures of 18°C
and above could limit reproduction, while surface temperatures of 20°C are deleterious to sporophytes. Kelp
persistence at the warmest sites likely depends on the duration of elevated temperatures and the seasonality
of kelp reproduction and growth, which must be monitored to guide kelp forest conservation and restoration
actions.

EXPERIMENTAL RESTORATION BY CULTIVATION OF BULL KELP IN THE SOUTH-
ERN SALISH SEA
Hayford, H.1*; Allen, B. 1; McKenna, G. 1; Florendo, J. 1; Tonnes, D. 2

1- Puget Sound Restoration Fund 2- NOAA National Marine Fisheries Service

The bull kelp Nereocystis luetkeana is the foundation of productive and biodiverse kelp forests across the
Salish Sea. An increased rate of bull kelp decline in some regions over the past several decades has led
to a substantial need for conservation and restoration. Possible restorative actions are limited by available
information; in addition to determining causes of decline, we must develop effective cultivation and outplant
techniques. An ambitious aim of our program is to build a self-sustaining kelp bed at an expansive scale for
a feasible cost. Thus far, we have explored life stage, seasonality, seeding density, and benthic infrastructure.
In each of the years 2020-2022, we experimentally outplant microscopic sporophytes in Puget Sound in
late winter. We used surface measurements, reproductive effort, and qualitative health to compare the
enhancement to a nearby naturally-occurring kelp bed. We quantified associated fishes, invertebrates, and
understory kelps annually. In each year, kelp reached the ocean surface and reproductive maturity in early
summer, creating a lush bed. However, kelps in the enhancement did not persist for as long as nearby
beds, and recruitment to the enhancement the following spring was low or absent. A marked increase in



fish utilization of habitat was observed when bull kelp was abundant, suggesting that even non-persistent
floating kelp could improve seasonal fish presence. While we continue to work towards a self-sustaining bed,
these restoration enhancement techniques can be added to the toolbox for resource managers.

Session 19: Special Session: Marine Protected Area Network Science and Man-
agement III
* indicates presenting author, † indicates eligibility for Best Student Paper Award

MULTIPLE METHODS MAY BE REQUIRED FOR COMPREHENSIVE MPA MONITOR-
ING
Honeyman, C..J.*; Caselle, J.; Carlson, P.; Jainese, C..J.; Parsons-Field, A.; Eisaguirre, J.; Koehn, K.;
Giraldo-Ospina, A.; Spiecker, B.

UC Santa Barbara

Across global oceans, marine protected areas (MPAs) have become a popular tool utilized to achieve a variety
of conservation goals. Because the reasons for MPA implementation can differ, it is imperative that resource
managers are able to properly design and execute management regimes that allow them to effectively assess
how MPAs are performing relative to the conservation goals set. In this study, we compared data from
three MPA monitoring programs used by the state of California to survey groundfish populations across
different strata of temperate rocky reef habitat at the Northern Channel Islands: underwater visual census
(SCUBA; 0-20m), collaborative hook and line fishing (CCFRP; 10-50m), and baited remote underwater video
(BRUVs; 30-100m). We compared the strength and direction of standardized metrics, including response
ratios, diversity indices, and community structure, examining results through the lens of MPA effects. While
each of our tools detected similar MPA effects on grouped targeted groundfish biomass and density, MPA
effects for individual targeted species of interest varied across methods. Each tool was shown to survey
a distinct groundfish community assemblage from one another, adding to a large body of work on the
importance of sampling selectivity and further providing evidence that multiple tools are likely required to
comprehensively monitor MPAs.

ASSESSING FISH COMMUNITY STRUCTURE THROUGH MULTIPLE CAPTURE
METHODS IN FIVE SOUTHERN CALIFORNIA ESTUARIES
† Garcia, S1*; Whitcraft, C 1; O’Connor, K 2; Walker, J 3; Clark, R 2; Stein, E 3; Hughes, B 4

1- California State University Long Beach 2- San Jose State University 3- SCCWRP 4- Sonoma State
University

Despite the recognized importance of estuaries, there is little consensus among managers and scientists as to
which sampling methods should be used for monitoring projects. Of particular interest is how to best monitor
estuarine marine protected areas (EMPAs). Our project goal is to obtain a more comprehensive measure of
fish community composition by using a variety of complementary capture methods in five southern California
estuaries. By utilizing a variety of capture methods (baited remote underwater videos (BRUVs), seines,
hook and line surveys (HLS)) and a range of abiotic, biotic, and habitat parameters, we hope to better
understand community composition and potential correlates for fish communities within these estuaries.
BRUVs documented rays, elasmobranchs, and a variety of finfish; however, the effectiveness of this method
is limited by water clarity. HLS showed anglers captured larger and more mobile fish than other methods;
species including sargo, croaker, and leopard sharks. Seines were effective at capturing smaller, less mobile
fish, and increased seine sampling effort yielded higher species richness. Using data from two seasons, we built
preliminary generalized linear models that show correlations of fish abundance with abiotic factors (ammonia,
nitrate, conductivity, and dissolved oxygen) and estuary condition parameters (mouth condition and MPA
type). Our goal is to develop standardized protocols and analysis criteria that help increase understanding
of the fish community composition within southern California estuaries, thus informing EMPA management.

ASSESSING THE ROLE OF LARVAL CONNECTIVITY ON A KELP FOREST FISHERY
ACROSS THE CALIFORNIA MPA NETWORK



Yeager, M.E.1*; Malone, D.P. 1; Free, C.M. 2; Bell, T.W. 3; Edwards, C.A. 4; Carr, M.H. 1; Raimondi, P. T.
1; White, J.W. 5

1- Department of Ecology & Evolutionary Biology, University of California Santa Cruz 2- Bren School of
Environmental Science & Management, University of California Santa Barbara 3- Department of Applied
Ocean Physics & Engineering, Woods Hole Oceanographic Institute 4- Department of Ocean Sciences, Uni-
versity of California Santa Cruz 5- Department of Fisheries, Wildlife & Conservation Science, Oregon State
University

The strategic spatial design of the California marine protected areas (MPAs) visually illustrates the impor-
tance of a major goal from the law that created them: ‘to ensure that the state’s MPAs are designed and
managed as a network’. However, to date, testing the role of connectivity on the function of the network
has been a challenging task due to complex interactions between the coastal oceanography with the ecology
of local fisheries. Fully assessing the dynamics of the MPA network requires a sufficient understanding of
metapopulation dynamics, including larval connectivity, habitat, and fishing. Here we examine how popula-
tion size and resilience of a recreationally important kelp forest fishery, the blue rockfish (Sebastes mystinus),
is influenced by the California MPA network. Using an integral projection population model with larval con-
nectivity estimated from a numerical ocean model and habitat quality set by a species distribution model,
we quantified the MPA effects of blue rockfish larval connectivity on population structure, fecundity, and
network persistence. We found that (i) blue rockfish were generally more connected among MPAs than
among non-MPA sites, (ii) regional subnetworks of persistence emerged, and (iii) the high MPA connected-
ness allowed for larger fecundity and greater ‘filled-in’ population size structure. This work demonstrates
that through increased larval connectivity and network persistence, populations may be more resilient to
environmental change through the potential to buffer drastic population changes associated with a changing
climate.

EVALUATING THE EFFECT OF MARINE PROTECTED AREAS ON MESOPHOTIC
FISH COMMUNITIES USING BAITED REMOTE UNDERWATER VIDEO (BRUV)
Jainese, C.J.*; Carlson, P.M.; Seeto, K.S.; Caselle, J.E.

UCSB

Much of California’s current state-wide MPA monitoring relies heavily on SCUBA surveys and the use of
Remotely Operated Vehicles/Autonomous Underwater Vehicles. While these surveys collect valuable data,
these sampling programs often result in a data gap for a significant portion of the fished habitat. Addi-
tionally, ecologically valuable complex rocky reef habitats are difficult to accurately survey using traditional
sampling techniques such as trawling. This leaves commercially and recreationally important demersal fish
communities that live on mid-depth (30-100m) rocky reefs under-surveyed and relatively data poor. Not
only does this particular combination of habitat and depth support a diverse assemblage of rockfishes, it also
attracts a large proportion of recreational ground-fishing effort in California waters. With the purpose of
better understanding the effects of MPAs on California’s mid-depth rocky reef fish communities and assessing
the use of Baited Remote Underwater Video (BRUV) systems as a tool to survey them, we implemented
the use of BRUV camera systems for 3 years (2019-2021) at two geographically distinct MPAs (and nearby
Reference areas) within California’s Northern Channel Islands: Carrington Point State Marine Reserve at
Santa Rosa Island and Anacapa Island SMR/State Marine Conservation Area.

DEEP DIVE INTO DEEP-SEA CORAL AND SPONGE RESEARCH PROJECT OUT-
COMES
† Lewis, S.L.L1*; Coleman, H. 2; Hourigan, T. 2

1- University of Hawaii at Hilo & NOAA Fisheries Deep-sea Research and Technology Program 2- NOAA
Fisheries Deep-sea Research and Technology Program

Deep-sea corals and sponges provide biogenic habitat that supports communities of high biodiversity in
the deep sea. Furthermore, habitat complexity supports spawning, recruitment, and nursery grounds for
commercially important fish and invertebrate groups. In 2009, NOAA established the Deep Sea Coral
Research and Technology Program (DSCRTP) to provide scientific information necessary for managing deep-
sea coral ecosystems. Major DSCRTP research goals include identifying deep-sea coral and sponge (1) spatial



distribution, (2) sensitivity to stressors and ability to recover, (3) spatial extent and intensity of relevant
anthropogenic activities, and (4) effectiveness of management measures. DSCRTP has funded a variety of
efforts to meet these goals, including expeditions, predictive habitat modeling, survey tool development,
lab analysis, data management, and educational opportunities. The following internship was designed to
create an inventory of projects funded between 2009-2021. Documented project attributes include proposed
objectives such as number of samples taken, species discovered, new technology developed, papers published,
outreach efforts, models created, and funds provided. This high-level inventory now allows DSCRTP to
assess the effectiveness of past funding efforts and inform delegation of future program funding. An RShiny
dashboard was developed to complement the inventory and to increase its communicability. With this
tool, DSCRTP has a mechanism to review past work, design future priorities, and easily track current and
subsequent projects.

Session 20: Special Session: Estuarine and Coastal Ecology: Ecological and
Social Connectivity and Recovery and Resilience
* indicates presenting author, † indicates eligibility for Best Student Paper Award

CROSSING BOUNDARIES - ECOLOGICAL, DISCIPLINARY, COMMUNITY, AND IN-
TERNATIONAL
Talley, D.M.*

University of San Diego

There is a growing recognition that natural environments, even those traditionally considered “insular”, are
deeply and reticulately linked through a wide range of processes. Seminal work in this field was conducted
by Gary Polis and colleagues in Bahía de Los Ángeles (BdlA), and has been carried on by other researchers
in this same region and well beyond who, in different ways, all demonstrate the overwhelming effects that
marine input (“spatial subsidy”) can have on productivity and diversity in terrestrial habitats. On the
islands in BdlA, these marine inputs occur as both shoredrift and ornithogenic effects (e.g., guano, scraps
from fish prey) and have manifested differently in different locations. Further, this productive research
pathway began and continues as a co-production of knowledge by diverse collaborators including scientists
in Mexico, the US and across the globe, and community stakeholders - the people who manage and make
a living in BdlA. In this talk, we will examine findings from 30+ years of data research on spatial subsidy
where it all began in BdlA, and extend those on-going discoveries to include the importance of connectivity
across other boundaries, including disciplines, sectors, communities, and nations.

THE CALIFORNIA SHARK BEACH SAFETY PROGRAM –QUANTIFY SHARK BEHAV-
IOR, HUMAN RISK, AND COMMUNITY ECONOMIC IMPACTS
Lowe, C.G.*; Anderson, J.; Rex, P.; Spurgeon, E.; Samara-Chacon, Y.; Jahn, E.; Merson, Z.; Silva, C.;
Hancock, G.; Long, D.; Dudley, K.

CSU Long Beach

Recovery of the white shark population along California coastline over the last 20 years is believed to be
attributed to protection, recovery of marine mammals, and improved fisheries management. However, this
population increase has also resulted in more sharks using coastal beach habitats and thus raising public
safety concerns for recreational ocean water users. While white shark bites on human in California is low, high
media attention results in increased public concerns about safety. Juvenile white sharks form aggregations of
up to 40 individuals ranging in size from 1.25-3 m TL, often at public beaches, and have been shown to spend
months using nearshore areas (< 7 km2, < 500 m for shoreline). In 2018, the State of California funded the
Shark Beach Safety Program which include a research, education, and outreach arm. Research has focused
on understanding and predicting when sharks form aggregations, at what beaches, what sharks are doing
there, and how often they interact with water users. Shark behavior data are provided to lifeguards to inform
beach safety management. Education programs designed for lifeguards and fishers, provide current research
to help interpret and reduce occurrence of negative shark-human interactions. A public outreach program
including mobile pop-up, comic book series, and K-12 STEM curriculum is used to inform the public about



sharks. Social and economic studies are being done to quantify human perceptions of shark and risks, as
well as economic impacts of beach closures and shark incidents on the State economy.

‘MICROBIAL’ ECOSYSTEM ENGINEERS: SETTLEMENT AND SULFUR-REDUCING
BACTERIA ASSOCIATED WITH SEDIMENTS OF NEW OFFSHORE NEOTRYPAEA SP.
Hardisty, S.J.1*; Henkel, S.K. 1; Dumbauld B.R. 2

1- Oregon State University 2- affiliation not listed

We discovered a multi-cohort population of the typically estuarine burrowing shrimp Neotrypaea sp., approx-
imately 7 miles offshore Newport, Oregon, in 2019 . Neotrypaea are considered ecosystem engineers, as they
burrow into the sediment, disturb other macrofauna, increase oxygen penetration, and change the microbial
community. In order to investigate potential cues for the Neotrypaea to settle in this new deeper-water en-
vironment, we examined sediment microbial communities. We collected surface sediment from offshore and
estuary locations with and without Neotrypaea sp. DNA was extracted from the sediment samples and se-
quenced using Illumina MiSeq. A PERMANOVA test showed the influence of both location and Neotrypaea
presence influenced the microbial composition of the sediment. Bacteria of the genus Shewanella , which
have been shown to induce oyster and mussel settlement and metamorphosis, were found in both the estuary
and offshore locations and in five times greater abundance with Neotrypaea than without. Additionally,
the sulfate-reducing phyla Desulfobacterota and Sva0485 were found in much higher abundance in sediment
collected from Neotrypaea beds both offshore and in the estuary as compared to non-shrimp sediment.

SPATIAL SCALES OF CONNECTIVITY IN SUBSIDY-DEPENDENT COASTAL ECOSYS-
TEMS
Emery, K.A.1*; Cavanaugh, K.C. 1; Hubbard, D.M. 2; Madden, J.R. 2; Dugan, J.E. 2

1- UCLA 2- UCSB

Maintaining ecosystem connectivity is a key factor in the resilience of ecosystems to climate change. Subsidies
of material and energy from donor ecosystems can significantly influence the structure and dynamics of
recipient communities and food webs. The largest observed cross-ecosystem fluxes are from marine to
terrestrial systems, consist of exported primary production, and are driven by currents and tides. An
exceptional example is the substantial subsidy of organic matter exported by highly productive nearshore
kelp forests to sandy beaches. The wrack subsidies exported from kelp forests to beaches support their
biodiversity and numerous ecosystem functions as well as fuel highly productive beach food webs. Kelp
wrack inputs to beaches are highly dynamic, but the relative spatial scale at which this connectivity occurs
is largely unknown. Here, we use local (100 m) to regional (100 km) scale measurements of kelp wrack inputs
along with nearshore kelp supply, via Landsat-derived kelp canopy biomass estimates, to determine the scale
at which connectivity between beaches and kelp forests is maximized. Our results indicated that connectivity
is maximized at scales of less than 10 km. Further, these relationships are strongest in winter and weakest
in summer. In addition, the form of kelp (wrack vs. whole plants) is an important factor in determining the
spatial scale of connectivity with kelp forests. We are now broadening the scope of our connectivity research
by using remote sensing (drones) to elucidate fine-scale spatial and temporal variability in kelp subsidies.

TEMPORAL AND SPATIAL SCALES OF SEDIMENT DEPOSITION AT THREE PHYSI-
CALLY DISTINCT MARSHES IN THE SAN FRANCISCO BAY DELTA
Bristow, M. L.*; Thorne, Karen M.; Buffington, K. J.; Lacy, Jessica R.

US Geological Survey

Understanding tidal marsh accretion processes is critical to evaluate how these valuable ecosystems will
respond to sea-level rise. Many factors play into sediment deposition and accretion, including sediment
availability, vegetation, hydrology, and topography. To investigate variation in sediment deposition across
spatiotemporal scales, we deployed sediment traps at three marshes across the San Francisco Bay Delta, CA,
along a range of physical characteristics to capture sediment deposition dynamics from a graded marsh plain
to a high wave-action scarped bay-edge. Sediment traps were deployed monthly in triplicate along transects
of increasing distance from sediment sources (i.e., channels) to capture meter-scale spatial variability in
sediment deposition and paired with feldspar marker horizons to measure long-term accretion. We calculated



sediment deposition kg/m2/day for each sampling period and examined spatial and temporal patterns of
deposition. We found sediment deposition was related to distance from sediment source (bay or channel
edge) at nearly all transects. At the scarped edge marsh, sediment deposition patterns from the traps and
feldspar plots indicated relatively great deposition rates above projected sea-level rise, possibly from edge
erosion. This study furthers understanding of how physical and biological characteristics affect sediment
deposition which is important with projected changes to the estuary that include sea-level rise, changes in
sediment load availability, and changes in Delta freshwater flows.

DRIVERS OF OYSTER PHYSIOLOGY AND BEHAVIOR IN A SOUTHERN CALIFORNIA
WETLAND
† Kalbach, G.M.*; Miller, L.P.

San Diego State University

Intertidal species face a multitude of stressors from both marine and terrestrial climates due to tidal cycling.
Warm air temperatures combined with daytime low tides exacerbate desiccation and thermal stress for
intertidal invertebrates and have caused mass die offs in bivalves and other taxa. In coastal urban areas,
pollution, dissolved oxygen, and salinity can reach more extreme values due to human modification of the
landscape and waterways, causing further damage and mortalities. As most intertidal organisms already
live on the cusp of their stress tolerance limits, even slight changes in average, maxima, and minima for
environmental variables can have negative effects on physiology, therefore impacting the distribution and
abundance of species. To monitor the stress response of a common intertidal oyster, 48 Crassostrea gigas
individuals were equipped with infrared heart rate sensors and valve gape sensors to monitor heart rate and
gape activity non-invasively. Comparisons were made between high and low shore treatments and water
was monitored at thirty minute intervals. We tracked each oyster’s external temperature, heart rate, and
valve gape across multiple seasons to look for differences in individual and group responses to environmental
conditions. Identifying the stress response of this species allows for predictions of future population dynamics
and range shifts in the face of climate change and growing urbanization.

A SYNTHESIS OF SEDIMENT BLUE CARBON STOCKS IN COASTAL WETLANDS
ALONG THE PACIFIC COAST OF NORTH AMERICA
Janousek, C.N.*

Oregon State University

Estuarine and coastal wetlands including seagrass meadows, tidal marshes, mangroves, and temperate
forested swamps have a high capacity for organic carbon sequestration and storage over long time scales.
Through conservation and restoration, these ecosystems can be part of natural climate solutions to reduce
greenhouse-gas emissions to the atmosphere. In collaboration with regional partners, the Pacific Northwest
Blue Carbon Working Group is assembling soil carbon stocks data for coastal wetlands along the Pacific
coast of North America. In this presentation I synthesize approximately 70 datasets from the region to as-
sess patterns and potential environmental drivers of stocks. Carbon stocks were lowest in seagrass meadows,
but several-fold higher in tidal marshes. An often neglected ecosystem, tideflats, had stocks comparable
to seagrasses. Stocks were highest overall in wetlands dominated by woody species including mangroves in
Mexico and forested swamps in the Pacific Northwest. For the most well studied ecosystem, tidal marshes,
preliminary data suggest that stocks were didn’t vary consistently with latitude, but they generally increased
with marsh elevation. Synthesizing regional data aids efforts to conduct coastal carbon accounting, and helps
managers evaluate and prioritize wetland restoration and conservation for blue carbon services.

ASSESSMENT OF AN ENDANGERED TRANSITION ZONE TIDAL MARSH PLANT IN
THE SAN FRANCISCO-BAY DELTA
Rankin, L.R.1*; Jones, S.F. 2; Bristow, M.L. 1; Thorne, K.M. 1

1- USGS 2- University of North Florida

Estuarine transition zones that link aquatic and terrestrial systems are especially sensitive to environmental
changes resulting from development, climate change, and drought. To examine these impacts, we assessed
population changes of an endangered transition zone plant in relation to habitat gradients such as salinity



and elevation. Soft bird’s-beak (Chloropyron molle subsp. molle) is an annual hemi-parasitic plant found
in moderately saline soils associated with the upper elevation limit of tidal brackish marshes in the San
Francisco Bay-Delta, CA. It requires low flooding during emergence and is likely dependent on ground-
dwelling bees from upland habitats for pollination. The last near-comprehensive census occurred in 1993
and the species was federally listed as endangered in 1997. Outplanting occurred within the Suisun Marsh
in the early 2000s. We conducted a range-wide survey of historical and potentially new locations in 2021 to
inform recovery criteria and species status assessment. Of the 30 sites surveyed bird’s-beak was found at 11,
the same locations as previously found. No new locations were discovered, and no extirpations were noted.
Most locations had fewer plants than previous surveys. As expected, plants were only found in moderately
saline habitats at upper elevation limits. Locations with the greatest reduction in numbers of plants between
surveys were found at lower elevations. As sea-level rise drives tidal marshes further inland at varying rates,
the transition zones that bird’s beak require may be squeezed out by human development.
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CALIFORNIA’S DYNAMIC CENTRAL COAST IS A TRANSITION ZONE FOR MULTI-
PLE N/S LOTTIA SPECIES PAIRS
Eernisse, D.J.*

Dept. Biol. Sci., Cal State Fullerton

My students and I have carried out specimen-, field-, and DNA-based contrasts of limpets and these have
revealed about four N/S sister species pairs among the total 20+ West Coast Lottia spp. Some of these
species pairs are still each considered to be single widespread species spanning the Oregonian and Californian
marine biogeographic provinces, so we have taxonomic revisions in progress. Overall, West Coast limpets
separate into northern and southern groups. British Columbia and southern California limpet faunas have
little overlap, but both faunas tend to overlap along the Central Coast. Some southern species are restricted
to the vicinity of Point Conception whereas others extend further north to about San Francisco. Most
northern species rarely if ever occur south of Point Conception, only occasionally found at exposed rocky
headlands or on certain cooler Channel Islands. Our studies have increased the significance of the vicinity
of Pt. Conception as a biogeographic barrier in both directions. Our studies within the Central Coast
latitudinal transition zone have revealed differences in microhabitat within particular N/S sister species
pairs. The respective N/S range endpoints for at least one species pair are known to have shifted over
several decades, which has provided a natural system for tracking ongoing climate change. Documenting
additional species pairs has enhanced opportunities for contrasting not only the dynamic temporal climate
change responses but also their physiology and ecology.

GENOTYPE–ENVIRONMENT ASSOCIATIONS ACROSS SPATIAL SCALES REVEAL
THE IMPORTANCE OF PUTATIVE ADAPTIVE GENETIC VARIATION IN DIVER-
GENCE
Alvarado, A.1*; Bossu, C. 2; Harrigan, R. 3; Nelson Allison 4; Bay, R. 5; Smith, T 3; Ruegg, K. 2

1- CSU Channel Islands 2- Colorado State University 3- UCLA 4- Gold Coast Bird Banding 5- UC Davis

Identifying areas of high evolutionary potential is a judicious strategy for developing conservation priorities
in the face of environmental change. For wide-ranging species occupying heterogeneous environments, the
evolutionary forces that shape distinct populations can vary spatially. Here, we investigate patterns of
genomic variation and genotype–environment associations in the hermit thrush (Catharus guttatus), a North
American songbird, at broad (across the breeding range) and narrow spatial scales (at a hybrid zone).
We begin by building a genoscape or map of genetic variation across the breeding range and find five
distinct genetic clusters within the species, with the greatest variation occurring in the western portion of
the range. Genotype–environment association analyses indicate higher allelic turnover in the west than in
the east, with measures of temperature surfacing as key predictors of putative adaptive genomic variation
rangewide. Since broad patterns detected across a species’ range represent the aggregate of many locally
adapted populations, we investigate whether our broadscale analysis is consistent with a finer scale analysis.



We find that top rangewide temperature-associated loci vary in their clinal patterns (e.g., steep clines vs. fixed
allele frequencies) across a hybrid zone in British Columbia, suggesting that the environmental predictors
and the associated candidate loci identified in the rangewide analysis are of variable importance in this
particular region. However, two candidate loci exhibit strong concordance with the temperature gradient

EXPLORING THE APPLICATION OF PHENOLOGY TO MACROALGAL RESEARCH
THROUGH HERBARIUM DATA
Bishop, A. M.1*; Park, I. 2; Seltmann, K.C. 1

1- The Cheadle Center for Biodiversity and Ecological Restoration, University of California Santa Barbara
2- Mazer Lab, Ecology, Evolution, and the Marine Biology, University of California Santa Barbara

Many species of marine algae respond to temperature as one of the cues to time growth, reproduction, or
influences a species’ range. As sea surface temperatures rise, it is likely to impact algae in different ways.
While the study of phenology has developed tools for examining temporal variation in flowering plants with
regards to climate change, algal digitization opens the door to applying these processes to new species
and collections. We are testing R-based models to explore how phenology may be applied to marine algal
herbarium records. Using data from across digitized macroalgal natural history collections, we are sharing
initial phenological results using test species, Nereocystis luetkeana. In addition to sharing our phenological
models, the mixed results in our test study allows for discussion about which life-history traits and available
data make for strong marine algal candidates for further study and the importance of digitization of herbaria.
The history and scientific insight that herbaria can provide argue for the importance of their preservation,
continued research, and the need for new field collections. We aim to show the impacts of an IMLS-funded
digitization of our Pacific Coast of North America macroalgae collection of the UC Santa Barbara (UCSB)
Herbarium and its utilization as a research resource. Our efforts to digitize the collection allow us to develop
tools to explore what algal herbaria can tell us about climate change in our oceans.

BEING SHALLOW HAS ITS BENEFITS: THE ROLE OF PHENOTYPIC PLASTICITY IN
A SPECIES OF OCTOCORAL IN THE NORTHEASTERN GULF OF MEXICO
† Best,R.M.*; Levitan,D.R.

Florida State University

Sessile organisms often exhibit variation in morphology in response to their habitat which can be driven by
genetic differences or phenotypic plasticity. In many sessile species, phenotypic plasticity is important for
how they respond and persist in variable environments. In the Northeastern Gulf of Mexico, Leptogorgia
virgulata is one of the most abundant octocoral species, providing vertical habitat for benthic microbes,
invertebrates, and fishes on limestone reefs. I have found significant colony macromorphological differences
between inshore and offshore sites, as inshore colonies are significantly bushier. Additionally, this asymbiotic
species has multiple color morphs, including magenta, yellow, and orange, and I have found a difference in
color distribution between inshore and offshore reefs. Colonies at these sites do not differ in traits at the
micromorphological level, yet these traits do differ between color morphs. Given the morphological differences
between depths, I conducted a reciprocal transplant to investigate phenotypic plasticity across multiple traits.
Findings from this study suggest evidence of phenotypic plasticity as well as differential growth of colonies
as a function of where they originated. Despite differences in color distribution, there were no differences in
growth or survivorship among colors across sites. This study contributes to the understanding of how sessile
marine invertebrates can persist under variable conditions and how these species will continue to respond in
the face of global change.

CAUSES AND CONSEQUNECES OF EELGRASS ADAPTATION ACROSS SCALES: IN-
TEGRATING GENOMICS, FIELD AND LAB EXPERIMENTS
Stachowicz, J.J.1*; Bay, R.A. 1; Scheibelhut, L. 2; DuBois, K. 3; Duffy, J.E. 4; Olsen, J. 5

1- University of California Davis 2- University of California Merced 3- Bowdoin College 4- Smithsonian
Institution 5- University of Groningen

The role of intraspecific variation in the ecology of seagrasses has become clear over the past few decades.
However, with the recent sequencing of the Zostera marina genome, the potential of genetic and genomic



approaches to understanding seagrass ecology and evolution has increased dramatically. We have used
global and local scale surveys to describe the ecological and genomic landscape of Zostera marina, finding
strong evidence of local adaptation along thermal gradients at scales as small as a few kilometers and
as large as entire coastlines. Genetic history (rather than present day environment or geography) is the
strongest predictor of variation in eelgrass morphology and associated invertebrate communities, showing
strong within and among basic legacy effects of long-term genetic differentiation. At smaller scales, eelgrass
has independently adapted to the thermal gradients multiple estuaries along the US West coast. Common
garden experiments, combined with whole-genome sequencing of hundreds of plants are allowing us to take
the first steps toward understanding the genomic basis of adaptation to stressors such as rising temperature
and resistance to pathogens. This work shows how genetic differentiation in key habitat forming species can
play a dominant role in structuring entire ecosystems.

THE TANGLED BANK OF EVOLUTIONARY RESPONSES OF CORALS SYMBIONTS
TO INCREASING TEMPERATURE
terHorst, C.P.1*; Brisson, C.A. 1; Moffat, J.J. 1; Wallingford, P.D. 2; Coffroth, M.A. 3

1- Cal State Northridge 2- The Nature Conservancy 3- University at Buffalo

Populations can respond to climate change through evolutionary adaptation. For species with strong sym-
biotic relationships, such as many coral reef species, evolution of symbionts in response to environmental
changes may confer adaptation to the holobiont. To assess the potential for such adaptation, we examined
the temperature tolerance of genotypes of Breviolum antillogorgium, isolated from the tissues of octocorals in
the genus Antillogorgia at different temperatures. We found broad temperature tolerance, with all genotypes
showing positive growth at 26, 30, and 32 degrees C. However, genotypes differed in the magnitude of the
response of growth rate and carrying capacity to increasing temperature, suggesting that natural selection
should favor different genotypes at different temperatures. We also found significant effects of algal genotype
on the fitness of a cnidarian host at different temperatures. However, part of this response was driven by
algal effects on the bacterial community, suggesting that evolution in response to increasing temperature
will be affected by the composition of the diverse coral holobiont.

ECO-EVOLUTIONARY DYNAMICS IN A ROCKY INTERTIDAL SPECIES INTERAC-
TION
† Longman, E.K.*; Sanford, E.

Bodega Marine Laboratory, University of California, Davis

Although there is growing evidence that contemporary evolutionary processes shape ecological patterns, such
eco-evolutionary dynamics have seldom been studied in marine ecosystems. Previous research has shown
geographic variation in the interaction between the drilling dogwhelk Nucella canaliculata and one of its
prey, the mussel Mytilus californianus. The dogwhelk population on Bodega Marine Reserve is particularly
interesting containing a mix of phenotypes that differ strongly in their capacity to drill thick mussels. We
hypothesized that temporal fluctuations in prey recruitment and/or mussel shell thickness might select for
this phenotypic variation. We conducted a selection experiment to test if early-life diet leads to differential
survival of drilling phenotypes. We raised newly hatched siblings on 4 diets: thin shelled M. trossulus
(control), barnacles, and M. californianus recruits from two locations thought to differ in shell thickness.
Mortality during the first 3 months differed significantly among treatments and was lowest on the control
diet. We then scored surviving dogwhelks for their ability to drill mid-sized (5-7cm) M. californianus. Drilling
success varied among diet treatments and was greatest for snails raised on thick M. californianus. These
results suggest that temporal variation in prey available to hatchling snails may impose selection and maintain
variation in drilling phenotypes. We are testing the community consequences of this phenotypic variation by
studying its impacts on mussel bed succession.

A GENOME-SKIMMED PHYLOGENY OF CALIFORNIA CHEILOSTOME BRYOZOANS
† Lee, H.E.1*; Orr, R.J.S. 2; McCann, L.D. 3; Craig, S.F. 1

1- Department of Biological Sciences, California State Polytechnic University, Humboldt 2- Natural History
Museum, University of Oslo 3- Smithsonian Environmental Research Center



The phylum Bryozoa is an incredibly diverse and widely distributed group of marine invertebrates whose
phylogenetic relationships are still poorly understood, especially for species found at shallow water (<1 m) to
intertidal depths. This study aimed to expand the taxonomic sampling and assessment of the phylogenetic
diversity of cheilostome bryozoan species present along the rocky outer coast and within sheltered harbors
of California, USA. High-throughput genome skimming was used to produce multiple mitochondrial genes
for samples collected from two rocky intertidal and two harbor sites. Phylogenetic analyses generated
evolutionary hypotheses of species relationships and identified 15 distinct species that represent 10 different
families to form the first comprehensive mitogenomic phylogeny for multiple bryozoan families sampled across
approximately 973 km of the California coastline. These results support existing bryozoan phylogenies and
provide significant additions to the available mitogenomic data on cheilostome bryozoans for both California
and the North American west coast.
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LOW BLEACHING & DISEASE PREVALENCE ON CORAL REEFS OF ULITHI ATOLL,
FSM 2012-2019
Paddack, M.J.1*; Arizmendi, K. 2; Torkelson, J. 3; Nelson, P.A. 4; Rulmal, J. Jr 5; Crane, N. 6

1- One People One Reef; Santa Barbara City College 2- One People One Reef; University of California at
Santa Cruz 3- University of New York 4- One People One Reef; Fish & Wildlife; University of California
at Santa Cruz 5- One People One Reef 6- One People One Reef; Society for Conservation Biology; Cabrillo
College

Increasing coral bleaching and disease have devastated coral reefs globally, threatening entire coral ecosystems.
Residents of Ulithi Atoll, Federated States of Micronesia, invited us to visit their reefs to evaluate the status
of their reefs which provide a majority of their food supply. Reefs vary widely across the atoll in terms
of basic structure as well as degree of direct anthropogenic impact. We conducted annual surveys of reef
corals from 2012-2019. While coral diversity and cover is high on some reefs across the atoll, reefs adjacent
to villages are dominated by a single “outbreak” coral- an undescribed species of Montipora which appears
to be disturbance-mediated and strong competitors against other coral species. We evaluated disease and
bleaching incidence over sites in which this species is present or absent, noting disease and bleaching rates
on each coral species over the 8-year time series. Despite a long history of anthropogenic impacts, reefs on
Ulithi Atoll appear to be highly resistant to bleaching and disease outbreaks.

STABILITY OF BOTTOMFISH IN TEMPERATE ROCKY REEF SYSTEMS ASSOCIATED
WITH KEYSTONE SPECIES
Larson, S.E.1*; Christiansen, J.A. 2; Olsen, A.Y. 1; Randell, Z. 1

1- Seattle Aquarium 2- Seattle Aquarium (retired)

Temperate rocky reefs ecosystems and associated kelp forests play an important role in providing food,
shelter, and nursery habitat for invertebrates, fishes, seabirds, and marine mammals. The Seattle Aquarium
has been monitoring benthic marine ecosystems in the western Strait of Juan de Fuca since 2005. These
SCUBA based diver operated video surveys at five sites have documented changes in benthic communities
over time. Specifically, the long term dataset caught the effects of the 2014 El Nino Southern Oscillation
(ENSO) and the anomalous warm water event, “the blob,” when water temperatures spiked, sea stars melted,
kelp declined, and herbivorous sea urchin barrens formed reducing or eliminating kelp and benthic algae
dominated ecosystems. Bottomfish communities also shifted after the warm water event with some species
increasing and others decreasing. This was the pattern at four of the five sites but was not the pattern at
site five which maintained a more stable fish community. Site five is unique in that it is the only site that
is associated with a small but stable group of sea otters, Enhydra lutris, a known keystone species. This
study illustrates the power of long term datasets to document community structure changes and the power
of keystone species to stabilize systems following anomalous events.

EXPLORING THE DEVELOPMENTAL AND TRANSCRIPTOMIC EFFECTS OF AN UR-
BAN POLLUTANT ON A SEA URCHIN LARVAE



Armstrong, M.L.*; Bala, S.; Hawthorne, R.; Bay, R. A.

UC Davis

Urban environments provide a unique opportunity to observe rapid evolution in response to novel selective
pressures. At the same time, understanding the effects of urbanization on natural populations is vital for
managing biodiversity. Urbanization can result in habitat fragmentation, temperature increases and novel
physical substrates and chemical stressors (i.e., pollutants). For evolutionarily novel selective pressures like
synthetic chemical stressors, adaptation may be inherently more difficult if no adaptive standing genetic
variation exists in populations due to previous lack of exposure. For example, Alkylphenols, a specific
class of Endocrine Disrupting Chemicals, are strongly associated with urban wastewater output and have
been shown to induce morphological abnormalities and cause developmental delays in Pacific purple sea
urchins (Strongylocentrotus purpuratus) and other marine invertebrate species. However, we do not know
how tolerance or susceptibility to EDCs might vary among populations with different levels of historical
exposure. My research will first identify a baseline for developmental and transcriptomic responses to an
urban-associated EDC in a non-urban population. Preliminary work has shown little effect of EDC exposure
at early developmental stages in S. purpuratus, but more work will be done the upcoming spawning season.
I will additionally test for population-level differences in development and gene expression between urban
and nonurban populations to understand the role of historical exposure.

CAN ANCIENT CLAM GARDENS BUFFER THE IMPACTS OF CONTEMPORARY
HEATWAVES?
† Spencer, E.R.1*; Britton, A. 1; Thomas, K. 2; Norris, N. 3; DeRoy, B. 4; Slade, E. 4; Green, T.J. 5; Harley,
C.D.G. 6; Salomon, A.K. 1

1- School of Resource and Environmental Management, Simon Fraser University, Burnaby, British Columbia,
Canada 2- Penelakut Tribe 3- Halalt First Nation 4- Gulf Islands National Parks Reserve, Parks Canada
Agency 5- Vancouver Island University, Centre for Shellfish Research, Nanaimo, British Columbia, Canada
6- Department of Zoology and Biodiversity Research Centre, University of British Columbia, Vancouver,
British Columbia, Canada

Societies around the world are grappling with the challenge of maintaining productive food systems that
are resilient to contemporary and future disturbances. One example of Indigenous management systems are
clam gardens, intertidal rock-walled terraces made by people that can quadruple clam biomass. Experimental
evidence suggests that clams have higher growth rates in clam gardens than in non-walled beaches due to
moderated temperature and enriched sediment carbonate associated with crushed shells. We hypothesize
that clam gardens may reduce the effects of extreme climatic events, like the 2021 heat dome in the Pacific
Northwest by moderating the clams’ internal body temperature and reducing energetically costly heat shock
responses (HSR). In collaboration with nine Coast Salish Nations and the Gulf Islands National Parks
Reserve, we simulated a heatwave in situ to evaluate if, and to what extent, clam gardens and their carbonate-
rich sediment can buffer the effects of heatwaves on sediment temperature and the clams’ HSR. Using
temperature loggers, we detected elevated sediment temperatures in the heat wave treatment at the clam
garden and non-walled beach. We used qPCR to test for differential heat shock protein expression amongst
experimentally transplanted clams. This study may reveal the physiological mechanism that supports higher
growth rates of clams in clam gardens and improve our understanding of how clam gardens can serve as
climate change adaptation strategies for coastal Indigenous Nations.

EXPOSURE OF GAMETES TO MICROPLASTICS CAUSES DEVELOPMENTAL ABNOR-
MALITIES IN THE SEA URCHIN STRONGYLOCENTROTUS PURPURATUS
† Sarin, Audrey L.*; Adams, Nikki L.

California Polytechnic State University SLO

There is a growing awareness of effects of microplastics on marine organisms. We examined effects of expo-
sure of gametes to microplastics on fertilization and development of purple sea urchins, Strongylocentrotus
purpuratus. We exposed sea urchin gametes to low (0.1 mg/L) or high (1.0 mg/L) concentrations of 5-20
µm polymethyl methacrylate (PMMA) spheres, 1-10 µm polyethylene (PE) spheres, or 10 µm long PE fibers
before fertilization. We compared effects of exposure based on gamete type, concentration of microplastics,



or the type or shape of polymer. Exposure of both eggs and sperm to 1.0mg/L PE caused a significant
decrease in fertilization (p < 0.05) compared to the control. At 48 hours post fertilization (hpf), exposure of
both gametes to 1.0 mg/L PE yielded significant developmental abnormalities compared to the control (p <
0.05). Exposure of eggs to 1.0 mg/L PE also yielded significant developmental abnormalities compared to
the control at 48 hpf (p < 0.01). Exposure of eggs to the higher concentration of PE spheres yielded signifi-
cantly more developmental abnormalities at 48 hpf than exposure of sperm to the same solution (p = 0.02).
No other treatments varied significantly from the controls. Our results indicate eggs are more sensitive than
sperm to microsphere exposure. A second experiment compared effects of exposure of gametes to uniform
and similarly-sized PE microspheres or microfibers, Our results indicate there was no significant differences
in fertilization or development from exposure of gametes to either microspheres or microfibers (p > 0.05).

A COMPARISON OF MULTIPLE METHODS TO MEASURE PURPLE SEA URCHIN
POPULATION DENSITIES WITHIN THE MONTEREY PENINSULA INTERTIDAL
† Vidusic, E.K.*; Haupt, A.J.

California State University, Monterey Bay

The purple sea urchin plays an important role in controlling algal populations within marine environments
and acts as a valuable food source for a multitude of predators. An increase in purple sea urchin populations
in subtidal habitats have been well documented, but their population behavior in the intertidal is less well
understood. Monitoring these populations is difficult when different methods of data collection are used
across research programs. Methods to combine data collected with different methodologies are needed to use
to examine large spatial and temporal scales. During the summers of 2021 and 2022, we collected density
data for purple sea urchin populations in the intertidal across multiple sites within the Monterey Peninsula
using two different methods: transects and quadrats. Our goal was to understand population densities
within the intertidal and how they have changed since a previously unpublished study from 2002. Density
estimates from 20m x 2m transects were consistently lower than density estimates from our 1m2 quadrats.
Our data underscores the difficulty joining data from disparate sources and our next steps are to create
an equation or algorithm to appropriately compare the different data types. This will improve our ability
to better understand how the populations of purple sea urchins are changing within the intertidal of the
Monterey Peninsula by leveraging many datasets.

PHYSIOLOGICAL PERFORMANCE CURVES OF MYTILUS CONGENERS EXPOSED
TO THERMAL STRESS
Vasquez, M. C.*; Alcantar, C.; Borer, A.; Bank, S. K.; Guerrini-Romano, E.

Loyola Marymount University

The marine mussels are ecological and economically important species and their future persistence may be
affected by climate warming. Mussels of the genus Mytilus differ in their tolerance to thermal conditions. M.
galloprovincialis is a robust, warm tolerant species while M. trossulus favors comparatively cooler tempera-
tures. Thermal effects on aerobic performance of these competitive mussels is an area of research requiring
further focus, and understanding this may help to inform researchers regarding the potential effects of climate
warming on mussel species. Thus, our study developed thermal performance curves for M. galloprovincialis
and M. trossulus mussels exposed to increasing degrees of heat stress (17-35ºC). M. galloprovincialis were
collected from Marina Del Rey, CA and M. trossulus from Coos Bay, OR, and acclimated in seawater tanks
to control conditions (17°C, 34 ppt seawater). Following acclimation, mussels were heat ramped to reach the
target temperature (1ºC increase per 10 min) then remained at the temperature for 4 h. Following thermal
exposure, metabolic rate was determined using a closed system respirometer. For M. galloprovincialis we
identified Topt at 26ºC and a decline in performance (pejus range) beginning at 29ºC. For M. trossulus we
anticipate that Topt will be shifted to the left toward cooler temperatures and the breadth of the thermal
window will be more narrow in comparison to M. galloprovincialis. Our findings are part of a larger study
aimed at predicting the future persistence of these mussel species under climate change.

HOW DO CALIFORNIA BENTHIC INVERTEBRATES EXPERIENCE ENVIRONMEN-
TAL STRESSORS? NEW INSIGHTS FROM AN OCEANOGRAPHIC DATA SYNTHESIS
† Zulian, M.1*; Hill, T. M. 1; Kennedy, E. G. 1; Hamilton, S. L. 1; Delgado, M. 1; Ricart, A. M. 2; Spalding,



A. K. 3; Sanford, E. 1; Ward, M. 4; Fish, C. R. 1; Saley, A. M. 1

1- UC Davis, Bodega Marine Laboratory 2- Bigelow Laboratory for Ocean Sciences & Institute of Marine
Sciences, Barcelona, Spain 3- Oregon State University, Smithsonian Tropical Research Institute 4- University
of Oxford, San Diego State University

Increasingly frequent and pervasive hypoxic and acidic conditions threaten the sustainable management of
benthic invertebrates in the California Current System. To assess resiliency or vulnerability in the face of
projected conditions, managers need current, known potential exposures to environmental stressors. To this
end, we leverage a novel synthesis of 4 million publicly available pH and oxygen data from California ocean
monitoring networks to investigate how four ecologically and economically important species experience envi-
ronmental stressors throughout life history. We find that California Dungeness crab (Metacarcinus magister)
and red urchin (Mesocentrotus franciscanus) rarely experience hypoxia (<2.6 mg/L). However, most species
regularly experience low pH conditions (pH < 7.7), and pink shrimp (Pandalus jordani) experience both.
Across all species, planktonic life stages and adults most often experienced low pH conditions. Relative
to modeled exposures for the Pacific Northwest, California juvenile and adult Dungeness crabs have less
exposure to hypoxic or acidic conditions. By contrast, California zoea and megalopae stages have higher
exposure to low pH conditions. Exposures calculated from extensive oceanographic data offer a comparison
to the limited oceanographic data and model outputs that currently inform management practices. Our
future work will combine exposure values with known physiological consequences to calculate single and
multi-stressor life-stage vulnerabilities that could serve as the basis for future ecological risk assessments.

DOES DISTURBANCE TO UNDERLYING SUBSTRATES STRUCTURE ROCKY INTER-
TIDAL COMMUNITIES?
Cramer, A. N.1*; Bible, O. 2; Cline, C. 3; Storlazzi, C. 4; Garza, C. 2; Carrington, E. 5

1- University of Washington, Friday Harbor Laboratories 2- California State University Monterey Bay 3-
Cornell University 4- USGS Pacific Coastal and Marine Science Center 5- University of Washington Friday
Harbor Laboratories

In terrestrial systems, processes such as temperature and precipitation explain community patterns on a
broad scale. In the marine environment, universal drivers of community structure are less clear. One
potential driver which may structure all marine systems is the phenomenon of ‘substrate mobility’ (Cramer
and Katz 2021). Substrate mobility is the realized movement of a substrate in response to fluid forcing. In
marine systems, although fluid forcing is ubiquitous, the outcome of fluid forces is not: for example, sandy
beaches move a lot in response to wave forces whereas rocky outcrops move little. Quantifying the movements
of soft substrates in this framework is well established – ‘sediment mobility’ – but there is no such system
on hard substrates. Here, we present the first results quantifying substrate mobility on hard substrates,
focusing on the rocky intertidal. Using available MARINE data and USGS wave models, combined with a
novel in situ method measuring rock friability, we quantify the broad scale patterns of substrate mobility
along the central California coast. We correlate changes in organism abundance with substrate mobility to
determine if disturbance via fluid forcing patterns rocky intertidal communities. This is an ongoing study
and represents the first look at the role of substrate mobility in explaining community composition.

EXPLORING THE DYNAMICS OF AN ONGOING RANGE SHIFT
† Walkes, S.A.1*; Sones, J.L. 2; Bay, R.A. 3; Sanford, E.D. 1

1- Bodega Marine Laboratory 2- Bodega Marine Reserve 3- Department of Evolution and Ecology, University
of California, Davis

Recent climate-driven range shifts have prompted a wealth of eco-evolutionary theory, including the
“stepping-stone” model, which predicts that extreme events can drive rapid population growth beyond the
former range boundary. Despite a growing body of theory, we have a limited understanding of the ecological
and evolutionary dynamics of ongoing range shifts, how individuals in range-shifting populations perform
across space and time, and how range edge and range core populations differ. The giant owl limpet (Lottia
gigantea) rapidly expanded in Northern California following the 2014-2016 marine heatwaves and provides a
unique opportunity to study population growth and individual performance in new range edge populations.
We quantified organismal growth rates in individual owl limpets at 5 sites in Northern California between



2016 and 2022. In addition, we tagged and monitored 700 individual L. gigantea at 9 sites across the
geographic range to compare growth rates at the expanding edge and range core. Our data show that L.
gigantea population sizes in Northern California continue to grow 6 years after the heatwave, and that
the fastest organismal growth rates occur at sites near the edge of the expanding range boundary. These
patterns are consistent with natural selection for strategies of fast individual growth and reproduction in
small founding populations at the expanding edge. Such processes may in turn contribute to sustained
population growth at the range edge and continued range expansion, as predicted by the stepping-stone
model.
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MAPPING THE IMPACTS OF MULTIPLE STRESSORS ON THE DECLINES IN KELPS
ALONG THE GREAT SOUTHERN REEF, AUSTRALIA
Young, M.A.1*; Critchell, K. 1; Miller, A 1; Eric Treml 1; Sams, M. 2; Cavalho, R 3; Ierodiaconou, D. 1

1- Deakin University 2- Parks Victoria 3- Monash University

Along the southern coast of Australia, the Great Southern Reef (GSR), a temperate reef system extending
over thousands of kilometres, is dominated by kelp forests that create habitat and support high biodiversity.
In the eastern portion of the GSR, ocean warming is occurring at four times the global average and has already
been linked to dramatic losses of kelp species and is contributing to the range expansion and population
increases of two species of sea urchin. In this study, we use longterm (> 20 years) datasets on biological
observations across the southeast section of the GSR (Victoria, Australia) to determine the impact of multiple
stressors on two important kelps that serve as foundation species: Phyllospora comosa and Ecklonia radiata,
including the impacts of urchins. We combined urchin abundances with information on temperature, wave
conditions, currents, and seafloor habitat to model the distribution of two kelp species through time to
determine the impact of changing conditions on kelp forests. We found that both kelp species are decreasing
in percent coverage over time and changes in multiple environmental variables (e.g., temperature, currents,
recruitment, urchin abundances) are driving these declines. Additionally, future projections of temperature
and wave energy show that these species will likely continue to decrease across 71% of Victoria. This
information can help to better manage these important foundation species by providing maps of their current,
past, and future distributions to target restoration efforts.

CAN INVASION STRESS MITIGATE CLIMATE STRESS? PHYSIOLOGICAL PERFOR-
MANCE OF MUD-DWELLING INVERTEBRATES IN A RESTORED TIDAL WETLAND
Tanner, R.L.1*; Haworth, L.E. 2; Nancollas, S. 2; Todgham, A.E. 2

1- Environmental Science & Policy, Chapman University; Animal Science Department, University of Cali-
fornia at Davis 2- Animal Science Department, University of California at Davis

Organisms in coastal brackish ecosystems face not only highly variable environmental conditions, but also
the effects imposed by climate change that increase the intensity and stochasticity of these environmental
conditions. However, invertebrates living amongst the vegetation of Suisun Marsh in the California Delta
may have an advantage. While native plant canopies allow light and heat penetrate to the understory, the
canopies of the introduced Phragmites reed block out sunlight and heat for organisms living below. What
results is a thermal profile that is both cooler on average and less variable throughout the day. We set
out to understand the physiological performance of mud-dwelling invertebrates in this context: can invasion
stress mitigate climate stress? We raised field-collected amphipods in the laboratory under simulated “native
canopy” and “Phragmites canopy” temperature/light conditions based on data from our field environmental
loggers. We assessed survival, size, glycogen, and protein content every two weeks from our lab population
of amphipods. We found that amphipods raised under the Phragmites conditions had better survival, more
offspring, and greater stores of glycogen and protein, which is important considering their utility as food
resources for fishes. We support this with field data showing the use of Phragmites canopies by amphipods
during low tide. Understanding the potential benefits of Phragmites as climate stress refugia can inform
management decisions around its mitigation in future restoration.



EVALUATION OF LAKE STURGEON RESTORATION USING GENETIC PARENTAGE
ANALYSIS
Atler, L.J.1*; Scribner, K.T. 2

1- CSU: Northridge 2- Michigan State University

Lack of spawning habitat for Great Lake Tributary spawning fish, including lake sturgeon, is a major im-
pediment to effective management. Fish transport over hydroelectric dams on the Menominee River has
begun to monitor the adult passage of lake sturgeon in their movement from their spawning sites upstream.
However, managers have not been able to determine whether adults transported have reproduced or how
the contribution of these adults have been relative to resident adults. The sampling methods were used to
collect and genotype adult and larval sturgeon during a 2 year period upstream of the Menominee Dam.
Total length (in mm) was measured, and a fin clip was taken. The genetic analysis samples were chosen
randomly from the larval samples and all the adult samples were used for pedigree analysis. PCR was
conducted to genotype adults and larvae at 18 microsatellite (diploid and polyploid) loci. GeneMarker and
pedigree reconstruction software were used to assign larval to full and half sibling groups. Size and age of
successful sturgeon that reproduce will be quantified. Estimates of the proportional contribution of passed
adults to total annual movement will be made.

BIOLOGICAL MONITORING IN THE LARGEST PORT COMPLEX IN US: EVOLVING
METHODOLOGIES AND APPLYING MONITORING TO MANAGEMENT PRACTICES
Stolzenbach, K.1*; Johnson, T. 2; Stransky, B.C. 1; Rudolph, J. 1; Isham, B. 1; Merkel, K. 3; Stidum, B. 3;
Wood, V. 1; Prickett, K. 4; McPherson, R. 4; Centeno, C. 4; Luedy, J. 5

1- WSP 2- Tom Johnson LLC 3- Merkel & Associates 4- Port of Los Angeles 5- Port of Long Beach

The ports of Los Angeles and Long Beach in San Pedro Bay contain a variety of habitats supporting diverse
biological communities that coexist with commercial and industrial operations in the nation’s busiest seaport
complex. Biological monitoring of these habitats dates back to the 1950s with coordinated surveys of the
entire Port Complex starting in 2000. The fourth and most recent survey was completed in 2018 with four
key objectives: 1) describe how biological community metrics vary among different habitats and sub-regions
within the Port Complex, 2) how those metrics have changed over time, 3) how biological communities of
the Port Complex compare to those throughout the Southern California region, and 4) how prevalent non-
native species are throughout the Port Complex. The long-term data are used in environmental planning
efforts by both ports and provide key information to resource managers to preserve coastal marine resources.
The 2018 surveys documented the highest diversity of any survey to date (1,000+ taxa) and incorporated
new methods to characterize fish, invertebrate and algae communities on riprap embankments and concrete
pilings. Results showed high diversity and productivity of these habitats compared to soft-bottom habitats
with similar proportions of non-native species, while supporting kelp and providing valuable fish habitat. The
2018 survey also featured special studies to explore new technologies, such as eDNA and satellite imagery,
and compare them to conventional survey techniques to better understand how they can be applied in a
regulatory setting.
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ABUNDANT CTENOPHORE PLEUROBRACHIA BACHEI IN NORTHERN CALIFOR-
NIA CURRENT: DIET VARIES WITH SPACE AND TIME
† Masterman, J.A.1*; Galloway,A.W.E. 1; Cowen,R.K. 2; Sponaugle,S. 2; Sutherland,K.R. 1

1- Oregon Institute of Marine Biology, UO 2- Oregon State University

Ctenophores comprise an important yet frequently omitted group in the study of pelagic food webs. Pleu-
robrachia bachei is abundant in the Northern California Current (NCC), yet its trophic role in this system
is poorly studied. To explore the trophic role of this cydippid ctenophore in the NCC, samples of P. bachei
were collected in the winters and summers of 2018-2019 from cross-shelf transects off Newport, OR and



Trinidad, CA. Gut content analyses revealed that while P. bachei in the NCC preyed primarily on inver-
tebrate eggs and copepods (averaged at 45±43% and 36±40% of stomach contents, respectively), overall
predation patterns varied with space and time. Diet composition varied significantly by season: compared
to summer samples, winter samples yielded more predation on adult copepods and appendicularians, but
less predation on copepod nauplii and non-copepod crustaceans. Diet composition also varied spatially; at
the northern study sites, proportional predation on invertebrate eggs increased while predation on doliolids
and non-copepod crustaceans decreased. Fatty acid analyses also indicated P. bachei predation on calanoid
copepods and revealed a relatively high (46±3% of total fatty acids) content of essential fatty acids in P.
bachei compared to other zooplankton. These results suggest that P. bachei play an influential trophic role
in the NCC through competitive interactions with other carnivorous zooplankton and through P. bachei’s
contribution of concentrated essential fatty acids to potential NCC predators.

DECADAL VARIABILITY IN SUCCESSION, CORAL RECRUITMENT, AND REEF AC-
CRETION ON SETTLEMENT TILES IN A REMOTE CORAL REEF ECOSYSTEM
† Romero, S. L.*; Khen, A.; Clements, S.; Sandin, S.A.; Smith, J.E.

Scripps Institution of Oceanography at UC San Diego

Coral reef ecosystems are experiencing disturbance events and thermal bleaching more frequently due to
climate change. The need for favorable succession, new and successful coral recruitment, and increasing
calcification potential (net reef accretion) is becoming increasingly important. Favorable succession provides
coral larvae with ideal substrates for settlement, successful coral recruitment provides a greater capacity for
the community to adapt to changing conditions, and suitable seawater conditions unaffected by stressors can
increase net reef accretion. The impacts of climate change and ocean acidification have been widely studied
in relation to these processes in experimental settings; however, much less is known about natural rates of
recruitment and succession on reefs. The studies which do include in situ methods are short-term or are only
seasonal. Here we aim to understand how climate change and ocean acidification are affecting these processes
by using a long-term monitoring dataset (2010-2021) on a remote reef, Palmyra Atoll. The study period
includes large-scale disturbances that have affected Palmyra such as El Niño in 2014-2016 and associated
mass bleaching events. Our findings on benthic community development (succession), coral recruitment, and
net reef accretion will be valuable to compare to other human-impacted reefs. It provides a baseline of what
a “healthy” reef looks like in the absence of local stressors and how it responds over time through multiple
disturbance events.

WHAT TRAITS ARE FUNCTIONAL? TRAIT SELECTION IN CALIFORNIA ROCKY
INTERTIDAL MARINE MACROALGAE
Smith, L.L.*; Fong, P.

UCLA

Anthropogenic stressors are reshaping ecosystems worldwide, motivating research into their impacts on
community change. Terrestrial ecologists have made great strides in understanding how plant communities
shift in response to environmental drivers using a trait-based framework. In contrast, the framework linking
form to function for marine macroalgae is unchanged since the 1980s, despite reliance on recently-debunked
assumptions. Here, we contribute to the development of trait-based ecology for marine macroalgae by
quantifying a wide suite of traits and filtering them for functionality using intertidal algae in southern
California. To capture a broad range in trait variability we chose 16 metrics related to different ecosystem
functions for 7 macroalgae with diverse morphologies collected at four sites varying in environmental contexts.
Using PCA, we determined which traits were important in creating a functionally diverse trait space, filtered
these traits based on collinearities and potential tradeoffs, and reassessed the filtered traits’ ability to create
a functionally diverse trait space. We found 6 functional traits that explain a large amount of variation in
functional trait space and separate algae by species. Two ecological strategies representing tradeoffs emerged:
1) tall individuals must also have high tensile strength and large holdfasts, while 2) small individuals have
proportionally greater surface area for resource acquisition. Our findings lay a critical foundation for a
globally-relevant trait-based framework to study marine macroalgae.

STONY CORAL TISSUE LOSS DISEASE ALTERS BENTHIC COMMUNITIES IN THE



US VIRGIN ISLANDS RUGOSITY-MEDIATED IMPLICATIONS FOR REEF FISHES
† Swaminathan, S.D.1*; Lafferty, K.D. 2; Altieri, A.H. 1

1- University of Florida 2- US Geological Survey, UC Santa Barbara

In less than a decade, Stony Coral Tissue Loss Disease (SCTLD) spread throughout Florida and Caribbean
coral reefs. SCTLD kills susceptible coral species, thereby changing reef composition. Detailed reef com-
munity data collected throughout the SCTLD epidemic by the Territorial Coral Reef Monitoring Program
(TCRMP) in the US Virgin Islands (USVI) allowed us to assess how SCTLD has altered benthic communities.
In addition, fish and benthic community data from the National Coral Reef Monitoring Program (NCRMP),
which spans the coral reefs in the USVI, Puerto Rico, and Florida, allowed for testing of existing relation-
ships between fish and benthic community members that respond to SCTLD. Consistent with experimental
studies published by others, the TCRMP data indicated that SCTLD spread was followed by reductions
in SCTLD-susceptible species. After susceptible species declined, some weedy benthic species increased in
cover, perhaps due to competitive release. We used a community-level path analysis and the NCRMP data
to assess how fish might respond to such changes. Fish communities were indirectly linked to coral cover via
rugosity. Thus, although SCTLD has severely altered benthic reef communities in FL and Caribbean, fish
habitat provided by reef structure has been robust to such changes so far. Although no short-term effects on
reef fishes were detectable, because live coral maintains reef structure by accreting and preventing bioerosion,
coral mortality due to SCTLD could have delayed impacts on reef fish communities if it leads to less rugosity
in future decades.

THE BLOB MARINE HEATWAVE ALTERS SESSILE SUSPENSION FEEDER COMMU-
NITY STRUCTURE IN CALIFORNIA KELP FORESTS
† Michaud, K.M.*; Reed, D.C.; Miller, R.J.

Marine Science Institute, University of California Santa Barbara

Ocean warming and marine heatwaves have both direct physiological and indirect ecological consequences for
marine organisms. Sessile animals may be particularly vulnerable to anomalous warming given constraints
in food acquisition and reproduction imposed by sessility. Using 14 years of seasonal benthic community
data across five coastal kelp forest reefs, we evaluated how communities of sessile invertebrates responded to
the “Blob”, a period of anomalously high temperatures and low phytoplankton production. We show that
the heatwave had both direct and indirect consequences for suspension feeder cover and species richness.
Changes to community structure, including species invasions, have persisted six years post-Blob, suggesting
that a climate-driven shift in California kelp forests is underway.
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TRACKING COHORTS OVER TIME USING SIZE-FREQUENCY POPULATION SUR-
VEY DATA TO DERIVE GROWTH FUNCTIONS, WITH KELLET’S WHELK CASE
STUDY
White, C.1*; Tett, Porter 1; Beas, R. 2; Lorda, J. 2; Kushner, D. 3; Zacherl, D. 4

1- Cal Poly 2- UABC 3- NPS 4- CSUF

The relationship between a species’ rate of growth and its size – its growth function – represents essential
biological information for supporting sustainable fisheries and wildlife management. Yet, growth functions
are known for only a fraction of species. Progress is especially limited in marine fish and shellfish due to
challenges rearing early life stages in the lab and identifying otolith or statolith ring patterns indicative
of individual age. We overcome these challenges by deriving a species’ growth function using multi-year
size-frequency population survey data collected in the wild. We fit Gaussian Mixture Models to the data at
each survey site and year to identify cohorts, tracked cohorts between survey years to estimate cohort growth
over time, then fit to the estimates growth functions containing initial and asymptotic size constraints based
on the survey data. We demonstrate our method with the kelp forest gastropod and commercial fisheries
species, Kellet’s whelk (Kelletia kelletii). We assembled survey data from 71 sub-tidal sites over 35 years,



representing 28,816 whelks 9 to 180 mm in shell length. Through cohort tracking we generated 323 estimates
of cohort growth. We fit 7 constrained growth functions to the growth estimates, and used AIC to select
the best-fit model, in this case the von Bertalanffy growth function. The method we developed can support
research on species with size-frequency population survey data, and the function we derived for Kellet’s
whelk can inform research on its population biology and sustainable fisheries management.

ONCE-ICONIC PISMO CLAMS PERSIST IN SOUTHERN CALIFORNIA AT LOW IN-
TERTIDAL POPULATION DENSITIES AND WITH VARIABLE RECRUITMENT
Bignami, S.*

Concordia University Irvine

The Pismo clam (Tivela stultorum) experienced a late-20th-century population decline which eliminated
much of the Pismo clam recreational fishery and was followed by over three decades of limited and discon-
tinuous population data collection. The goal of this study was to provide a broad baseline assessment of
intertidal Pismo clam populations in southern California to help inform Pismo clam conservation manage-
ment decisions and future research. Pismo clams were observed at 19 out of 27 study sites in Orange, San
Diego, and southern Los Angeles Counties over 6 years using intertidal transect surveys. We observed low
average clam bed density (mean 2.0 ± 1.1 clams m-2 SEM, median 0.1 ± 0.7 clams m-2 IQR, n=21 sites)
that varied greatly between sites (0–98.5 clams m-2). Juvenile recruitment was typically low or undetectable,
except for consistent localized recruitment at one site and a large recruitment event in 2022. Comparison
to recent and historical data leads us to conclude that the intertidal Pismo clam population in southern
California may have remained stable during recent decades but is substantially lower than the population
prior to the 1980s. Data from 2022 also provides initial evidence to suggest Pismo clams may not have
been acutely impacted by the Pipeline P00547 oil spill in southern California during late 2021. This study
provides foundational data that can be extended with continued monitoring, ecological research, and fishery
data collection to better understand the present day Pismo clam population.

SEDIMENT, LIGHT, AND INTERSPECIFIC INTERACTIONS HAVE STRONG EFFECTS
ON TWO DOMINANT CORAL REEF MACROALGAE
Grier, S.R.*; Hà, B.A.; Ryznar, E. R.; Smith, L.L.; Fong, P.M.

University of California Los Angeles

Storms are predicted to increase with climate change in the South Pacific, resulting in reductions in light levels
and increases in sedimentation for coral reef communities. We evaluated growth and structural responses of
two macroalgae, Padina boryana and Sargassum pacificum, to sediment addition and light reduction on a
fringing reef in Moorea, French Polynesia. In monospecific assemblages, shade reduced P. boryana growth by
67.7% with no effect of sediment, while added sediment increased S. pacificum growth by 40.4% with no effect
of light. Further, carbonate content of P. boryana was higher in ambient light and with added sediment,
while neither factor affected thallus toughness of S. pacificum. In interspecific assemblages, growth of P.
boryana was higher and calcification was lower than in monoculture. S. pacificum had a negative growth
response to reduced light when grown with P. boryana, suggesting species interactions. Our study suggests
P. boryana and S. pacificum have species-specific growth and structural responses to light and sediment that
may occur with short-term disturbances in environmental drivers associated storms.

ALL THE GLITZ AND CLAM-OUR: AN UPDATED POPULATION ASSESSMENT OF
PISMO CLAMS (TIVELA STULTORUM) IN ORANGE COUNTY
Hyla, B.E.*; Caruso, N.L.

Get Inspired Inc.

Recent reports have indicated population increases for an iconic California species, the Pismo clam (Tivela
stultorum), for various parts of the state. However, populations of Pismo clams in Orange County remain
largely unstudied due to low densities and limitations to time and resources. The last census survey of Pismo
clams in Orange County was from 1975-76. In this study we surveyed Bolsa Chica State Beach, Orange
County, CA using a clam raking technique used by recreational clammers to acquire updated baseline data
about the Pismo clam population in the study site. The objectives of this study were to (1) determine size



and abundance and (2) understand the distribution pattern of Pismo clams in the study area. Between
February-May 2022 we surveyed 5184.5 m2 of shoreline and found n = 287 Pismo clams, 5 of which were
legal sized (� 114mm length). Size distribution showed two main peaks in size at 48 ± 0.61 mm and 94 ±
0.83 mm. Density varied largely by location in the study site with values between 0.0178 - 0.1748 clams/m2.
Catch per hour of legal sized clams in the present study is lower than previously recorded for this area (1975
= 1.170; 2022 = 0.029 clams/hr.), and catch per hour of sublegal sized clams within 1-inch (25 mm) is higher
than previously recorded for the study area (1975 = 0.21; 2022 = 0.755 clams/hr.) Our work contributes to
informational needs for the species statewide while also evaluating the potential of sites for future restoration
work in Orange County.

SEDIMENT AS A DRIVER OF BELOW GROUND MORPHOLOGY IN EELGRASS
Zabinski, K.L.*

UC Davis & Bodega Marine Lab

During the summer of 2020, we ran a common garden experiment on eelgrass, Zostera marina, individuals
collected from two Tomales Bay, California populations (Millerton Point and Blake’s Landing) known to be
locally adapted in field transplant experiments. We grew individuals in either their home or foreign site field
collected sediment for one growing season to explore the effects of grain size on the overall performance of
individuals and below ground morphology. After one growing season, sediment type did not drive changes
in terminal shoots, maintaining population differences; however, sediment did drive changes in below ground
and clonal offspring morphology. Millerton Point sediment drove the longest root length to increase by 104%
in both populations compared to Blake’s Landing. Clonal offspring size decreased 68% in Millerton Point
sediment, but populations matching sediment site were larger by approximately 18% in Blake’s Landing and
58% in Millerton Point sediment. Together, these results suggest the majority of energy in plants were drawn
towards offspring production and F1 morphological changes rather than F0 within generation plasticity, but
homesite advantages still remain.
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SEASONAL VARIATION IN COMMUNITY COMPOSITION AFFECTS BIOLOGICAL
MODIFICATION OF COASTAL PH
Sorte,C.J.B.1*; Kroeker,K.J. 2; Miller,L.P. 3; Bracken,M.E.S. 1

1- UC, Irvine 2- UC, Santa Cruz 3- San Diego State University

As the climate changes, it is increasingly clear that biological processes play an important role in determining
how these changes manifest in local environmental conditions. Primary producers can absorb some of
the increased CO2 via daytime photosynthesis, modifying rates of ocean acidification. At the same time,
producers and consumers can increase CO2 via respiration. It is unclear whether this biological modification
of pH/pCO2 differs seasonally, and, if so, what biotic and abiotic drivers underlie seasonal differences. We
addressed these questions using intensive study of 34 tide pool ecosystems in southeastern Alaska, USA,
including quarterly surveys of all 34 pools in the first year of our study and monthly surveys of a subset of 5
pools in the second year. We measured physical conditions, species composition, community diversity, and
rates of change in pH and dissolved oxygen during the day and night. We detected strong seasonal patterns
in pH dynamics. Our measurements indicate that pH modification is primarily due to biological (rather than
physical) factors, leading to higher pH levels and more diel variability in pH conditions in spring and summer
than in fall and winter. Seasonal pH dynamics were associated with variation in community composition,
especially the relative abundance of seaweed producers and invertebrate consumers, and mirrored changes
in dissolved oxygen. These results suggest that seasonal variation in community composition can influence
environmental conditions, including the ability of an ecosystem to ameliorate changing climate conditions.

DECLINE OF A NORTH AMERICAN ROCKY INTERTIDALFOUNDATION SPECIES
LINKED TO SYNOPTICALLY DRIVEN OFFSHORE WINDS
Whitaker, S.G.*



UCSB, NPS

Foundation species are essential to ecosystem function, but their role as habitat providers is diminished when
they lack spatial dominance. Due to anthropogenic stressors, kelps, seagrasses, corals, and other foundation
species have declined. Rockweeds, the canopy-forming equivalent of subtidal kelp forests in temperate rocky
intertidal ecosystems, have also declined. Dense beds of the rockweed Silvetia compressa occur on the west
coast of North America, benefitting numerous species through the amelioration of physical stress caused by
sun exposure, desiccation, heat, and wave disturbance. Like many rockweed species, Silvetia is long-lived,
slow-growing, and short-dispersing, characteristics that reduce its resiliency to disturbance. We analyzed
Silvetia canopy cover data from 30 sites spanning 16 years, and we found that the rockweed had declined
markedly, particularly at sites south of the major biogeographic break, Point Conception, including the
California (CA) Channel Islands and southern CA mainland. This latitudinal pattern of trends suggests
that rockweed may be stressed in the southern regions. Temporally, substantial declines in Silvetia cover in
southern CA aligned with elevated periods of synoptically-driven offshore wind (SOW) events, most notably
around 2008 and 2015. Using SOW climatological data, we identified a highly significant negative correlation
between dewpoint depression, a measure of moisture content in the atmosphere, and Silvetia cover. These
results suggest that Silvetia population trends are tightly linked to atmospheric climate conditions.

POST-FIRE DEBRIS FLOWS: A NEWLY-REALIZED THREAT TO ENDANGERED
BLACK ABALONE AND THE ROCKY INTERTIDAL ZONE
† Bragg, W.K.1*; Lonhart, S.I. 2

1- University of California, Santa Cruz 2- Monterey Bay National Marine Sanctuary, NOAA

The black abalone (Haliotis cracherodii) is a critically endangered species found on the west coast of North
America from roughly San Francisco to Baja California. While overfishing contributed to its decline, wither-
ing syndrome decimated populations, especially in central and southern California, beginning in the 1980’s.
Many areas south of the Big Sur coast have experienced declines of 90% or more. Since a leveling off of
withering syndrome deaths, it was hoped the species would recover by expanding from its last remaining
stronghold populations in central California. However, in 2020/2021, a fire + flood event precipitated nu-
merous debris flows that buried hundreds of meters of Big Sur coast’s rocky intertidal habitat and “healthy”
black abalone populations. Our team surveyed black abalone populations and rocky intertidal habitat before
and after debris flows and recorded impacts severe enough to warrant rescue/relocation efforts, which we
conducted in 2021. We have since been working to quantify the initial and ongoing impacts of this natural
disaster through on-site surveys and the use of drone imagery. It is likely that California will experience
more frequent and intense impacts to the coastline from similar post-fire debris flows and landslides based
on climate change predictions including increasing (1) fire intensity and frequency, (2) drought conditions
that reduce vegetative cover, and (2) risk of severe flooding from extreme storms, such as atmospheric rivers.
In the case of black abalone, this adds another grave threat to the recovery of the species.

SEVEN YEARS ON SANTA ROSA: ESTABLISHMENT AND ECOLOGICAL MONITOR-
ING OF TWO ROCKY INTERTIDAL SITES USING CLASSIC AND MODERN METHODS
Dilly, G.F.*; Frisk, R.; Klaiman, C.; Zendejas, S.

CSUCI

We present here the first ecological summary of two rocky intertidal sites at Bechers Bay [BB] and Skunk
Point [SP] on Santa Rosa Island, established in 2015 by CSU Channel Islands. We use a combination of
classic (point-intercept - [PI]), modern (vertical transect [VT] and thermochrons [TC]), and novel (automated
photoplotting [AP]) techniques to monitor community changes. Both VT and PI plots show a significant
decline in Phragmatopoma californica coverage, and an overall doubling of total Anthopleura sp. The
largest decrease of P.c. was found in the low zone of BB dropping from 29.5% to 4% cover. BB experienced
more significant downward trends in biota across both methodologies compared with SP. However, Mytilus
californianus and Silvetia compressa maintained stable coverage at both sites. 20 TCs per site were co-
located with PI plots and deployed to monitor in situ temperatures. Temperature overall has trended
downwards over the study period. Endocladia muricata has trended upwards over the duration, and is
negatively correlated with TC temperature. Nearby satellite sea surface temperature data corroborates the



TC trends. For AP, photos were taken using a 1m2 camera rig across 6 VT lines per site. Photos are divided
into 4 zones (splash/high/mid/low). To interpret these images, we apply CoralNet which integrates manual
and automatic species annotation of our photoplots. This seven-year study combines classic and modern
monitoring techniques to provide insights at two novel Santa Rosa Island intertidal sites.

HIGH AND DRY: INTERTIDAL POSITION INFLUENCES DESICCATION TOLERANCE
IN THE INTERTIDAL ACORN BARNACLE, BALANUS GLANDULA
† Dotterweich, M.M.*; Staab, L.E.; Ventura, R.N.; Anderson, K.N.; Alexander, Q.M.; Hardy, K.M.

California Polytechnic State University, San Luis Obispo

Sessile invertebrates in the rocky intertidal experience intermittent periods of air emersion and seawater
submersion due to tidal flux. For marine organisms, air exposure presents risks of temperature extremes,
hypoxia, nutrient limitation, and most dangerously, desiccation. Common acorn barnacles (Balanus glandula
) have a wide vertical distribution in the intertidal, creating large differences in microhabitat between the
highest and lowest individuals in the population. We hypothesize that B. glandula from relatively high tidal
heights, which are exposed to the air for a greater duration, will be better suited to tolerate desiccation
stress than conspecifics from lower tidal heights. In this study, we compared the effects of humid (98% RH)
and dry (32% RH) emersion (at 18˚C) on survival, opercular behavior (open/closed), evaporative water loss
(EWL) rates, and tissue-lactate accumulation in B. glandula collected from high and low intertidal positions.
Relative to barnacles from the low intertidal, we found that barnacles from the high survived desiccation
stress longer, kept their operculum closed more often in air, had greater EWL rates, and in humid emersion
accumulated significantly less lactate compared to barnacles from the low intertidal. We suspect that high
intertidal B. glandula can survive desiccation longer by ejecting stores of mantle cavity fluid, thereby creating
a moist lung-like, air-filled internal environment, then remaining largely closed and metabolically inactive
when in air so as to avoid drying out and becoming anoxic.
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PHYSIOLOGICAL RESPONSES TO MICROBIOME KNOCKDOWN IN AIPTASIA - CRE-
ATING MODEL TOOLS TO STUDY BENEFICIAL MICROBES FOR CORALS
MacVittie, S.*; Doorodian, S.; Alberto, A.; Sogin, E.M.

Molecular and Cell Biology Department, University of California Merced

Coral Reefs are increasingly being degraded due to anthropogenic stressors. Rising sea-surface temperatures
caused by climate change have led to coral bleaching events where algal symbionts are expelled leading to
loss of nutrition and eventual death. One proposed method to improve resilience in these events is the
use of Beneficial Microbes for Corals (BMCs), but the ways bacterial partners contribute to host-fitness
are understudied. Aiptasia is a sea anemone model used to study interactions between the host and their
microbial partners together termed the metaorganism. We aimed to create and maintain gnotobiotic Aiptasia
using two antibiotic cocktails, and monitor impact on overall fitness. Individuals were treated daily with
antibiotics for three weeks, then allowed to recover in sterile artificial seawater for three weeks. We sampled
weekly during treatment and recovery to monitor bacterial load, 16S rDNA profiles, protein content, and
algal abundance. We also tracked asexual reproduction in a subset of Aiptasia. Individuals with reduced
microbial load had reduced biomass, algal cell densities, and rates of asexual reproduction, indicating decline
in metaorganism fitness. During the recovery phase, we observed some recovery of bacterial load, but saw
decreases in algal cell density. We predict distinct shifts in both treatment and recovery phase bacterial
communities. Our data demonstrates that we can use gnotobiotic anemones to elucidate contributions of
bacterial symbionts to metaorganism fitness, an essential first step towards identifying candidates for BMCs.

EFFECTS OF TEMPERATURE AND NITROGEN ON EARLY LIFE STAGES OF BULL
KELP (NEREOCYSTIS LUETKEANA) FROM THE SALISH SEA
Small, S.L.1*; Weigel, B.L. 1; Berry, H.D. 2; Dethier, M.N. 1



1- University of Washington Friday Harbor Laboratories 2- Washington State Department of Natural Re-
sources

Bull kelp (Nereocystis luetkeana) is a crucial component of NE Pacific kelp forests from California to Alaska.
Within the Salish Sea, bull kelp is the primary canopy-forming species; it is also experiencing population
declines in this region, especially in areas with the warmest ocean temperatures and lowest nutrient concen-
trations. To understand these declines, we investigated the thermal tolerances and nitrogen requirements of
early life history stages of bull kelp. We cultured bull kelp from 7 different populations within the Salish Sea
across 7 different temperatures (10 to 22°C) and two nitrogen concentrations. We quantified gametophyte
size and growth rates (weekly photos for 4 weeks) and counted all individual gametophytes and sporophytes
at approximately 40 days. Across populations, gametophyte growth and survival were greatest between 10
and 16°C, declined by 18°C, and gametophytes died at 20 and 22°C. The window for sporophyte produc-
tion was narrower, peaking between 10 and 14°C and ceasing by 18°C. Sporophyte production, i.e. sexual
reproduction, is critical to complete the annual life cycle in bull kelp. Across temperatures, gametophyte
and sporophyte individuals were larger and there were more sporophytes at elevated nitrogen concentrations.
Thermal tolerance trends were similar across populations, but we found subtle population-specific responses
to temperature and nitrogen. These results suggest that 18°C is a critical temperature threshold for survival
and reproduction of early life stages of bull kelp within the Salish Sea.

BLACK ABALONE TRANSLOCATION AS A STRATEGY FOR POPULATION RECOV-
ERY IN BAJA CALIFORNIA, MEXICO
Abadía-Cardoso, A.1*; Bauer, J. 1; Lorda, J. 1; Beas-Luna, R. 1; Malpica-Cruz, L. 1; Searcy-Bernal, R. 1;
Bracamontes-Peralta, M. 2

1- Universidad Autónoma de Baja California 2- Sociedad Cooperativa de Producción Pesquera de Ensenada,
S.C.L.

Black abalone, Haliotis cracherodii, was once an abundant macroinvertebrate in the northeastern Pacific.
Due to a combination of factors, such as disease, overfishing, and environmental impacts, black abalone
numbers declined dramatically in the late 1980s and early 1990s. Today, black abalone populations have
not recovered and restoration programs are being proposed as an alternative to improve recovery. One
potentially successful strategy involves translocations, where wild adults are aggregated in high-density areas
that may boost reproduction and recruitment. Here, we present the results of a black abalone translocation
experiment in Baja California. First, we characterized potential source and translocation sites. Then, we
collected 125 black abalones from a high abundance area, and measured, tagged, and acclimated prior to
release on Isla San Jerónimo and Punta Baja, two black abalone historically abundant reefs. Finally, we
surveyed the translocated abalones after nine months (274 days) and recorded survival, aggregations, and
growth rates. We recorded 33.3% of the translocated black abalones at Isla San Jerónimo, and 30.6% at
Punta Baja. Our results suggest translocation may be a promising restoration strategy to recover depleted
black abalone populations. This study demonstrates the importance of co-management between academia
and local communities for the development of restoration programs.

UNDERSTANDING PRIORITIES FOR EUROPEAN GREEN CRAB MONITORING AND
REMOVAL ON THE WEST COAST OF NORTH AMERICA: SURVEY RESULTS
Davis, A.C.D.1*; Therriault, T. 2; Howard, B.R. 2; Green, S.J. 1

1- University of Alberta 2- Fisheries and Oceans Canada

Invasive species are a global economic and ecological problem and are responsible for billions of dollars
in environmental damages annually. Invaders transmit disease, prey on and outcompete native species,
and are one of the leading causes of recent extinctions leading to alterations in native communities. The
effects of invasive species can vary, so understanding and thus managing species invasions requires ecological
and socio-economic information at multiple spatio-temporal scales. We designed a digital survey to collect
information where management for Carcinus maenas, the European Green Crab (EGC) is happening, what
valued resources may be affected by the presence of EGC, and what types of additional resources or data
are needed to help improve management strategies. The survey includes the west coast of Canada and the
United States focusing on, but not limited to, the Salish Sea.Preliminary results suggest that all regions



surveyed, regardless of invasion status, value seagrass beds as an ecological, economic, and cultural resource
that is threated by the presence of EGC. However, there is not the same consensus on the potential threat
EGC pose to this and other resources. Most respondents cite funding, interagency collaboration, and data
analysis of effects of EGC on local species as highly important; however, lack of these resources can be a
major barrier to implementing a successful monitoring and removal plan.

HELPING THE KELP IN NORTH-EASTERN NEW ZEALAND: RAPID KELP RECOV-
ERY FOLLOWING LARGE-SCALE SEA URCHIN REMOVAL
† Miller, K.I.*; Shears, N.T.

University of Auckland

Globally, many kelp forests have been eliminated by sea urchin overgrazing, leaving behind depauperate
“urchin barrens” with reduced habitat complexity, productivity, and biodiversity. In response, sea urchin
removal is increasingly being used worldwide, but ecological effectiveness, practicality, and cultural implica-
tions need consideration.We evaluated the effectiveness of single large-scale sea urchin removals in assisting
kelp recovery in north-eastern New Zealand. Sea urchins (kina, Evechinus chloroticus) were culled in four
areas of urchin barrens (1.6-2 ha each; 7.1 ha total) between Oct 2020-Mar 2021. All sites had nearby kelp
forests but varying environmental conditions. Sea urchin densities were reduced by 90% and remained low
for at least one year without additional removals. High natural recruitment of kelp (Ecklonia radiata</i)
and fucoids (Carpophyllum spp., Sargassum spp.) occurred in all removal areas over the first year with
an ~6 fold increase in total density and ~4 fold increase in canopy cover. In contrast, kelp and fucoids at
neighboring urchin barren areas remained low.This study showed that one-off large-scale sea urchin removal
can lead to rapid kelp recovery, provided nearby algal spore banks exist and sea urchins are the primary
cause of kelp loss. However, restoration plans also need to address the causes of sea urchin overpopulation
(e.g. predator overfishing) to prevent sea urchin reinvasion and for long-term ecosystem benefits, such as
macroalgae persistence, improved biodiversity and overall ecosystem resilience.
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ECOLOGICAL EFFECTS OF SUBMARINE GROUNDWATER DISCHARGE AND
NEIGHBORHOOD INTERACTIONS ON COMMON CORAL SPECIES, PORITES RUS
† Kerlin, J.R.*; Barnas, D.M.; Silbiger, N.J.

Department of Biology, California State University, Northridge

The maintenance of healthy coral reefs is dependent on the physiological responses of corals to both abiotic
and biotic factors. Abiotic processes, like submarine groundwater discharge (SGD; the flow of freshwater
from land, through the marginal seabed, and onto the reef), can affect corals by altering the biogeochemical
properties of the water (increased nutrients, and lower salinity, temperature, and pH). Additionally, corals are
affected by biotic interactions with neighboring organisms, like competition with other corals. The ecological
effects of SGD are not yet well-studied, and this study tests the combined effects of SGD and neighborhood on
coral growth rate, metabolism, and endosymbiont properties. We deployed coral fragments in neighborhood
treatments (no neighbor, dead skeletal neighbor, conspecific neighbor, heterospecific neighbor) along an SGD
gradient. We measured growth, photosynthetic, and respiration rates and symbiont density and chlorophyll
content of Porites rus before and after deployment. Photosynthesis, respiration, and endosymbiont density
showed a positive relationship with SGD influence. However, corals with conspecific neighbors had lower
metabolic rates than would be expected if no neighbors were present. SGD had a significant effect on
metabolism and endosymbiont density during the dry season with low relative SGD input, indicating possibly
stronger long-term effects during high input seasons. Physiological changes of corals along an SGD gradient
can lead to changes in community composition and other cascading effects on the community.

BULL VS SUGAR KELP: PHYSIOLOGICAL COMPARISON OF THE INTERACTIVE EF-
FECTS OF TEMPERATURE & NITROGEN ON NEREOCYSTIS AND SACCHARINA
† Fales, R.J.1*; Weigel, B.L. 2; Berry, H.D. 3; Carrington, E. 1



1- University of Washington, Department of Biology & Friday Harbor Labs 2- Friday Harbor Laboratories 3-
Washington Department of Natural Resources

Kelps inhabit cold and nutrient rich waters and are declining globally, but patterns of decline are localized
and species specific. In Puget Sound (southern Salish Sea, USA) which is seasonally warm and oligotrophic,
Nereocystis luetkeana (bull kelp) forests are going locally extinct and Saccharina latissima (sugar kelp) is
abundant in some places where N. luetkeana was lost. We hypothesized that S. latissima sporophyte blades
have a higher physiological tolerance to warm and nutrient poor conditions. Using controlled laboratory
mesocosms, we tested the interactive effects of temperature (9, 15, 21°C) and nitrogen (high and low)
on N. luetkeana and S. latissima adult sporophyte blades through performance measurements of growth,
photosynthesis/respiration, nutrient uptake rates, and PAM fluorometry. N. luetkeana and S. latissima
performance was similar overall with high performance at 9 and 15 and declines at 21°C. Surprisingly,
photosynthesis and Fv/Fm were slightly higher in low nutrient treatments. N. luetkeana persistence at
warm and nutrient poor sites may be limited by different stressors, or as an understory kelp, S. latissima
persists by escaping warm surface temperatures which N. luetkeana cannot. Canopy forming kelps, such as N.
luetkeana, perform ecologically and economically important ecosystem services which may not be adequately
replaced by understory species, so it is important to understand how morphology and life history strategies
influence responses to climate change stressors.

THE EFFECTS OF OCEAN ACIDIFICATION AND WARMING ON THE METABOLIC
PHYSIOLOGY OF JUVENILE NORTHERN SPOT SHRIMP (PANDALUS PLATYCEROS)
† Musbach, J.M.1*; Levy, T. 2; Kelley, A.L. 1; Cadenhead, G. 3; Tamone, S.L. 3

1- University of Alaska Fairbanks 2- Standford University 3- University of Alaska Southeast

Northern spot shrimp (Pandalus platyceros) support commercial, subsistence, sport, and personal use fish-
eries in Southeast Alaska. This species is targeted by the commercial pot shrimp fisheries and has a complex,
protandric life history that spans multiple habitats. Declining catches and recent closures of previously pro-
ductive regions mandate a deeper understanding of the metabolic physiology of P. platyceros early life history
stages in response to ocean change. Ocean acidification (OA) occurs due to increased oceanic CO2 uptake,
which results in a reduced pH that is predicted to decrease by 0.2 – 0.4 units by the year 2100. Concurrently,
ocean warming (OW) is expected to increase the temperature of the ocean up to 5°C. OA and OW are
environmental stressors that alter calcification, development, and metabolic rates in marine invertebrates.
This study investigated the individual and interactive effects of OA and OW on the post-larval juvenile stage
metabolic rates (MO2) and gene expression of carbonic anhydrase (CA), a cellular acid-base regulator, and
heat shock protein 70 (Hsp70), a heat-stress inducible protein chaperone. Following a two-week experimental
exposure period to OA and OW, juvenile P. platyceros showed no significant differences in metabolic rates
or Hsp70 expression with changes in temperature or pH. However, there were significant temperature and
pH effects on CA gene expression, with a marked increase in CA gene expression in the increased pCO2
treatments.

CAN LARVAE OF DEEP-SEA SNAILS SWIM TO THE SUFRACE TO FIND THEIR
FOOD?
Hebner, M.G.*; Arellano, S.M.

Western Washington University

The larvae of the deep-sea snail Thalassonerita naticoidea can eat phytoplankton and have been found in the
surface waters of the Gulf of Mexico. However, whether these larvae routinely make the long migration to the
surface to eat is yet unclear and potentially has huge impacts on dispersal and population connectivity. In the
food-poor deep sea, a vertical migration to the surface would be feasible if the swimming larvae are released
from the egg capsule with ample energy reserves to meet the metabolic demands of swimming and growing.
To test this, egg capsules of T. naticoidea were collected from the Brine Pool NR1 cold seep (650 m depth)
and were maintained in the laboratory at 6 oC until hatching when we conducted larval swimming speed
and respiration experiments at temperatures found throughout the water column. Temperature significantly
impacted respiration and fit a quadratic regression curve with pejus temperature around 22.52 oC and a Q10
of 2.424. Swimming speeds were variable and, thus, we could not detect a significant effect of temperature on



swimming. Finally, utilizing the Q10 for oxygen consumption and a mean swimming velocity of 0.0396cm/s,
we modeled the expended energy of a swimming larva as it migrates vertically through the water column.
In the future, we aim to compare the energy reserves of the newly-released larvae with our model results to
determine whether larvae are energetically capable of migrating to the photic zone before feeding.

PARTITIONING VARIANCE IN IMMUNE TRAITS IN A ZOOPLANKTON HOST–
FUNGAL PARASITE SYSTEM
Westphal, G.H.1*; Stewart Merrill, T.E. 2

1- Florida State University 2- Florida State University Coastal and Marine Laboratory

When immune traits have a strong genetic basis, the presence and severity of disease in a population may
influence their distribution. Our study addressed how two immune-related traits (gut penetrability, hemocyte
response) are shaped by genetic and environmental sources of variation, and how the presence of a virulent
disease altered their relative frequency in natural populations. Daphnia dentifera hosts were sampled from
five Indiana lakes before and during epidemics of their fungal pathogen, Metschnikowia bicuspidata. Collected
Daphnia were experimentally exposed to Metschnikowia and assayed for their immune traits, and multi-locus
genotype. Mixed effects models were constructed to partition variance in immune traits between genetic
and environmental sources. We then isolated the genetic sources to produce genotype-specific estimates of
immune traits for each multi-locus genotype. Finally, we assessed the relative frequency and dynamics of
genotypes during epidemics and asked whether changes in genotype frequencies were related to their immune
traits. Although genotype was an important source of variation for both gut penetrability and the hemocyte
response, environmental factors explained a large portion of the observed variation, suggesting a high degree
of flexibility in Daphnia immune traits. No significant associations were detected between a genotype’s
immune traits and its frequency in a population. Our study highlights the power of variance partitioning in
understanding the factors driving variation in Daphnia traits.
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THE INFLUENCE OF OCEAN ACIDIFICATION AND FOOD QUALITY ON JUVENILE
DUNGENESS CRAB FORAGING BEHAVIOR AND LIPID COMPOSITION
Hayes, H.G1*; Schram, J.B. 2; Yoshioka, R.M 3; Galloway, A.W.E. 1

1- UO Oregon Institute of Marine Biology 2- UAS Juneau [current affiliation] 3- Bigelow Laboratory for
Ocean Sciences [current affiliation]

Increases in anthropogenic carbon in the atmosphere are driving reductions in seawater pH, known as ocean
acidification (OA). OA can influence behavior and sensory systems of marine animals, but little is known
about OA effects on juvenile crustaceans. We conducted experiments to improve our understanding of
the consequences of pH exposure and food quality on juvenile Dungeness crab (Metacarcinus magister)
behavior and nutritional condition. We exposed post-settlement crab to an ambient or reduced pH for 42-d
and provided a high- or low-quality diet. We then introduced crab into foraging and sensing pH behavior
experiments. In the foraging experiment, we placed crab in a behavior arena with a food pellet upstream,
and measured food discovery and handling time. Food quality and pH independently influenced the speed
that crab identified and handled the food. For our pH sensing experiment, we used a two-current choice
flume with ambient and reduced pH, and measured time spent in either pH. There was no significant effect
of either food quality or pH on crab water choice. We evaluated crab nutritional condition by quantifying
total lipid content of whole-body tissues and fatty acid (FA) profile composition. Proportional FA profiles
differed for crab based on diet and pH. We did not detect differences in the concentrations of key summary
categories of FA based on pH exposure. We found behavioral and nutritional shifts in juvenile Dungeness
crab, but they were largely tolerant of pH exposure representing the 0.3 pH unit decrease predicted by 2100.

COLONIZATION AND SUCCESSION ON EXPERIMENTAL NATURAL AND ARTIFI-
CIAL SUBSTRATES IN THE DEEP SEA
† McDermott, S.E.1*; Kahn, A.S. 1; DeVogelaere, A.P. 2; Devogelaere, M. 3; Boch, C.A. 4; Whaling, P.J. 5;
Barry, J.P. 5



1- Moss Landing Marine Laboratories 2- Monterey Bay National Marine Sanctuary, NOAA 3- University
of California, Santa Barbara 4- Southwest Fisheries Science Center, NOAA 5- Monterey Bay Aquarium
Research Institute

In the deep sea, hard substrata are relatively rare and host unique biological communities. Sunken objects
and debris such as shipping containers are becoming more common and may act as hard substrata that may
mimic the effects of natural seafloor habitat. Here, we ask if communities that form on those artificial surfaces
differ from those that form on natural substrata in the deep sea. We compared colonization and succession
on 4 substratum types, including 2 natural rock-types (slate and sandstone) and 2 steel structures coated
with either solvent-based paint or water-based paint to mimic shipping containers. These substrata were
deployed in Monterey Bay National Marine Sanctuary at 200 m depth and assessed from 2014-2019. ROV
footage was used to identify mobile and sessile invertebrates that settled on each structure. We observed
changes in abundance, diversity, and species richness on all 4 substrata each year. The largest changes in
community assemblage were observed 2 and 5 years after deployment. High densities of encrusting organisms
were present on steel structures in 2016 and 2017, but were not seen on natural type substrates until 2019.
Differences between natural and artificial substrata persisted through year 5 until retrieval in 2019. Our
results indicate that containers mimic hard substrata in the deep sea over time, suggesting that they may
act as oases for species in sediment covered abyssal areas. The question remains whether lost containers are
altering natural connectivity processes and playing an increasing role in the dispersal of deep sea species.

THE ROLE OF MACROALGAL MICROBIOMES IN THE UPTAKE OF MERCURY BY
COASTAL AND ESTUARINE SEA LETTUCE (ULVA SPP.)
† Penn, S.P.*

Moss Landing Marine Laboratories/San Diego State University/UC Davis

The majority of research on mercury cycling in marine environments has centered on pelagic food webs,
and little is known about mercury cycling in macroalgal-based food webs. Seaweed from the genus Ulva
have a global distribution throughout the world’s marine and brackish habitats, accumulating nutrients and
toxins from the water column with little effect on the host macroalgae. Although the mechanism driving
Ulva’s tolerance to marine pollution remains unclear, studies suggest the macroalgal microbiome may be
responsible. This study investigates how differences in location influence mercury uptake and bacterial
community composition in Ulva. Estuary and coastal Ulva were exposed to mercury during 6-day laboratory
experiments. The taxonomic composition of the Ulva microbiome was estimated based on the V1-V9 regions
of the 16s rRNA gene. Estuary samples accumulated higher concentrations of mercury than coastal samples
(ANOVA, p = 0.02) across all treatments. The microbial community structure significantly varied between
coastal and estuary samples (PERMANOVA, p = 0.1) at the phylum, class, and genus taxonomic levels.
Finally, the community composition of the estuary microbiome is driving the increased mercury uptake
(nMDS, stress = 0) at the phylum, class, and genus taxonomic levels. This study shows that the Ulva
microbiome is shaped by habitat and correlated to mercury uptake responses. The Ulva microbiome from
estuary environments could be making the macroalgal holobiont more resistant to increased nutrient and
toxin loads.

OILED-MARSH RESTORATION STUDY: THE REINTRODUCTION OF FAUNA INTO
SYSTEMS
Martinson, I.M.*; Pennington, P.L.; Daugomah, J.

NOAA

Coastal marshlands are ecologically critical areas, providing estuarine species with food and nursery habitat.
Highly sensitive to oil spills, these areas can be effectively restored by replanting native grasses. The ability
of fauna to recolonize a site post-spill depends on restoration success. The daggerblade grass shrimp (Palae-
monetes pugio) is crucial for moving nutrients and energy between salt marsh trophic levels. The goal of
this study was to quantify oxidative stress in P. pugio after reintroduction into an oiled salt marsh restored
with various methods by analyzing biomarkers. Shrimp were collected from Leadenwah Creek in South
Carolina, then introduced into 20 mesocosms with smooth cordgrass (Spartina alterniflora) for 96 hours.
Mesocosms modeled an oiled salt marsh, with five replicates of four treatments: control with no replanting,



oiled with no replanting, oiled replanted with field transplants, oiled replanted with nursery plants. This
study occurred one year post-oiling and five months post-replanting. Shrimp were analyzed using a lipid
peroxidation assay to quantify cellular damage and a glutathione biomarker assay to measure antioxidant
response. No significant differences between replanting strategies was found in either assay. There was also
no significant difference in lipid peroxidation. There was a significant difference between glutathione levels,
indicating an elevated antioxidant response. Understanding the implications of fauna recolonizing post oil
spill is vital for improving the success of coastal marshland restoration.

UNDERSTANDING MODIFIED BEHAVIOR AND MOVEMENT OF OREGON SPECIES
IN RESPONSE TO SEISMIC SURVEY NOISE
† Borland, L.K.1*; Heppell, S.A. 2; Chapple, T.K. 2; Raghukumar, K. 3; Henkel, S.K. 2

1- Oregon State Univeristy 2- Oregon State University 3- Integral Consulting, Inc.

Increasing human activities, such as seismic surveys and marine renewable energy in Oregon’s coastal waters
are contributing to a noisy environment for resident species. This disturbance may have implications for the
food web and management of vital demersal species. We assessed the impacts of noise from a geophysical
seismic survey of the Cascadia Subduction Zone in Southern Oregon (where the survey passed three times)
on the movement and behavior of three fish - lingcod, black rockfish and China rockfish - and Dungeness
crab using telemetry data from an in situ tagging effort in the summer of 2021. We measured sound
pressure and particle motion aspects of sound before, during, and after the survey passed the study site.
Notably, ambient noise in the period after the seismic survey was much louder than ambient noise before.
Instantaneous acceleration and depth data obtained from acoustic tags were used to characterize short-term
behavioral changes in response to the changing soundscape among species. Modeling of these data suggests
that there is a significant difference in the acceleration of China rockfish, black rockfish, and Dungeness crab
across periods of the study. Post-hoc tests show that black rockfish accelerations were different across all
periods of the study, while China rockfish acceleration was significantly different before the seismic survey
was in range versus after. During the period of noise, black rockfish and Dungeness crab showed significant
differences in acceleration values in response to sound levels.
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BEACH LIONS, COYOTES, AND BEARS, OH MY! THE ROLE OF MAMMALIAN CON-
SUMERS IN MARINE TO TERRESTRIAL RESOURCE SUBSIDIES
† Zilz, Z. L.*; Copeland, S. J.; Young, H. S.

University of California Santa Barbara

Animal-vectored subsidies–the animal-mediated movement of resources across habitat boundaries–drive eco-
logical processes in both donor and recipient ecosystems. However, human barriers to animal movement
(e.g. roads) often alter the delivery and receipt of resource subsidies. The Southern California coastline once
potentially benefited from marine to terrestrial subsidies, with nutrients from productive kelp forests flowing
to relatively low productivity beach and coastal scrub habitats. However, 55% of the Southern California
coast is developed, and the fauna historically responsible for vectoring such resources inland are potentially
unable or unwilling to move freely across much of the coastal ecotone. We developed Project ECOTONE -
Energetic Connectivity of Terrestrial and Oceanic Nearshore Ecosystems - to understand baseline movement
of consumers between intertidal habitats (beaches, rocky intertidal, and marshes) and adjacent terrestrial
ones by implementing an array of motion-triggered trail cameras along access-restricted coastlines in Santa
Barbara County, CA (Vandenberg Space Force Base and the Jack and Laura Dangermond Preserve). These
cameras captured evidence that, in the relative absence of human activity, terrestrial consumers–most com-
monly coyotes, deer, and feral pigs–regularly forage in intertidal habitats. Future aims of this study include
determining the sensitivity of foraging to seasonal changes and to human activity. This research is expected
to provide essential baselines for management of Southern California’s last remaining “wild coast”.

USING META-ANALYSIS AND TAXONOMIC RELATIVITY TO FILL IN GLOBAL
CHANGE VULNERABILITY DATA GAPS



† Walker, B.J.1*; Strope, L.T. 2; Flores, I.T. 1; Kroeker, K.J. 1

1- UC Santa Cruz 2- San Diego State University

The effects of excess carbon dioxide in the atmosphere are already impacting marine ecosystems and popula-
tions. Although global change ecology research has increased dramatically over the past few decades, there
continues to be a mismatch between scientific understanding and management actions and policies. Attempt-
ing to bridge this gap, we’ve conducted a meta-analysis on the effects of ocean acidification and hypoxia
on key marine invertebrates. We’ve compiled all available data produced from single stressor, manipulative
studies which projected 2100 conditions and measured response variables expected to directly impact key
population dynamics of survival, growth/size, early development, and fecundity. Using these data, we’ve
shown the taxonomic relativity in effect sizes from species to phylum within arthropods, echinoderms, and
mollusks. Collaborating with researchers at UC Davis and U Oregon, these data will be combined with
oceanographic and resource use data to map the spatial vulnerabilities of key taxa to global change stressors
along the California Current.

THERMAL REFUGES ALONG BAJA, MEXICO COASTLINE
Provost, M.M.1*; Micheli, F. 2; Woodson, C.B. 3; De Leo, G. 2

1- NOAA Southwest Fisheries Science Center 2- Hopkins Marine Station, Stanford University 3- University
of Georiga

Climate change is impacting marine ecosystems in Baja California but the impact of marine heat waves, El
Niño events, and increasing variability in ocean temperatures is not uniform across space or time. Regions
characterized by lower thermal stress that potentially buffer the effects of climate change can be viewed
as thermal refuges. To understand the spatial scales of these refuges, we combine data and insights from
oceanography, ecology, and physiology about the effects of temperature on abalone, and develop a novel
method for converting widely abundant satellite-derived sea surface temperatures (SST) to identify where
and how prevalent thermal refuges are for abalone on the Baja, Mexico coastline. By analyzing temperature
over a 10 year period at 1 km intervals, we find that ~18% of Baja coastline is likely a thermal refuge. Our
results show that thermal stress for marine benthic invertebrates is highly variable along the 1500 km of
coastline and there is opportunity to incorporate these thermal refuge pockets in marine spatial planning.
Additionally, the methods developed in this project may be adapted to quantify thermal refuges for other
benthic species.

DIET OF THE JUVENILE WHITE SHARK (CARCHARODON CARCHARIAS) IN
SOUTHERN CALIFORNIA
† Samara, Y.*; Lowe, C.

CSULB, Shark Lab

Juvenile white sharks (JWS) tend to aggregate in coastal habitats along the southern California coast. JWS
found at aggregation sites occupy a small area (e.g., ~ 8 km ) for months. Nonetheless, some JWS are found
offshore in areas where gillnet fisheries, targeting white seabass and California halibut take place. Muscle
tissue samples from individuals found at aggregation sites and incidentally caught by fishermen offshore were
taken for stable isotope analysis. Muscle samples from potential food sources were collected via beach seine,
otter trawls, and hook and lining fishing. To describe the dietary composition of JWS, Bayesian mixing
models were run in R (SIMRR package). In the model, sharks were grouped as “inshore” and “offshore”
individuals. Preliminary data showed that sharks found at coastal aggregation sites exhibit a diet dominated
by teleost (65%), followed by invertebrates (25%) and small elasmobranchs (10%). On the contrary, sharks
caught offshore by fishermen, exhibited a different diet dominated primarily, by invertebrates (62%), followed
by teleost (25%), and elasmobranchs (13%). These differences in dietary compositions suggest that not all
JWS exhibit long-term residency at aggregation sites. Thus, differences in movement behavior and habitat
uses may lead to differences in their diets.

INVESTIGATING THE RESILIENCE OF KELP FORESTS TO HARVEST AMID A
RAPIDLY CHANGING OCEAN
† Allchurch, A.E.1*; Denley, D. 2; Thompson, M. 3; Peeler, M. 4; Kowalchuk, K. 5; Salomon, A. 1



1- Simon Fraser University 2- BC Ministry of Land, Water and Resource Stewardship 3- Thalassia Environ-
mental 4- Confidence Fishing Company 5- Kwakiutl Fisheries Department

Understanding the resilience of kelp forests to anthropogenic disturbance presents a global challenge. Kelps
are fast growing, high nutrient, habitat forming organisms, and as demand for food and fertilizer rises
kelps are being hailed as renewable resources to meet these growing global needs. Indigenous Nations along
coastal North America are uniquely positioned to guide and benefit from growing demand for kelp due to their
knowledge of seaweeds, which have been formed through millennia of mariculture practices. This research
aims to assess how an Indigenous kelp fishery impacts kelp forest scale resilience and the biophysical factors
that influence it. In collaboration with the Kwakiutl First Nation, we conducted a large-scale experiment on
Northern Vancouver Island at three kelp beds in Kwakiutl territory. Half of each bed was harvested using
methodologies established by the Kwakiutl Nation. Assessments of harvest effect on temperature, water
flow, kelp density, regrowth, reproduction, light, and fouling organism cover were undertaken using drone,
surface, and subsurface measurements via SCUBA. Initial results indicate that Kwakiutl kelp harvest had
minimal impacts on kelp resilience (growth rates post harvest) and reproduction and may even provide more
favourable abiotic conditions for kelps via reduced sea surface temperatures, increased water flow, elevated
light levels, and reduced fouling. Kelp harvest practices which provide sustainable yields and maintain
environmental complexity must guide the conservation and use of kelp forests across western North America.
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MATERIAL LEGACIES CAN DEGRADE RESILIENCE: STRUCTURE-RETAINING DIS-
TURBANCES PROMOTE REGIME SHIFTS ON CORAL REEFS
† Kopecky, K.L.*; Stier, A.C.; Schmitt, R.J.; Holbrook, S.J.; Moeller, H.V.

University of California Santa Barbara

When standing dead structures of habitat-forming organisms are left by disturbance (e.g., dead trees, coral
skeletons, oyster shells), these material legacies can affect ecosystem recovery. For example, in coral reef
ecosystems, coral skeletons can act as a refuge for macroalgae, promoting transitions to algal-dominated
states. This outcome, however, depends upon disturbance type: tropical storms can strip the reef bare,
while bleaching events leave dead coral skeletons in place. We combined mathematical and empirical ap-
proaches to quantify how structure-removing and structure-retaining disturbances affect the resilience of
coral reef ecosystems. Our mathematical model predicts that dead coral skeletons can substantially dimin-
ish coral resilience and even tip reefs into alternate, macroalgae-dominated states, even when rates of ambient
herbivory are high. We tested the model’s predictions using field tests that explored whether and how dead
skeletons altered the probability of a transition to a macroalgae state after a disturbance. Our field tests
confirm that herbivory is significantly decreased by the presence of dead coral skeletons (by up to 80%), so
that the establishment and proliferation of macroalgae is facilitated when skeletons are left on the reef after
a disturbance. Together, our theoretical and experimental work suggests that material legacies can alter
resilience by modifying the underlying relationship between a system driver (herbivory) and a state variable
(coral cover).

EFFECTS OF PREDATOR PRESENCE, CONSPECIFIC MORTALITY, HUNGER LEVEL
& DRIFT KELP ON URCHIN BEHAVIOR AND KELP LOSS AND MORTALITY
† Sheridan, C.J.*

UC Santa Cruz

Understanding the factors that determine state shifts in ecosystems is important for management and conser-
vation. Kelp forest shifts to urchin barrens are exemplary of this dynamic. In California kelp forests, changes
in purple sea urchin (Stronglyocentrotus purpuratus) behavior from passive to active grazing appears to be
a key factor in these shifts in ecosystem state. Sea urchins may alter grazing behavior in response to food
availability, their condition, predator presence, and chemical cues of predation on nearby urchins. While we
know something of how urchins respond to each of these cues in isolation, the relative importance of each
and any interactions between them are less understood. Furthermore, we need to know how any changes



in urchin behavior cascade to affect living kelp to better understand kelp forest to barrens shifts and what
may reverse them. In a series of 96-hour mesocosm laboratory experiments, I observed that both presence
of the rock crab (Cancer productus) and conspecific mortality cues reduced urchin exposure and both kelp
loss and mortality, and these effects were additive. Hunger level had little effect on kelp loss or mortality, or
the effect of conspecific mortality. The presence of drift algae greatly reduced kelp loss and mortality, and
also reduced the relative effect of conspecific mortality on grazing rates. These results suggest drift kelp and
the mortality of conspecifics may be key to altering urchin behavior and increasing survival of young kelp
plants in forests and may play a role in shifts back from barrens.

HOW MACHINE LEARNING CAN ELUCIDATE POPULATION DYNAMICS FROM A
LONG-TERM DATASET
† Jarman, C.N.*; Novak, M

Oregon State University

For over a century, ecologists have pursued the task of characterizing species’ population dynamics via
mathematical equations derived from first principles. This pursuit has yielded foundational models, such
as Verhulst’s logistic growth and the Lotka-Volterra predator-prey equations, as well as untold numbers of
more detailed models that vary widely across the spectrum of mechanistic to phenomenological. But what
if ecologists could look to data and machine learning for assistance? Would these same equations come
to light, or would novel equation forms to describe population and community dynamics emerge? Here, we
applied a form of machine learning known as symbolic regression to the 30+ year, biannually monitored time
series of kelp and urchin abundances of San Nicolas Island, CA. We thereby infer the Pareto front of human-
interpretable single- and two-species equations that best describe kelp and urchin dynamics over increasing
levels of equation complexity. Comparing the mathematical forms and dynamical predictions of these best-
performing equations to those of existing models in the ecological literature reveals both congruence and
differences that strengthen our understanding of kelp forest ecosystems and offer new hypotheses for the
processes that underlie their dynamics.

DUELING UNICORNS: PHYSIOLOGICAL AND DISTRIBUTIONAL COMPARISONS OF
NATIVE AND RANGE-SHIFTING WHELKS
Wallingford, P.D.1*; Pandori, L.L.M. 2; Elsberry, L.A 3; Barnas, D.M. 4; Chiachi, A.E. 4; Dellinger, R. 4;
Kerlin, J. 4; Singh, R. 5; Zeff, M. 4; Silbiger, N.J. 4

1- The Nature Conservancy 2- National Parks Service 3- California State University Fullerton 4- California
State University Northridge 5- Irvine Ranch Conservancy

Climate change is causing global redistributions as species undergo climate-driven range shifts. As range-
shifting species move into new areas, they have the potential to alter existing community dynamics. In
southern California, the dark unicorn whelk Mexacanthina lugubris is undergoing a northern range shift
into intertidal communities where the angular unicorn whelk Acanthinucella spirata has historically been
the most abundant whelk species. Highly heterogenous habitats like the rocky intertidal vary greatly in tem-
perature regimes and contain diverse microhabitats, which could allow for niche partitioning if species have
different thermal limits. To understand the effects of temperature and physiology on local distribution pat-
terns, we conducted field surveys of whelk distributions and temperature regimes, coupled with respirometry
experiments to compare metabolic rates using thermal performance curves. We found that Mexacanthina
and Acanthinucella were distributed differently in the intertidal, with Mexacanthina found more often at
higher tidal elevations, which are hotter and drier. We also observed significant differences in body tempera-
ture between whelk species in the field, with Acanthinucella experiencing a narrower range of temperatures.
However, thermal performance curves showed no difference in thermal optima between the species. Our
results suggest that niche partitioning may be occurring as Mexacanthina enters new communities, but that
the drivers are likely behavioral and not physiological.

PREDICTING THE IMPACT OF DIVERSE PREDATOR ASSEMBLAGES ON PREY
COMMUNITY COMPOSITION USING A FUNCTIONAL TRAIT APPROACH
† Gross, C.*; Stachowicz, J.J.

University of California, Davis



Community assembly is often thought of as a series of selective filters acting on the traits of species in a
regional pool to produce a community with a particular set of traits. Abiotic filters act on larger spatial
scales to refine the distribution of traits from the pool, while limiting similarity minimizes trait overlap at
smaller scales. However, this model of community assembly focuses on single trophic levels, or if it considers
predation, treats it as a homogenous factor and ignores how the functional structure of predators may
impact that of their prey. In this study, we sample natural communities of epifaunal mesograzers and fishes
in eelgrass beds to examine how whole predator assemblages affect the functional traits of their prey. We
compiled traits related to predator avoidance and habitat use for epifauna and prey capture and foraging
mode for fishes. Some fish traits, such as mouth height and eye diameter, were associated with increases
in mesograzer functional overdispersion, but individual mesograzer traits responded differently to these fish
traits. Notably, mesograzer body size was increasingly clustered around smaller means with increases in fish
standard length and eye diameter. We found no relationship between the mean trait distances across guilds.
Considering the community-level responses of mesograzer traits to predator traits can enhance our ability
to predict how altering predator communities may affect seagrass health by selecting for grazer traits that
directly or indirectly affect the community’s ability to consume harmful epiphytes.
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A COMMON GARDEN OF EXOTIC HALICHONDRIA (PORIFERA) IN CALIFORNIA
Turner, T.L.1*; Weigel, B. 2; Lemay, M. 3; Paulay, G. 4; Thacker, R. 5

1- UCSB 2- Friday Harbor Labs 3- Hakai Institute 4- Florida Museum 5- Stonybrook University

MPAs were created to protect biodiversity, but the diversity of some taxa has scarcely been investigated. This
lack of systematic inventory greatly limits our ability to assess conservation potential or success. Sponges
(phylum Porifera) are among the least inventoried macroscopic taxa in California. The California Sponge
Project is a SCUBA-based initiative to comprehensively characterize shallow-water sponge diversity for
the region, and leverage this understanding to ask evolutionary and ecological questions. The project has
collected ~200 species to date, half of which are undescribed. Discoveries to date include families and orders
previously unknown from the region, several new genera, and multiple invasive species. Most notable is
the surprising diversity of cryptic species in the genus Halichondria: where two species (H. panicea and
H. bowerbanki) were previously known, we found a minimum of 8 cryptic species. All 8 are sympatric in
Southern California, with up to 4 being present in the same small marina; most are also found in other
regions and are likely introduced. This diversity presents an opportunity to study a suite of similar species,
with variable divergence, in both a “common garden” and across habitats and regions. Metabarcoding of
microbial associates has revealed that these species differ in their associated microbes, even when collected
at the same time and place. As these species are easily accessible to researchers in many regions, we expect
them to be powerful system for understanding sponge ecology and evolution.

LONG-TERM CHANGE AND SEASONAL SPILLOVER OF FATAL P. ALTMANI INFEC-
TION IN CALIFORNIA SEA OTTERS FROM AVIAN AND CRUSTACEAN HOSTS
Grewelle, R.1*; Young, C. 2; Greenwald, K. 2; Gibble, C. 2; Henkel, L. 2; Miller, M. 2; De Leo, G. 2

1- Stanford University 2- CA Dept. of Fish and Wildlife

Southern sea otters face numerous risks to population recovery from infectious diseases, shark attacks, and
toxins. The most significant contributor to fatal infectious disease in a previous study was acanthocephalan
peritonitis (AP), which contributed to one-quarter of deaths. However, the transmission dynamics of the
parasite in its avian definitive hosts and Emerita analoga crustacean intermediate hosts have not been
resolved. By morphological and genetic examination, we determined Profilicollis altmani to be the sole
contributor to AP of the three acanthocephalan species found in southern sea otters. Using up to 30 years of
AP necropsy findings, beach monitoring of E. analoga and P. altmani, and seabird abundance, we found that
seasonal spillover risk to otters was primarily influenced by increasing abundance of E. analoga coincident
with high otter predation in late spring. Large numbers of high-risk immature otters during this time
contributes to high AP incidence. Wintering scoters implicated as primary definitive hosts of P. altmani,



contributed marginally to parasite transmission, suggesting that other avian hosts sustain transmission
year-round. Long-term trend analyses suggest that seasonal and geographic patterns of AP prevalence are
shifting, possibly due to shifts in avian host abundance and distribution, varying otter diet composition,
and/or environmental forces. Positive associations between E. analoga abundance and ocean temperatures
could increase transmission of P. altmani to sea otters and birds in future ocean warming conditions.

EXPLORING THE EFFECTS OF OCEAN WARMING ON THE TEMPERATE CORAL
ASTRANGIA POCULATA
† Holliman, D.K.*

Bowdoin College

Understanding the evolutionary and physiological mechanisms that drive thermal resilience will be crucial to
supporting future coral conservation and restoration. Recent research has revealed that corals acclimated to
higher ambient temperatures may demonstrate greater resiliency in the face of acute thermal stress. In this
study, we measured whether long-term acclimation of Astrangia poculata to elevated seawater temperatures
impacts basal rates of cellular respiration, photosynthesis, growth, and an indicator of stress (chlorophyll
fluorescence) in colonies collected from three geographically separated populations. Additionally, we consid-
ered the role of photosynthetic pigments, symbiont and mitochondrial density, and soluble energy reserves in
the physiological effects of long-term exposure to elevated seawater temperatures in A. poculata. Overall, we
found differences in the thermal optima between populations corresponding to the distinct year-round tem-
peratures of their native environments, providing evidence for local adaptation in the thermal performance
of A. poculata.

SYNERGISTIC EFFECTS OF TEMPERATURE AND FOOD AVAILABILITY ON PURPLE
SEA URCHIN LARVAL DEVELOPMENT AND SURVIVAL
† Munstermann, M.J.1*; Karelitz, S.E. 1; Ferraro, R.N. 1; Rogers-Bennett, L. 2; Okamoto, D.K. 1

1- Florida State University 2- University of California, Davis Bodega Marine Labs

Acute climatic events have recently brought extreme high sea surface temperatures across the California
coast, impacting marine systems. For species with planktonic larvae, the survival, development, and delivery
of these propagules can shape the viability and productivity of populations. In addition to temperature,
marine heatwaves also affect ocean circulation patterns and the algal food supply for planktonic larvae, both
of which may combine to affect survival and rates of development. For purple sea urchins (Strongylocentrotus
purpuratus) in California, marine heatwaves have substantial impacts on kelp forest ecosystems in part by
affecting larval supply. For example, a recent marine heat wave brought record-breaking temperatures to
California’s coast, coinciding with an increase in purple urchins in northern California, but a decrease in
southern California. Currently, the combined role of temperature and larval food availability in shaping
marine survival and rates of development of S. purpuratus remain poorly understood. To address this
gap, we experimentally quantified performance of S. purpuratus larvae across 6 temperatures and 4 algae
concentrations. Larval densities peaked at 14C with high food concentrations and steadily declined with
increasing temperature and decreasing food. Both survival and development were impacted by the individual
and combined effects of food availability and temperature. These findings provide insight into how climate
change may affect this ecologically important species.

SPATIAL PATTERNS OF PINK LESIONS ON THE MASSIVE CORAL PORITES SPP.
DURING 2 OUTBREAKS IN MOOREA, FRENCH POLYNESIA
† Ford, A.1*; Laplace, R. 2; Munoz, D. 3; Habtes, S. 2; Barber, P. 4; Fong, P. 1; Fong, C. 3

1- University of California - Los Angeles 2- University of Virgin Islands 3- California State - Northridge 4-
University California - Los Angeles

Infection outbreaks can alter the structure of ecosystems, and evidence suggests outbreaks may be increasing
in marine systems. Thus, understanding spatial patterns of infection and associated factors that may promote
outbreaks is increasingly important in the Anthropocene. Coral in the genus Porites respond to infection by
forming raised pink polyps. In July of 2016 and 2021, we observed an outbreak of pink lesions (PL) on coral
on the north shore of Moorea, French Polynesia. We quantified spatial patterns in prevalence and dispersion



within two bays with developed watersheds, hypothesizing prevalence (% infected per site) and dispersion
(pattern on individual colonies) would be highest within the impacted bays. Also quantified dispersion at a
high prevalence site using Mean to Variance Ratio. Found prevalence was highest in the bays. At low and
medium prevalence sites in 2016, 15-20% of colonies had PL compared to 11% in 2021, while high prevalence
sites exceeded 90% infected in both years. Overall, aggregation decreased with prevalence, with the low
prevalence site highly clustered and the high prevalence site randomly dispersed. Thus, it is unlikely for a
colony to be heavily infected unless surrounded by infected colonies. At one impacted site, prevalence was
higher in 2021 than in 2016, which could infer that human development has worsened conditions in that area
or outbreak cycles can be site dependent. Overall, our results imply PLs on Porites of Moorea are associated
with anthropogenic stressors, which contrasts patterns found in other reef systems.
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HOTSPOTS, COLDSPOTS, AND VULNERABILITY TO CLIMATE CHANGE ACROSS
THE SPECIES RANGE OF AN INTERTIDAL BARNACLE
Gilman, S.E.1*; Ober, G.T. 2; Rognstad, R.L. 1; Bunnenberg-Ross, M. 3; Man, J. 3

1- Keck Science Dept., The Claremont Colleges 2- Endicott College 3- Pitzer College

Local adaptation to affects a population’s vulnerability to climate change. Marine intertidal species occupy
a habitat with two distinct thermal environments. Along the west coast of the United States low and high
tide temperatures are not spatially correlated with each other, and it is not known which environment
drives thermal physiology. We compared thermal performance among three populations of the intertidal
barnacle Balanus glandula, spanning 1000 km: LA (warm water/warm air), BB (cold water/cold air) and
FH (cold water/warm air). Barnacles were acclimated in the lab before being exposed to one of 8 low
tide temperatures. Oxygen consumption rates were calculated for individual barnacles over a five-hour
low tide exposure and for six hours of subsequent immersion. Overall, a site’s water temperature was a
better predictor of its population’s thermal performance than low tide conditions, despite the fact that
the temperature manipulation was run on the low tide phase. The two populations with the coldest water
temperatures (FH, BB) showed peaks on oxygen demand at low temperatures than the warm water site (LA).
Thus that aquatic thermal environments may be the primary driver of thermal adaptation in B. glandula.
Populations in areas with cold water temperatures and elevated low tide temperatures, like FH, may be the
most vulnerable to climate change, regardless of their position within the species’ range.

BRYOZOANS OF THE ROCKY OUTER COAST OF CALIFORNIA: DIVERSITY AND
DISTRIBUTION
† Chowdhury, I.A.1*; Lee, H.E. 1; Craig, S 1; Di Martino, E. 2

1- California State Polytechnic University 2- Natural History Museum, University of Oslo

The bryozoan fauna of California (USA) has been studied in great detail in the recent past. However, previous
studies focus primarily on subtidal material, while communities from waters shallow than one meter and
intertidal depths have received less attention. This study aims to expand our knowledge of the diversity and
distribution of intertidal bryozoans along the rocky coast of California. Specimens were collected from 12
rocky intertidal sites located between 35 and 41N latitude. Using scanning electron microscopy, we identified
a total of 51 species in 21 families and 28 genera, including 11 cyclostomes and 40 cheilostome. Two sites,
both with 18 species, harbored the highest diversity, while eight species were recorded from the site with
the lowest diversity. With seven species, two of which are new to science, the genus Microporella is the
most species-rich. Richness, diversity, and evenness across sites are influenced by latitude and Sea Surface
Temperature.

DOES CALCIFICATION REDUCE GRAZING ON CORALLINE ALGAE?
Martone, P.T.*

Botany Department, University of British Columbia



One central paradigm of coralline algal ecology is that calcification reduces herbivory. When herbivore
abundance is high, calcified coralline algae generally dominate seaweed communities. For decades, ecologists
have explained this observation by proposing that calcified thalli are more difficult to graze and less nutritious,
given that a significant portion of coralline biomass is calcium carbonate. If true, then negative impacts
on coralline calcification due to future climate stress may alter grazing patterns in unexpected ways. We
revisited the ecological consequences of calcification in a series of targeted experiments. In urchin and
isopod feeding trials, we found that serial decalcification of several coralline species had no significant effect
on grazing rates: fully calcified thalli were eaten as much as fully decalcified thalli. In only one coralline-
grazer interaction did we document an increase in herbivory after decalcification, suggesting that protection
provided by calcification is not generalizable and may be interaction-specific. Using a bomb-calorimeter, we
calculated the caloric value of several coralline species on a per-volume basis. We found that the caloric
value of a “mouthful” of coralline algae is similar to – and sometimes greater than – that of kelp. While
coralline thalli are predominantly calcium carbonate, kelp thalli are predominantly water, and the actual
algal fraction of these two thallus types is quite similar. Given these flaws in our understanding of coralline
ecology, other possible explanations for grazer deterrence are needed.

BOTTOM-UP EFFECTS OF NUTRIENTS ON HERBIVORY ARE NEGATED BY WARM-
ING
Bracken, M.E.S.1*; Miller, L.P. 2; Bernatchez, G. 1; Elsberry, L.A. 1; Hill, R.J. 1; Kalbach, G.M. 2; Lees,
L.E. 1; Martiny, A.C. 3

1- Dept. Ecology & Evolutionary Biology, UC Irvine 2- Dept. Biology, San Diego State University 3- Dept.
Earth System Science, UC Irvine

Climate warming has the potential to reshape ecological communities by altering species interactions. We
evaluated this possibility by assessing effects of experimental warming and nutrient additions on consumption
of algae by intertidal herbivores. We quantified herbivory in tide pools at Corona del Mar State Beach (CDM)
in Southern California and Bodega Marine Reserve (BMR) in Northern California, locations characterized
by differences in nutrient availability (concentrations 7-10 times higher at BMR) and temperature (max
daily temperatures ~4 °C warmer at CDM). We predicted that nutrient additions would have stronger
effects on herbivory at CDM due to greater potential for nutrient limitation. We conducted a month-long
factorial experiment manipulating herbivory and nutrients at each location and found just the opposite.
At BMR, herbivore exclusions enhanced algal abundances when nutrients were added, but there was no
effect of herbivores in control pools. In contrast, herbivore exclusions had no effect at CDM, regardless of
whether nutrients were added. These results were consistent with an effect of temperature, and we tested
this possibility by adding temperature as an additional factor at BMR, raising average daily maximum
temperatures by 1.4 °C. In contrast to un-warmed pools, where nutrient additions enhanced herbivory,
nutrient addition did not affect herbivory in warmed tide pools. Effects of bottom-up processes on top-
down processes are important aspects of ecological communities, and our results highlight the potential for
warming to negate these effects.

A GAME OF DRONES: ADVANCING DISCOVERY AND INNOVATION IN INTERTIDAL
RESEARCH
Garza, C.D.*

California State University, Monterey Bay

The rocky intertidal is one of the most heavily studied marine habitats in the world owing to its economic
and ecological importance. Traditional monitoring methods, such as quadrats and meter tapes have pro-
vided valuable data on trends and status in this important habitat. However, these approaches come with
limitations centered about the spatial and temporal scales across which they can be used. New approaches
are needed to measure how a changing climate is affecting rocky intertidal habitats across multiple scales of
organization. Drones have seen increased use in coastal studies due to their ability to capture multi-scale
data on the distribution and abundance of coastal habitats at a relatively low cost. Drones come with many
advantages that provide new ways to study the intertidal across multiple scales such as (1) carrying various
imaging sensors; (2) increased frequency in survey intervals; (3) low altitude, autonomous flight that supports
the collection of high-resolution data. In this talk, I discuss approaches for using drones to autonomously



collect intertidal habitat data. Drone data can provide stakeholders, resource managers and researchers with
timely information on changes in rocky intertidal habitat. Ultimately, drones can help support the emerging
needs of 21st century rocky intertidal research.
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THE INFLUENCE OF MARINE PROTECTED AREAS ON THE DIETARY NICHES OF
CALIFORNIA REEF FISHES
† Gutterman, M.E.*; Steele, M.A.

California State University, Northridge

A species’ diet is an indication of the role it plays in a community and the extent of its interactions with other
species. However, it is not always clear to what degree these roles change at different locations and how much
of the variation is tied directly to human activities degrading marine ecosystems. Marine protected areas
(MPAs) have been shown to increase the population numbers and body size of harvested species, however,
little is known about how these changes within MPAs influence the diets of species within them. This study
looked at how MPAs influence prey availability, diet composition, and trophic position in California reef
fishes. The diets of two fish species, Embiotoca jacksoni and Semicossyphus pulcher, were assessed inside
and outside of MPAs. Preliminary data suggest that the diets of S. pulcher inside MPAs contain species from
more taxonomic categories than those of S. pulcher from non-MPA study sites. In contrast, E. jacksoni shows
the opposite pattern, with the fewer taxonomic groups found in the stomach contents of fish from MPAs.
These differences inside vs. outside of MPAs may reflect a shift in the dietary niche of these fishes within
MPAs to accommodate increased competition due to higher population biomass within MPAs. Although
many studies have documented enhanced densities and biomass of harvested species inside marine protected
areas, this study supports the hypothesis that these larger populations result in tangible changes in dietary
niche and trophic ecology.

SPATIAL DISTRIBUTION OF INTERTIDAL GREEN ABALONE(HALIOTIS FULGENS)
POPULATIONS IN ORANGE COUNTY
Lin, H.*; Caruso, N. L.

Get Inspired

Abalone populations worldwide have suffered from fishery depletion historically. The situation is aggravated
as climate abnormalities increase the chances of disease and habitat degradation, compounded by human
disturbance. Green abalone (Haliotis fulgens), a Federally-listed Species of Concern, is native to southern
California and ranges from Point Conception, California, U.S., to Magdalena Bay, Baja California, Mexico.
The green abalone population is estimated to be at less than 1% of its baseline density. In order to effectively
restore green abalone in Southern California, accessing the current status of the wild abalone population
and understanding the spatial pattern of juvenile aggregation for effective reproduction is critical for out-
plantation success. From 2017-2020, we surveyed 41 rocky tide pools in Orange County to measure green
abalone size and population density to understand the spatial pattern and preferred habitat of abalones
on the county’s coastline. Of the 41 sites we monitored, we found 620 green abalones in 24 sites, with
sizes ranging from 9mm to 221mm. Moreover, we found spatial differences in the distribution of adults and
juveniles across sites, with higher juvenile densities in the Western sites with limited public access. Repeated
annual surveys of these sites from 2017-2022 found a 98% to 100% reduction in juvenile densities since the
initial surveys in Western sites. In San Onofre, CA, just south of the Orange County border, we uncovered
a surprising juvenile green abalone population, which could be a species sink.

HARNESSING TROPHIC CASCADES TO IMPROVE FOUNDATION SPECIES
RESTORATION: A META-ANALYSIS
† Heineke, M.R.1*; Kimbro, D.L. 1; Grosholz, E.D. 2

1- Northeastern University 2- University of California Davis



Global declines in foundation species and associated losses of biodiversity and ecosystem services have made
their restoration a top priority. Given that restoration success has been highly variable, the restoration
field is increasingly using experimentation and ecological theory to augment success. Here, we conduct
a meta-analysis of studies that manipulated top-predator abundance as a means to improve foundation
species recovery by reducing meso-predators. In addition to testing whether top predator presence enhances
restoration success, we examined if the degree of success could be explained by the amount of trophic
attenuation and taxonomic identities of predators and basal species. Addition of top predators in restoration
projects increased the average foundation species response by 52%, for example seagrass shoot density, when
compared to control treatments without top predator additions. Invertebrate top predators (crabs, lobsters)
exerted a 5x greater increase on the basal trophic level than vertebrate predators (fish, birds). Despite strong
effect of predator type, multi- or uni-cellular autotrophic and heterotrophic foundation species all increased
10-fold in top predator addition treatments. In contrast to theory predictions, we found no evidence of trophic
attenuation; mean log response ratio of mid and basal trophic levels were equal. Our results highlight the
promise of harnessing top-down control as a mechanism to aid foundation species recovery.

IMPROVING JUVENILE PINTO ABALONE (HALIOTIS KAMTSCHATKANA) OUT-
PLANTING SUCCESS WITHIN THE SAN JUAN ARCHIPELAGO IN WASHINGTON
STATE
Stapleton, J.R.*; Donovan, D.A.

Western Washington University

Pinto abalone (Haliotis kamtschatkana) populations have declined due to overfishing and the species was re-
cently declared endangered in Washington State by the WDFW. Populations are below the required density
in the San Juan Archipelago (SJA) for successful reproduction and require intervention for species recovery.
Juveniles have been outplanted at 27 sites in the SJA during the past 12 years. Even though sites are physi-
cally similar, some are successful while others aren’t. Environmental variation is high in the SJA, which may
explain differential site success. I hypothesized that the interaction between temperature variation and high
pCO2 would have a negative effect on the survival and growth of juvenile pinto abalone. I also hypothesized
that the interaction between temperature variation and high pCO2 would have an additive effect on juvenile
abalone metabolism. Juvenile survival in varying temperature was 16%, which was significantly lower than
in constant temperature where survival was 75%. Neither varying temperature nor pCO2 affected growth.
There was a significant interaction between varying temperature and high pCO2 on juvenile metabolism. At
ambient pCO2, the metabolism of juveniles in the varying temperature was higher than the metabolism of
juveniles in the constant temperature. However, this pattern was opposite at the high pCO2. These findings
will give organizations a better understanding of suitable outplant sites for juvenile abalone, which should
help population recovery in the SJA.

MARINE HEATWAVE CHALLENGES SOLUTIONS TO HUMAN-WILDLIFE CONFLICT:
WHALE ENTANGLEMENTS IN THE LUCRATIVE DUNGENESS CRAB FISHERY
Samhouri, J.F.1*; Feist, B.E. 1; Fisher, M.C. 2; Liu, O.R. 1; Woodman, S.M. 3; Abrahms, B. 2; Forney, K.A.
3; Hazen, E.L. 3; Lawson, D. 4; Redfern, J. 5; Saez, L.E. 4

1- Northwest Fisheries Science Center 2- University of Washington 3- Southwest Fisheries Science Center
4- West Coast Regional Office, National Marine Fisheries Service 5- New England Aquarium

Despite the increasing frequency and magnitude of extreme climate events, little is known about how their
impacts flow through social and ecological systems or whether management actions can dampen deleterious
effects. We examined how the record 2014-16 Northeast Pacific marine heatwave influenced tradeoffs in
managing conflict between conservation goals and human activities using a case study on large whale entan-
glements in the U.S. west coast’s most lucrative fishery (the Dungeness crab fishery). We showed that this
extreme climate event diminished the power of multiple management strategies to resolve tradeoffs between
entanglement risk and fishery revenue in California, transforming near win-win to clear win-lose outcomes
(for whales and fishers, respectively). While some actions were more cost-effective than others, there was no
silver-bullet strategy to reduce the severity of these tradeoffs. However, recent implementation of entangle-
ment mitigation measures in Washington appear to have reduced risk to whales with little cost to the fishery.
Our study highlights how extreme climate events can exacerbate human-wildlife conflict, and emphasizes the



need for management and policy interventions that provide ecologically- and socially-sustainable solutions
in an era of rapid environmental change.
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* indicates presenting author, † indicates eligibility for Best Student Paper Award

EXAMINING SOCIAL RELATIONSHIPS BETWEEN AGGREGATING JUVENILE
WHITE SHARKS (CARCHARODON CARCHARIAS) IN SOUTHERN CALIFORNIA
Anderson, J.1*; Lowe, C. 2

1- CSULB Shark Lab 2- CSULB SharkLab

White sharks (Carcharodon carcharias) are known to form periodic or seasonal aggregations at specific
locations, across ontogenetic stages. Seasonal aggregations may be considered as temporary assemblages of
individuals in response to non-social forcing factors, such as seasonal resource availability. As such, spatial
associations between individuals may be random, and not driven by social attraction or an underlying
community structure. However, previous studies have shown social structures and co-occurence as social
groups with conspicuous relationships between individuals. Such interactions may confer benefits through
inadvertent sharing of information. We present results of a series of network analyses that examine the
extent to which juvenile white sharks aggregating at inshore nursery locations exhibit apparent community
structure and preferential associations between individual tagged sharks. Acoustic detection data from 186
tagged sharks across two years between 2020 and 2022 was used to assess spatiotemporal co-occurrence
at locations in southern and central California. We show that within aggregation locations, tagged sharks
formed significant associative communities, with preferential associations formed between specific individuals,
as well as evidence of community stability – whereby some tagged sharks reformed communities with the
some of the same preferred associations after a dispersal event.

MODEL APEX PREDATOR (GIANT SEA BASS) IMPACTS BEHAVIOR OF MESO-
PREDATORY FISHES AROUND SANTA CATALINA ISLAND, CA
† Reed, KC*; Steele, MA

California State University, Northridge

Giant sea bass (GSB), though once abundant on the nearshore rocky reefs of southern California, were fished
to near extinction during the 20th century. Their populations have only started to recover recently. GSB fill
a unique niche, being the only resident apex predator of California’s plentiful mesopredators, such as kelp
bass, sheephead, and rock wrasse. The goal of this study was to test how GSB affect the behavior of smaller
fishes. A life-size model of a GSB and baited remote camera apparatus was used for this test. Baited camera
trials were run with and without the GSB model attached. Mesopredator behavior around the bait was then
analyzed when the model was present vs. not present. It was found that mesopredator fishes were less likely
to feed when the GSB model was present. In an ocean where apex predators have drastically declined, it
is important to track how their re-establishment through successful conservation measures may impact the
surrounding systems.

A CURE TO AGGRESSION: LEVERAGING UNDERGRADUATE RESEARCH CLASSES
TO EXPLORE COMPETITIVE INTERACTIONS IN THE ROCKY INTERTIDAL
Kirk, N.L.*; Bedgood, S.A.; Tisdal, E.R.; Labier, K.A.

Oregon State University

The intertidal sea anemone Anthopleura elegantissima forms clonal aggregations that aggressively defend
themselves against conspecifics, which can result in injury to one or both combatants. Although individual
aggressive interactions have been described, less is known about the long-term effects of these behaviors on
the outcome. In July 2022 we started a 5-year demographic study by semi-permanently marking 50 sea
anemone colonies located near each other in the mid to upper intertidal zone. Initial photographs were
taken to estimate clone population size, and individuals were collected to determine levels of aggression, sex,
gonadal status, average size, and genomic identity. This work was folded into a Course-Based Undergraduate
Research Experience to involve undergraduate students in the design and implementation of this long-term



project. These types of classes have been found to cultivate student science identity and retention in science.
Along the way students have scored aggression and other aspects of intraspecific competition by pairing
individuals from different colonies in laboratory-based assays. We have found evidence that some colonies
are more aggressive than others. Several students are carrying on with independent research projects to
determine how aggression correlates with sex, size, colony size, and genetic distance, which we will estimate
using RAD genotyping. Ultimately these student projects will allow us to make predictions about which
clones should be more successful than others, which we will test over the next 5 years.

OCEAN WARMING AFFECTS SPINY LOBSTER CONSUMPTION OF PURPLE SEA
URCHINS
† Van Deusen, V. K.*; Hovel, K. A.

San Diego State University

Ocean warming affects the physiology and behavior of marine organisms, which can alter the nature of species
interactions. Increasing temperature accelerates biological reactions including metabolism. In response,
organisms consume more calories to maintain basal function, which may alter predator-prey relationships.
We tested the effects of water temperature on the predation behavior of the California spiny lobster Panulirus
interruptus, an important predator of sea urchins in Pacific kelp forests. Using laboratory mesocosms,
we tested for differences in lobster functional response to urchin density and prey choice between present-
day temperature (14˚C) and temperatures observed during marine heat waves and expected with future
warming (18˚C). Lobsters were more active and ate more urchins at 18˚C than 14˚C, but exhibited a
non-regulatory type II functional response to urchin density at both temperatures. Warmer water did not
alter lobster preferences for smaller urchins over larger urchins. Ocean warming will likely increase spiny
lobster’s predation on purple urchins, causing lobsters to consume more prey items to satisfy an increased
caloric demand.

MOM, IS THAT YOU? A NORTHERN ELEPHANT SEAL PUP’S ABILITY TO VOCALLY
RECOGNIZE ITS MOTHER
† Murphy, M.1*; Casey, C. 2; Kolluru, G.R. 1; Schroth-Glanz, M. 1; Liwanag, H.E.M. 1

1- Cal Poly 2- UCSC

Mutual parent-young recognition is important in species with high densities at breeding sites, including
pinnipeds. Vocal recognition has been studied extensively in pinnipeds that separate from their pups to
forage (otariids and a few phocids), but is understudied in phocids that remain with their pups throughout
nursing. Northern elephant seal (NES) mothers stay hauled out with their pup for the 28-day nursing period.
Pups can become separated from their mothers during female-female aggression, inclement weather, and/or
a male entering the harem. The chances of a pup dying once separated from its mother is high, making
recognition crucial to pup survival, but little is known about NES mother-pup recognition. One study
demonstrated that females can recognize their pup days after birth, but it was unknown if this recognition
is mutual. We tested this by collecting focal recordings of adult female ACs for playback (PB) experiments
at the Piedras Blancas NES rookery. The PBs included ACs of the pup’s own mother and ACs of another
female from a different beach. We recorded the pup’s behavioral responses to each PB, including vocalizations,
phonotaxis, and head turns. PBs were performed four times per pup to examine changes as the pup ages.
We found that pups can vocally recognize their mother, but this ability is asymmetrical; they develop the
ability around 23 days old. This study was the first to examine phocid pup vocal recognition abilities, and
suggests that mothers are primarily responsible for maintaining contact during the nursing period to ensure
her pup’s survival.



Poster Sessions
Poster Session I
* indicates presenting author(s), † indicates eligibility for Best Student Poster Award

1: INVESTIGATING EFFECTS OF TEMPERATURE AND PH ON EGG RELEASE AND
GERMLING DEVELOPMENT OF THE FUCOID ALGA, SILVETIA COMPRESSA
† Fields, L.A.*; Smith, J.R.

Cal Poly Pomona

The rockweed Silvetia compressa (Phaeophyceae, Fucales) is a fleshy, brown seaweed that occupies the
middle intertidal zone on wave-exposed rocky shores from northern California to Baja California.S. compressa
provides habitat to a diverse community of intertidal organisms and is thus considered an ecosystem engineer.
S. compressa populations have exhibited declines over the past several decades, driven likely by multiple
anthropogenic disturbances, including climate change. Reproduction and development of S. compressa is
particularly sensitive to abiotic stresses, therefore, altered gamete release and recruitment are expected as the
ocean becomes warmer and more acidic. The goal of this study was to examine the effects of temperature
and pH on the rockweed’s early life history stages, particularly on egg release, fertilization success, and
germling development. Once per month for one year, freshly collected reproductive tips of S. compressa
were placed in petri dishes with seawater conditions with four possible combinations of temperature (16℃,
20℃) and pH (7.8, 8.1), mimicking current and potential future ocean conditions, and maintained in growth
chambers. Preliminary results suggest ocean warming and/or acidification reduces egg release and that
warmer temperatures may have a larger impact. This study elucidates how the early life history of Silvetia
compressa may be affected by altered abiotic ocean conditions induced by climate change that potentially
could impact the long-term persistence of rockweed populations.

2: SEQUECNING AND DE NOVO ASSEMBLY OF THE OLYMPIA OYSTER (OSTREA
LURIDA) GENOME
† Heasley, A.S.1*; Gardner, L.D.2; Kahn, A.S.1; Johnson, K.M.3

1- Moss Landing Marine Laboratories of San Jose State University 2- Moss Landing Marine Laboratories of
San Jose State University, California Sea Grant 3- California Polytechnic State University, California Sea
Grant

Along the west coast of North America, the Olympia oyster (Ostrea lurida) was once abundant; however,
populations have experienced major declines and now face extirpation in many areas. At such low population
sizes, oyster populations in Elkhorn Slough, CA and Morro Bay, CA may face added risks from the Allee
effect. It is therefore important to incorporate assessments of genetic diversity and inbreeding into restoration
efforts. We present a high-quality reference genome for Ostrea lurida adding to the existing body of genomic
resources for the species. The genome will aid in applications to support restoration efforts through detecting
patterns of selection, facilitating studies of gene expression, and supporting population genomics approaches.
The finished assembly is 1.02 Gbp with a scaffold N50 of 103 Mb, and 98.36% of all nucleotides represented in
the first 10 scaffolds. Our results indicate that the quality of this sequenced genome is comparable with other
reference genomes, including for the closely related bivalves Ostrea edulis, Crassostrea gigas, and Crassostrea
virginica. Using this genome as a reference, we will now use low coverage whole genome sequencing (lcWGS)
to compare hatchery reared individuals for signatures of inbreeding between three California populations
and across multiple generations.

3: ARUNDO REMOVAL IMPACT ON THE SALINAS RIVER ECOSYSTEM
Miriam Moreno*; Savannah Y. Saldana; John R. Olson

California State University- Monterey Bay

Arundo donax is a highly invasive reed native to southeastern Asia that has dominated California’s riparian
ecosystems. This reed has outcompeted native plants and species through its high water consumption and
lack of nutrient input. Prior research suggests that Arundo lowers aquatic, terrestrial and aerial invertebrate
diversity. In this study, we are researching the effect of Arundo removal on ground-dwelling invertebrates in



the Salinas River. We collected these invertebrates using ramp traps left for over 24 hours; identified to Order
or Family. We then compared the ground invertebrates assemblages we observed at the Arundo site to those
where Arundo had been removed. We analyzed our data with the Shannon-Wiener index and compared
composition. Our results were that ground-dwelling invertebrates are not significantly different between
areas with and without the removal of Arundo. The removal efforts of the reapplication of herbicides could
promote no significant differences in diversity. There were slight differences in the abundance of herbivores
in the treated site, which could indicate the regrowth of native vegetation in the treated site. Restoration
at a large scale can vary between different areas; understanding its effect on the local ecosystem can help
assess future actions on Arundo management.

4: EXPLORING THE DE NOVO GENOME ASSEMBLY OF KELLET’S WHELK AND THE
COMPLEXITIES OF SEQUENCING A MARINE INVERTEBRATE
† Daniels, B.N.1*; Andrasz, C.1; Zarate, N.1; Davidson, J.M.1; Anderson, P.E.1; Toonen, R.2; White, C.1

1- California Polytechnic State University 2- University of Hawaii at Manoa

Genome sequencing has recently become more affordable and accessible, allowing for a rapid expansion of
assembled de novo genomes. Kellet’s whelk, Kelletia kelletii, a non-model marine gastropod, and fisheries
species, has recently expanded its biogeographical range up the west coast of the United States and is now
being subjected to extensive comparative genomics. The goal of this research was to produce a de novo
genome assembly of Kellet’s whelk to supplement future comparative genomic research. Kellet’s whelk has
proven to be an extremely difficult organism to sequence even when using the top three next-generation
sequencing technologies PacBio sequel 2, Illumina Novaseq, and the Nanopore MinION. Inhibitors that
may be co-precipitating and difficult to remove may be preventing sequencing polymerases from successful
sequencing. High heterozygosity and extreme duplications in such a large genome (predicted haploid size of
3.7Gb) may be preventing successful alignment during assembly and may require more extensive sequencing
for successful completion. Different assembly tools have been compared to produce the most complete
genome assembly. Protocols from genomic DNA extractions to bioinformatic pipelines have been identified
for future assemblies of non-model and highly heterozygous marine gastropods. Opening the discussion on
how to improve genomic sequencing in non-model species will open new doors to researchers wanting to
explore de novo genomes across the tree of life.

5: CONSIDERING CRUSTACEANS: AMPHIPODS MAKE SILK TOO YA’ KNOW
† McKim, S.A.*

UC Santa Barbara

Animals have been diversifying for millions of years, yet lineages distantly related will utilize similar tools.
We can see this in the most abundant and diverse animal phylum, the arthropods. It is well established that
terrestrial arthropods create silk, one of the strongest materials on earth, yet there is mounting evidence
that marine crustaceans like tanaids and amphipods also produce underwater silk. The genetic basis of
amphipod silk proteins and diversity has been unexplored: in my research, I am establishing that the
material amphipods produce is in fact silk, identifying candidate silk genes and proteins, and quantifying
the gains and losses of silk production in Amphipods. This will be accomplished through transcriptomic
comparisons and phylogenetic reconstruction. Understanding whether silk evolved repeatedly in one of the
largest silk producing crustacean groups, the amphipods, will further our understanding of the evolution of
homologous genes and materials in arthropods.

6: INVESTIGATING VARIATION IN REPRODUCTIVE OUTPUT OF THE BARNACLE
CHTHAMALUS FISSUS
Crotty, E.G.1*; Reyns, N.2

1- Reed College/University of San Diego 2- University of San Diego

Chthamalus fissus is an acorn barnacle found in the rocky intertidal zone in southern California. Such rocky
intertidal species are particularly vulnerable to climate change, and gathering baseline life cycle data is
important for understanding the possible effects of a changing world. The objective of my research was to
determine how C. fissus reproductive output varies with barnacle size and time of year. To determine this,



I used barnacles preserved in ethanol, collected most months from January to July 2022. For 100 barnacles
from each month, I measured the dry weight, diameter, number of parasites, reproductive stage, and number
of eggs. I found that the average mass of the barnacles was larger in the spring and summer, and that mass was
positively correlated with brood size but not with the presence or absence of the isopod parasite Hemioniscus
balani. Barnacles collected in June had a higher brooding frequency and lower parasite frequency. Brood size
differed by month, but other work has shown that lunar phase can affect reproductive timing and samples
were not collected in the same lunar phase, so this may have affected the data. Future studies researching
the effects of rising ocean temperatures on C. fissus reproductive output may look at the size of barnacles or
broods in different months or temperatures, or compare the timing of C. fissus reproduction to past years,
which will require the baseline data that this study provides. I hope to investigate the effects of lunar phase
on brood size more in the future through a similar study with more frequent sampling.

7: CHARACTERIZING THE INVERTEBRATE PREY BASE OF PACIFIC COAST FEED-
ING GROUP GRAY WHALES (ESCHRICHTIUS ROBUSTUS) IN NORTHERN CA, USA
† Norman, R. E.*; Bourdeau, P. E.; Goley, D.

Cal Poly Humboldt

As opportunistic foragers, the Eastern North Pacific population (~20,000) of gray whales (Eschrichtius ro-
bustus), feed on diverse benthic and planktonic invertebrates as they undertake one of the largest yearly
migrations of any mammal. While most of the population travels to summer foraging grounds in Alaska, a
sub-group of whales (~250) called the Pacific Coast Feeding Group (PCFG) shorten their migration. These
whales use northern California as the southern end of their home-range and summer foraging boundary.
North of California, PCFGs are primarily feeding on high caloric prey items like euphausiids, mysids and
diverse species of amphipods. However, previous work in northern California has suggested evidence of a
different invertebrate prey community. We assessed relative prey abundance and diversity in northern Cali-
fornia via 15 opportunistic plankton net tows and 6 benthic grab samples collected from May-Sept 2022 in
the proximity of 15 foraging whales. Preliminary results suggest that gammaridean amphipods, crab larvae,
and cumaceans (Diastylopsis dawsoni), are the most abundant prey items for PCFGs in northern California.
As atypical prey, cumaceans have low energy content compared to other documented prey. However, they
could be a numerically important prey item in northern California. Future caloric analysis will compare
invertebrate prey species collected in northern California to those collected in other parts of the PCFG
range and in summer foraging grounds in Alaska, elucidating foraging decisions made by PCFG gray whales
in northern California.

8: DO NATURAL AND RESTORED HABITATS SUPPORT BETTER BIVALVE HEALTH
RELATIVE TO HUMAN-INTRODUCED HABITATS?
† De Leon, L.C.*; Rodriguez, L.M.; Quintana, B. A.; Herrera, B.; Miller, T.; Demoranville, J.; Zacherl, D.

California State University, Fullerton

Over the past decades, estuarine ecosystems have suffered significant habitat loss, leading to multi-habitat
living shoreline (MHLS) restoration, which can restore lost habitat function. A MHLS was constructed in
2016 in an urbanized estuary, Newport Bay, California, by restoring eelgrass and oyster beds together and in
isolation. Five years later, we compared the health of native and non-native bivalves recruiting to restored
oyster beds vs human-introduced habitat (i.e., seawalls) while also exploring the effects of tidal elevation on
bivalve health. The non-native Mediterranean Mussel, Mytilus galloprovincialis, provides ecosystem services
including shoreline stabilization and filtration function. We hypothesized that condition index (CI) would
vary across habitats and among tidal elevations. In a preliminary study, M. galloprovincialis were collected
from seawalls, restored oyster beds, and cobble fields at two MHLS sites and CI was quantified. The results
showed that M. galloprovincialis had higher CI on cobble fields relative to seawall at one of the two sites but
tidal elevation was not controlled. In a follow-up study, M. galloprovincialis were collected on seawall and
cobble field, while recording tidal elevation for each individual. M. galloprovincialis experienced a nominally
significant habitat*elevation interaction, with higher CI at lower elevations on seawalls only. Understanding
habitat and tidal elevation effects on bivalve health will inform future management decisions about how
comparable MHLS are to natural and anthropogenic habitats.



9: SUBSTRATE TYPE EFFECTS ON INTERTIDAL SETTLEMENT AND SUCCESSION
† Sprute, M. A.*; Dao, C.; La Valle, F.F.

Division of Natural Sciences, Pepperdine University

Settlement and succession on different substrate types are important research topics as we introduce artificial
materials in our natural environment for development or coastal hardening. Previous studies on succession
in Malibu’s intertidal zone communities have focused on recovery rates of organisms found in the intertidal
zone rather than the effects of substrate on community composition. Four different types of substrate (n =
4 for each substrate type) (1) terracotta tiles, (2) PVC tiles, (3) porous granite tiles, and (4) ridged granite
tiles were affixed onto rocks at Latigo Beach in Malibu over a period of 3-6 months. The tiles were observed
every 1-2 weeks depending on tidal height and accessibility. We found no statistically significant differences
between tile substrate and community composition over the timespan of the project. The data from the
6-month time point showed greater biodiversity, higher percent cover of Ulva sp. and benthic invertebrates
for the terracotta tile. Preliminary results show that a longer experimental timeframe may start to show
differences in community composition and abundance by substrate type. Future research should focus on
seasonal differences in community composition on different substrate types. This research is important to
better understand restoration potential of these substrate types in the intertidal, similarly to the research
done on artificial reef restoration practices. The results from this project can also be used to understand the
effects of biofouling on plastics.

10: URCHIN RECRUITMENT DYNAMICS, REPRODUCTION, AND DENSITY
† Wise, L.*; Pureco, D.; Haupt, A.

Department of Marine Science, California State University Monterey Bay, Seaside, CA

Purple sea urchins eat kelp and algae and when populations are very high they can threaten the health of kelp
forests. Kelp forests are vital ecosystems and house a broad range of biodiversity. The purpose of this project
is to track the rates at which purple sea urchins congregate at collection sites. Understanding recuitment
rates and locations can allow kelp protection and restoration in necessary areas. Researchers place survey
brushes in several locations around the Monterey Bay including the Santa Cruz Wharf, Capitola Wharf,
Monterey Wharf, and the Pier in Stillwater Cove. Brushes are collected after a week and brought to a
location where there is access to sea water tables. The brushes are then washed, and the contents of the
brushes are put into vials. Researchers then use dissection scopes to examine the contents and search for
evidence of urchin recruitment, after which the data is recorded and analyzed. These methods are based on
methods used by Schroeter et al. at the LTER project. There is data currently being compiled and the data
collected from this project will give valuable insight into the population and recruitment dynamics of sea
urchins, and could more broadly used to aid in kelp restoration projects.

11: THE FUTURE OF A VULNERABLE FISHERY: CAN RED URCHINS ADAPT TO
MARINE HEATWAVES?
de Leon Sanchez, E.E.*; Hofmann, G.E.

University of California, Santa Barbara

Over the last few decades, the abundance of the red sea urchin (Mesocentrotus franciscanus) has declined
dramatically due to overfishing. In addition, warmer water temperatures are thought to cause increased
disease and mass mortality events. Despite its importance and vulnerability, little is known about M. fran-
ciscanus’ ability to respond to prolonged temperature stress. This California Sea Grant funded project will
assess whether the thermal history of adult red urchins influences the thermal tolerance of their progeny
and how MHWs and food availability affect gonad quality. In year one, adult red urchins from the Santa
Barbara Channel will be held in a MHW simulator for 12 weeks and then spawned to assess gamete qual-
ity and fertilization success. Feeding trials will be conducted with a separate group of urchins in MHW
conditions with Macrocystis pyrifera or Sargassum horneri to assess gonad quality and marketability. The
following year, experiments will be repeated, except gametes will be fertilized and larvae will be reared in
ambient conditions. Physiological thermal performance, biochemical, and morphometric analyses will be
conducted on the progeny at the gastrula and prism stages. Results will reveal the adaptive capacity of
M. franciscanus and the mechanisms by which the red urchin can rapidly adapt to MHWs. They will also



indicate how MHWs and food availability may interact to affect fishery success. Outcomes may be utilized
by stakeholders to predict the climate readiness of the fishery and create adaptive management plans.

12: RECENT BIOLOGIC AND GEOLOGIC MARINE INVESTIGATIONS IN SUPPORT
OF OFFSHORE WIND DEVELOPMENT ON THE PACIFIC REGION OUTER CONTI-
NENTAL
Dame, R.M.1*; Gilbane, L.A.2

1- Bureau of Safety and Environmental Enforcement 2- Bureau of Ocean Energy Management

The Energy Policy Act of 2005 authorized the Department of the Interior (DoI) to issue leases, easements,
and rights of way for renewable energy development on the Outer Continental Shelf (OCS). Between 2009-
2011, the DoI and Bureau of Ocean Energy Management (BOEM) issued regulations to govern the OCS
renewable energy program, including the planning, leasing, site assessment, and construction phases of
renewable energy development on the OCS. Beginning in 2013, BOEM initiated a multi-year pre-leasing
analysis effort to identify suitable areas for wind development in the Pacific OCS Region offshore California,
Oregon, and Washington. To date, Wind Energy Areas (WEAs) in Federal waters near Humboldt Bay and
Morro Bay, California have been selected for inclusion in OCS lease sales slated for Fall/Winter 2022.To
ensure compliance with the National Environmental Policy Act (NEPA) of 1969, BOEM is required to
perform environmental evaluations of oil & gas and renewable energy projects on the OCS. Due to the lack
of oil and gas exploration in Federal waters in the POCS since the mid-1980s, limited high-resolution marine
geological and geophysical data was collected in Federal waters offshore California, Oregon, and Washington.
To aid in the NEPA assessment of the temporal and spatial distribution of relevant biologic, cultural,

13: IS A MARINE-EXPANDING GASTROPOD A COMPETITIVE THREAT TO LOCAL
SPECIES?
† McCann,B.N.*; Bourdeau,P.E.

Cal Poly Humboldt

Climate driven range-expansions have become a topic of considerable interest in ecology and conservation
biology; however, the interactive effects of climate warming on the interactions between range expanding
species and their recipient communities remain poorly understood. A population of the range-expanding
predatory marine gastropod, Acanthinucella spirata, was recently documented at Cape Mendocino, CA
(40.40°N), roughly 400 km north of its northern geographic range limit. We hypothesized that A. spirata
could be a novel competitive threat to local predatory snails due to its high local abundance, overlapping
habitat and shared prey preference. To test this, we quantified the abundance and vertical distribution of A.
spirata and their potential competitors (the whelks Nucella ostrina and Nucella lamellosa) and documented A.
spirata’s propensity to feed on their shared prey (the barnacle Balanus glandula). We found that A. spirata
is three times more abundant than N. lamellosa and overlaps almost completely in vertical distribution with
N. lamellosa. In addition, we observed that A. spirata exclusively feeds on B. glandula, the preferred prey
of N. lamellosa. Based on these results, we predict that A. spirata and N. lamellosa are likely competing.
Future experiments will test whether A. spirata has a competitive advantage over Nucella due to (a) higher
feeding rates and (b) more efficient prey handling times under ambient and predicted warming conditions.

14: EVALUATING THE EFFECT OF TURBINARIA ORNATA ON ADJACENT ALGAL
TURF GROWTH
Cheh, A.S.*

CSUN

After natural or anthropogenic disturbances, algal turf on coral reefs can transition from short productive
forms to longer, less productive turf, which often can reduce ecosystem functions. We explored interactions
between Turbinaria ornata, an unpalatable brown macroalga expanding in distribution across the South
Pacific, and adjacent algal turf, on a fringing reef of Moorea, French Polynesia. First, we evaluated whether
the presence of an overhanging canopy of Turbinaria ornata affects algal turf height. We found a significant
difference in turf height between plots with restricted contact with Turbinaria versus control plots. As the
means of experimental restriction of contact with Turbinaria (a small barrier) did not deter fish grazing,



the outcome of this experiment implies the overhanging canopy either shades or abrades adjacent turf.
Second, we removed Turbinaria from adjacent to algal turf and manipulated herbivore access, and found
that herbivores reduced the height of adjacent turf by ~70%, but only in the absence of Turbinaria. Herbivores
took fewer bites of algal turf in the presence of Turbinaria, suggesting that there is an associational refuge
for algal turf next to Turbinaria. Thus, interactions with unpalatable macroalgae like Turbinaria may alter
ecosystem functions of algal turf such as primary production, nutrient cycling, and trophic interactions
through modulations of turf height.

15: UNDERSTANDING A UNIQUE LARVAL FORM: A STUDY OF THE WARÉN’S
LARVA
† Ytxzae Enriquez1*; Maia Heffernan2; Caitlin Plowman1; Lauren Rice1; Avery Calhoun1; Dr. Craig Young1;
Shawn Arellano2

1- Oregon Institute of Marine Biology 2- Western Washington University

Ifremeria nautilei is a hydrothermal vent snail with chemoautotrophic symbionts and a unique larval form.
The “Warén’s larva” develops in a brood pouch located in the foot of adult I. nautilei snails before its release.
In spring 2022, I. nautilei were collected from 7 vent sites in the Lau Back-Arc Basin near Tonga. Warén’s
larvae were extracted from the snails and a series of culturing, temperature, and energetics experiments
were performed. We maintained over 155 cultures at 4 and 14°C, allowing us to use scanning electron and
brightfield microscopy to describe a 9-stage developmental timeline for embryonic and larval growth. Larvae
extracted from the brood at later stages had a better chance of survival, suggesting they are likely to be
naturally released from the adult as Warén’s larvae. We also conducted two temperature experiments: one
assessing survival of 4 stages at 5 temperatures and the second using only embryos and Warén’s larvae at 4
and 14°C. Larvae at cooler temperatures lived longer but did not develop, while those in warmer temperatures
did not live long but developed rapidly. Finally, we assessed the energetics of development through micro-
bomb calorimetry on newly-released Warén’s larvae and monitoring their oxygen consumption at 4°C. The
extremely energy-rich Warén’s larvae had very low metabolic rates suggesting they could live for a long time
without feeding. This study describes the embryonic and larval development of the only new larval form
described in over 100 years.

16: MICROFIBERS ARE THE MOST COMMON MICROPLASTIC FOUND IN THE
MORRO BAY ESTUARY
† Adams, A.M.1*; Horn, D.A.2; Adams, N.L.1

1- Cal Poly San Luis Obispo, College of Science and Mathematics, Biological Sciences Department, Center for
Coastal Marine Sciences 2- Cal State Channel Islands, Environmental Sciences and Resource Management
Department

Plastic pollution is an emerging threat in marine ecosystems. Microplastics (MPs), fragments or fibers of
plastic that are smaller than 5mm in length, are pervasive throughout marine ecosystems and are found in
the gills and guts of the smallest marine organisms causing deleterious effects. Many surveys of microplastics
have been completed along many stretches of coastline around the world. However, little research has been
performed on plastic presence and their effects in estuarine environments, especially on California’s Central
Coast. The Morro Bay Estuary is a marine protected area heavily influenced by ecotourism and agricultural
runoff and is susceptible to MP pollution. We started a long-term MP monitoring program to establish a
baseline for MP presence, quantity, and type at three locations in the estuary. We sampled once monthly
for MPs, processed and analyzed samples via 10% KOH digestion and density separation, vacuum filtered
and fixed solutions onto fiber filters, and viewed filters with fluorescence microscopy using Nile Red and
Calcofluor White stains. We found that all locations had MPs present during each month sampled. There
were no significant differences in the abundance of MPs among sample sites each month, however there
was a significant difference (p<0.05) among the types of MPs found each month with fibers being the most
abundant. Our findings indicate that MPs are present in the estuary, but only in low amounts. This study
serves as a baseline for long term monitoring and comparisons among other locations.

17: EMPOWERING EMERGING ENVIRONMENTAL LEADERS BY BRIDGING THE
GAP BETWEEN CULTURE & SCIENCE



† Arizmendi, K.A*; Paddack M.J; Rulmal, J Jr; Crane, N; Toledo C; Legalishyaro S.L; Tasopulu M; Pi J;
Sewemor CJ

One People One Reef

Scientific research on natural systems has often been done at the exclusion of local knowledge and culture.
One People One Reef (OPOR) is a rare research program where research questions and on-the-ground
research is led by communities of the outer islands of Yap State, Federated States of Micronesia. An early
recognition was the disconnect between the youth and elders, causing rifts in cultural continuity and loss
of traditional knowledge and practice. In 2014 OPOR established an annual youth program on Ulithi
Atoll. This program allowed high-school and college-aged youth from Micronesia and the United States to
collaborate on projects such as: monitoring coral cover and invasive species, collecting traditional stories, and
translating these into music, podcasts, and videos. The value of this youth program is that it gives a space
for youth, especially the Micronesians youth, to not only voice concern but to also have the opportunity to
question cultural traditions and practices in order to have a better understanding of how these actions affect
their reefs as a whole.

18: COULD MICROBES BE BOTH A RAPID DEGRADER AND KEY COMPONENT OF
PREDATORY RISK CUES?
† Vargas, J.V.*; Bourdeau, P.E.

Cal Poly Humboldt

Predatory chemical cues play an important role in marine food webs. Understanding how prey respond to
these risk cues is therefore critical to understanding the direct effects of predators on prey populations and
their indirect effects on communities. To respond adaptively, prey must accurately assess the risk of predation
associated with perceived chemical cues, an oft-documented pattern. However, little is known about how
cues disperse, persist, or degrade, which could limit the adaptive responses of prey. Using laboratory-based
observations of a well-studied antipredator behavior by the marine gastropod Tegula funebralis in response
to the predatory sea star Pisaster ochraceus, we found that Tegula exhibits a graded response to field-
relevant Pisaster cue concentrations, indicating an adaptive response to risk cues. We also observed that cue
activity (as measured by Tegula’s response), decreases rapidly, with responses reduced by >50% within 24h;
suggesting that microbial activity contributes to cue degradation. Further, cue activity was preserved by
freezing cue water for up to 72h, which presumably slowed microbial degradation. Surprisingly, it appears
that microbes themselves may be a key component of Pisaster risk cue, as Tegula did not respond to cue water
that was filtered to remove microbes. Taken together, our results suggest microbially-mediated limitations
on how prey perceive predatory cues and assess predation risk.

19: USING HIGH RESOLUTION REMOTE SENSING FOR KELP CANOPY AND WATER
QUALITY MONITORING IN AN URBANIZED EMBAYMENT
Wood, V.1*; Stolzenbach, K.1; Prickett, K.2; Centeno, C.2; Luedy, J.3

1- WSP USA 2- Port of Los Angeles 3- Port of Long Beach

Satellite imagery has become prevalent in recent years as a substitute for aerial imagery to map kelp canopy
habitat in California. The ports of Los Angeles and Long Beach have recently piloted a study using high
resolution (�2 meter) remote sensing to map and differentiate between surface and submerged kelp canopy
that grows in narrow bands on riprap embankments in order to measure this Essential Fish Habitat more
accurately. Imagery from spring and summer 2022 was compared to CTD measurements and visual canopy
surveys at 22 stations that were selected based on the historical presence of kelp, potential for future kelp
remediation, and possible future Port development. CTD measurements were compared to Landsat-8/9
for temperature and Sentinel-2 for secchi disk depth, chlorophyll, and turbidity. Multiple high-resolution
sensors (SkySat, Pleiades, and WorldView) were compared for surface and submerged kelp. Satellite and
CTD water quality parameters correlated significantly for temperature, turbidity, and secchi disk depth;
however, chlorophyll did not correlate to field measurements during any period. Accounting for resolution
limitations, satellite imagery accurately identified kelp 86-100% in the spring and 91-100% in the summer
compared to field canopy surveys. The results from this study will be used to improve monitoring efforts
in the Port Complex and could be applied to other coastal and urbanized environments where kelp forms



small canopies or grows in narrow bands that requires higher resolution imagery than what is typically used
in offshore habitats.

20: MOVEMENT OF WEANED NORTHERN ELEPHANT SEAL PUPS DURING THEIR
FIRST AT-SEA FORAGING MIGRATION
† Saenger, E.K.*; Bean, W.T.; Kolluru, G.R.; Liwanag, H.E.M.

Cal Poly, San Luis Obispo

The Northern Elephant Seal (NES),Mirounga angustirostris, is a well-studied marine mammal that is known
for engaging in long foraging migrations at sea. Adult male NES follow pathways along the coast towards
Alaska and adult female NES follow pathways out into open ocean. However, there is little to no information
about weaned NES pup foraging behavior. This lack of knowledge is significant because NES have a mortality
rate of ~50% in the first year. This project aims to better understand the migratory pathways of NES during
this critical life stage. In February 2022 we deployed five satellite tags (Wildlife Computers SPOT-287)
on seals born at the Vandenberg Space Force Base breeding site (VSFB). In the spring of 2023 and 2024,
we intend on deploying 20 additional satellite tags on seals born at the VSFB (n=10) and the Piedras
Blancas breeding site (PB) (n=10). We hypothesize that the weaned NES pups will [1] prioritize near-site
foraging areas and in turn migrate shorter distances compared to adults, [2] exhibit no sexual divergence in
their migratory pathways, and [3] have migratory pathways that differ between the two breeding sites. By
determining the migratory pathways of weaned pups from two different breeding sites (VSFB and PB), we
can gain insights into foraging grounds, differences between breeding sites, and potentially the navigational
mechanisms of this species, which will improve conservation and management of this species.

21: TESTING METABOLIC EFFECTS OF MICROPLASTIC EXPOSURE ON THE BLUE
MUSSEL (MYTILUS EDULIS)
Yang, A.*; Liu, T.

Santa Catalina School / MERP

Microplastic pollution in marine ecosystems has become an environmental concern worldwide. Microplastic
interactions with shellfish are of particular concern because these species have a high abundance in the
intertidal zone and may be exposed to a high concentration of plastics from their coastal habitats and filter
feeding. Microplastic accumulation within each mussel may eventually be transferred up food webs, including
the human food supply. This is of increasing importance as “blue foods”- especially animal proteins, are
projected to be an important part of future food security. Earlier work has shown that ingested microplastics
stimulate inflammatory reactions in mussel gill tissue and digestive gland. Here we investigate the potential
for microplastic exposures based on concentrations observed in Monterey Bay to reduce mussel growth by
increasing metabolic rates. We measured oxygen consumption under different levels of artificial microplastic
exposure in the short term (hours) and long term (weeks). Initial results have not indicated strong changes in
metabolic rate in response to the plastic levels we tested, though an average of 3-5 microfibers were retained
in the gills. This might indicate that current levels of pollution would not affect the amount of metabolic
fuel supplies available, though plastics would still be introduced into the food stream. It may be that the
effects of microplastic exposure on the mussels’ metabolic rate require further analysis under a more strict
standardization of the experimental process and future plastics levels.

22: EXAMINING SEASONAL SHIFTS IN COMPOSITION AND ABUNDANCE OF
BEACH WRACK AT CRYSTAL COVE STATE PARK, ORANGE COUNTY
Dressel, E.*; Andrade, E.; Arago,E.; Herrmann,E.; Hyla,R.; Kimmick,T.; Mendez, J.; Henry,A.K.

University of California, Irvine

Beach wrack, the accumulation of marine macrophytes and carrion deposited on the shoreline, is a critical
component of the sandy beach ecosystem. In low-productivity habitats, wrack is an important nutrient
subsidy to complex food webs of invertebrates and shorebirds. Wrack deposition in many locations has
been shown to vary seasonally in composition and abundance; we sought to determine whether similar sea-
sonal patterns exist at Crystal Cove State Park in Orange County, CA, USA. We performed monthly belt
transect surveys from November 2021 to September 2022 to measure wrack abundance and species compo-



sition. Contrary to findings in other locations in southern California, we found that neither composition
nor abundance showed a consistent seasonal pattern. Wrack piles were dominated year round by seagrass
(Zostera spp. or Phyllospadix spp.) and giant kelp (Macrocystis pyrifera). Abundance differed not by season,
but by geographic location. We hypothesize that hyper-local factors such as the direction of the shoreline,
current direction and ocean macrophyte abundance may be influencing spatial patterns of wrack deposits.
The results of our project may inform possible conservation measures such as educational signage, managed
visitation, and continued monitoring.

23: THE HIDDEN BIOLOGY OF RARE CORALS ON SHALLOW CARIBBEAN REEFS
Frank, K.T.1*; Girard, J.F.2; Didden, C.D.3; Edmunds, P.J.4

1- Campbell Hall 2- URI 3- Viewpoint School 4- CSUN

The abundance of corals on Caribbean reefs has precipitously declined in the last few decades, with these
trends accelerated by emerging threats like Stony Coral Tissue Loss Disease. The magnitude of these changes
highlights the need for new techniques to quantify a restricted species pool of rare corals. We used large-scale
sampling, GPS positioning, and ArcGIS to analyze the distribution of Pseudodiploria strigosa, P. clivosa
and Diploria labryinthiformis on the reefs of St. John, US Virgin Islands. These species have virtually
disappeared from 7–9 m depth (e.g., ~2 colonies and ~ 0.002% cover in 236 photoquadrats in 2019), but
they can be enumerated in roving snorkel surveys in shallow water (< 6 m depth). All three species were
quantifiable in 16,329 m2 of reef, within which densities were 179 colonies ha-1, 234 colonies ha-1, and 25
colonies ha-1, respectively, which would barely be detectable in quadrats (< 0.023 colonies m-2). At these
densities, mean nearest neighboring conspecifics ranged from 2.5 ± 0.1 m (P. clivosa) to 8.2 ± 1.8 m (D.
labryinthiformis) apart, reducing the likelihood of cross fertilization and increasing the potential importance
of selfing in these simultaneous hermaphrodites. Evidence that these species occurred in spatially disjunct
aggregates suggesting aggregations might allow rare species to benefit from cross-fertilization of spawned
gametes. Implementation of novel survey techniques is revealing that at least some species of rare corals
may persist while “hidden” in shallow, near-shore locations.

24: HUNGRY AS AN URCHIN: SEA URCHIN HERBIVORY UNDER THERMAL STRESS
† Cortese, M.R.1*; Narvaez, C.A.2; Freestone, A.L.1

1- Temple University 2- Friday Harbor Laboratory

As global oceans warm, organisms are undergoing increased thermal stress. In exothermic organisms, in-
creased temperatures should directly increase organism metabolism and feeding rates. In eastern Pacific
kelp forests, red sea urchins (Mesocentrotus franciscanus) and purple sea urchins (Strongylocentrotus purpu-
ratus) are the dominant kelp forest herbivores consuming kelp from Baja California to Alaska. Despite their
importance to kelp forest health, and their ability to control kelp forest phase shifts, feeding rate has never
been measured for either urchin species. While we expect feeding rates to increase proportionately with tem-
perature, purple urchins are known to be more stress tolerant, leading us to hypothesize that purple urchins
will perform better at higher temperatures when compared to red urchins. To understand these dynamics,
we performed a 10-week feeding trial holding urchins at ambient, +2, +4, and +6 C. These temperatures
represent current IPCC projected temperature increases for a best-case, moderate, and worst-case climate
scenario. We found that feeding rates and thermal maxima varied by species with purple urchins reaching
peak consumption around +4 degrees with subsequent decline at +6 degrees. Red urchins experienced higher
feeding rates under all temperature treatments without decline, indicating that red urchins had not reached
their thermal maximum. This study provides valuable insights into current urchin herbivory, as well as a
basis for understanding changing kelp forest consumer pressure under different climate change scenarios.

25: CLIMATE FACTORS AFFECTING THE CHINESE MITTEN CRAB, ERIOCHEIR
SINENSIS, RESURGENCE IN THE SAN FRANCISCO BAY
† Estrada Caballero, Miguel F*; Ramirez, Mikkel; Tsukimura, Brian

CSU Fresno

The Chinese Mitten Crab (CMC), Eriocheir sinensis, invaded the San Francisco Bay Delta system in 1992,
due to human introduction. Since the establishment of CMC, there have been many negative environmental



and economic impacts surrounding the San Francisco Bay. Explosions in adult populations can potentially
have negative effects on native species through competition and predation. Monthly plankton tows taken
by California Department of Fish and Wildlife (CDFW) in San Pablo Bay were analyzed for CMC zoeae.
Brachyuran zoeae and megalopa were keyed to species with the use of a dichotomous key (Rice and Tsukimura,
2007; Gonzales et al., 2009). In April 2003, was the highest number of CMC zoeae where they recorded a
total of 407 larva samples (CPUE = 4064.5). By 2005, no adult crabs were found in Otter trawls conducted
by the CDFW and by 2008, no CMC zoeae were found in plankton tow surveys. However, in 2012 a total
of 26 CMC megalopa were discovered and in 2013, another 9 CMC megalopa were found. Temperatures
below 11.8℃ and salinities below 15 psu are associated with declines in CMC abundances. Strong La Niña
intensities are associated with increased abundances of CMC. If population explosions can be predicted,
preparations can be made for the negative effects caused by the downstream migration of CMC juveniles.

26: VARIATIONS IN SIZE, DENSITY, AND GAS CREATE DIFFERENT SOUNDS OF
OSCILLATING BUBBLES
Chen, Y.*

Santa Catalina School / MERP

Bubbles are globules of gas in liquids. They are often produced in the ocean through various processes
including marine mammals’ activities, wave propagations, wave breaking, and propeller motions. Bubbles
oscillate as they rise to the surface, release energy and produce sound. The method to predict the sound
frequency is given by the equation associated with the Minnaert frequency (the natural frequency of a given
bubble), which demonstrates an inverse relationship between radius and frequency. I became interested in
relationships between other variables such as water density and gas type, and the amplitude, frequency, and
timbre of the sound. Here I produce bubbles in a water tank and use a hydrophone to collect the sound. I
analyzed sound characteristics using waveform and spectrograms generated by an acoustic analysis package
(RavenLite). In general, the Minnaert frequency equation matches the observed parameters, and the square
of the bubble radius is proportional to the sound amplitude. The relationship between the density of the
water and the amplitude and frequency seems to have a minimum frequency and a maximum amplitude
in two quadratic functions respectively. The generally observed differences in one period of oscillation of
air, carbon dioxide, and argon suggest that different gas types have different oscillation patterns per period,
which human ears perceive as timbre. Bubble sound can give information about the soundscape underwater–
especially in noise pollution as the ship propellors generate huge amounts of bubbles–and contribute to
conservation planning.

27: MICROPLASTIC INGESTION DOES NOT AFFECT LARVAL DEVELOPMENT AND
METAMORPHOSIS OF HYDROIDES ELEGANS AND PHESTILLA SIBOGAE
† Guionnet, L. A.1*; Hadfield, M. G.2; Nedved, B. T.2; Freckelton, M.2

1- University of Hawaii at Manoa 2- Kewalo Marine Laboratory, University of Hawaii at Manoa

Microplastics (MP) (>500 �m) have been found in the ocean, the air and even living organisms. Due to
the relatively new existence of these MP particles, understanding their effects on said organisms is limited;
especially for particles smaller than 100 �m. In addition, the variation in size and the type of plastic creates
a large range in the observed concentration of MP (0.03 to 50,000 MP per m3) in the ocean. Most marine
benthic organisms have a larval life-stage, a state which also falls within that size range. Consequently, larvae
may encounter MP of the same size as the food they consume. To examine the impacts of these encounters,
larvae of Phestilla sibogae,andHydroides elegans, facultative and obligate planktotrophs, respectively, were
exposed to two different concentrations of MP (2,500 and 25,000 MP/L) throughout larval development.
Using confocal microscopy, larval growth of H. elegans was determined for each day of larval development.
While there were small differences in larval length of pre-competent larvae, larvae in the control and both
MP treatments were the same size at competence. Further, exposure to MP did not affect metamorphosis of
H. elegans. Only metamorphic competence was observed for larvae of P. sibogae however MP treatments did
not affect them, and very few MP particles were found in the guts of any larvae throughout both experiments.
This suggests that even at the higher estimates of MP concentrations predicted for the end of the century,
larvae may only have infrequent, benign interactions withMP.



28: CORAL RESTORATION AND REEF HEALTH ASSESSMENTS IN UTILA, HON-
DURAS
Merges, H.E.1*; Mejia, D.2; Drysdale, I.2

1- California State University Northridge 2- Utila Coral Foundation

Coral reefs are a vital support system for many marine organisms and individuals who live in coastal areas.
The compounding effects of anthropogenic pressures and increasing sea surface temperatures from global
climate change are currently threatening about 70% of coral reefs. Particularly in the Caribbean reef tract,
prevalence of disease and bleaching is causing rapid deterioration. In the last decade, the Healthy Reefs
Report Card indicates a steady decline in percent coral cover, increasing phase shifts to macroalgal cover,
and decreased abundance and diversity of ecologically important fish in the Mesoamerican Reef. The goal
of Utila Coral Foundation (UCF) is to monitor, assess, and restore the reefs in Utila, Honduras, and to
contribute to the database of coral health locally and in the larger Caribbean region. Acropora cervicornis
fragments are selected and taken from the reef and grown in situ in our coral nursery until they grow to
approximately 15cm and 50g. They are then outplanted onto degraded areas of the reef where they are
monitored every month to measure growth and health. At our primary outplant site, Cabañas, the success
rate of coral outplanting is approximately 85%. This is similar to the success rate at another outplant site,
Moon Hole, which has higher traffic from recreational divers. Repopulation of coral reef patches are essential
for maintaining a functional ecosystem dynamic. Understanding the vital role that coral reefs play for marine
and human communities emphasizes the need for continued restoration as demonstrated at UCF.

29: RUNOFF-ASSOCIATED NUTRIENT INPUTS ARE TRANSFORMING CALIFOR-
NIA’S ROCKY INTERTIDAL ECOSYSTEMS
† Hill, R. J.*; Bracken, M. E. S.

University of California, Irvine

As the population of Southern California continues to grow, human impacts on coastal ecosystems are
accelerating. This region is historically characterized by low mean annual precipitation, hot summers, and
nutrient-poor coastal zones. Year-round irrigation of lawns, gardens, and golf courses has the potential to
substantially change these patterns, resulting in near-constant runoff of water and associated nutrients to
coastal areas. Our surveys at Corona del Mar (CDM) State Beach identified seven different point-sources
of anthropogenic runoff. We predicted that in tidepools affected by this runoff, invertebrate biodiversity
would be lower, dissolved inorganic nitrogen higher, and %N in the seaweed Ulva spp. higher than in control
tidepools. We conducted biweekly sampling of isolated tidepools (n=14), tidepools impacted by runoff (n=8),
and runoff sources (n=7) for 12 months at CDM. All water sources were sampled for nutrient analysis (NH4+,
NO3-, NO2-, PO43-), salinity, temperature, and %N of Ulva. For tidepools, we also conducted invertebrate
biodiversity surveys. We found that the freshwater runoff contained 20 times as much dissolved inorganic
nitrogen and four times as much phosphorus as undisturbed tidepools in the surrounding area. Tidepools
impacted by runoff were characterized by lower numbers of mobile invertebrates, increases in the average
%N of Ulva, and differences in the type and concentrations of nutrients present. Our findings highlight a
previously neglected source of nutrient inputs to rocky shores and reveal a potential blind spot in coastal
management.

30: ABUNDANCE, DISTRIBUTION, AND RECRUITMENT OF OLYMPIA OYSTERS IN
MORRO BAY, CA
† Moon, D.B.1*; Susman, E.G.1; Soares, N.2; Geraghty, C.2; Johnson, K.M.3

1- California Polytechnic State University, San Luis Obispo 2- Morro Bay National Estuary Program 3-
California Polytechnic State University, San Luis Obispo, California Sea Grant, University of California
San Diego

The favored habitat for the native Olympia oyster, Ostrea lurida, is hard substrates including rocks, piling,
and other shells. In Morro Bay, CA the current population size and whether this remanent population of
Olympia oysters is actively reproducing has been unknown and presumed to be locally extinct. To measure
current abundance in Morro Bay, we used a swath survey method where we laid out 50m transects parallel
to the shore during the summer low tides. All Olympia oysters, Pacific oysters (Crassostrea gigas), and



Jewel Box oysters (Chama spp.) were quantified within the 50m transect area from the low-tide mark to
the shore bank. In addition, we monitored Olympia oyster recruitment in the estuary. Here, we studied the
recruitment of larvae to both ceramic and terracotta tiles in three locations in Morro Bay that had favorable
habitats and adult Olympia oysters in the area. The tiles were hung from PVC pipe and deployed 5-7 cm
above the soft ground substrate at the zero-tide mark. Every two weeks the tiles were collected, and new
tiles were deployed. We counted and identified all the species found on the tiles using a dissecting scope and
compared whether tile type had an impact on recruitment and species identified. Throughout the summer,
a total of 498 Olympia oysters were found in Morro Bay, and a total of 5 juveniles were found to have
recruited to our stacked tiles. By monitoring Olympia oyster populations and recruitment, our data will
provide insights into the best locations and timing for future restoration efforts.

31: DISCOVERY OF A PUTATIVE NOVEL GENUS OF PREDATORY BACTERIA FROM
THE FAMILY MICAVIBRIONACEAE
† Jones, T.A.*; Doré, H.; Junkins, E.; Wilbanks, E.G.

University of California-Santa Barbara

Predatory bacteria mimic the predator-prey dynamics typically observed in macroscopic organisms. These
microbes hunt, kill, and feed on prey. They influence microbial diversity by controlling populations, driving
evolution with prey selection, and shaping community composition. From within microbial aggregates known
as “pink berries”, a novel species of putative predatory bacteria was derived from long-read metagenomics:
Micavibrionaceae sp. LS7A1. We hypothesize this organism will share genomic indicators of predation
capability and comprise a distinct novel predatory genus. To determine whether A1 is a novel predator species
we took a bioinformatic approach to comparative genomics with known predators. A streamlined predator
genome typically shows loss of biosynthetic pathways and presence of toxin secretion systems. Analysis
revealed genetic similarities between A1 and other bacterial predators, specifically Micavibrio aeruginosavorus
sp. ARL-13. ARL-13 utilizes secretion systems type I and II to enable predatory behavior, while A1 has
components of systems II and IV. ARL-13 and A1 also both encode the SEC transport system pathway. We
utilized tree building programs to demonstrate A1’s phylogenetic distinction from its closest relatives to a
degree indicative of a novel genus. Analysis of this novel putative predator is a valuable contribution to our
knowledge of bacterial predators, their unique genomes, and their evolution. A1’s membership of a tight
consortia provides a unique opportunity to observe population selection and co-evolution on a microscale.

32: GENETIC SEX DETERMINATION OF KELLET’S WHELK
Jaynes,H.L.*; Daniels, B.N.; White, C; Queen, A.T; Davidson, J.M.

Cal Poly San Luis Obispo

Genes that control sex determination and sexual development are well-defined in model organisms, but little
is known about how they apply in non-model species, including many marine gastropods. Kellet’s whelk,
Kelletia kelletii, a kelp forest gastropod, fisheries species, and historical non-model species, is increasingly
becoming a subject of research for understanding its ecology and management. A method for determining
Kellet’s whelk sex non-invasively (e.g., without dissection) is needed to support cross-mating experiments
and other research on this species. We used genomics and molecular biology techniques to sex Kellet’s
whelk non-invasively. Transcriptome assembly and analysis were first used to find sex-determining genes.
PCR was then used on whelks of known sex (determined via dissection) to confirm the presence of the sex-
determining genes. FOXL2, WNT4, and FEM-1 genes all had strong expression on initial PCR suggesting
they would be good candidates for further research on sexing Kellet’s whelks. We intend to use RT-qPCR
to test for quantitative differential gene expression between males and females, which will further support
sex determination. These findings will help contribute to ecological and fisheries management research on
Kellet’s whelk.

33: DON’T FORGET THE SCIENTIFIC COLLECTING PERMIT
Slatoff, Lara*

California Department of Fish and Wildlife

Every year, hundreds of fascinating scientific projects occur in California’s marine and coastal environments.



Projects range from studying alternative energy sources, species behavior, climate change impacts on large
communities, and more. As the trustee agency for California’s natural resources, the California Department
of Fish and Wildlife (CDFW) aims to balance such projects with conservation of marine resources. This
is accomplished with a scientific collecting permit (SCP) issued by CDFW to allow take and/or possession
of live and dead wildlife for education, research, or propagation purposes. Applying for, and issuance
of these permits, helps both researchers and CDFW responsibly monitor coastal California. Researchers
can be advised how to minimize cumulative impacts to the environment, and for CDFW, data from these
permits can be used to assist in oil spill responses, inform management decisions, and coordinate emergency
responses for endangered species. An average of 183 applications are submitted each year. Statewide 98%
of permits are approved but the process towards getting that permit approval can still be confusing. This
poster will provide a cursory explanation of the review process which will help new and former applicants
develop a better understanding of the need and purpose of SCPs. Knowing what CDFW looks for during
the review process will help applicants submit complete applications that will be processed and approved
faster. Researchers and students will walk away from the poster with the information needed to submit a
successful SCP application.

34: ESTABLISHING SURVEYS TO DETERMINE IMPACT OF NON-NATIVE SEA-
WEEDS, UNDARIA PINNATIFIDA AND SARGASSUM HORNERI, IN SAN DIEGO, CA
† McHaskell, D.M.*; Smith, J.E.

Scripps Institution of Oceanography at University of California, San Diego

The potential for invasion following species introduction is one of the many threats to biodiversity. Marine
ecosystems are at risk given the ability of non-native seaweeds (NNS) to establish after introduction due to
their multi-phasic life cycle, high fecundity, and stress tolerance. Only a small percentage of NNS have been
studied to determine impact on the recipient community (e.g., decreasing biodiversity and changing commu-
nity composition) thus many NNS remain understudied. For instance, Undaria pinnatifida is considered a
globally invasive seaweed that has spread to over 15 countries and Sargassum horneri has spread throughout
700km of the coast within a 12-year period. Though the presence of these two species have been documented
in southern California since the early 2000’s, the known ecological impacts remain ambiguous and there is
minimal information regarding the phenology of Undaria. To understand the impact of these two NNS, we
are currently establishing multi-year surveys in San Diego to track NNS phenology, NNS abundance, commu-
nity composition, and biodiversity seasonally. S. horneri is being monitored directly east of Mia’s Reef and
both NNS are being monitored in Mission Bay to understand the individual and synergistic impacts of these
seaweeds on the recipient community. Preliminary results from summer in Mission Bay demonstrate that
the Undaria population was senescent and abundant towards the mouth of the channel whereas S. horneri
were found to be juveniles located further within the channel.

35: CORAL BOMMIES - ASSYMETRY IN THE BACK REEF OF MOOREA, FRENCH
POLYNESIA
† Dahl, A.D*; Scafidi, K; Edmunds, P.J

California State University Northridge

On shallow coral reefs, shape, distribution, and growth of coral bommies creates a classic system of patches,
interactions among which could play an important role in mediating community resilience. To explore patch
dynamics in a shallow coral reef, and test the hypothesis that bommies develop asymmetrically with respect
to flow, we studied coral bommies in Moorea, French Polynesia. We quantified their asymmetry, and the
effects of coral accretion in determining bommie shape. Bommies developed in planar elliptical forms, with
long axes parallel to ambient flow, and perpendicular to offshore wave regime. To evaluate the role of
accretion in creating asymmetry, the distribution and growth of corals at the four terminals of the major
and minor axes of the bommies were measured. Porites spp. and Pocillopora spp. were the most abundant
corals, and they occurred at equal densities on all sides; small colonies of Pocillopora spp. grew at the same
rate regardless of relative positioning. These results suggest that bommie asymmetry does not arise through
variation in coral recruitment or asymmetric growth of branching corals, potentially because integrated flow
regimes are similar on the four sides of the bommies. Bommie formation and shape may be less of a product
of accretion and more attributed to erosion and dissolution. By showing how reef patches alter their shape



to prevailing flow, in part through coral growth, this study provides insight into bommie dynamics and how
this system conforms to a habitat composed of a spatial mosaic of patches differing in community state.

36: WITH A LITTLE KELP FROM OUR FRIENDS: EXAMINATION OF UNDERSTORY
ALGAE COMMUNITIES AND ASSOCIATED FISHES IN SOUTHEAST ALASKA
† Whitney, J.W.1*; Domke, L.K.2; Johnson, C.J.2; Eckert, G.L.2

1- University of Alaska Southeast 2- University of Alaska Fairbanks

Seaweeds serve as the basis for highly productive ecosystems that support and provide a protective habitat
for a wide variety of commercially important species. Canopy kelps and their role in the nearshore ma-
rine ecosystem are well appreciated as they are part of a complex trophic cascade. Yet the collection of
seaweeds within the understory and their associated fish species are less well known, particularly in South-
east Alaska. We were interested in describing understory algal communities in southern Southeast Alaska
and their associations with nearshore fishes. Our objectives were to I.) identify which species of seaweeds
dominate understory algal communities and II.) test for correlations between commercially important fish
species and the dominant seaweeds. In 2019 and 2021, we used randomly placed quadrats at sites around
the Ketchikan/Prince of Wales region to determine the percent cover and weight of understory seaweeds. In
addition, at the same sites, we conducted beach seines to assess diversity and abundance of nearshore fish
within the area. Preliminary analyses indicate high variability of seaweed species across understory com-
munities. The kelp Saccharina spp. was most abundant across the sites sampled. A greater understanding
of the diversity and abundance of understory seaweeds as well as their ecological relation to commercially
important fishes will aid in management efforts of fisheries and the overall appreciation of nearshore marine
habitats by coastal communities.

37: BEHAVIORAL EFFECTS OF STORMWATER RUNOFF ON THE ZEBRAFISH
(DANIO RERIO)
Ruiz, S.N.*

Santa Catalina School / MERP

Storms related disturbances are important for maintaining biological diversity in aquatic ecosystems. How-
ever, stormwater run-off from urbanized areas can carry harmful chemicals from terrestrial to aquatic systems
with lethal or sub-lethal effects on aquatic organisms. Earlier work has shown that copper compounds carried
in runoff have physiological and behavioral impacts on salmonid species. However, salmonids are a relatively
small and specialized group. I was interested in whether stormwater associated chemicals had behavioral
impacts in other fish families beyond salmonids. I exposed Danio rerio (zebrafish), a model fish species,
to stormwater run-off collected from the first rainfall event of the season in the Monterey Bay Watershed.
Behavioral effects on zebrafish, under different concentrations of stormwater runoff, were quantified using
the program Jwatcher. I noted several behavioral changes following 24 hrs of stormwater exposure, including
a decline of turning, decline of non-targeted movements, and increased inter-individual spacing. Overall, fish
movement was suppressed and slowed after exposure to stormwater compared to original movement. Fish
behavior showed a gradual return to normal over approximately 8 weeks.

38: TRACKING THE APPENDAGE MOVEMENT OF A COPEPOD DURING FORAGING
BEHAVIOR
† Evans, S.A.1*; Prairie, J.C.2; Briseño-Avena, C.3

1- Cal Poly San Luis Obispo 2- University of San Diego 3- University of North Carolina, Wilmington

In the summer of 2021, I had the opportunity to intern at the University of San Diego as part of the Bridging
the Gap program in partnership with my high school, Mater Dei High School. During this time, I gained
experience in lab and field activities by assisting undergraduate students in their research, with the overall
goal of understanding the interactions of copepods and marine snow aggregates and their role in the biological
pump. In addition, I conducted image analysis as my part of the project to track the appendage movement
of a copepod during a foraging behavior. During our experiments, we filmed individual copepods of the
species Calanus pacificus at 2000 frames per second in order to study the role of appendages when feeding
on marine snow aggregates formed in the lab. My project focused on observing and analyzing multiple



frames of footage of a copepod exhibiting foraging behavior. I accomplished this by tracking the motion of
key appendages of copepods frame by frame using a tailored algorithm in the program Matlab. For most
appendages of the copepod, excluding its swimming legs (as they remained still during foraging), I would
place multiple points to indicate the curvature of the appendage. While examining each frame, I observed the
antenna and maxilliped of the copepod continuously bending and moving in a circular motion. Similarly, I
observed the antennule of the copepod to bend at two points while foraging. These high temporal resolution
data will help understanding the dynamics of foraging appendages and their role in interacting with marine
aggregates.

39: DETECTING GONADOTROPIN-RELEASING HORMONE IN WHITE ABALONE
RECEIVING LIPID-SUPPLEMENTED DIETS
† Hood, N.Z.1*; Fredrick, A.R.2; Aquilino, K.M.2; German, D.P.1

1- UC Irvine 2- UC Davis Bodega Marine Laboratory

Historic over-fishing reduced white abalone (Haliotis sorenseni) resulting in their listing to the Endangered
Species list in 2001. Captive breeding efforts, led by UC Davis Bodega Marine Laboratory, have increased
production substantially over the past decade, but still fall short of the target 100,000 animals a year
necessary for recovery. This shortfall is largely due to difficulties inducing gametogenesis and spawning. The
diet of the H. sorenseni can impact the number of gametes they produce, and lipids have been shown to
play an important role in larval development and survival in many marine invertebrates. This led us to
explore the effects of a high lipid diet on white abalone hormone levels by adding (seeding) a high lipid alga,
Nannochloropsis sp., to their environment and collecting central nervous tissue (CNS) and gonad tissues for
hormone measurements. Here, I am presenting early data collected on the relationship between diet and
Gonadotropin-Releasing Hormone (GnRH), a reproductive hormone released from the CNS that regulates
reproductive behavior and gametogenesis. We used an Enzyme-linked immunosorbent assay (ELISA) to
detect GnRH in the collected tissues. In the long term, we hope to examine the environmental factors that
stimulate the release of GnRH to improve white abalone production, as well as more specifically understand
white abalone reproduction.

40: COMMUNITY GENOMICS OF MARINE NETWORKS: BEACHES, KELP FORESTS,
AND ROCKY INTERTIDAL
Dawson, M.N1*; DeBiasse, M.B.1; Schiebelhut, L.M.1; Barber, P.2; Betancourt, A.2; Dugan, J.3; Emery,
K3; Cornwell, B.4; Bernardi, G.5; Paggeot, L.X.1; Carlson, B.J.1; Wutthituntisil, N.1; Garza, C.6; Grosberg,
R.K.7; Bay, R.7

1- UC Merced 2- UC Los Angeles 3- UC Santa Barbara 4- Stanford 5- UC Santa Cruz 6- NMFS 7- UC Davis

The 2013 outbreak of sea star wasting disease and emergence of a warm ‘blob’ in the northeastern Pacific
devastated populations of sea stars and associated intertidal and subtidal ecosystems. Of particular concern
was apparent collapse of kelp forest ecosystems, including regional extirpation of sunflower sea stars, explo-
sion of urchin populations, and dramatic decline of kelp forests. To discover the ecosystem consequences
of environmental change, we are coupling two perspectives: community-level and genic. During the past
three years we have sampled over a dozen species of coastal marine algae, invertebrates, and vertebrates for
chromosome-scale reference genome assembly and population genomic analyses with an emphasis on under-
standing spatial patterns of diversity, historical demography, and species interactions. From the community
perspective, as part of the California Conservation Genomics Project (CCGP), we are using genomic tools
to explore coupled demographic and functional shifts in beaches, kelp forest, and rocky shore ecosystems
through time and across space. From the genic perspective, in partnership with Revive & Restore, we are
using genomic tools to identify variation that was lost during the die-off, that appears adaptive, and that
may confer resilience to disease, heat, and other stressors. Here, we report on the first handful of reference
quality genomes and preliminary whole genome ‘resequencing’.

41: EXPERIMENTAL INFECTION OF STRONGYLOCENTROTUS PURPURATUS
WITH BLACK SPOT DISEASE
† Malakooti, N.J.V.*; Nair, V.M.; Orloff, A.; Kilpatrick, A.M.; Kroeker, K.J.

UC Santa Cruz



Infectious diseases can shape terrestrial and marine ecosystems, even facilitating state shifts from urchin
barrens to kelp forests. However, little is known about the etiology of diseases such as “black spot,” which
are associated with mass mortality events in the barrens-forming sea urchin Strongylocentrotus purpuratus.
Previous lab studies in California showed that disease could be spread by direct contact between urchins
but it was unclear if it could be transmitted through water without contact. We collected urchins with
visible symptoms of black spot from White Point, Los Angeles County, and used them to try to infect
healthy looking urchins with several methods. We placed one diseased urchin each in two tanks with healthy
urchins, in one tank with urchins with clipped spines, and in one tank with urchins that we mechanically
abraded. We recorded deaths, lesion presence, and lesion sizes over the course of about one month in these
tanks and in control tanks without black spot. Average lesion size in the abrasion-and-black spot tank
increased significantly over time and 7/18 of those urchins died. In the abrasion-only tank, lesions decreased
significantly in size and no mortality occurred. No significant differences were observed in other experiments.
These results indicate that the pathogen can spread from a diseased urchin to healthy urchins without contact
if abrasions are present but transmission appears to require some injury to healthy urchins.

42: REMNANT POPULATIONS OF PYCNOPODIA HELIANTHOIDES IN A FJORD IN
BRITISH COLUMBIA
Pontier, O.C.A*; Gehman, A; Monteith, Z.; Olson, A.; Prentice, C; Hall, K.

Hakai

Pycnopodia helianthoides was a dominant benthic predator in the intertidal in the Northeast Pacific, but
following a disease outbreak (sea star wasting disease, SSWD) over 90% of the global population was lost
and it is now listed on the IUCN red list as critically endangered. Remnant populations of P. helianthoides
are predominantly found in the northern latitudes, with several known remnant populations found in British
Columbia, Canada, particularly in Fjords. In 2020, we conducted expert diver subtidal surveys in Knight
Inlet, BC, documenting the sea star species and size. We found 8 species of sea star, and high density of
P. helianthoides (radius min=0.5cm, max=32cm). We also found evidence of wasting in P. helianthoides.
Despite the evidence of wasting in the populations, there remained large numbers and large individuals.
These observations suggest that some aspect of Fjord oceanography or P. helianthoides biology creates
resistance to the large outbreaks of SSWD seen at non-Fjord areas within the region. Understanding what
drives this resistance could give clues to how to manage outbreaks in other parts of the region.

43: DIVERSIFICATION IN CHELAETHIOPS FISHES OF THE CONGO RIVER PHYLO-
GENETIC PATTERNS AND ONGOING MYSTERIES
Vayder, Z.E.1*; Alter, S.E.2

1- Undergraduate Researcher, CSUMB 2- Professor and Research Mentor, CSUMB

The African tropics represent a global hotspot of freshwater biodiversity, but phylogenetic patterns remain
poorly known in many taxa, including fish in the genus Chelaethiops (Family: Cyprinidae). The goal of this
project is to investigate evolutionary relationships within this genus, with particular attention to a proposed
new species, C. luluae. This taxon has only been described from morphological differences, and our study
represents the first genetic investigation of genetic differentiation between C. luluae and other lineages. Our
results, based on data from the COI mitochondrial gene, show a strong disconnect between putative species
IDs based on morphology versus genetic relationships. Consistent clustering corresponding to geographic
location was observed, contrasting with original species assignments based on morphology. Several samples
showed strong genetic divergence from known (sequenced) species. One sample did not match any species
previously sequenced, and may represent a new species. The remaining samples clustered together well based
on geographical location, but still show a great amount of taxonomic disorganization within this genus, as
well as possible mitochondrial introgression/hybridization and/or plasticity. These results call into question
how Chelaethiops species are currently defined, and if there may be more species than currently known. We
are currently analyzing nuclear genes in order to better investigate phylogenetic relationships and a possible
history of hybridization between Chelaethiops species.

44: COPPER TOLERANCE IN AN INVASIVE BRYOZOAN CRYPTIC SPECIES COM-
PLEX



† Victoria R Arnett*; Darlene Alexis Villalobos Cazares; Alexander S Bairstow; Alexander Strawhand; Sean
F Craig

Cal Poly Humboldt

Non-native marine species are an increasingly abundant part of marine ecosystems and pose a significant
threat to native biodiversity, often causing large ecological and economic consequences. One of the common
preventative measures to deter spread of marine invasive species involves the use of copper-based antifoul-
ing biocides on boat hulls. These biocides are generally effective at preventing the growth of biofouling
organisms, but certain species—including the cryptic-species complex of two invasive bryozoans, Watersi-
pora subtorquata and Watersipora ‘new species’—have been shown to have a high resistance to these copper
biocides. Previous research in our lab showed that Watersipora may prefer substrates with higher levels
of copper biocide. In order to examine preferences in the field, five PVC racks were created, onto which
either polyester discs or plastic sheets with differing levels of copper biocide were attached. These racks were
mounted at two marinas in Humboldt Bay, CA and periodically checked and replaced every three weeks
during two summers. Species-level identification was determined using PCR analysis. Results indicate this
Watersipora cryptic-species complex shows a resistance to copper biocide, which differed across years, in
contrast to most other species. New preventative measures will be necessary to mitigate the further spread
and establishment of invasive Watersipora species.

45: SPATIAL VARIABILITY OF BIOMASS OF INTERTIDAL S. PURPURATUS AROUND
MONTEREY.
† Ortiz, J1*; Haupt, A2; Haberman, I3

1- Monterey Peninsula College 2- California State University Monterey Bay 3- Moss Landing Marine Labs
& San Jose University

The Pacific Purple Sea Urchin (Strongylocentrotus purpuratus) is a local species to Monterey Bay that eats
kelp. In recent years, their populations have exploded and it’s caused massive destruction to algae covers in
the subtidal. Not much is known about the effects they’re having in the intertidal, so this study will serve
as an observation of the spatial variability of biomass around Monterey. The methods used are intertidal
quads, where we count and measure urchins/m² ranging from 3cm to 5cm, and intertidal collections, where
we measure and weigh the urchins. We then get the average number of urchins for each size and multiply
by the average weight of each urchin size to get the total biomass of an area. The results show that the
highest biomass of sea urchins was at Cannery Row with a sum total of 1533.710g/m², followed by Hopkins
with 940.189g/m², China Rock with 161.131g/m², and last Point Pinos at 142.025g/m². On average we got
a bigger density of invertebrates in Cannery Row, it is also the only site that was next to heavy human
presence. Could human activity be making the area more habitable for sea urchins?

46: THE EFFECT OF MICROPLASTIC CONCENTRATION ON THE PROPERTIES OF
MARINE SNOW
† Wah, P*; Prairie, JC

University of San Diego

Plastics have a negative impact on many environments, including the ocean. Microplastics can be consumed
by small creatures and enter the food chain. It was previously thought that plastics were only present in
ocean surface waters; however, recent studies have revealed that there is a lot of plastic on the ocean floor.
Even though plastic is often less dense than seawater, it can be transported to the deep ocean in sinking
particles known as marine snow. The purpose of this study is to measure the incorporation of plastic in
marine snow as it forms and determine if the quantity of plastic affects the properties of marine snow. We
used the diatom species Thalassiosira weissflogii to create marine snow that we formed in three rotating
cylindrical tanks: one tank contained only marine snow and the other two had two different concentrations
of small plastic beads. After the 3-day period, marine snow aggregates from each tank were measured for size
and their sinking rate was recorded with a camera. I will present results from these experiments, showing
how the amount of plastic in marine snow may rise as a result of increasing plastic concentrations, and how
that changes the size and sinking speed of these particles.



47: MICROBIAL MODULATORS: LOCAL STRESSORS INFLUENCE MICROBIAL DI-
VERSITY AND METABOLITE TRANSFORMATIONS ON CORAL REEFS
† Mullenmeister, C.A.1*; Quinlan, Z.A.1; Epstein, H.E.2; Adam, T.C.3; Burkepile, D.E.3; Thurber, R.V.2;
Haas, A.F.4; Wegley Kelly, L.1; Nelson, C.E.5

1- Scripps Institution of Oceanography 2- Oregon State University 3- University of California, Santa Barbara
4- Royal Netherlands Institute for Sea Research 5- University of Hawai�i at Mānoa

The efficient recycling of nutrients in the form of dissolved organic matter (DOM) by marine microbes is
essential for supporting the high productivity and immense biodiversity on coral reefs. There is mount-
ing evidence that local stressors such as nutrient pollution and overfishing can result in shifts in benthic
community structure, modifying the release of organic photosynthate into the water column and increasing
opportunistic microbial populations that can disrupt the natural reef-water microbial assemblage. This study
assesses shifts in the DOM composition and microbial community structure on the forereef of Mo’orea, French
Polynesia across experimental treatments for two local stressors: chronic nutrient enrichment and herbivore
exclusion. Our results indicate that sites excluding herbivores exhibit higher microbial species diversity than
open sites across both nutrified and ambient treatments. We also observed differences in the taxonomic
composition of the microbial community between treatments experiencing chronic nutrient enrichment and
non-treated ambient sites. Our working hypothesis suggests that these shifts in microbial diversity are a
result of modifications in the composition and nutrient content of organic photosynthate and differential
benthic community composition between sites. This study highlights the importance of determining how
nutrient loading on coral reefs modifies the bioavailability and structural complexity of dissolved organic
matter to further elucidate this invisible link contributing to shifts in microbial community assemblage.

48: LOCAL DIFFERENTIATION IN EELGRASS MORPHOLOGY AND ASSOCIATED
EPIFAUNA ALTER PREDATOR AVOIDANCE BEHAVIOR OF EELGRASS INVERTE-
BRATES
† Hsia, L.G.*; Stachowicz, J.J.; Gross, C.P.; Murphy, C.E.

University of California, Davis

Eelgrass (Zostera marina) beds function as important nursery habitat for juvenile fishes that feed on the
abundant epifaunal invertebrates (grazers) supported by the habitat. Local adaptation and plasticity of
eelgrass result in morphological variation, and thus habitat quality, among sites, which could affect the
outcome of fish-grazer interactions. Here, we assess how predator avoidance behavior varies for two grazer
species in response to both predator presence and grass morphology. We collected two common grazer
species, Ampithoe lacertosa and Pentidotea resecata, from eelgrass beds in two different bays to assess the
potential for local differentiation in grazer response to predators. We measured the amount of time spent
moving and habitat selection over a 30 minute period for each grazer species from the two sites (Bodega vs
Tomales), on grass from each site, and for different predator types (ambush vs browsing vs. no predator). For
both grazer species, fish presence greatly reduced the time spent moving. A. lacertosa and P. resecata were
additionally influenced by grass site of origin and invertebrate site of origin, respectively. After adjusting for
differences in availability of habitat types, we found no difference in preference for location within eelgrass
blades for either grazer under any fish by grass site combination. Changes in grazer activity according to
predator presence and habitat type could change grazing intensity and subsequently eelgrass health, either
by influencing epibiont load or direct grazing on eelgrass.

49: DOES CLIMATE CHANGE ENHANCE PURPLE SEA URCHIN HERBIVORY RATES
ON BULL KELP ACROSS ALL OF ITS LIFE HISTORY STAGES?
† Gomez, Julieta1*; Hughes, Brent1; Ricart, Aurora M2

1- Sonoma State University 2- University of California, Davis

Herbivory can impact community structure and dynamics, and when left unchecked by predators, runaway
herbivory can lead to overgrazing of primary producers before they can recover. Bull kelp (Nereocystis
luetkeana) is a canopy forming foundation species from the northeast Pacific that is readily consumed by
purple urchins (Strongylocentrotus purpuratus), and along with an ocean warming event are thought to be a
primary driver of the recent kelp decline in northern California. Bull kelp is an annual species that exhibits



an alternation of generations life-history, consisting of microscopic gametophyte and micro/macroscopic
sporophyte stages. Little is known about purple urchin feeding rates on microscopic stages. To develop a
comprehensive understanding of the role of purple urchin herbivory across bull kelp life-history stages, we
conducted field surveys to explore general trends in bull kelp-urchin abundances and a lab experiment to
investigate the role of increased temperature on urchin herbivory on microscopic bull kelp. As predicted,
field surveys resulted in a negative relationship between bull kelp and purple urchin abundance. In the lab,
urchins consumed kelp across all life-history stages, and consumed kelp at higher rates in ambient conditions
during the late gametophyte and early sporophyte stages. Results from this study provide insight on the
role of herbivory and ocean warming on bull kelp in Northern California and show that all kelp life history
stages are vulnerable to purple urchin herbivory independent of ocean temperature conditions.

50: WHICH FACTORS MOST INFLUENCE KELP FOREST RECOVERY WHEN REIN-
TRODUCING SEASTARS?
Adams, R.T.1*; Arroyo-Esquivel, J2; Gravem, S3; Whippo, R4; Randell, Z5; Kobelt, J4; Kroeker, K6; Gal-
loway, A4; Baskett, M.L.1

1- Department of Environmental Science and Policy, University of California, Davis, CA 95616, USA 2-
Department of Mathematics, University of California, Davis, CA 95616, USA 3- Department of Integrative
Biology, Oregon State University, Corvallis, OR 97331, USA 4- Department of Biology, University of Oregon,
Charleston, OR 97420, USA 5- Seattle Aquarium, Seattle, WA 98101, USA 6- Department of Ecology and
Evolutionary Biology, University of California, Santa Cruz, CA 95064, USA

Bull kelp, a foundational species in the Northeastern Pacific Ocean, experienced sharp decline in 2014-2016,
including a 95% decrease in kelp forests off of the coast of Northern California. This event followed extreme
temperatures and the sea star wasting disease epidemic, which caused near local extinction of a pivotal
predator, Pycnopodia helianthoides, the sunflower seastar. Today, purple sea urchins, Strongylocentrotus
purpuratus, graze kelp without fear of predation, likely increasing prevalence of urchin barrens. Potential
solutions to restore kelp forests in the area include reseeding/replanting kelp and reintroducing the sunflower
seastar. Seastars can affect the system through two aspects of urchin predation: consumptive effects (how
much direct predation reduces urchin grazing), and non-consumptive behavioral effects (whether seastars
elicit a fear response in urchins, where they prefer to hide and sustain on drift kelp). We determined which
ecological factors most influence the density of a recovered kelp forest. We built a dynamical model to track
the densities of kelp, urchins, and seastars and simulated different restoration approaches. We conducted a
global sensitivity analysis to analyze which parameters have the largest effect on population densities and
the presence of alternative stable states (kelp forest vs urchin barren). Moreover, our sensitivity analysis
highlights which of the ecological factors that could be targeted by restoration efforts have the greatest effect
on a goal of maintaining a kelp forest state.

51: HYDRODYNAMIC DRAG VARIES BETWEEN CHAIN AND WHEEL COLONIAL
AGGREGATE SALP MORPHOLOGIES
Reilly, T.Y.*; Amatya, Y.; Gorman, A. M.

Santa Catalina School / MERP

Salps are gelatinous pelagic tunicates with a global oceanic distribution and a large role in cycling nutrients
and carbon between surface and deep water. In their sexually reproductive forms, some salps form colonial
aggregates composed of many (up to 100s) individuals. Aggregates can take one of two morphologies:
extended chains, or tightly coiled “wheels”. However, the differential benefits of these forms are unknown.
We investigated the effect of varying zooid number and aggregate morphology on hydrodynamic drag using
simplified physical models. We compared drag by dropping aggregate models down a water-filled tube over
a set distance. Drop tests were filmed to capture pitch and yaw events. Trials in which the model pitched
through a full rotation were analyzed separately. We found that chained forms have a significant relationship
between zooid number and drop time (linear regression, R2 =0.25, p= 0.0001). Interestingly, results from
wheel aggregates better fit a quadratic function, with a maximum drag at 11 zooids beyond which drop time
decreases for larger wheels-form colonies, and increases for chain colonies. A potential practical application
of our findings could be designing lower-drag underwater vehicles. Similarly, drag differences of different
colony formations may influence energy use and resource allocation in zooids, and the subsequent transfer



of carbon to the deep ocean.

52: SEASONAL VARIABILITY IN THE UNDERSTORY COMMUNITY OF A COMMON
INTERTIDAL CANOPY-FORMER, HEDOPHYLLUM SESSILE
† Zuelow, A.Z.*; Henkel, S.K.

Oregon State University

Canopy-forming intertidal seaweeds provide shade for smaller algae and invertebrates, ameliorating low tide
stressors such as UV, desiccation, and temperature variability. Conversely, canopies can negatively affect
understory organisms by limiting settlement, causing physical disruption, and trapping sand. I previously
presented the results of manipulative experiments conducted in CA and WA demonstrating that the canopy-
forming kelp species, Egregia menziesii, did not always act as a foundation species when its cover was low
(<30%). Now I aim to identify the amount of canopy cover that correlates with a statistically significant
community difference for the understory associated with a common Oregon intertidal canopy species: He-
dophyllum sessile. I hypothesized canopy formers would only have a significant impact on the understory
community when cover is high (>70%). At Boiler Bay and Seal Rock, OR, I set up observational plots at
five levels of naturally occurring canopy cover (0%, 10-30%, 40-60%, 70-90%, 100%) with four replicates at
each site. I have conducted community surveys of algae and sessile and mobile invertebrate cover Winter -
Summer 2022. Richness and Shannon diversity were significantly higher in the spring compared to winter
and summer while species composition was most different in the winter compared to spring and summer.
Many plots had growth of Hedophyllum that pushed them into other canopy ranges from one seasonal ob-
servation to the next. I will present challenges on how to determine a threshold level for significant canopy
cover.

53: CORAL TISSUE REGENERATION AND GROWTH TRADE-OFFS IN MO’OREA,
FRENCH POLYNESIA
† Pacheco, M.G1*; Stier, A.C1; Seifert, A.W2; Zhao, L.Z1

1- University of California, Santa Barbara 2- University of Kentucky

Coral reefs are foundational in marine ecosystems and their decline is a threat to future ecosystem stability,
health, and resilience. Corals not only face anthropogenic stressors such as pollution or warming waters, but
they also experience physical wounds from humans and predators. Little is known on how corals manage
their energy reserves. The extent to which wounded corals allocate energy for growth as compared to tissue
recovery is a particularly critical gap in the literature. In order to determine how tissue regeneration impacts
coral growth and resilience, this study observed the effects of different wounding levels on three species of
coral: Acropora hyacinthus, Pocillopora verrucosa, and Porites lobata. A weight and cell migration assay
was done to track regeneration rates and cellular movement in proximity to the wounded tissue. Preliminary
results demonstrate that a trade off exists between growth and tissue regeneration at 10% tissue loss. This
suggests that corals maintain a mechanism to manage energy trade offs which is important to consider
when observing regeneration threats from anthropogenic stressors. More broadly, further investigation of
this regeneration mechanism can better inform coral conservation efforts as nursing corals may warrant
protection, especially if injuries have a tissue loss greater than 10%.

54: OPEN, CLOSED, OR BOTH: DOES PREY COLLECTION BY OCTOPUS BIMACU-
LOIDES OPTIMIZE ENERGY GAIN
Starr, E. N.*; Mehta, R.; Lankow, A.

University of California Santa Cruz

A wide variety of animals have been shown to choose timesaving or the least energetically intensive handling
strategy to maximize nutrient gain. Octopuses are cosmopolitan generalist predators that are faced with
prey choice decisions in the wild. Many studies have investigated prey choice in octopuses by providing
these invertebrates with different prey types simultaneously, for example, a clam and a crab. However, no
study has investigated how octopuses may approach the collection of prey when offered two of the same
prey items side-by-side, with one taking less time and energy to consume. This question is particularly
interesting in Octopus because of their multi-armed body plan. This study presentedOctopus bimaculoides



with two of the same sized clams, Protothaca staminea, side by side. One clam was freshly opened seconds
before the start of the trial while the other was closed. In 52% of the trials, octopus chose both clams
simultaneously. In 36% of the trials, the opened clams were chosen, while in the remaining trials (12%)
the octopus grabbed the closed clams. Additionally, octopuses used their anterior arms disproportionately
more often to investigateprey. Their 4 anterior arms were used 75% of the time to touch prey. These results
suggest that octopuses maximize collection of prey by choosing both clams or the freshly open clam over a
single closed clam. Octopuses also show an anterior arm preference for prey investigation corroborating bias
of anterior arm use in other studies.

55: SEASONAL DIFFERENCES IN BEHAVIOR BETWEEN LEPTASTERIAS SPP. IN
EXTREME INTERTIDAL MICROHABITATS
† Vaniotis, C.H.*; Bland, R.W.; Cohen, C.S.

San Francisco State University

California’s rocky intertidal habitats are defined by physical stress across a gradient of air and wave exposure.
The wave exposed lower intertidal is covered by water more often than the wave protected upper intertidal.
These extreme zones of the intertidal are microhabitats that may be habitat partitioned by the small six-rayed
sea star, Leptasterias spp. These cryptic sea stars are limited dispersers which increases their potential for
local adaptation. Leptasterias collected in the extreme zones of the intertidal exhibited behavioral variation
in righting response which is used as an indication of agility. Previous studies primarily conducted during
summer months have found L. pusilla is more commonly found in the wave exposed zones and L. aequalis in
the wave protected zones. Field studies were conducted during the summer and winter months to compare
the variation in righting response of stars collected from wave exposed and wave protected microhabitats.
Wave exposed stars are generally found out of the water attached to substrate during the low tide while
wave protected stars are usually found in pools, loosely attached to substrate or plants. Sea stars collected
from wave protected habitats righted faster than those in wave exposed habitats in both summer and winter
seasons. Stars from both habitats righted more quickly in summer than winter season. Variation between sea
stars collected from these two zones may relate to genetic or fixed phenotypic differentiation and differences
in seasonal righting time may be due to environmental factors.

56: PREDATOR URINE, BY ITSELF, DOES NOT ELICIT ESCAPE BEHAVIOR IN HER-
MIT CRABS, WHEREAS ENSEMBLE PREDATOR SIGNAL DOES.
† Bashor1*; McHorney, E.2; Davis, B.2; Lewson, M2; Chavez, C2; Linstead, E.2; Rittschof, D3; Wright, W2

1- Saddleback College 2- Chapman University 3- Duke University

The adaptive response of prey to predator odors is key to their survival. Most studies of chemically mediated
anti-predator behavior in marine organisms use an “ensemble” predator odor, collected from a tank housing
the predator (Rittschof & Hazlett 1997). By contrast, studies of intraspecific signaling in crustacea have
identified urine to be an important signal. Here, we quantified the effects of urine vs ensemble odor from the
California spiny lobster (( Panulirus interruptus ) on movement speed of hermit crabs ( Pagurus samuelis ).
Our team designed a video-analysis to track hermit-crab speed over a 20-min period. To obtain the ensemble
predator signal, we removed seawater (Instant Ocean, ASW) from an 11-liter aquarium housing our lobster,
one hour after feeding (17 g, shrimp). Based on research on clawed lobsters (Breitthaupt & Eger 2002), we
estimate 2.8 ml of urine was released during that that 1 h span. To deliver a pure urine odor, we suctioned
fluid from the same lobster’s nephropore within a few hours of our ensemble-water collection. We adjusted
the concentration of this urine to match the calculated concentration in the ensemble odor (0.25 ml urine
per liter seawater). ¬Pure urine did not increase hermit-crab speed relative to control ASW (t-test, NS, df
11, 11). However, the ensemble signal produced by the same lobster increased hermit-crab speed by 64%
(t-test, p = 0.006, df = 11, 11). These observations suggest that urine is not the sole component of olfactory
predator cues; indeed, the contribution of pure lobster urine to the overall s

57: USAGE OF A CALIFORNIA WETLAND: HARBOR SEAL (PHOCA VITULINA)
HAUL-OUT PATTERNS IN ELKHORN SLOUGH
† Nicholson, E.H.1*; Eby, R.2; McDonald, B.I.1

1- Moss Landing Marine Laboratories 2- Elkhorn Slough National Estuarine Research Reserve



This project investigates the small-scale habitat use patterns in a nonmigratory marine species, the harbor
seal (Phoca vitulina). The goals are to provide an updated overview of the harbor seal population in
Elkhorn Slough, CA, identify haul-out areas that are seasonally relevant for pupping and molting, and
analyze environmental factors that may influence the harbor seals’ abundance and distribution in the slough.
Seal count data were collected by researchers at the Elkhorn Slough National Estuarine Research Reserve
(ESNERR) during bi-monthly surveys at 14 sites throughout the slough. Additional survey data at the 5
most populated haul-out areas were collected by volunteers from Moss Landing Marine Laboratories (MLML).
Preliminary results indicate that there are no significant differences in the number of harbor seals observed
in the slough across seasons. However, there is a difference in how they are distributed within the slough.
During the pupping season, the number of seals increases at the Seal Bend and East Wildlife locations while
decreasing at other locations. During the molting season, the number of seals increases at the Avila location
while decreasing at other locations. The primary environmental factor influencing harbor seal abundance is
tide height. The knowledge gained in this study is important for future research and conservation decisions
and could inform the design of seal population surveys to make them more accurate and effective.

58: OBSERVING BEHAVIORAL RESPONSES OF TWO SPECIES OF COPEPODS WHILE
INTERACTING WITH MARINE SNOW AGGREGATES
† Rocha, T.D1*; Prairie,J.C1; Bowers,C1; Briseño-Avena,C2

1- University of San Diego 2- University of North Carolina Wilmington

Both marine snow, which forms from clumps of phytoplankton in the surface ocean, and zooplankton play
a large role in the biological pump in the ocean, a process where organisms and sinking marine aggregates
transport carbon to the deep sea. Moreover, zooplankton can interact with and feed on marine snow, which
can further impact carbon cycling. However, there is not much known on the behavior of zooplankton
during these important interactions. In this study, we observed the interactions between marine snow and
two species of copepods – Calanus pacificus and Eucalanus californicus – in order to understand their behavior
in response to sinking aggregates. We conducted laboratory experiments in which female copepods of both
species were exposed to sinking aggregates and recorded using a high-resolution, high-speed camera. About a
week before experiments, copepods were collected and allowed to acclimate to the laboratory setting, and then
were starved 24 hours before each experiment. Marine snow was made in the lab by rolling phytoplankton
cultures in cylindrical tanks. Copepods were tethered to keep them in the field of view of the camera and red
light was used for illumination to prevent behavioral effects. Our experiments demonstrated that copepods
display a variety of behaviors that may relate to the type of observed interaction with marine snow. These
observations provide insight into how the observed behaviors connect with the ability of copepods to find and
ingest sinking aggregates, and ultimately the implications of these trophic interactions on carbon export.

59: THE EFFECT OF TEMPERATURE ON METABOLIC RATE AND BODY CONDITION
OF INVASIVE BLUE CATFISH
† Dillon,M.M1*; Nepal,V.2; Fabrizio, M.C.3; Tuckey, T.D.3

1- Cal Poly Pomona 2- Western Illinois University 3- Virginia Institute of Marine Sciences, William &
Mary

Blue catfish Ictalurus furcatus is an invasive species in many tidal rivers of the Eastern United States. A
critical impediment to predicting future distribution of blue catfish—and hence its impacts in novel estuarine
environments—is the limited information on the potential effects of climate change on the vital rates of the
species. We conducted a laboratory experiment to assess the effects of gradual changes in temperature
on metabolic rate and body condition of wild captured, subadult blue catfish. We exposed individuals to
temperatures ranging between 7 and 37°C, and measured oxygen consumption rates using intermittent flow
respirometry. Blue catfish had the highest metabolic scope at 28°C, representing an optimal temperature
similar to those of other large North American catfishes. Interestingly, many fish were able to survive
temperatures as high as 35°C. The relative body condition of blue catfish remained fairly constant at 32°C
and lower, but declined at higher temperatures. These results suggest that blue catfish may survive exposures
to gradual increases in temperatures predicted under the current climate-change scenarios.

60: IDENTIFYING CRITICAL IN-WATER HABITAT FOR LEATHERBACK SEA TUR-



TLES (DERMOCHELYS CORIACEA) NESTING AT SANDY POINT NWR, ST CROIX
USVI
Mauney, C.I.1*; Garza, C.2; Hazen, E.L.3; Lombard, C.D.4; McDonald, B.I.1; Stewart, K.R.5

1- Moss Landing Marine Laboratories 2- California State University Monterey Bay 3- NOAA Southwest
Fisheries Science Center Environmental Research Division 4- US Fish and Wildlife Service 5- St. Croix Sea
Turtle Project, The Ocean Foundation

The study of movement patterns allows for a better understanding of animal behavior and their response to
their environment. Marine animal movement occurs in response to biotic and abiotic factors – among them,
predator avoidance, prey distribution, and ocean circulation. Movement studies are especially important
for highly migratory species such as the leatherback sea turtle (Dermochelys coriacea), which use large
geographic regions over space and time. Declines in Northwest Atlantic Regional Management Unit (RMU)
populations of leatherbacks since 2009 have created an immediate need to fill knowledge gaps on the location
and physical properties of their habitat preferences. The goal of this study was to identify important in-water
habitats for leatherbacks during the breeding season. We deployed 10 Wildlife Computers SPLASH10 tags
on nesting female leatherback turtles at Sandy Point National Wildlife Refuge (SPNWR), St. Croix, USVI
during 2020 and 2021 nesting seasons. In this analysis, we processed Fastloc location data in the Wildlife
Computers data portal, filtered and smoothed locations to a 6-hour time step using the foieGras package
in R, and created a map of high-use areas using a kernel density approach in ArcGIS Pro. The results
suggested that critical areas for leatherbacks are located in waters just offshore of SPNWR within 15 km
of the nesting beach, as well as farther offshore on the northern side of St. Croix and in the oceanic trench
between St. Croix and Puerto Rico. By mapping these hotspots, we can identify and protect important
residence areas.

61: SEASONAL PROCESSES DRIVING COMMUNITY ASSEMBLY OF SEAGRASS AS-
SOCIATED MESOGRAZERS
† Murphy, C.E.*; Allen, S.C.; Hsia, L.G.; Stachowicz, J.J.

University of California, Davis

It is often assumed that seasonal changes in local abundances are predominantly driven by direct local
processes (i.e., reproduction and predation) mediated by temperature changes. To test these hypotheses, we
focused on four common and functionally distinct seagrass epifauna species (Pentidotea resecata, Caprella
californica, Ampithoe lacertosa, and Ampithoe valida) and six sites spanning a wide range of environmental
conditions across Tomales Bay and Bodega Harbor, CA. From April to October 2022, we used tethering
and surveys to measure predation pressure, abundance, and habitat structure every two to four weeks for
each species at all sites. If local increases in temperature and resource availability were the main drivers
of seasonal patterns, the timing of increases in abundance for each species would shift along temperature
gradients across sites. Instead populations did not grow in a way that was predictable by temperature
or habitat structure. Similarly, if increases in predation drove seasonal decreases, predation pressure would
correlate with decreasing abundance. However, while abundances do generally decrease into the fall, only the
population size of one species at one site is correlated with species specific predation pressure. Furthermore,
changes in relative predation pressure vary across sites and by species, and not in a way that is predictable by
abiotic factors or prey availability. Predicting drivers of seasonal abundance likely requires an understanding
of the indirect roles abiotic factors play in controlling dispersal and behavioral patterns as well.

62: RESPONSE TO DISCOVERY OF NON-NATIVE ALGA CAULERPA PROLIFERA IN
NEWPORT BAY
Arre, B.C.1*; Woodfield, R.2; Mooney, R.3

1- Orange County Coastkeeper 2- Merkel & Associates Inc 3- Marine Taxonomic Services, LTD.

In 2021, the non-native alga Caulerpa prolifera was confirmed growing in an eelgrass bed in China Cove,
Newport Bay, California. This species has invaded seagrass and soft-bottom habitats in the Suez Canal,
Canary Islands, and Portugal, considerably altering native biota. It spreads easily by fragmentation and
rapid growth. Other species of Caulerpa are well documented to have aggressively displaced natives when
introduced in California, Australia, and the Mediterranean. A 2000 invasion of C. taxifolia in two southern



California lagoons took six years and $7 million to eradicate. The effort was directed by the Southern
California Caulerpa Action Team (SCCAT), a joint body of federal, state, local, and citizen stakeholders
working to keep Caulerpa out of Southern California. The SCCAT is now working to eradicate C. prolifera
from Newport Bay. While C. taxifolia was eradicated by covering it with benthic barriers, C. prolifera was
initially removed from China Cove in July 2021 by divers with suction, as site conditions are less suitable
for barriers. Repeated re-survey for new or missed occurrences is ongoing, but made difficult by the small
size and indistinct color of the remaining C. prolifera. It is crucial to find every occurence; a single fragment
can re-grow into a new infestation, negating previous progress. To achieve eradication, it is critical to
identify flexible and sustained funding for extensive follow-up and response. At this time all funding has
been exhausted, surveys are suspended, and the remaining C. prolifera in China Cove is growing unchecked.

63: METAGENOMIC ASSESSMENT OF PREY COMMUNITY AT JUVENILE WHITE
SHARK (CARCHARODON CARCHARIAS) AGGREGATIONS IN SOUTHERN CALI-
FORNIA
Merson, Z.S.1*; Barnes, M.A.2; Lowe, C.G.1

1- CSU, Long Beach 2- Texas Tech University

Juvenile white sharks (JWS) in the Southern California Bight form distinct aggregations at particular
beaches, where they are typically resident from spring through fall. Environmental conditions have been
implicated as part of aggregation site selection, but the potential prey community remains unknown. We
use metabarcoding, the process of assigning environmental DNA sequences from water samples to multiple
species, to investigate the community composition and relative abundance of potential JWS prey. Water
samples were collected at four beaches: two current aggregation sites and two former aggregation sites, in
May and June. Parameters than affect the longevity and transportation of eDNA, including temperature,
chlorophyll, turbidity, dissolved oxygen, and current were measured using an autonomous underwater ve-
hicle during sample collection. Amplification of mitochondrial 12S gene sequences was performed using
the MiFish-U/E primers. Raw sequences were processed with the Anacapa bioinformatics pipeline using a
coastal California reference library. 60 operational taxonomic units at the family level or below were detected.
Across sites and sampling months, Atherinopsidae and Engraulidae were the most frequently detected fam-
ilies, except for Padaro Beach, an aggregation site, in May, which was instead dominated by Sciaenidae.
Continued monthly sampling may reveal connections between aggregation site selection and potential prey
community composition.

64: THE DECLINING REPRODUCTIVE SUCCESS OF BLACK OYSTERCATCHERS
(HAEMATOPUS BACHMANI) ALONG THE COAST OF SAN LUIS OBISPO, CALIFOR-
NIA
† Moylan, E.M.1*; Garrison, E.1; Buckley, E.1; Isaacs, J.2; Francis, C.1

1- California Polytechnic State University- San Luis Obispo 2- California State Parks-San Luis Obispo Coast
District

The Black Oystercatcher, Haematopus bachmani, is an intertidal obligate bird species that lives along the
West Coast of North America. It is listed by the U.S. Fish and Wildlife Service as a focal species for conser-
vation due to concern that the Black Oystercatcher may be the next federally listed threatened bird species
in the US. Thus, there is a need to understand this species’ current distribution, densities and reproductive
success. Despite recent monitoring efforts along the California Central Coast, the status and trajectory
of the local oystercatcher population remains poorly known. Limited monitoring of nests located within
California over the last ten years suggests nest success is low at an average of approximately 18% per pair;
raising concerns that reproductive success may be below replacement rates for population persistence. Data
on productivity, causes of reproductive failure, plus knowledge of population size are key to understanding
population trends and developing appropriate mitigation strategies. Therefore, we monitored nests along
the coast of San Luis Obispo to determine nest fate, overall productivity of fledging, and sources of failure.
We surveyed 24 breeding pairs that completed 28 nesting attempts. Seventy-two eggs were laid by monitored
pairs, 24 of which successfully hatched and eight chicks successfully fledged. The data revealed no signifi-
cant increase in local fledging productivity. Additionally, regular monitoring efforts allowed us to make the
possible connection between shorebird overcrowding and Black Oystercatcher nest failure.



65: CHANGES IN THE URCHIN COMMUNITY OF CALIFORNIA’S NORTH COAST
Jackson, D.G.*; Storey, M.R.; Moitoza, F.D.; Craig, S.F.

Cal Poly Humboldt

Recent oceanographic conditions have allowed the nearshore rocky reef community to settle into a patchwork
of healthy, transitional, and barren reefs. Here we will look at changes seen in sea urchin populations over a
9-year time span (from 2014 to 2022) as part of subtidal MPA monitoring. Benthic organisms were surveyed
using established PISCO methods at depths of 4, 12 and 18 meters. Shifts in urchin behavior provide
a scope of change in population distribution across a bathymetric gradient, reflecting higher densities in
shallower depths. These changes could open new swaths or “refugia”, fueling an increase in transitional reef
communities on California’s north coast.

66: FACTORS INFLUENCING THE INVASIBILITY OF MARINE FOULING COMMUNI-
TIES
† Bruntil, Taylor, R1*; Craig, Sean, F2

1- Cal Poly Humboldt graduate student 2- Cal Poly Humboldt advisor

The biotic resistance hypothesis predicts that ecosystems with increased species richness should be more
resistant to invasive species, yet studies assessing biotic resistance in marine communities have both supported
and refuted this prediction. We conducted a study of marine fouling communities to assess the effect of
species richness and flow rate on the success of the invasive bryozoan Watersipora spp.. Initially, 120 10x10
cm settlement panels were placed in Humboldt bay and communities were allowed to form. When these panels
reached ~100% cover, they were taken to the Telonicher Marine Laboratory in Trinidad, CA and “gardened”
into three species richness treatments (1,3, 5 species). Once gardened, the panels were taken to the Eureka
Municipal Marina and equally distributed at two separate locations (high and low flow rate). All the panels
were photographed weekly over a 10 week interval. Preliminary data (the number of Watersipora colonies
and the total species richness) showed that the location with higher flow had an increased average number
of Watersipora overall, and the panels in the 1 species richness treatment had the highest average number
of Watersipora at both locations. Initial differences in species richness, due to the different treatments,
equalized (to a median of ~six species) after six and seven weeks at both the low and high flow locations.
Further analysis of factors influencing these patterns, including the percent cover of each species, will help
assess the mechanisms underlying these differences.

67: SAN NICHOLAS STATE BEACH: A USEFUL MODEL SYSTEM TO COMMUNICATE
COASTAL EROSION THREATS
† Anderson, G.D.1*; Anderson, S.S.2; Patsch, K.B.2

1- California Polytechnic State University San Luis Obsipo 2- California State University Channel Islands

Coastal erosion is an increasing problem across the U.S., particularly in intensely developed or highly modified
areas such as southern California. Somewhat surprisingly, the public remains generally unconcerned or
uncertain about the necessity of particular management responses to this growing challenge. Our opinion
polling shows southern Californians view sea level rise as problematic, but they do not widely see (with ~�
unsure or neutral in any given year) managed retreat as a useful potential response to associated coastal
erosion or inundation. In response, we have therefore sought to quantify coastal erosion at specific sites across
coastal southern California with aerial drones and structure from motion topographic mapping to better
capture and convey the magnitude of this coastal management challenge and provide visually compelling
evidence supporting the need for intervention. The much-lauded and highly valued Malibu Coast is proving
a useful example illustrating the necessity of making management decisions sooner rather than later. For
example, sea cliff erosion at San Nicholas State Beach has progressed annually since we began monitoring in
2018 with bluff faces hollowing out as much as 4m. Erosion at this unarmored location has impacted access
and state park infrastructure, but easily would have impacted homes were this private property. We suggest
San Nicholas is a useful model system with which to communicate the urgency of coastal erosion.

68: THE EFFECTS OF MOBILITY ON THERMOREGULATORY BEHAVIOR OF INTER-
TIDAL SPECIES



McIntire, L.C*

San Diego State University Joint Doctoral Program in Ecology

Climate change is increasing temperature conditions globally. The resulting temperature stress may put
ectotherms at risk since their body temperatures are directly influenced by their environmental temperature
and they often rely on access to thermally favorable habitat to moderate their body temperatures. The
intertidal zone is a thermally dynamic environment and is home to organisms that vary in mobility. However,
there have been no studies comparing how behavioral thermoregulation is affected by an animal’s mobility.
My objective is to create a model for understanding how animals with different mobilities select thermal
habitat. I have quantified the habitat choices and body temperatures of high intertidal species in four mobility
categories (fast, intermediate, slow, sessile). Further, I have also designed biomimetic models to record the
temperatures of the microhabitats that the animals can choose from. In field surveys at the Bodega Marine
Reserve, fast species (Pachygrapsus crassipes and Ligia occidentalis) were the same temperatures in crevices
regardless of ambient conditions but were warmer in exposed habitats on sunny days. Intermediate (Nucella
ostrina and Tegula funebralis), slow (Lottia digitalis and L. scabra), and sessile (Semibalanus balanoides)
species were hotter on sunny days regardless of habitat. Further study is needed to determine how these
temperatures affect animals physiologically, but there is a trend towards fast animals staying cooler than
slow animals during thermally stressful low tides.

69: KELP FOR BLUE CARBON SEQUESTRATION: HOW DOES MOLECULAR
PROPERTIES OF MACROALGAL DISSOLVED ORGANIC CARBON INFLUENCE ITS
TURNOVER?
Hansen, J, B.1*; English, C.2

1- California Polytechnic State University San Luis Obispo 2- University of California Santa Barbara

Giant kelp, Macrocystis pyrifera, releases 14% of its net primary production as dissolved organic carbon
(DOC) (Reed et. al 2015). Some of this DOC is considered refractory, resisting microbial remineralization,
thus offering a pathway for carbon sequestration. However, controls on oceanic DOC persistence are multi-
faceted and are actively researched. We investigated how the molecular properties of M. pyrifera’s DOC affect
its bioreactivty. Further, we examined the role of enzyme-inhibiting, macroalgal polyphenols in regulating
DOC turnover. Remineralization assays were setup to examine the bioreactivity of compositionally-different
DOC (alginate, laminarin, glucose), polyphenols, and alginate and polyphenol’s interaction. M. pyrifera’s
polyphenols were isolated using PPL solid-phase extraction, while the other amendments were from pure
stock solutions. Oxygen, bacterial abundance, and alginate lyase activity were recorded through time. We
observed that bioreactivity was highest for glucose, a simple sugar, and laminarin, followed by alginate and
polyphenols. In the polyphenol and alginate treatment, we observed an increase in respiration and a decrease
in bacterial growth efficiency compared to alginate-only treatments. The results suggest that a compositional
increase in DOC decreases bioreactivity, and that macroalgal polyphenols lowers the efficiency of bacterial
polysaccharide degradation possibly by inhibiting degrading-enzymes. Thus, DOC’s structural features are
seen to uphold its persistence and contribute to kelps potential to sequester atmospheric carbon dioxide.

70: COPPER TOLERANCE IN AN INVASIVE BRYOZOAN CRYPTIC SPECIES COMPLE
† Arnett, V.R.*; Villalobos-Cazares, D.A.; Bairstow, A.S.; Strawhand, A.; Craig, S.F.

Cal Poly Humboldt

Non-native marine species are an increasingly abundant part of marine ecosystems and pose a significant
threat to native biodiversity, often causing large ecological and economic consequences. One of the common
preventative measures to deter spread of marine invasive species involves the use of copper-based antifoul-
ing biocides on boat hulls. These biocides are generally effective at preventing the growth of biofouling
organisms, but certain species—including the cryptic-species complex of two invasive bryozoans, Watersi-
pora subtorquata and Watersipora ‘new species’—have been shown to have a high resistance to these copper
biocides. Previous research in our lab showed that Watersipora may prefer substrates with higher levels
of copper biocide. In order to examine preferences in the field, five PVC racks were created, onto which
either polyester discs or plastic sheets with differing levels of copper biocide were attached. These racks were
mounted at two marinas in Humboldt Bay, CA and periodically checked and replaced every three weeks



during two summers. Species-level identification was determined using PCR analysis. Results indicate this
Watersipora cryptic-species complex shows a resistance to copper biocide, which differed across years, in
contrast to most other species. New preventative measures will be necessary to mitigate the further spread
and establishment of invasive Watersipora species.

71: EFFECTS OF REPETITIVE AGGRESSION ON INTRASPECIFIC COMPETITIVE
INTERACTIONS IN SEA ANEMONES
† Tysdal, E.R.*; Kirk, N.L.

Oregon State University

The rocky intertidal sea anemone, Anthopleura elegantissima , grows clonally and lives in aggregations that
compete for space through aggressive interactions with non-self polyps (i.e., other clones). This aggressive
behavior has been well described, but little is known about non-self habituation in these animals and how
these interactions might lead to demographic changes in the intertidal. Here we initiated interactions between
the same individuals from different clones to determine if and how the aggressive response changed with
repeated exposure to the same competitor. Twelve pairs of non-clone anemones were brought into contact
for one hour each day for four days straight, and then again for a fifth time five days later. These fights
were scored for several metrics of aggression both in person and afterwards through video recordings. The
number of tentacle hits and the time spent with acrorhagi present did not change significantly between
the first and last fight. However, after the first fight acrorhagi were present in most of the fights before
contact was initiated, even after the five day break. Additionally, the fights proceeded predictably, with the
same individuals reliably “winning” the interaction each time. Finally, repetitive stressful interaction with a
competitor induced a state of sustained acrorhagi presence even after a period of rest in both “warrior” and
“reproductive” polyps, which suggests the possibility of role shift caused by stress.

72: STABILITY OF THE PORITES LOBATA MICROBIOME AND THE LOCAL ADAP-
TATION OF ITS COMPETITON
† Sauri, S.A*

Scripps Institution of Oceanography

Hawaiian corals are exposed to increasing, and cumulative impacts such as annual warming events, nutrient
pollution, and overfishing. These conditions negatively impact coral holobionts through bleaching, microbial
infection, and direct competition. Nutrient pollution causes shifts in the coral microbiome, reducing host
fitness, while simultaneously stimulating the growth of macroalgal competitors. This study focuses on two
sites at Maui, Olowalu andWahikuli. The site Wahikuli experiences elevated nutrient runoff from the Lahaina
Wastewater Treatment Plant. Using rRNA gene biomarkers, this study shows that microbial communities
from bleached Porites lobata have relatively similar microbial compositions to their healthy counterparts
regardless of site or proximity to turf overgrowth. There is a trend of increasing diversity for healthy coral
tissue compared to bleached tissue; however, the difference in diversity was not significant, indicating that
the microbiome of P. lobata colonies is stable even when facing various stressors. Further analysis of turf
algae assemblages overgrowing the bleached P. lobata reveal site-specific differences in microbial community
compositions driven by a higher abundance of ammonia-oxidizing archaea from the family Nitrosopumilaceae
in Wahikuli compared to Olowalu. The Increasing frequency and intensity of warming events is already
concerning for the future health of coral reefs and the added inputs of nutrients from land-based activities
further diminishes coral competition leading to succession from coral- to algae dominated habitats.

73: IMPACTS OF ARUNDO REMOVAL ON AERIAL INVERTEBRATES IN EPHEMERAL
STREAMS
† Hunter, N.G.1*; Saldana, S.2; Olson, J.R.3

1- Undergraduate Researcher 2- Mentor 3- Principal Investigator

Monitoring freshwater ecosystems is required for their conservation to ensure they provide ecological services
like climatic stability, rich biodiversity, nutrient distribution, and recreational opportunities. However, most
existing monitoring processes focus on perennial or long-term running streams. Processes for intermittent
rivers and streams that do not have a continuous yearly water flow is not as widely understood, but are



needed for a complete assessment of ecosystem health. Riparian zones within these habitats are especially
susceptible to environmental stressors, like invasive giant reed (Arundo donax). This robust, bamboo-like
plant negatively influences macroinvertebrate body size and life cycle patterns, natural fire patterns, and
native species distribution. We used aerial macroinvertebrates as bioindicators to provide a thorough, short-
term assessment that measured any impacts giant reed has on the health of the arid Salinas River. We
sampled five sites; four sites that were previously treated with the removal of arundo and one site left
untreated. We placed five adhesive traps along the outskirts of the river. The traps remained for eight days
and upon collection each sample was identified down to family and analyzed for any patterns in abundance
in regards to their direction of flight using Excel. This research helps to determine whether the removal of
arundo will benefit, worsen, or have no impact on the ecological health of the Salinas River.

74: ONE HUNDRED YEARS OF DAILY SHORELINE SEA SURFACE TEMPERATURES
IN PACIFIC GROVE, CA: WHAT THE NUMBERS TELL US
Breaker, L.C.1*; Miller, L.P.2

1- Moss Landing Marine Laboratories 2- San Diego State University

As climate change marches onward, the importance of long-term monitoring programs and historical data sets
have grown as tools for tracking the impacts of changing oceanographic and climatic conditions. For more
than a century, researchers at Hopkins Marine Station in Pacific Grove, California, have measured ocean
temperature in the swash zone each day, in a program coordinated by Scripps Institution of Oceanography
at several sites along the coast. While there are sporadic periods of missing data, the Pacific Grove record is
nearly complete, and we have endeavored to generate a continuous data set from that record which accounts
for some of the vagaries of changing methods over the century. From this complete record, there are a
number of repeated seasonal patterns that are evident, while there are also unique events that stand out,
including a sudden upward shift in temperature in 1929, and the recent Marine Heat Wave. Through 2019,
the estimated warming rate for the previous century was 0.011 °C yr-1. We discuss a number of these results
and hope to highlight the value of continuing long-term monitoring, particularly at the land-sea interface
where modern satellite or offshore monitoring programs may not capture the same localized phenomena.

75: DISPERSAL AND LIFE HISTORY OF THE CLASS TREMATODA
† Walter, A.C1*; Zgliczynski, B.J2; Barton, R.L1; Lee, H.E1; Sandin, S.A2; Wood, C.L3; Haupt, A.J1

1- California State University Monterey Bay 2- Center for Marine Biodiversity and Conservation, Scripps
Institute of Oceanography 3- School of Aquatic Fishery Science, University of Washington

Over the last decade, a number of studies have set out to understand the role of parasites in ecological
communities. Here we build off of large-scale efforts to better understand the role of marine parasites in
their ecosystems. We examined the genetic diversity of what were suspected to be one species of adult
trematode and a seperate species of larval trematode (metacercariae) from host species of coral reef fishes.
Trematodes included in this study were obtained from coral reef fish samples collected at a subset of islands
and atolls across the Line Islands, Republic of Kiribati and French Polynesia. We extracted DNA using
Qiagen kits and then amplified and Sanger sequenced the COI mitochondrial locus. Data was processed
through MEGA and ARLEQUIN to compare the genetic differences (haplotypes) of individual parasites to
one another, and to calculate FST. Results identified two distinct trematode clades, but found that larval
and adult samples were represented in each clade. These findings contradict previous assumptions that the
larval and adult trematodes were different species because they parasitized a reef fish at different life stages..
Additionally, a higher number of shared haplotypes were found between neighboring islands compared to
those located farther apart, indicating more gene flow between islands that are close together. The results
provide insights into the genetic dispersal of trematodes across the Line Islands and French Polynesia, as
well as demonstrating the need for further research on these understudied taxa.

76: USING THE ABSOLUTE METABOLIC INDEX TO PREDICT CHANGES IN THE VI-
ABLE AEROBIC HABITAT OF RED URCHINS (MESOCENTROTUS FRANCISCANUS)
Anderson, K.N.1*; Marquez, J.A.1; Duncan, M.I.2; Sperling, E.A.1

1- Stanford University 2- University of Seychelles



Red urchins (Mesocentrotus franciscanus) play an important role as herbivores in kelp forest ecosystems and
are a valuable economic resource. Occurring between 0-90m depths along the northeastern Pacific Coast, red
urchins experience heterogenous dissolved oxygen and temperature conditions throughout their range. As
oceans warm, the metabolic oxygen demands of marine ectotherms, like red urchins, increase while the global
inventory of oceanic dissolved O2 systematically decreases. We aim to better understand the ecophysiological
impacts of predicted ocean warming and deoxygenation on the viable aerobic habitat of red urchins. To do
this, we conducted respirometry experiments to determine standard metabolic rate (SMR) and the critical
pO2 below which SMR can no longer be maintained (Pcrit) of red urchins from Friday Harbor, WA. We
performed these experiments across 5 temperatures between 6-22°C to determine the effects of temperature
on Pcrit and SMR. Then, we use the metabolic index to map out changes in the aerobic habitat of red urchins
given average temperature and oxygen conditions of the northeastern pacific coast in 2100. We hypothesize
that the viable aerobic habitat of the red urchin will decline as the northeastern pacific waters warm and lose
oxygen. In the future, we will collect this information on red urchins in northern and southern California to
better understand how hypoxia tolerance and temperature sensitivities of red urchins vary across latitudinal
gradients.

77: CAN INTRASPECIFIC VARIATION IN TRAITS OF A CALCIFYING MACROALGA
PREDICT HERBIVORY PRESSURE ON CORAL REEFS?
Lie, M.1*; Cooper, C.2; Stewart, M.3; Hawkins, P.4

1- Environmental Systems - University of California, San Diego 2- Biology - Morehouse College 3- Ecology
and Evolutionary Biology - University of California, Santa Cruz 4- Marina and Environmental Science -
Hampton University

Coral reefs are diverse and productive ecosystems that are declining globally due to a variety of human
stressors, including the overfishing of herbivorous fishes. These impacts can drive or stabilize shifts from
coral to algal domination, motivating research on the role of fish herbivory on algal-dominated reefs. Here,
we employ trait based ecology to test the hypothesis that macroalgal traits shift in response to fish herbivory
pressure. On 5 fringing reefs of Moorea, French Polynesia, we estimated herbivory with a consumption
bioassay and measured 7 algal traits (volume, height, wet and dry weight, % calcification, tensile strength,
and toughness) of randomly selected thalli of the calcifying green macroalga, Halimeda opuntia. Herbivory
differed significantly among the 5 sites (ANOVA p <0.0001), with an ~ 8-fold difference between the lowest
and highest pressures. Algal traits varied concomitantly; algae from high herbivory sites were significantly
larger, allocated more mass to structure, and were more functionally diverse (PERMANOVA, p < 0.0001).
To link field trait variation to variation in herbivory pressure, we conducted a field experiment manipulating
fish herbivory (none, ambient, simulated) was conducted. PCA results show that simulated and ambient
herbivory occupied similar trait space, confirming that herbivory drove these trait differences among treat-
ments.. Our results provide strong support that trait based ecology is a powerful approach for estimating
herbivory on macroalgal-dominated coral reefs.

78: SPATIAL VARIATION IN URCHIN SIZES
Pureco, D1*; Haupt, AJ2

1- Student 2- PI

Spatial Variation in Urchin SizesDaniel Pureco, Ph.D. Alison HauptSea urchins are important herbivores
in temperate intertidal and subtidal ecosystems that can act as ecosystem engineers. Recently, across the
Monterey Peninsula there have been large increases in purple sea urchin populations and corresponding
loss of kelp biomass in the subtidal ecosystems. We have found similar increases of urchins in intertidal
systems following a few years after the subtidal increases. There is high variability in urchin population
increases across space and time - some sites have seen large increases and others smaller increases in sea
urchin densities. All sites have similar biotic and abiotic features, but some sites inside Monterey Bay may
have lower levels of wave exposure than those outside of Monterey Bay. Lab studies have shown that high
levels of water motion may increase sea urchin recruitment, which could lead to higher levels of sea urchin
recruitment at wave exposed sites. We looked at urchin density and size structure across years along the
Monterey Peninsula and found that size frequencies varied across sites. Better understanding population
dynamics of urchins is necessary for effective future kelp restoration efforts.



79: WAVES OF CHANGE: COVID & DISASTER IMPACTS ON CONSUMPTION ARE
SIMILAR AND MOSTLY TRANSITORY
† Gomez, I.R.1*; Alejo, A.2; Celaya, V.Y.2; Gomez, M.2; Gomez, I.R.2; Greenland, L.L.2; Guzman, A.2;
Henry, C.2; Jackson, J.E.2; Klotzle, C.A.2; Laue, D.2; McNamara, C.D.2; Osorio, B.O.2; Ponce, D.2; San-
doval, M.2; Schwab, C.C.2; Stovall, A.D.2; Torres, R.I.2; Kefela, T.I.2; Anderson, S.S.2

1- CSU Channel Islands 2- affiliation not listed

Anthropogenic stressors dominate the planet with our collective behaviors widely influencing coastal structure
and functioning. Since 2007, we have explored public perception of coastal resources/management and select
behaviors in coastal southern California. We report here that five discrete disasters (three oil spills, one
nuclear meltdown, and the COVID pandemic) change seafood and single-use plastics consumption rates
and/or perceptions of risk; recovery to pre-disaster behavior/perception takes anywhere from a few months
to more than a decade, influenced by proximity and persistence of media coverage. Public curiosity about
seafood sourcing spiked only in the aftermath of a local oil spill (2015’s Refugio Spill), even though petroleum
or radiological releases generally undercut consumer confidence in seafood from those disaster regions. The
largest American marine oil release (the 2010 Deepwater Horizon blowout) harmed the perception of seafood
from the Gulf of Mexico for 5 years, while the 2011 Fukushima Daiichi meltdown drove negative views
of Japanese seafood for 7 years post-event. Smaller-scale coastal disasters (the 2015 Refugio and 2021
Huntington Beach Oil Spills) harmed perception of regional seafood for only a year. COVID induced the
largest decline (43% from 5.92 ± 0.87 to 3.36 ± 0.4 oz; mean ± 1se) in weekly seafood consumption over the
past 12 years, with consumption rates slowly recovering since 2020. Similarly, COVID dramatically changed
(increasing in 2020, and since decreasing) single-use plastic consumption (and presumably environmental
discharge).

80: THERMAL VARIABILITY AND POPULATION PERFORMANCE
† Slein, MA.*; O’Connor, MI

UBC

Variability is a hallmark of ecological systems and is anticipated to play even larger role in the face of
global climate change. To better understand how populations with different amounts of previous exposure to
variability perform, I reared populations of marine phytoplankton at different mean temperatures paired with
populations reared at the same mean with different magnitude of fluctuation and then crossed to experience
the opposite conditions to which they were acclimated. We measured abundance across time during the
acclimation and acute phases to detect changes in performance based on experimental treatments.

81: OCEAN ACIDIFICATION DATA SYNTHESIS FOR THE US WEST COAST:
RESEARCH ENGAGED WITH DECISION-MAKING AND MENTORING OF UNDER-
GRADUATES
Delgado, M.1*; Carrasco,L. 2*; Hamilton,S. 3; Kennedy,E. 4; Zulian,M. 4; Westerink,S. 4; Harris,E. 4;
Whiteaker,S.J. 4; Merolla,S. 5; Hill,T.M. 4; Gaylord,B. 4; Sanford,E. 4; Kroeker,K.J. 6; Walker,B. 6; Ward,M.
4; Spalding,A. 7

1- UC Davis - Bodega Marine Laboratory 2- Santa Rosa Junior College 3- UCDavis 4- UC Davis 5- Marine
Biological Laboratory 6- UC Santa Cruz 7- Oregon State University

Research indicates that reduced seawater pH, or ocean acidification (OA), has critical repercussions for shell-
fish, including mussels, abalone, and oysters. OA and its interactions with other climate stressors creates
notable challenges for coastal management, but untangling its complexities presents a significant opportu-
nity for undergraduate researchers. Through an ongoing synthesis of existing oceanographic observations
and a meta-analysis of responses of key shellfish species, we integrate spatial patterns of environmental stres-
sors with physiological thresholds for several groups of culturally, economically, and ecologically important
marine invertebrates. This project provides a paid experience for undergraduate students to develop their
data science skills by gathering and processing millions of data points, while emphasizing that teamwork,
collaboration, and mentorship can produce relevant results and lead to large progress on seemingly daunting
endeavors. Through such a program, undergraduate students help build the oceanographic database while
also increasing their coding, critical thinking, data analysis and management, mentorship, organizational,



and quality control skills. Student interns help characterize environments through time by processing, flag-
ging, and formatting datasets using example R code provided by graduate students and postdocs; thus,
interns are supported in developing their transferable programming skills and understanding of basic data
structures to advance their careers as well as their education.

82: SPATIAL VARIATION OF INTERTIDAL SEA URCHIN REPRODUCTIVE CAPACITY
ACROSS HOPKINS MARINE STATION
† Gluskin, S.N.1*; Lonhart, S.I.2; Haupt, A.J.3; Haberman, I.4

1- NOAA Hollings Scholarship Program 2- Monterey Bay National Marine Sanctuary, NOAA 3- Department
of Marine Science, California State University, Monterey Bay 4- Moss Landing Marine Laboratories

Herbivores can significantly impact ecological interactions, and understanding their reproductive capacity
is necessary for conservation and management in a changing climate. Recently, purple sea urchin, Strongy-
locentrotus purpuratus, populations have rapidly increased in the eastern Pacific, causing shifts from kelp
forests to unproductive urchin barrens. Urchins in subtidal barrens with little algae allocate less energy to
reproduction and have reduced gonadosomatic index (GSI). While subtidal urchin reproductive capacity and
large-scale spatial variation have been well researched, small-scale variation of intertidal urchin reproduction
is still largely unknown. This project seeks to understand the variability of intertidal urchin reproductive
capacity across Hopkins Marine Station (HMS) in Monterey Bay, California, and evaluate the biotic and
abiotic drivers of variability. We selected HMS because it is characterized by an eastward kelp forest, a
westward urchin barren, and has diverse algae and substrate. We assessed GSI of 85 purple sea urchins
from 19 quadrats across HMS and measured urchin density, algal coverage, and substrate type within each
quadrat. We found large variation in GSI across HMS and determined that differences in urchin density,
algal cover, and substrate type have an impact on reproductive capacity. HMS may serve as a microcosm
for intertidal urchin reproduction and be extrapolated to a larger scale. Understanding small-scale spatial
variation in urchin reproductive capacity will inform site selection for future kelp restoration projects.

83: PERSONALITY VARIATION IN A MARINE SNAIL: BEHAVIORAL REPEATABIL-
ITY AND SELECTIVE MORTALITY IN THE WILD
† Nguyen, B.M.*; Johnson, D.W.

California State University, Long Beach

Animal ‘personality’ is defined by consistent behavioral differences among individuals. For example, some
animals tend to be bolder, while others are shyer. Within most populations, an appreciable amount of the
total variation in behavior is due to fixed differences among individuals. However, reasons for this variation
are less clear. Personality variation may be linked to variation in fitness, but studies of selective processes
on personalities are rare. In this study, we measured repeatability of three behaviors of wavy turban snails:
exploration, climbing tendency, and boldness, measured by the time to emerge after a simulated threat. We
also report on a preliminary study of whether selective mortality and differential growth is associated with
behavioral tendencies in natural populations. Each of the three focal behaviors was assayed three times on
a total of 300 individuals. We found moderate repeatability in exploration (R=0.23, 95% CI [0.114, 0.349])
and emergence (R=0.326, 95% CI [0.263, 0.387]), and low repeatability in climbing (R=0.101, 95% CI [0.040,
0.159]). Once assayed for behavioral tendencies, snails were released onto underwater reefs, and resurveyed
for survival and growth after two months. The probability of being successfully recaptured was significantly
related to boldness score (p=0.017) and mass (p=4.6X10-5). No significant relationship was found between
boldness and growth. The project is ongoing and future analyses will concentrate on separating the effects
of detectability vs survival, as well as measuring growth over a longer duration.

84: HOW FORAGING BEHAVIOR OF CALANUS PACIFICUS AT A MARINE SNOW
THIN LAYER IS AFFECTED BY THE PRESENCE OF ANOTHER SPECIES
† Morrin, J.S*; Prairie, J.C

University of San Diego

One of the significant ways in which carbon sequestration occurs is through the sinking of particulate organic
carbon from the upper layers of the open ocean to the benthos. Much of this sinking particulate carbon is



in the form of marine snow, visible aggregates of phytoplankton, and organic matter, which can form layers
at density gradients in the coastal ocean; copepods are one of many organisms which are associated and
interact with marine snow. In this study, we conducted experiments to determine how the behavior of the
copepod species, Calanus pacificus, changes when interacting with other copepod species in the presence of
a marine snow thin layer. Copepods were collected 1-2 weeks before experiments and sorted at a species
level. Phytoplankton cultures of Thalassiosira weissflogii were grown and rolled in cylindrical tanks to form
marine snow aggregates, which were then added to the experimental tank and allowed to form a layer at a
density gradient. Two video cameras were used to record copepod behavior within the tank. We will present
results showing how other copepod species affected the swimming properties (including velocity, tortuosity,
and jump frequency) and residence time of C. pacificus within the marine snow thin layer. This study
will provide insight into how copepods interact with and fragment marine snow, which has implications for
carbon cycling in the ocean.

85: VIRTUAL REALITY SCIENTIFIC DIVING IN THE CLASSROOM
† Beymer, M.R.*; Keller, L.; Verburg, M.; Bentti, S.; White, C.

Cal Poly

A group of Cal Poly student scientific SCUBA divers generated underwater virtual reality (VR) videography
of scientific methods in marine ecology research, including benthic transect surveys for quantifying the
population densities of marine invertebrates. We accomplished this using a 360° spherical underwater video
camera (from Dr. White’s lab). We filmed at the Cal Poly Pier and in Montana de Oro using the Cal
Poly boat, the Richards. Using this video footage, we created a VR scientific diving experience for 7th-
grade students. We partnered with a local teacher at Laguna Middle School for testing the VR experience
using Chromebooks. As they watch our video, the students will not only experience SCUBA diving but also
conduct scientific methods themselves. For example, they will “swim” a transect and quantify the abundance
of benthic invertebrates they see, such as sea urchins. Furthermore, we developed a lesson plan that guides
the students in analyzing their data after the VR experience, comparing their results with other students and
classes that also conducted transect surveys. Collectively, this educational experience will support 7th-grade
students achieve the NGSS Performance Expectation MS-LS2-1, “Analyze and interpret data to provide
evidence for the effects of resource availability on organisms and populations of organisms in an ecosystem”
(NGSS 2013). By increasing understanding and appreciation for life in the ocean, we can inspire students to
think about climate change and how their actions affect the animals that they “studied” through our videos.

86: BEHAVIORAL THERMOREGULATION UNDER CHRONIC AND ACUTE HEAT
STRESS IN INTERTIDAL NUDIBRANCHS
† Muñoz, L.1*; Beltran, M.1; Armstrong, E.J.2; Burnett, N.P.3; Tanner, R.L.1

1- Environmental Science & Policy Program, Chapman University 2- LABEX Coral, Université de Perpignan
3- Bodega Marine Laboratory, University of California at Davis

Scientists and amateur tidepoolers alike have noticed an anecdotal increase in nudibranch abundance and
an expansion of their geographic distribution in California in recent warm years, but little is known about
why and how nudibranchs are thriving in present conditions. Our previous work has shown that there is a
physiological trade-off between heat tolerance and the ability to rapidly increase heat tolerance through ac-
climation. These species coexist in the same tidepools, which led us to ask: are there behavioral mechanisms
at play in microhabitat use that distinguish nudibranch species’ thermal tolerance (i.e., do some nudibranchs
seek thermal refuge and others use biochemical strategies to mitigate heat stress)? We collected intertidal
nudibranchs from sites across Southern California to characterize their thermoregulatory behavior in the
context of climate change-induced warming and extreme heat days. Nudibranchs were acclimated to cool
and warm temperatures for two weeks and subsequently placed in simulated hot and cold tidepools for two
days, representing chronic and acute heat stress. Nudibranchs in the warmer chronic acclimation tempera-
ture were more likely to engage in escape behaviors (i.e., floating on surface tension) but nudibranchs in the
acutely hot tidepools were less active and less likely to float than in cool tidepools. Because nudibranchs
are more abundant during warm periods, understanding the interplay between physiology and behavior for
nudibranch species may serve as an indicator of intertidal community health under climate change scenarios.



87: VARIABILITY OF THE PROTECTIVE PERIOSTRACUM COVER IN THE CALIFOR-
NIA MUSSEL OBSERVED ALONG TWO ENVIRONMENTAL GRADIENTS OF STRESS
Doan, A.C.1*; Gaylord, B2; Saley, A.M.3

1- Department of Biological Sciences, Santa Rosa Junior College, Santa Rosa, CA 2- Bodega Marine Lab-
oratory of the University of California, Davis, Bodega Bay, CA and Department of Evolution and Ecology,
University of California, Davis, CA 3- Bodega Marine Laboratory of the University of California, Davis,
Bodega Bay, CA

Ocean uptake of atmospheric carbon dioxide reduces seawater pH (ocean acidification; OA), which can
detrimentally impact marine shell-building organisms, including Mytilus californianus, the California mussel.
Some literature has proposed that the outer organic layer of mollusc shells, the periostracum, can help protect
against corrosive seawater conditions like those associated with OA; elsewhere our group reports on explicit
tests of this concept. Here, we explore the associated question of what environmental factors might influence
the extent of periostracum cover in mussels, since the percent cover of this layer varies across individuals.
We focused especially on tidal height and sun exposure as possible drivers of loss, and quantified the percent
surface area of the shell covered by periostracum of adult mussels as a function of these two factors. We
found that mussels from higher tidal heights had reduced periostracum cover, as did mussels subjected to
direct sun exposure. Investigating the role of the periostracum in its capacity to protect shell integrity, as
well as drivers that may weaken or remove it, furthers our understanding of potential vulnerabilities of M.
californianus to environmental challenges including human-induced perturbations to seawater chemistry.

88: ITS GETTING HOT IN HERE: URCHIN RIGHTING BEHAVIOR UNDER MARINE
HEATWAVE CONDITIONS
† Rodriguez, L.*; Hofmann, G. E.

University of California, Santa Barbara

Marine heatwave (MHW) events behave as extreme disturbance events for coastal marine ecosystems. Es-
timates are that MHWs are becoming increasingly common and are predicted to be more intensive in the
future. Knowledge on how MHWs will impact marine invertebrates is very limited. In this study, we in-
vestigated how MHWs will affect righting behavior in the purple sea urchin, Strongylocentrotus purpuratus.
Our goal for this project was to mimic a MHW and compare non-MHW conditions on righting behaviors of
these sea urchins. Righting behavior in sea urchins (N=12) was tested across a range of temperatures from
ambient (control non-MHW) up to 25 ℃, a temperature that urchins experienced during recent MHWs in
the region. For the trials, urchins were flipped over onto their oral sides and the length of time for each sea
urchin to right itself back to its aboral side was recorded. Each urchin was tested 3 times at each temper-
ature. Results show that sea urchin righting behavior was significantly faster at higher temperatures. At
this juncture, we did not find deleterious impacts on righting behavior at temperatures typical of MHWs.
These findings are ecologically important as they provide insight into how environmental stress might affect
predator-prey interactions of benthic marine invertebrates.

89: THE EFFECTS OF PHRAGMITES AUSTRALIS ON INVERTEBRATE ABUNDANCE
AND DIVERSITY IN SUISUN MARSH FROM CHANNEL EDGE TO UPPER MARSH
PLAIN
Landa, S.1*; Haworth, L.E.2; Pacheco, A.M.2; Meckler-Pacheco, A.2; Todgham, A.E.2; Tanner, R.L.1

1- Environmental Science & Policy Program, Chapman University; Animal Science Department, University
of California at Davis 2- Animal Science Department, University of California at Davis

Wetland ecosystems are vulnerable to plant invasion because of disturbance, which contributes to an already
highly variable and intensive environment for organisms living within. In a tidal wetland in Suisun Marsh in
Northern California, invader Phragmites australis (common reed) presence has gone up 325% between 1999 -
2015. Various efforts to control Phragmites has been expensive and unsuccessful due to its vigorous nature of
growing in monocultures reaching 15 feet tall. We investigated how invertebrate biodiversity and abundance
is affected by P. australis along a tidal gradient in native and invaded habitats in benthic, pelagic, and
terrestrial zones quarterly. We hypothesized that invertebrate communities found less available habitat on
the upper marsh plain under Phragmites australis canopies compared with neighboring native plant stands



due to the density of Phragmites stems. We found few differences between upper marsh plain and channel
edge in invertebrate abundance, but there was a higher diversity of invertebrates in native habitats. The use
of the upper marsh plain by invertebrates is an important extension of the available habitat in a tidal marsh:
a reduction of this potential habitat may be caused by Phragmites invasion. Since invertebrates are food
resources for bird and fish species, this is important for ecosystem dynamics because as the tidal wetland
floods up the marsh plain and drains, it can replenish the available food supply to the channel edge if the
invertebrates’ habitat extends onto the marsh plain.

90: DID THE IMPLEMENTATION OF MARINE PROTECTED AREAS AFFECT THE
COMMERCIAL SPINY LOBSTER FISHERY IN SOUTHERN CALIFORNIA?
Gonzales, K.*; Shen, C.; Prall, M.; Wertz, S.

CDFW

The California spiny lobster (Panulirus interruptus) is an ecologically and economically valuable species in
southern California. Following the establishment of marine protected areas (MPAs) in the northern Channel
Islands in 2003, some areas historically open to lobster fishing in southern California’s jurisdictional waters
(0-3 nm from shore) closed with implementation of additional MPAs in 2012 . Fisheries management was not
an explicit goal of California’s MPAs, and there was concern that fishing closures might negatively impact
commercial fisheries. We used commercial lobster logbooks to examine temporal and spatial patterns of
catch (# of lobsters landed), effort (# of traps pulled), and catch-per-unit-effort (CPUE) in 10 nm x 10 nm
commercial fishing blocks in southern California in the time periods before (2003-11) and after (2012-20)
MPA implementation. Although nearly 15% of state waters in the region were closed to commercial lobster
fishing, total catch and effort were not significantly different between the pre- and post-MPA implementation
periods. However, the spatial distribution of lobster fishing shifted after MPA implementation. Mean catch
and effort were lowest in blocks without MPAs in the post-MPA period. Mean CPUE was, overall, higher in
the pre-MPA period, but has been on a small but significant upward trend since MPA implementation due
to a downward trend in effort and an uptrend in catch. Based on these data, it appears that fishing closures
due to MPA implementation have not adversely affected total catch and CPUE of the commercial lobster
fishery

91: VARIABLE ORAL PEDICELLARIA DISTRIBUTION AMONG THREE SPECIES OF
LEPTASTERIAS IN THE NE PACIFIC.
† Chatain, E.*; Huey, B.; Vaniotis, C.H.; Cohen, C.S.

SFSU

Leptasteria spp. is a species complex of small, predatory sea stars found in intertidal habitats along the west
coast of North America. Many lineages within the Leptasteria genus have an unresolved taxonomic status.
This study seeks to reconcile morphological and genetic observations to find a way to delineate three species
of Leptasterias spp. using samples from California and Washington: L.hexactis, L.aequalis, and L.pusilla.
We studied pedicellariae, minute calcium carbonate structures present on the spines of some stars, on the
oral side, middle arm location for 41 L.hexactis, 25 L.pusilla and 51 L.aequalis using a dissecting microscope
with a goal of finding field diagnosable characters. The clade of each star is delineated with mitochondrial
barcoding. L.hexactis seems to present a different pedicellaria pattern than the two other species. Their
pedicellariae form a very dense semi-wreath-like arrangement around the spine on the opposite side from
the ambulacral groove, with 10-12 smaller pedicellariae (< 0.18mm long). L.pusilla and L.aequalis present
a different pattern, with zero to no more than three pedicellariae per spine, in bigger size (0.2 - 0.3mm long)
and their number vary by specimen in an unpredictable way. Pedicellariae patterns on the oral side seem to
be a clue to morphologically delineate the L.hexactis from the two other species. However, it does not give
precise information to separate L.pusilla and L.aequalis.

92: ENVIRONMENT-DRIVEN VARIATION IN FOOT SIZE AND ATTACHMENT
STRENGTH IN THE INTERTIDAL SNAIL ACANTHINUCELLA SPIRATA
† Brumbaugh, Z.R.*; Jung, S.*; Monuki, K.S.; Sanford, E.

Bodega Marine Laboratory, University of California, Davis



Climate change is causing rapid increases in temperature, allowing many species to shift poleward into new
habitats. As species colonize higher latitudes, phenotypic changes may be needed if organisms are to succeed
in habitats that often have very different abiotic and biotic conditions than their historical range. However,
few studies have addressed the role of phenotypic responses to differing oceanic conditions encountered
with range shifts. In this study, we examined variation in foot size and attachment strength of the angular
unicorn snail,Acanthinucella spirata, an intertidal species currently undergoing a range shift from lower wave
energy along the southern and central coasts of California to higher wave energy in northern California. We
collected snails from three sites, two in northern California (one high wave-energy and one low wave-energy)
and one in southern California (low wave-energy). We found that A. spirata from the high wave-exposure
environment had a larger foot area and greater attachment strength than those from the low wave-exposure
environments. Additionally, we found that snails with larger foot area had greater attachment strength.
These results suggest that snail morphology may be influenced by wave energy, although whether this is due
to adaptation or phenotypic plasticity needs further study. This ability to modify foot size and attachment
strength may contribute to success during the current, and potentially future, northward expansion of this
species.

93: UNDERSTANDING FACTORS THAT MAY AFFECT SURVIVAL AND PRODUCTIV-
ITY OF PACIFIC SALMONIDS
† Waters, Charlie. PhD*

National Oceanic and Atmospheric Administration Fisheries

Phenological variation, such as the migration trends of salmonids, may provide resilience against trophic
asynchronies and thus has important implications for individual survival and population productivity. How-
ever, climate change may promote phenological mismatches between predators and prey. Understanding
how phenological variation may be affected by environmental conditions is important for predicting the
responses of populations under future climate scenarios. The effects of climate variability on Pacific salmon
are difficult to assess partially because of the diverse habitats the fishes utilize during their fresh water and
oceanic life histories. Comparing migration data of salmonids to environmental data may assist the difficult
process of determining whether there is the potential for phenological variation to provide resilience against
climate change. In addition, the analysis of year-to-year changes in phenology aids in establishing a sensitive
and observable indicator of changes in salmon abundance and productivity as a function of the species’ en-
vironment. Here, we aimed to quantify phenological shifts in the Pacific salmonids studied at the National
Oceanic and Atmospheric Administration’s biological field station in Little Port Walter, Alaska. A 22-year
old data set containing the migration timing of adult and juvenile steelhead trout from Sashin Creek, Alaska
was used. We calculated the midpoint and duration of each species to quantify any phenological shifts in
migration timing. For any observed shifts, we assessed if these were driven by environmental condi

94: TESTING A NOVEL BENTHIC SURVEYING TECHNIQUE IN TEMPERATE REEFS:
STEREO-DOV VS. UNDERWATER VISUAL CENSUS (UVC) TRANSECT SURVEYS
† Leggett, T.L1*; Lonhart, S.I.2; Lindholm, J.B.1

1- CSU Monterey Bay 2- Monterey Bay National Marine Sanctuary

As kelp forest degradation continues along California’s coastline, government and citizen monitoring efforts
expand in response. Historically, monitoring programs have relied on underwater visual census (UVC) sur-
veys to produce diversity and abundance estimates. Imagery-assisted monitoring efforts could collect data
more rapidly, but there has been little development utilizing benthic imagery for these purposes. We com-
pared diver-operated stereo-video (stereo-DOV) estimates of benthic invertebrate diversity and algae density
between stereo-DOV and UVC belt transect surveys. In kelp beds, linear mixed effect models revealed signif-
icant differences between both stereo-DOV angles (45° and 90°) and UVC for benthic invertebrate diversity
(Shannon-Wiener Diversity Index), adult canopy and subcanopy forming algae density, and giant kelp stipe
density (Tukey’s HSD, p <0.05). However, in urchin barrens, both stereo-DOV angles produced comparable
diversity estimates to UVC surveys. There were no observed differences between stereo-DOV angles for
invertebrate diversity, algae density, or stipe density (Tukey’s HSD, p >0.05). This was the first study of
its kind to examine stereo-DOV as a benthic surveying tool in a temperate rocky reef. Therefore, future
research should examine stereo-DOV performance under other conditions and using other configurations, for



example, smaller rigs with lighting and wider fields of view.

95: PHYSIOLOGICAL PERFORMANCE OF BULL KELP: GENE EXPRESSION AND
PHOTOSYNTHETIC FITNESS
† Spade, Z, C*; Zippay, M, L

Sonoma State

Climate change has been altering weather patterns and temperatures across the globe for decades. These
alterations and accompanying increases in abiotic stress have severely impacted marine ecosystems. In 2013
a stagnant body of water hit the northern Pacific Ocean, increasing average temperatures by +2.5℃. Since
that event, the population of northern California (Nereocystis luetkeana), bull kelp, has decreased by 90%.
Investigating the thermal tolerance of early life history stages of bull kelp from two different California sites
will elucidate how these warm waters might be impacting their physiological performance. Photosynthetic
fitness will be tested using a PAM fluorometer to measure electron transfer between chlorophyll � and
Photosystem II from acclimated bull kelp at an ambient and elevated temperature. To gain insight into the
gene regulation of an inducible stress gene (hsp70), gene expression will be measured on developing bull kelp
from the two different California locations. Furthermore, using a targeted restriction site-associated DNA
sequencing (RADseq) we hope to identify if one population of bull kelp is more thermally tolerant than
another. These analyses will help elucidate genotype-by-phenotype connections with respect to thermal
tolerance. If bull kelp populations continue to decline this can severely modify the marine ecosystem by
changing the landscape from lush kelp forests to urchin barrens.

96: BIRD OCCUPANCY OF DIVERSE HABITATS WITHIN A RESTORED TIDAL WET-
LAND IN THE CALIFORNIA DELTA
† Barajas, M.1*; Ayers, D.2; Woidat, C.3; Gilbert, C.3; Takekawa, J.4; Tanner, R.L.5

1- Environmental Science & Policy Program, Chapman University 2- Center for Watershed Sciences, Uni-
versity of California at Davis 3- Animal Science Department, University of California at Davis 4- Suisun
Resource Conservation District 5- Environmental Science & Policy Program, Chapman University; Animal
Science Department, University of California at Davis

Suisun Marsh in the California Delta is the largest wetland in the United States and is a crucial part of the
Great Pacific Flyway. This habitat is important for endemic and migratory birds, but it is also home to
several duck hunting clubs. As a mosaic of privately owned duck clubs and public lands (including managed
and tidal wetlands), we are interested in quantifying how different types of wetland habitat can attract and
sustain diverse bird populations throughout the year. There are very few data on the use and occupancy of
birds in wetlands because of how vegetation stands obscure observations. Here, we focus on characterizing
how restored tidal wetlands support diverse birds. We quantified songbirds, waterfowl, and waders in marsh
ponds, tidal channels, and on the marsh plain across two restored and one pre-restoration wetland using trail
cameras and a series of 50m aural surveys. We found that songbirds like the Marsh Wren occupy spaces with
tall, dense vegetation, smaller waterfowl and waders utilized tidal channels, and larger waterfowl species were
found in marsh ponds. The distribution of these habitat types therefore must be prioritized in the design of
new tidal restoration projects to support endemic and migratory bird populations.

97: EFFECTS OF ROCKY INTERTIDAL SPECIES ON TIDEPOOL WATER CHEMISTRY
AND MICROBIOMES
Renssen, B.O.*

Scripps Institution of Oceanography

Foundation species facilitate the establishment and resilience of marine habitats and understanding the rami-
fications of their loss is crucial for protecting these ecosystems. The rocky intertidal has recently documented
major losses of foundation species (i.e., anemones, mussels, and macroalgae) due to climate change and habi-
tat loss, resulting in direct impacts on community structure, thermal buffering, and biogeochemical cycling.
Microorganisms also play a critical role in nutrient cycling, however microbial influences on biogeochemical
patterns and ecosystem metabolism of rocky intertidal systems remains largely undescribed. This study
provides the first co-occurring microbial and biogeochemical surveys across the rocky intertidal ecosystem in



the Scripps Coastal Reserve, combining ecological surveys and chemical measurements with modern molec-
ular techniques to characterize the physical and microbial environment of exposed tidepools. In isolated
tidepools we measured changes in inorganic nutrient content, suggesting remineralization by microorganisms
can modify these microhabitats. The goal of this study is to develop a comprehensive understanding of
how foundation organisms influence microbial community composition and function of tidepools, impacting
nutrient availability and net community metabolism of these intertidal environments. To do so, we are
measuring the production and consumption of specific species of inorganic nitrogen and phosphorus, as well
as bacterial concentrations and community composition.

98: ENVIRONMENTAL STRESSORS ALTER GRAZING RATES IN PURPLE SEA
URCHINS, STRONGYLOCENTROTUS PURPURATUS
† Flores, I.T.*; Kroeker, K.J.

University of California, Santa Cruz

As carbon emissions continue to increase, marine heatwaves have become more frequent and intense. In 2014,
the US West Coast experienced a significant heatwave that led to the loss of an important upper trophic
level species, Pycnopodia helianthoides, followed by kelp deforestation. Much research has shown that the
loss of upper trophic level species has cascading effects. However, our understanding of how environmental
conditions alter the balance between grazing rates and primary productivity are limited. With climate
change expected to intensify heatwaves, studying the effects of marine heatwaves on grazing rates of purple
sea urchins, Strongylocentrotus purpuratus, is going to be key for kelp management and restoration efforts.
To examine the effects of heatwaves on sea urchin grazing, I conducted a short pilot study where I placed
S. purpuratus in 4 different temperature treatments (12C, 15C, 18C, 21C) and performed assays to measure
grazing rates. I found that S. purpuratus had higher grazing rates in higher temperature treatments. While
the absence of predators can result in overgrazing, this study suggests that environmental conditions, such
as temperature, could also contribute to kelp deforestation.

99: PHYSICAL DISTURBANCE TO FOUNDATIONAL MACROALGAL COMMUNITIES
ON CORAL REEFS CAUSES RAPID CHANGES IN USE BY HERBIVOROUS FISHES
† Flores, JA.M.1*; Hayes, H.1; Williams, L.2; Fong, C.3; Schmitt, R.4; Holbrook, S.4; Barber, P.1; Fong, P.1

1- Department of Ecology and Evolutionary Biology, University of California, Los Angeles 2- Howard Uni-
versity 3- National Center for Ecological Analysis and Synthesis, University of California, Santa Barbra 4-
Department of Ecology, Evolution, and Marine Biology, University of California, Santa Barbra

Many coral reefs have shifted to macroalgal community states that inhibit coral recovery, thereby motivating
research on resulting changes in ecosystem services. The macroalga Turbinaria ornata can form a self-
replicating alternative state that provides trophic support to some herbivorous fishes. To examine how
physical disturbance from storms of differing intensities affects trophic support to herbivorous fishes, we
simulated four levels of disturbance due to storms by experimentally removing different size classes of T.
ornata: none removed (No Disturbance [ND]), adult thalli removed (>10cm; Storm [S]), adult and juvenile
thalli removed (> 5cm; Large Storm [LS]), and all algae removed (Strong Cyclone [SC]). We quantified
feeding activity of fish species immediately (3 hours) and 5 days after disturbance and used NMDS to
visualize herbivore community usage, measured as species-specific bite rate (bites/hour/cm2). Resource use
by the fish community in the No Disturbance treatment did not differ between the two time points. By
contrast, Storm plots had a substantial increase in the number of species foraging and activity that persisted
to day 5. The two higher disturbances (LS, SC) initially reduced the number of species and foraging activity;
however, the number of species that used LS and SC plots increased by day 5. Our results show that the
magnitude of disturbance influences the herbivore assemblage that target disturbance-exposed algal resources,
providing insight into the potential functions of emergent alternative community states on coral reefs.

100: THE THREE-DIMENSIONAL WORLD OF MORPHOLOGICAL PLASTICITY AND
ITS PHYSIOLOGICAL CONSEQUENCES IN PACIFIC SAND DOLLAR LARVAE
† Ly, Wenda*; Vitagliano, Juliana; Pace, Douglas

California State University Long Beach



Studies examining echinoid larvae have revealed food-dependent morphological plasticity. The aim of the
current study is to expand upon this by examining changes in surface area growth in low- and high-fed larvae
and its impact on the ability of larvae to acquire dissolved nutrients from seawater. Larvae of the Pacific
sand dollar,Dendraster excentricus, were fed low or high amounts of algae (1,000 and 10,000 algal cells ml-1,
respectively). We measured volume, total surface area, protein biomass growth and rates of dissolved amino
acid transport from seawater. Despite having 10-times less food and up to 5.7-times less protein biomass, low-
fed larvae had similar surface areas as high-fed larvae. Low-fed larvae also possessed mass-specific transport
rates of alanine (ANOVA P<0.05) and leucine (ANOVA P<0.01) that were 2.32-times and 3.46-times higher
than high-fed larvae, respectively (measured at 18 days post-fertilization). Therefore, the morphological
changes induced in low-fed larvae not only resulted in longer arms to support higher particulate food capture,
but also more surface area per unit biomass to support greater access to dissolved organic nutrients. Our
expanded phenotypic analysis demonstrates that larval plasticity responses involve fundamental changes
beyond arm-length and have consequences at multiple phenotypic levels (e.g., morphological, physiological,
and biochemical). Understanding the full, integrated plasticity response of planktotrophic larvae is necessary
for predicting their adaptive capacity to mitigate stress brought on by climate change.

101: EXPLORING THE SEAGRASS MICROBIOME FOR POTENTIAL PROBIOTIC
GROWTH-PROMOTING SEDIMENT AMENDMENTS
† Brache-Smith, Diane-Marie*; Sogin, E.Maggie

University of California Merced

Seagrasses are marine flowering plants that provide essential habitats for marine species and a myriad of ser-
vices to people and the surrounding ecosystem. Seagrass meadows are a nursery habitat for many commercial
fisheries, they stabilize coastal regions, buffer against ocean acidification, and sequester environmental and
atmospheric CO2. However, changing environmental conditions and anthropogenic disturbances threaten
the survival of these critical ecosystems through die-off events, which have resulted in meadow losses of up
to 95% in some regions. Exploring the use of beneficial microbial consortia or “probiotics” to boost plant
growth offers a potential solution toward mitigating the negative effects of environmental change by enhanc-
ing current restoration efforts. Terrestrial studies demonstrate that beneficial microbial consortia can work
as a biofertilizer to enhance the growth of agricultural plants. Yet, the benefits of microbial partners in the
roots of marine plants are unknown. The primary goal of my Ph.D. is to explore the feasibility of developing
beneficial microbial consortia to use as a probiotic biofertilizer to promote seagrass growth.

102: AGE, GROWTH, & NATAL ORIGIN OF KOKANEE SALMON IN CALIFORNIA
LAKES & RESERVOIRS
† Burrows, L.1*; Lewis, L.2; Willmes, M.3; Rypel, A.L.2; Singer, G.4; Murphy, K.4

1- Inland Fisheries Branch, California Department of Fish and Wildlife, West Sacramento, CA, United
States; Department of Wildlife, Fish & Conservation Biology, University of California, Davis, Davis, CA,
United States 2- Department of Wildlife, Fish & Conservation Biology, University of California, Davis, Davis,
CA, United States 3- Institute of Marine Sciences, University of California, Santa Cruz, Santa Cruz, CA,
United States; National Oceanic and Atmospheric Administration, Southwest Fisheries Science Center 4-
Inland Fisheries Branch, California Department of Fish and Wildlife, West Sacramento, CA, United States

Kokanee Salmon (Oncorhynchus nerka) are landlocked Sockeye Salmon introduced as sport fish to Califor-
nia reservoirs in 1941. These popular recreational fisheries represent important trophic links in California
reservoir ecosystems; however, little is known on basic population demographics, including size-structure,
age, growth and rates of natural reproduction. Currently, Kokanee Salmon are stocked in 15 reservoirs
statewide, and 7 more reservoirs are thought to support natural reproduction. Improved information on
Kokanee demographics is needed to enhance management practices for this important fishery. Here, we
aim to reconstruct patterns of age, growth, and natal origin for Kokanee using otolith sagittae (ear stones)
collected by the California Department of Fish and Wildlife from Lake Tahoe, Lake Berryessa, New Melones
Lake, and Stampede Reservoir. Otoliths were sagittally prepared and examined for annuli along a trajectory
from the core to the dorsal edge. Size-at-age data indicated most individuals were 2 or 3 years old, and full
growth chronologies were back-calculated from otolith increments to compare somatic growth rates across
reservoirs. Otolith microchemistry data (Strontium isotopes) were obtained via mass spectrometry laser



ablation to classify individuals as wild- or hatchery-origin. These findings lay a foundation for understand-
ing Kokanee life history in California lakes and reservoirs, allowing the California Department of Fish and
Wildlife to develop more appropriate protocols for managing reservoir salmon populations more generally.

103: USE OF AUTOMATIC CLASSIFICATION IMAGE TO DETERMINE HISTORICAL
AND CURRENT MUSSEL BED PERCENT COVER ON BIRD ROCK, SANTA CATALINA
ISLAND, CA
† Donny, M.1*; Robles, C.2; Garza., C1

1- CSUMB 2- Independent Ecologist

Over the last four decades there has been a decline in mussel bed populations, Mytilus sp., on Bird Rock
Island, California. Actually quantifying the mussel bed loss was labor intensive, and historic counts were
only created for quadrats, knowing total cover would be impossible without new techniques. For our study,
we tested the accuracy of automatic image classification software (AICS) in determining mussel bed percent
cover using historical incidental camera photos from 1983 to 2016. Sections of Bird Rock were broken
down into Bird Rock East End (BREE) and Bird Rock West End (BRWE), with the highest variation in
mussel cover coloration due to algal growth and mussel growth located in the east end. As BREE had the
most variation, this site was selected to test how AICS differ from double-blind expert estimations. We
divided BREE into three quadrats for a double-blind grid and visual count by an independent ecologist.
The AICS then created estimates across each selected quadrat. All three counting methods using quadrats
were compared using Pearson’s Correlation test to determine similarities across estimates. AICS scored on
average around 0.97 on Pearson’s Correlation tests relative to grid-based human counts. In all cases, AICS
counts were not only similar to human manual counts, but less time-consuming. These results confirm that
AICS are as accurate as grid-based counts for analyzing historical photographic data sources but open up
new areas of data that can be used to determine change over time for local species.

104: COUNTING CALORIES: INVESTIGATING PREY QUALITY THROUGH THE PA-
CIFIC MARINE HEAT WAVE
Wellenkamp, C. E.1*; Nehasil S. E.2

1- UCSD UC LEADS, Kurle Lab 2- UCSD Kurle Lab

The 2014-2016 Pacific Marine Heat Wave was a period of anomalously warm ocean conditions that disrupted
marine food webs, causing population declines and reproductive failure of many marine predators. Previous
studies conducted in Alaska determined that prey species decreased in caloric value during these warm
years, which likely contributed to the starvation of marine predators in the region. However, a similar
study has not been conducted within the California Current Ecosystem (CCE) where several mass mortality
events occurred. This study aims to determine the caloric density of key prey species for large predators
in the CCE, and whether these values declined during the Marine Heat Wave. Preliminary data show
lower caloric densities during the Marine Heat Wave than in cooler years (2018-2019), indicating that prey
quality may have declined and could have contributed to the malnutrition of marine predators during this
period. However, other factors, such as the region and season in which samples were collected, could also
be driving trends in caloric density within species and are currently under investigation. Our findings will
elucidate whether the Pacific Marine Heatwave disrupted energy transfer to top predators in the CCE through
decreases in prey quality. As marine heatwaves are expected to increase with climate change, understanding
the mechanisms linking these warm water events to declines in predator reproductive success will be crucial
for marine conservation and management.

Poster Session II
* indicates presenting author(s), † indicates eligibility for Best Student Poster Award

105: EFFECT OF HABITAT COMPLEXITY AND PREDATION ON INTERTIDAL COM-
MUNITIES: IMPLICATIONS FOR ECO-ENGINEERING SEAWALLS
† Knapp, C. L.1*; Chang, A. L.2

1- San Francisco State University 2- Smithsonian Environmental Research Center



Seawalls and other artificial coastal defense structures have spread in marine and estuarine environments
and drive changes in marine invertebrate communities. To reconcile the needs of shoreline protection with
ecological considerations, seawalls have been eco-engineered with precast textured surfaces and other tech-
niques that better replicate natural microhabitats. These interventions often lead to increases in species
richness and abundance, but the research thus far highlights localized effects with no one size fits all solution.
The objective of this study is to measure the promising effect of outfitting seawalls with concrete tiles of
varying rugosities to support diverse urban coastal ecosystems in San Francisco Bay. We deployed three
types of tiles with different surface complexities created by varying the including type, size and density of
circular pits ranging from 15mm to 30mm in diameter. In addition to surface complexity, the effect of
mobile invertebrate mollusks was tested by a predator exclusion treatment. Colonizing marine invertebrate
and algal assemblages were observed quarterly, with final sampling occurring after 18 months. Preliminary
results indicate there are more species unique to tiles with more microhabitats, and that predation by marine
invertebrate mollusks interacts with habitat complexity to impact community development. As seawalls pro-
liferate into estuarine environments, these results will support innovative solutions that promote ecological
principles alongside engineering needs.

106: METHODOLOGICAL APPROACH TO MONITORING SHORELINE CHANGES
AND WATER QUALITY OF THE MALDIVES IN RESPONSE TO CLIMATE CHANGE
Lopez,D.P.*; Harvey, A.; Chin,D.; Porter,M.; Tan,L.

NASA DEVELOP

Global sea level rise as a result of climate change will continue to pose a threat to coastal communities.
Smaller island communities contribute least to climate change, but have and will continue to be most im-
pacted by it. The Maldives Islands - one of the lowest lying areas in the world - are of critical concern.
To combat sea level rise in the Maldives the government has created policies to reclaim land via dredging
of sand from the ocean floor and pumping it to the surface to accommodate growing populations. This
could lead to increased sedimentation off the coast and could impact coastal environments particularly coral
reefs . Remote sensing tools are an effective way to observe changes in response to climate change and an-
thropogenic development. The NASA DEVELOP Program at the Ames Research Center created workflows
using open-source software (QGIS and Google Earth Engine) to analyze water quality and shoreline changes
within the Maldives using satellite imagery so that our partners at the Ministry of Environment, Climate
Change, and Technology can recreate and continue use for future monitoring. Water quality assessments
focused on estimating chlorophyll concentrations and total suspended matter. A normalized difference water
index (NDWI) was used to assess shoreline changes through time. Both processes can be used to monitor
Island erosion and water quality within the Maldives, and can potentially be applied to other Island and
coastal systems to equip local communities to plan for and adapt to climate change.

107: IMPROVED PRODUCTION OF ENDANGERED WHITE ABALONE (HALIOTIS
SORENSENI) THROUGH REPRODUCTIVE CONDITIONING AND POST-LARVAL
SURVIVAL.
Leela Dixit1*; Nora Frank1; Newton Hood2; Kristin M. Aquilino1; Priya Shukla1; Alyssa Frederick1

1- UC Davis - Bodega Marine Laboratory 2- UC Irvine

Due to overfishing, white abalone (Haliotis sorenseni) were listed under the Endangered Species Act in 2001.
Captive breeding is required to save the species, but captive production lags behind what is necessary to
restore wild populations by an order of magnitude. Research to address this lag includes 1) reproductive
conditioning and 2) post-larval survival. To address reproductive conditioning, we studied the effects of
injecting gonadotropin-releasing hormone (GnRH), implicated in abalone reproduction, into mature white
abalone. Monthly handling generally leads to reduced gonad ripeness (unp. data). Here, 8 weeks of han-
dling and injections did not inhibit spawning (no injection=20.00% spawned, saline=61.90%, saline and
GnRH=28.57%), and thus could be a potential tool to test the effects of hormones without inhibiting spawn-
ing. To address post-larval survival, we extended previous work that proposed potassium chloride (KCl),
involved in cellular pathways for settlement, as an alternative to the commonly used gamma-aminobutyric
acid (GABA), a chemical compound that induces settlement. We settled animals in our standard system
with either GABA or KCl and tracked survival. We found KCl (40mM) had similar survival to GABA (1�M)



(GABA (n=895), KCl (n=734)), supporting the need to further examine KCl as a settlement inducer. These
findings and methods enable us to develop new tools to improve white abalone production, and generate
hypotheses for improving production through microalgal diets, use of hormones like GnRH, and the links
between the two.

108: USING COMPARATIVE GENOMICS TO HIGHLIGHT THE EVOLUTION OF
HEMOGLOBIN LOCI IN PACIFIC COAST ROCKFISHES (SEBASTES SPP.)
† Maldonado Liset*; Huang Alicia; Heras Joseph

California State University San Bernardino

Oceanic profiles are well studied and cataloged for dissolved oxygen, temperature, light, and salinity, in
which marine organisms have adapted to these heterogeneous conditions. To make stronger inferences about
depth adaptations, this study examines the amino acid replacements of hemoglobin loci within marine rock-
fishes. Rockfishes (genus Sebastes) areknown as a taxonomic group that exemplify an adaptive radiation
within marine systems, and occupy a wide range of oceanic depth profiles. Here we used genomic sequences
to evaluate gene copy number of hemoglobin subunit alpha (HBA) loci, which has been shown to be under
positive Darwinian selection in rockfishes. For this study, we used the published genomes of six species of
rockfishes: S. rosaceus, S. umbrosus, S. miniatus, S. entomelas, S. aleutianus, and S. pinniger (NCBI: PR-
JEB42258). From these genomes, we identified orthologous genes, constructed multiple sequence alignments
of these ortholog gene clusters, and estimated positive Darwinian selection. In addition, individuals repre-
senting twenty-two species from the genus Sebastes were collected and euthanized, in which gill and brain
tissues were dissected and will be used for gene expression of HBA loci and estimation of positive Darwinian
selection to assist in our understanding of adaptations to ocean environments.

109: WHY SHARKS ATTACK: ENVIRONMENTAL DRIVERS OF SHARK-HUMAN IN-
TERACTIONS IN HAWAI�I
† Zolopa, J.A.1*; Tanaka,K.2; Smith,J.3; Kobayashi,D.2

1- Cooperative Institute for Marine and Atmospheric Research, University of Hawaii, Honolulu, Hawaii,
USA and Ecosystems Science Division, Pacific Islands Fisheries Science Center, National Oceanographic
and Atmospheric Administration, Honolulu, Hawaii, USA 2- Ecosystems Science Division, Pacific Islands
Fisheries Science Center, National Oceanographic and Atmospheric Administration, Honolulu, Hawaii, USA
3- Cooperative Institute for Marine and Atmospheric Research, University of Hawaii, Honolulu, Hawaii,
USA

Shark-human interactions (SHI) have long been a subject of anxiety and fascination, and their sensational-
ization makes these rare incidents highly visible. In Hawai�i, these events impact shark and human wellbeing,
as well as tourism. Understanding the conditions under which SHI occur could help inform the public of
potential risks, as well as predict how SHI may change with climate change. To address this, a multi-
decadal database of SHI in Hawai�i from 1995 to February 2022 (n=147) was analyzed and enhanced with
satellite-based environmental data via NOAA’s ERDDAP datasets. Six ocean-surface datasets were chosen
as candidate drivers of SHI: sea surface temperature (SST), precipitation, surface wind speed, chlorophyll
a (chl a), kd490, and kdpar. Other characteristics of SHI were assessed using generalized linear models
(GLMs). Tiger sharks (Galeocerdo cuvier) were involved in over half of recorded SHI (n=75). Using GLMs
to assess SHI by island, the main Hawaiian islands (O�ahu, Maui, Hawai�i, Kaua�i) were associated with more
occurrences (p<0.001). Maui had the highest SHI occurrence (n=59, p<0.001), despite being the second
least populated of the four. Of the environmental parameters, two were identified as potentially influential:
chl a and kd490. In both cases, 74% of SHI occurred above the 50th percentile compared to the area directly
surrounding a SHI. This study gives quantitative support to the conventional wisdom that says to stay out
of murky waters. The association with tiger sharks may play a role in this relationship throughout the main
Hawaiian Islands

110: EYE CATCHING LIGHT POLLUTION: ANTHROPOGENIC LIGHT POLLUTION
AND ITS EVOLUTIONARY INFLUENCE ON THE AVIAN EYE
† Mackinlay, M.C.*; Francis, C.D.

California Polytechnic State University



Variation in bird responses to light pollution was recently linked to the degree to which species can see well
in dim light. Whether dim light vision could be a target for selection in our increasingly bright world has
not been explored. I hypothesize that urban-adapted birds are rapidly evolving better dim light vision in
response to multi-generational exposure to light pollution. Specifically, I predict that the ratio of the cornea
diameter to the transverse diameter within the eye, a proxy for light sensitivity (i.e., dim light vision) in birds,
has increased in urban birds since the invention of reliable electricity in 1879. To date, I have measured 316
skeletal specimens collected from 1912-2015 that represent 20 urban adapted species that exemplify multiple
trophic niches, foraging habitats, diets, and nesting strategies. Treating light sensitivity as my response
variable, I am elucidating its relationship with collection year and historical light pollution proxies using
species-specific spatially explicit linear mixed-effect models. Through better understanding the degree to
which birds can adapt to light pollution, my results could provide another example of human-induced rapid
evolution, provide insight into how well birds are coping with human alterations to the landscape, and so
guide efficient management decisions and further advance avian conservation.

111: SPATIAL AND HABITAT VARIATION IN DIET COMPOSITION AND ASSOCIATED
LIFE HISTORY PATTERNS OF GARIBALDI
† Calderon, B. E.1*; Williams, C. M.2; Eagleton, J. L.1; Claisse, J. T.2

1- Biological Sciences, Cal Poly Pomona 2- Biological Sciences, Cal Poly Pomona; Vantuna Research Group,
Department of Biology, Occidental College

Life history patterns of marine fish can vary across their geographic range. Though this variation is often
observed at large spatial scales, studies have shown variability in ecological performance (e.g., growth, adult
size, reproduction) across relatively small scales. Along the California coast, the Southern California Bight
(SCB) is an area with a dynamic environment, diverse bathymetry, and a temperature gradient due to con-
trasting currents. The SCB is home to Garibaldi (Hypsypops rubicundus), a highly territorial pomacentrid
fish that has had state-wide protection from recreational and commercial fishing as the California State
Marine fish since 1995. Both sexes exhibit high site fidelity, defending feeding territories year-round. For
mating males, these territories include a nesting site typically maintained by the same individual through
consecutive breeding seasons. Garibaldi were collected between 2013-2019 from ten locations (5 island, 5
mainland) across the SCB. Projects in our lab have investigated Garibaldi life history patterns based on
otolith aging and assessed their diet composition. Results have found clear sexual dimorphism (males larger)
with variation in adult average size, as well as age and growth pattern differences by geographic location
(sea surface temperature) and reef type (paired natural and artificial reefs). Garibaldi are growing larger
and living longer in cooler locations and on artificial reefs with diet composition varying by reef type and
location. Diet composition differences correlated with variation in life history patterns.

112: THE BIGGER THEY ARE, THE HARDER THEY SNEEZE: CONTRACTION BE-
HAVIOURS IN THE TEMPERATE DEMOSPONGE TETHYA CALIFORNIANA
† Guillas, K.C.*; Kahn, A.S.

Moss Landing Marine Laboratories and San José State University

Many sponges (Phylum Porifera) can alter their body shape by constricting and dilating their canals, incur-
rent (ostia), and excurrent (oscula) pores to control water flow or in response to external stimuli, such as a
hard bump or sudden change in water pressure. This has been termed the “sneeze” response. However, many
sponges also exhibit rhythmic local and global contractions in the absence of apparent external stimuli. These
contractions may play a role in waste excretion and removal processes; the shape (periodicity and amplitude)
of these contraction cycles varies between and within species, but it is not known what intrinsic factors affect
them. We characterized the rhythmic contraction cycles of the demosponge (Class Demospongiae) Tethya
californiana using week-long time-lapse recordings and assessed whether body volume (i.e., amount of tissue
available to contract) affects the periodicity and amplitude of contraction cycles. We also examined 24 hours
of contractions in Hymeniacidon perlevis, which undergoes ‘shudder’ contractions that propagate along the
body. Contraction cycles differed between and within species in periodicity, amplitude, and regularity. This
study is the first step in understanding rhythmic contraction behaviours in temperate demosponges and will
be expanded in future work to examine the effect of contractions on sponge respiration, metabolism, and
waste removal processes.



113: CALIFORNIA BLUE MUSSEL REPRODUCTION OVER TWO DECADES AND TWO
STATES
† Hart E.G.1*; Raimondi P.2; Menge B.A.1; Gravem S.A.1

1- Oregon State University 2- UC Santa Cruz

The California mussel, Mytilus californianus, is a foundation species along the west coast of North America.
Shaping the ecosystem by forming expansive mussel beds and providing a variety of ecosystem services,
M. californianus is vital to the healthy functioning of the rocky intertidal. We analyzed a 22-year dataset
of mussel reproduction spanning from Central Oregon to Central California. At each site, 10-25 mussels
were collected in the spring and dissected to calculate a gonad index (53,125 mussels total). We found that
reproduction dipped in the mid-2010s, and that 2022 shows signs of another dip. We will explore whether
changing ocean conditions may play a role in these patterns. In particular, yearly variations in upwelling
intensity and intermittency control nutrients to the surface and drive blooms of the phytoplankton that
mussels eat. We also found no clear geographic patterns so far, so we will also examine whether continental
shelf width is correlated to geographic variation in reproduction - we suspect that wider shelves may promote
phytoplankton blooms. Understanding how oceanographic patterns influence the reproductive capacity of
mussels can help us understand how the rapidly changing climate may influence this foundation species.

114: IMPACTS OF FISHING PRESSURES ON GENETIC DIVERSITY OF TROPICAL
MARINE PARASITES.
† Rodriguez, M.R.*

California State University of Monterey Bay

Abstract: Parasites play an important role in ecosystems because they account for a large portion of biomass
in their ecosystems. They rely on transmission from one host to another and essentially use fish as habitat.
Since fishing pressure causes changes in the abundance and size of different fish species, the effect of fishing
may also cause changes in parasite populations and consequently their genetic diversity of parasite species.
This study seeks to assess the effect of fishing pressure on parasite diversity by comparing the genetic diversity
of trematodes, a marine parasite, across a gradient of fishing pressure in the Line and Society Islands. Island
population size was used as a proxy for fishing pressure on each island. Trematode samples were extracted
from different host fish from several locations within the Line and Society Islands. The parasite samples
were amplified and Sanger sequenced to the mitochondrial CO1 marker. Arlequin was used to calculate Fst
values, nucleotide diversity, and AMOVA. It is expected that islands with high fishing pressures would have
a decrease in genetic variation since host availability would be lower.

115: EFFECTS OF SORI INCUBATION TEMPERATURE ON NEREOCYSTIS
LUETKEANA GAMETOPHYTE AND SPOROPHYTE DEVELOPMENT
Vliet, N.H.1*; Small, S.L.2; Weigel, B.L.2

1- Montana State University 2- University of Washington Friday Harbor Labs

Climate change is affecting marine ecosystems around the world. Warming ocean temperatures have been
linked to kelp forest declines, including Nereocystis luetkeana forests in the Salish Sea. However, the tem-
perature tolerance of different stages of the N. luetkeana life cycle are not well established. We examined
the effects of a short-term marine heatwave on N. luetkeana sori and subsequent microscopic life stages. We
incubated sori at temperatures of 18°C, 20°C, and 21°C for 3.75 days, and grew gametophytes from each sori
treatment at both 10°C and 16°C for 40 days. Gametophytes were able to develop normally and produce
sporophytes from sori incubated at all temperatures, but gametophyte growth temperature had significant
impacts on the life cycle. Gametophytes grew larger and at a faster rate at 16°C, but sporophytes developed
faster and were more abundant when gametophytes were grown at 10°C. When sori were incubated at 21°C,
gametophytes were more numerous but fewer sporophytes developed. Our findings suggest that sori can with-
stand temporary high temperatures and develop into gametophytes and sporophytes, but if gametophytes
experience high temperatures the development of sporophytes may be hindered. A decrease in sporophyte
development would disrupt the life cycle and could lead to loss of important kelp forest habitat. While all
temperature treatments produced sporophytes, further research should identify the impacts of prolonged
temperature stress (>3 days) on microscopic life stages.



116: POPULATION-LEVEL RESISTANCE OF BULL KELP (NEREOCYSTIS LUETKEANA)
TO OCEAN WARMING
† Karm, R.H.1*; Hughes, B.B.1; Ricart, A.M.2

1- Sonoma State University 2- UC Davis

Anthropogenic climate change is threatening earth’s ecosystems. The earth’s oceans are facing increased
sea surface temperatures attributed to climate change which is pushing some ecosystems, such as California
bull kelp forests, past the thresholds for disturbance where natural resistance or resilience cannot function.
These ecosystems could be dependent on human intervention to persist. Bull kelp is an important foundation
building species that forms near shore marine habitats which enhances biodiversity. Recently about 90% of
historical northern California bull kelp coverage has been lost due to a variety of factors, including increased
temperature, but this compares to relatively stable bull kelp forests in central California. This study aims
to understand population level resistance of kelp throughout its early life history stages from different sites
throughout central and northern California. It is hypothesized that the bull kelp will have more growth and
abundance from central California as there may be a higher level of thermal tolerance. This was tested in
a laboratory experiment by collecting bull kelp from these different populations and culturing them in an
environmental room in two temperature treatments: ambient (13&deg C) and warm (17&deg C). Size and
bull kelp percent cover were observed throughout the experiment and measured using ImageJ. Differences
in growth and development between the sites and treatments would inform conservation and management
efforts by highly strategizing source material for future restoration.

117: SPATIAL AND TEMPORAL VARIATION IN THE FISH ASSEMBLAGES AT INNER
CABRILLO BEACH, SAN PEDRO, CALIFORNIA
Allen, B. J.1*; Contreras, S. R.1; Guerrero, A. I.1; Fernandez, G.1; Leon, Y.1; Loera, A.1; Terry, S.1;
Passarelli, J. K.2

1- California State University, Long Beach 2- Cabrillo Marine Aquarium

The San Pedro, CA, breakwater was constructed in the early 1900s to protect the Port of Los Angeles
and the San Pedro Harbor from ocean waves. Inner Cabrillo Beach (ICB), located within the harbor, has
reduced water flow, warmer temperatures, and muddier sediments than do nearby open coast beaches. These
environmental conditions are ideal for marine flowering plants such as eelgrass, Zostera marina, that provide
structure, food, and nursery habitat for a variety of other species. Unfortunately, bacteria can also flourish
under such conditions. As ICB is a popular swimming beach, the Port and the City of Los Angeles have
explored different ways to lower the levels of bacteria, including removing a portion of the rock jetty, adding
bird excluders, circulating water with pumps, and removing and replacing sand. The primary goal of this
study was to quantify spatial and temporal variation in the fish assemblages at ICB in response to both
natural and human-caused changes in the local environment. From 2006-2016, abundances and diversity
of the organisms living close to shore along ICB were surveyed three times a year (February, June, and
October) at three different locations with beach seines. There were consistent differences in fish assemblages
both among locations as a function of eelgrass presence/absence and through time; however, not in response
to anthropogenic perturbations. Analyses of the species contributing most to observed dissimilarities among
locations and sampling dates identified the taxa most sensitive to different types of environmental variability.

118: TRACKING THE ESTABLISHMENT OF MICROBIAL SYMBIONTS IN A
CARIBBEAN BROADCAST SPAWNING CORAL, ORBICELLA FAVEOLATA
Nixon, E.N.*; Wegley Kelly, L.E.

Scripps Institution of Oceanography

Coral animals are hosts to dense and diverse communities of microbiota: endolithic fungi and algae, dinoflagel-
late algae, archaea, viruses, and bacteria. Unlike their parental conspecifics, juvenile corals are characterized
by low microbial load. Nevertheless, symbiotic bacteria are speculated to hold an important role in host
early life history, evident by vertical transmission in brooding corals, enrichment of distinct microbes during
broadcast spawning events, and substantial shifts in microbiome assemblage throughout juvenile coral devel-
opment. Reported mechanisms of transmission remain contentious and thus coral microbiome development
throughout early life history remains poorly understood. This study tracts the establishment of symbi-



otic microbes during the early life stages of coral development by characterizing the microbiomes of parent
colony tissue and spawning water exudate, egg-sperm bundles, and larvae of two reef building Caribbean
corals, Orbicella faveolata and Colpophyllia natans. Results suggest that the microbiomes of O. faveolata
egg-sperm bundles and larvae are distinct from those of both adult coral species but more closely associate
with the tissue microbiome and spawning exudate of parental conspecifics. Further, these data reveal several
microbiome members potentially transmitted vertically from parent to offspring via external mucus layer.
This study serves to illuminate the mechanisms behind coral microbiome transmission to better inform its
potential applications in coral reef restoration.

119: TRANSCRIPTOMIC MECHANISMS OF COLD TOLERANCE IN GALÁPAGOS
CAULIFLOWER CORALS (POCILLOPORA SP.)
† Kim, H.E.1*; Giambertone, K.2; Shenoy, C.1; Brandt, M.3; Logan, C.A.1

1- California State University Monterey Bay 2- Moss Landing Marine Laboratories 3- Universidad San
Francisco de Quito, Ecuador

Temperature anomalies driven by climate change are significantly impacting coral reef ecosystems around
the world leading to mass bleaching and mortality. Investigating the stress tolerance of corals can pro-
vide insight into if and how populations may be able to persist in our changing climate. The Galápagos
archipelago regularly experiences harsh oceanic conditions and a wide range of ocean temperatures spatially
and temporally. In the past, warm-water El Niño and cold-water La Niña events here have resulted in high
rates of coral mortality. In 2019, we collected Pocillopora sp. corals from the Galápagos and exposed them
to experimental cold stress. Unexpectedly, we found that colonies from relatively warmer northern islands
had greater cold tolerance than those from the cooler central and southern islands based on a relatively
lower decline in photochemical efficiency following acute exposure to 12ºC vs 26ºC (control). To better
understand the molecular basis of cold tolerance, we examined differential gene expression in 3 individuals
from a southern site with different cold-tolerances. We found strong correlations between expression patterns
of certain immune and developmental related genes to cold tolerance. Understanding the role of these genes
may provide insight into mechanisms underlying cold-hardiness in corals.

120: ANTIPREDATOR BEHAVIOR AND MORPHOLOGY VARY ACROSS POPULA-
TIONS AND RISK LEVELS IN A MARINE SNAIL (NUCELLA CANALICULATA)
† Neylan, Isabelle P.*; Longman, Emily K.; Sanford, Eric; Stachowicz, John J.; Sih, Andrew

University of California, Davis

Which antipredator strategies or suite of strategies (behavioral, morphological) are adaptive in a prey pop-
ulation should be influenced by predation intensity. However, given the variety of responses and the dy-
namic nature of predator-prey interactions, predicting the optimal antipredator response under different
risk regimes poses a challenge. To untangle this complex relationship between risk and response, we used
five populations of marine intertidal snails (Nucella canaliculata) from Oregon to California to compare
antipredator responses across different risk evolutionary histories. We conducted field surveys designed to
assess the relative predation pressure experienced by each population and paired this field data with a fully
factorial experiment using lab-reared snails and examined their predator avoidance behavior and morpholog-
ical changes in response to a common intertidal predator (Cancer spp. crabs). Interestingly, we found that
our Oregon sites had higher rates of snails found out of refuge and more evidence of predator interactions,
however, when calculating the relative predation risk based on these measures, we found a different pattern
with the highest (and lowest) risk levels in our California sites and intermediate risk in the Oregon sites.
This second metric of predation pressure seemed to better correlate with our lab results which showed a
strong behavioral-morphological tradeoff across populations and a complex interaction between growth rate
and shell shape changes.

121: UNDERSTANDING A UNIQUE LARVAL FORM: A STUDY OF THE WARÉN’S
LARVA
† Heffernan, M.B.1*; Enriquez, Y.2; Plowman, C.2; Rice, L.2; Calhoun, A.2; Young, C.2; Arellano, S.2

1- Western Washington University 2- Oregon Institute of Marine Biology



Ifremeria nautilei is a hydrothermal vent snail with chemoautotrophic symbionts and a unique larval form.
The “Warén’s larva” develops in a brood pouch in the foot of adult I. nautilei snails before its release. In
spring 2022, I. nautilei were collected from 7 vent sites in the Lau Back-Arc Basin near Tonga. Warén’s
larvae were extracted from the snails and a series of culturing, temperature, and energetics experiments
were performed. We maintained over 155 cultures at 4 and 14°C, allowing us to use scanning electron
and brightfield microscopy to describe a 9-stage developmental timeline for embryonic and larval growth.
Larvae extracted from the brood at later stages had a better chance of survival, suggesting they are likely
to be naturally released from the adult as Warén’s larvae. We also conducted two temperature experiments:
one assessing the survival of 4 stages at 5 temperatures and the second using only embryos and Warén’s
larvae at 4 and 14°C. Larvae at cooler temperatures lived longer but did not develop, while those in warmer
temperatures did not live long but developed rapidly. Finally, we assessed the energetics of development
through micro-bomb calorimetry on newly-released Warén’s larvae and monitoring their oxygen consumption
at 4°C. The extremely energy-rich Warén’s larvae had very low metabolic rates suggesting they could live
for a long time without feeding. This study describes the embryonic and larval development of the only new
larval form described in over 100 years.

122: COMPARING CHANGES IN METABOLIC RATE OF MYTILUS CONGENERS TO
MULTIPLE STRESSORS
† Alcantar, C. Y.*; Vasquez, M.C.

Loyola Marymount University

Climate change is predicted to influence seawater temperature and increase precipitation events that will alter
salinity. These changes may influence the range and survival of the competitive mussel Mytilus galloprovin-
cialis and M. trossulus. Little is known regarding multiple stressor effects on the physiological performance
of Mytilus. Thus, the purpose of our study was to examine the effects of multiple stressors on the metabolic
rate of M. galloprovincialis and M. trossulus. M. galloprovincialis was collected from Marina del Rey, CA
and M. trossulus from Coos Bay, OR and mussels were acclimated to control conditions (17°C, 34 ppt) prior
to experimentation. Following acclimation, mussels were exposed to fully-factorial combinations of tempera-
tures (17, 20, 25°C) and salinity (20, 28, 34 ppt) and metabolic rate (mg O2×min-1×g-1) determined. In M.
galloprovincialis, we found a 1.8-fold increase in metabolic rate due to elevated temperature (25°C). Hypos-
alinity exposure (20 ppt) showed a significant increase in metabolic rate compared to mild hyposalinity (28
ppt) and the control (34 ppt). A negative synergistic effect was observed under the most stressful treatment
combination (25ºC, 20 ppt). In M. trossulus, we found increased metabolic rate in mussels exposed to 20˚C
combined with hyposalinity (20 or 28 ppt) but we did not identify a stressor interactive effect. Thus, our
study suggests that mussels may be energy limited during exposure to elevated temperature and moderate
hyposalinity.

123: CANNERY ROW: A REFUGE FOR PISASTER OCHRACEUS
† Siegel, P.J.*; Haupt, A.J.

California State University, Monterey Bay

Understanding species population dynamics is crucial to make predictions about changes due to disturbances
and create effective conservation policies. Pisaster ochraceus, a sea star common in the rocky intertidal in
Central California, is a keystone predator that controls the population of mussels, ultimately increasing
the diversity of the primary substrate holders within the intertidal. Within the last decade, P. ochraceus
populations have declined dramatically due to sea star wasting disease which causes rapid body and muscle
deterioration. While this disease still impacts sea star populations, recovery is occurring. However, it is
unknown what is driving this recovery. During the summer of 2022 we surveyed 8 sites along the Monterey
Peninsula to assess the spatial variation in recovery of P. ochraceus along with determining distinct attributes
that may aid in this recovery. Time searches were used to determine abundances and population size structure
of intertidal P. ochraceus. It is clear that recovery is not even across sites around the Monterey Peninsula.
One particular site, Cannery Row, has significantly more individuals compared to all other sites surveyed.
This site is unique as there are extensive mussel beds, low visitation, and metal debris littering the intertidal.
Understanding how these attributes play a role in P. ochraceus recovery can allow marine ecologists to
identify other areas with similar attributes and therefore begin to monitor and protect these areas to further



aid in recovery.

124: BARNACLE SHELLS, KEY FOR TRADITIONAL CLAM GARDENS
Britton,A.A1*; Spencer,E.2; Salomon,A.K.3

1- NSERC Student 2- Graduate Student 3- Supervisor

With a rise in the occurrence of marine heatwaves and ocean water becoming increasingly more corrosive,
coastal communities are looking for ways to adapt to these extreme and incremental climatic disturbances.
Recent evidence suggests that ancient clam gardens, intertidal rock walled terraces built by people in the
late Holocene, can double clam production in part due to their carbonate rich sediment. While it has been
proposed that shell hash has the potential to both buffer local pH and reflect light, the source, relative
composition, and variability of these shell hash rich sediments were previously unknown. To identify the
composition of and variability in sediment between clam gardens and non-walled beaches, we quantified
the relative contribution of bivalves and barnacles to surface sediments at 3 replicate plots across two tidal
heights in modified and unmodified clam beaches. We found that barnacle shell contributes up to 70 percent
of the total weight of shell hash in some clam gardens. This highlights the important role these calcifying,
rocky reef macroinvertebrates play in soft sediment ecosystems as an abiotic subsidy after they have died
and been transported to novel habitats by waves and currents. These results will inform the restoration
activities of Indigenous Nations up and down the coast of North America interested in reviving ancestral
clam tending practices and buffering the effects of ocean acidification and future coastal heat waves.

125: QUANTIFYING THE PHYSICAL ATTRIBUTES OF ARTIFICIAL REEFS IN
SOUTHERN CALIFORNIA TO ASSESS PATTERNS IN BIOLOGICAL DATA
† Kim, M.*; Claisse, J.T.

Biological Sciences, Cal Poly Pomona

Artificial reefs (ARs) have the potential to play a role in restoring marine habitat and enhancing commercial
and recreational fish stocks in southern California. Over the past half century ARs have been built here
using various types of materials (e.g., quarry rock, pier pilings, concrete blocks) each with unique physical
attributes. The California Department of Fish and Wildlife (CDFW), in the process of updating their AR
management plan and this project, will contribute to that process by providing an assessment of the current
status of some existing ARs in state waters. Here we seek to quantify the physical characteristics of ARs
by analyzing geophysical (bathymetry and acoustic backscatter) data collected with a Multi-Phase Echo
Sounder. Their current status will be assessed and compared to historical records of their development.
Analyses are being conducted in ArcGIS, in some cases with the Benthic Terrain Modeler toolkit, to produce
individual reef module metrics and descriptions including location, depth, areal extent (footprint), surface
area, volume, slope, rugosity, bathymetric position index, heterogeneity, and distance to large natural or
breakwater reef. These metrics will then be used to examine which habitat features best explain patterns in
corresponding biological data (e.g., biodiversity metrics, total and species-specific fish density and biomass).

126: IMPACT OF PAIRED OLYMPIA OYSTER (OSTREA LURIDA) AND EELGRASS
(ZOSTERA MARINA) RESTORATION ON FISH MOVEMENT AND HABITAT UTILIZA-
TION
† Taylor, A.W.*; Fees, C.; Whitcraft, C.R.

California State University, Long Beach

Wetlands are extremely valuable ecosystems that have experienced significant declines over time. To preserve
wetlands and the functions they provide, restoration is often used. Living shorelines are an innovative
restoration technique that incorporate biological components into the protection of shorelines. In Newport
Bay, Newport Beach, California, living shorelines composed of oysters and eelgrass were installed in 2016 and
2017. Four sites were restored, each containing four treatments: oysters only, eelgrass only, paired oysters
and eelgrass, and an un-manipulated mudflat without oysters or eelgrass to serve as a control. Monitoring
fish communities using baited remote underwater videos (BRUVs) has shown that community composition
varies with presence of eelgrass and the size structure of the fish community varies with biogenic structure.
Specifically, there are more rays on open mudflat and more shiners in the eelgrass than in other habitats. In



addition, there are smaller fish overall on the complex structure of the oyster bed. Next steps include using
tagged fish to better estimate population numbers as well as to understand fish movement among the matrix
habitat provided by this living shoreline restoration.

127: MICROBIOME PRESENCE AND ITS GEOGRAPHICAL VARIATION IN EGG CAP-
SULES OF THE MARINE GASTROPOD, KELLET’S WHELK.
† Nurge,J.A.*; De Smet,C.L.; Daniel,B.N.; White,C.; Davidson, J.M.; Sleeper,O.; Fidopiastis,P.

California Polytechnic State University, San Luis Obispo

The perivitelline fluid within the egg capsules of marine organisms can contain microbial communities capable
of protecting the species’ developing embryos from disease. Further, the microbial community can vary in
relation to the geographic area where it resides and ecological community experienced there. Using 16S long
read sequencing and transcriptomic analyses, we tested for these phenomena in the kelp forest gastropod
Kellet’s whelk, Kelletia kelletii, which has recently expanded its geographic range up the California coast.
We intended to identify the microorganisms present and investigate their functions in potentially protecting
the embryos from pathogenic microbes. Kellet’s whelk were collected from four locations in the species’
historical and expanded range and housed in a common garden environment for two years prior to mating
with individuals from the same location. The egg capsules were collected for transcriptome and 16S targeted
sequencing. Results revealed a diverse microbial community in the perivitelline fluid with a core microbiome
of 32 genera shared between all locations, and a total of 23 differentially expressed genes were found for fungi
and virus microorganisms. A great abundance of Roseobacter and Sulfitobacter were present suggesting the
possibility of a defensive role for the perivitelline fluid but further investigation is required to be conclusive.

128: PRELIMINARY RESULTS FOR HOW A MARINE TURTLE POPULATION WILL
RESPOND TO CLIMATE WARMING
† Quennessen, V.I.1*; Fuentes, M.2; Komoroske, L.3; White, J.W.1

1- COMES, Oregon State University 2- Florida State University 3- University of Massachusetts Amherst

Marine turtles have temperature-dependent sex determination, such that sex is determined in the egg stage
by the nest temperature during the middle third of incubation. Warmer nests produce more females, and
cooler nests produce more males. As climate change progresses, nesting beaches are warming and producing
increasingly more females and fewer males. Most population surveys and research on marine turtles in
the past have focused on females and hatchlings, which are more easily accessible during the nesting and
hatching season. As a result, the role of males in marine turtle population dynamics is not well understood.
Specifically, the relationship between the breeding sex ratio and reproductive success (known as the ‘mating
function’), is unknown. We are collecting demographic and genetic information to better understand how
many males are contributing to the population of green turtles that nest on Praia do Leão (Lion Beach) on
Fernando de Noronha, Brazil. Using the data from this subpopulation, I have constructed a two-sex, age-
structured computational population dynamics model to quantify the survival probabilities of this population
into the warming future under different climate scenarios and with different mating functions.

129: PURPLE REIGN: SPATIAL VARIATION OF INTERTIDAL STRONGYLOCENTRO-
TUS PURPURATUS ACROSS THE MONTEREY BAY PENINSULA
† Amdor, L.G.1*; Rooney, K.1; Haberman, I.2; Haupt, A.J.1

1- Department of Marine Science, California State University Monterey Bay 2- Department of Marine
Science, California State University Monterey Bay; Moss Landing Marine Labs, San Jose State University

The distribution of species across space is often patchy and influenced by a combination of biotic and
abiotic factors such as food availability, habitat, and temperature. Ecosystem engineers like herbivores can
alter communities by consuming foundation species; purple sea urchins (Strongylocentrotus purpuratus) are
herbivorous, marine invertebrates. Purple urchin subtidal populations have increased in Central California
creating large-scale urchin barrens, with a recent spike in intertidal populations. This study identifies biotic
and abiotic factors that drive spatial variation of intertidal purple sea urchins. We used linear models and
a Structural Equation model to determine the direct and indirect drivers of spatial patterns of intertidal
purple urchins. We conducted urchin and algal transect surveys across nine sites along the Monterey Bay



Peninsula: measuring urchin abundance, algae and kelp cover, and substrate type; including temperature,
wave exposure, and subtidal urchin densities as other potential spatial drivers. Preliminary results from
the linear models suggest a strong, negative correlation between high densities of purple sea urchins and
intertidal algal cover, but are less correlated with substrate type. To detect community shifts in response
to progressing climate change effects requires further investigating the spatial drivers of herbivores. To
inform kelp forest restoration strategies, we must understand the mechanisms that drive intertidal urchin
distributions and their potential relationships with subtidal urchin barrens.

130: COMPARING CLEARANCE RATE RESPONSES OF MYTILUS CONGENERS TO
MULTIPLE STRESSORS
† Brazil, C.A.*; Vasquez, M.C.

Loyola Marymount University

Marine mussels (Mytilus) are common models for studying the effects of environmental stress on marine
invertebrates. Mussels are integral foundation species for coastal communities since they serve as ecological
engineers and filter feeders. Our project focused on investigating the effect of multiple stressors (hyposalinity
and elevated heat) on the clearance rate (CR) of the competitive congeners Mytilus galloprovincialis and
Mytilus trossulus. We predicted that combinations of lower salinity (20 ppt) and elevated temperature
(25ºC) would have a lower CR compared to the control conditions (17ºC, 34ppt). M. galloprovincialis
were collected from Marina del Rey, CA and M. trossulus were collected from Coos Bay, OR. Mussels
were acclimated to control conditions without food in recirculating seawater tanks prior to experimentation.
During experimentation, mussels were allowed to feed for 30 minutes in temperature and salinity treatment
conditions (combinations of 17, 20 25ºC and 34, 28, 20 ppt; total of 9 treatments) and CR determined.
For M. galloprovincialis, we found a 50% decrease in CR compared to the control for mussels exposed to
20 or 25ºC, but we found no interactive effect of the stressors. We expect that M. trossulus will have a
significant decrease in clearance rate across all conditions outside of the control group due to their reduced
stress tolerance. Our study indicates that environmental stressors may negatively influence feeding of an
important marine foundational species.

131: CAN AN EELGRASS DOMINATED BAY AMELIORATE ACIDIFICATION IN AN
URBAN ESTUARY?
Jain, M1*; Nielsen, K.J.2; Grady, S.1

1- SFSU-EOS 2- OSU-Sea Grant

Eelgrass beds serve as nursery habitats to many ecologically and commercially important species such as
the Dungeness crab, Pacific herring, and native Olympia oysters, all of which are vulnerable to acidification.
Research to date suggests that there is a potential for eelgrass beds to buffer the effects of acidification
because of their ability to influence the water chemistry through photosynthesis. The San Francisco Estuary
(SFE) is an urbanized estuary that experiences acidification from greenhouse gas emissions, poorly buffered
coastal watersheds, high nutrient and carbon loading, and intrusions of CO2-rich upwelled waters. We
used a combination of long-term water quality data and discrete field sampling to compare the seasonal,
diurnal, and tidal trends in carbonate chemistry. To understand the role of eelgrass community metabolism
in altering the chemistry of the water in the SFE, we compared an eelgrass-dominated embayment to a deep,
mainstream water channel. A Pearson correlation between pH and dissolved oxygen (% saturation) shows
signs of community metabolism in the eelgrass habitat (R= 0.71-0.86) but only suggests a small influence
of biological activity in the deep, mainstream water channel (R= 0.31-0.53). On a seasonal scale, pH ranges
between 7.7-8.0 in both sites but can go as high as pH = 9.0 in the eelgrass habitat during the spring.
On a diurnal scale, pH ranges between 7.81-8.17 in the eelgrass habitat and between 7.80-7.89 in the deep,
mainstream water channel. Tidal trends in pH show an increase in pH shortly after a low-tide in the eelgrass
habitat.

132: EFFECTS OF AQUACULTURE-BASED HABITAT MODIFICATION ON ELASMO-
BRANCH ABUNDANCE IN HUMBOLDT BAY, CA
† Harman, R.M.*; Bourdeau, P.E.

Cal Poly Humboldt



Habitat modification from shellfish cultivation has large effects on local communities, increasing the abun-
dance of small benthic invertebrates and fishes. Elasmobranchs (i.e., sharks and rays) that use nearshore
habitat to forage and provide top-down control of ecosystems could be negatively affected by the structural
complexity of aquaculture, restricting their hunting, and altering their movements. Humboldt Bay aquacul-
ture yields ~70% of California’s oysters, but the bay also provides critical habitat for elasmobranchs. We
used baited remote underwater video systems (BRUVS) to investigate whether the presence of oyster aqua-
culture affected the abundance of elasmobranchs, crabs, and bony fishes in two different habitats (mudflat
and eelgrass). We found interactive effects of habitat and aquaculture presence on elasmobranch abundance.
Shark and ray abundance was higher in mudflats with aquaculture compared to mudflats without aquacul-
ture and lower in eelgrass with aquaculture compared to eelgrass without aquaculture. Abiotic variables (pH,
dissolved oxygen, temperature, turbidity) did not vary among habitats, suggesting that the effects of aqua-
culture on elasmobranch abundance were due to its physical structure and associated human disturbance.
These interactive effects did not affect bony fish or crab abundance, indicating that they are more important
for higher trophic level predators. Our results suggest that the effects of aquaculture-based habitat modifi-
cation on top-down control of community structure and dynamics will depend on the type of habitat being
modified.

133: DO SUBTIDAL SEA STAR DENSITIES CHANGE AFTER LARGE SCALE SEA
URCHIN REMOVALS?
Lawrence J.D1*; Persad S1; Okamoto D.K2; Lee L.C3; Galloway A.W.E1

1- Oregon Institue of Marine Biology 2- Florida State University 3- Simon Fraser University

Sea stars are important organisms that support ecosystem equilibrium in areas such as kelp forests. As
part of the ongoing kelp restoration project in Haida Gwaii 75-95% of the sea urchins were removed (~500
thousand urchins) from Murchison Island (restoration site) in 2018-19. From nearby Faraday Island, no
urchins were taken out (as a control site). Kelp and macroinvertebrate densities were monitored in both
regions to investigate the effects that the sea urchin removal had on the ecosystem in subsequent years. Here,
we used SCUBA video footage collected in 2021 to calculate the density of the sea star population at two
survey sites in each of the treatments. Videos were captured by divers using a camera with underwater lasers
as scalers, enabling density calculations. Here, we measured the density of all six species of sea stars that had
been identified in the chart datum depth ranges of shallow (0–2 m), medium (2–5 m), and deep (5–10 m).
The most abundant species identified in the videos were Patiria leviusula (72% of total), and Dermasterias
imbricata (22%). Sea star density did not differ in a consistent way by treatment across all depths surveyed,
but both Dermasterias and Patiria density was much higher in the restoration site at the shallow transect,
with opposite patterns or no differences at other depths. To evaluate the impact of sea urchin removal on
sea star populations, additional survey replication is required.Character count: 1,245

134: TESTING FOR AN ASSOCIATION BETWEEN WAVE EXPOSURE AND DENSITIES
OF WASTING-AFFECTED SEA STAR POPULATIONS
Hu, C. J.*; Schiebelhut, L. M.; Dawson, M. N

University of California, Merced

Given previous observations of an association between wasting-related mortality and wave exposure in the
ochre sea star (Pisaster ochraceus), we expanded this study to test whether sea star population density is
positively correlated with wave exposure ~7 years after the main wasting-associated population decline. We
present a pilot study for resolving the population densities of sea stars from 6 locations across coastal north-
central California where differential wave exposure could be observed. At each location, we collected sea
star counts along 4-8 transects at each of two distinct areas, usually on opposite sides of a headland or cove.
Additionally, we recorded positional data using a handheld GPS at 6-second intervals across each transect, so
that a spatial model of each transect could be constructed digitally. For analysis, the approximate length of
each transect was calculated algorithmically using a Bezier-interpolation function to eliminate inaccuracies
in the transect. We calculated sea star densities for each area within each site based on the observed species
counts and area observed (i.e. transect length * 2-m-wide swath), and tested whether areas with more wave
exposure had higher sea star densities.. Preliminary results do not support an association between wave
exposure and density (p = 0.32). However, calculated transect lengths are inexact, which indicates a need



for further refinement of our algorithm before this method of sampling may be applied with confidence.

135: SPATIAL AND TEMPORAL DISTRIBUTION OF PACIFIC BLUEFIN TUNA, THUN-
NUS ORIENTALIS, WITHIN THE SOUTHERN CALIFORNIA BIGHT
† Clay, P.E.*

University of San Diego

Pacific Bluefin Tuna (Thunnus orientalis) play an important ecological role along the coast of Southern Cal-
ifornia. However, they are a highly migratory and an environmentally sensitive species subject to the effects
of global and regional climate change, including warming sea surface temperatures. Here we investigated the
spatial and temporal distribution dynamics of T. orientalis and sea surface temperatures within the South-
ern California Bight between 1986-2016, using purse seine fishery data obtained from the InterAmerican
Tropical Tuna Commission (IATTC) and hydrographic CTD data from California Cooperative Oceanic Fish-
eries Investigations (CalCOFI). In 1986, T. orientalis were widespread and abundant throughout the entire
study area. By 2016, CPUE was reduced by >50%, and tuna were found further south, and closer to shore.
82% of tuna were caught between June and September. Sea surface temperature distribution maps show
decadal cooling of the California Current. There was a significant positive correlation (p=0.0467, r=0.258,
df=58) between mean zonal sea surface temperature and tuna CPUE. T. orientalis concentrations within
the Bight correspond well with temperatures between 18–22°C. Changes to local sea surface temperatures
can potentially alter Pacific Bluefin tuna summer migration patterns within the Southern California Bight,
driving tuna elsewhere to seek preferred water temperatures. Understanding how Pacific Bluefin respond to
changing physical oceanographic parameters is important for the protection and conservation of the species.

136: USING CALIFORNIA HARMFUL ALGAE RISK MAPPING TO PREDICT SEA LION
STRANDINGS
† Socquet, S.*; La Valle, F.F.

Division of Natural Sciences, Pepperdine University

Domoic acid (DA) is a toxin produced by marine diatoms of the genus Pseudo-nitzschia (Pn) and bioaccumu-
lates in California sea lions (Zalophus californianus). DA toxicosis can cause neurological issues and death,
and the rate at which Z. californianus become stranded due to this condition has been increasing since it was
first diagnosed in a marine mammal in 1998. We compared geotemporal data of sea lion strandings with data
from the California Harmful Algae Risk Mapping (C-HARM) Model to analyze patterns that may indicate
when and where a sea lion stranding due to DA toxicosis will occur. C-HARM geographically visualizes the
probabilities that Pn diatoms exceed 10,000 cells/L, that cellular domoic acid (cDA) exceeds concentrations
of 10 pg per Pn cell, and that particulate domoic acid (pDA) concentrations exceed 500 ng/L in a given area.
We defined the parameters within which we would analyze the data according to sea lion foraging behavior:
a 100 km area around each stranding location and a time frame of 15 days leading up to and including the
date of a stranding observation. Within these parameters we took the means of probabilities of each variable
(cDA, pDA, and Pn) and so far have found that pDA shows promise of being the most useful indicator of
the three. If a significant relationship between C-HARM and strandings can be established, it could serve
as a powerful tool in the management of sea lions and other marine mammals suffering from the effects of
DA.

137: SPECIES COMPOSITION AND SEASONAL PERSISTENCE OF INVASIVE WATER-
SIPORA (BRYOZOA) IN THE CENTRAL CALIFORNIA ROCKY INTERTIDAL
† Duncan, M.P.*; Chow, B; Myron, K; Stone, J; Cohen, C.S.

San Francisco State University

Several taxa within the bryozoan genus Watersipora are successful global marine invaders that are common
in marine fouling communities in bays and harbors. Two species within this genus, already known to be
abundant within the San Francisco Bay, have recently been recorded spreading to natural intertidal and
subtidal habitats on the central California outer coast near the Bay, which suggests a high invasive potential
in pristine coastal habitats. However, the species composition and genetic diversity of these populations
has not been previously characterized. We produced COI barcoding sequences for Watersipora specimens



sampled from four rocky intertidal sites, as well as for specimens from several dock sites in and around San
Francisco Bay. The two Watersipora species previously recorded within the Bay continue to persist there,
and both species were also identified at rocky intertidal sites. Field observations of intertidal populations
support year-round persistence of Watersipora at rocky intertidal sites, with seasonal shifts in population
abundance. Our results emphasize the importance of continued sequencing and seasonal monitoring of outer
coast Watersipora populations in order to further characterize the genetic diversity and population dynamics
of Watersipora’s outer coast spread.

138: WHAT THE KELP IS GOING ON? EXAMINATION OF DIVER-OPERATED VIDEO
SURVEYS AS A METHOD TO MONITOR KELP FOREST COMMUNITIES
† Persad, S.N.1*; Okamoto, D.K.2; Lee, L.C.3; Galloway, A.W.E.1

1- University of Oregon 2- Florida State University 3- Gwaii Haanas National Park Reserve, National Marine
Conservation Area Reserve, and Haida Heritage Site

In many nearshore subtidal kelp forests, we lack sufficient data to quantify community level changes, and
SCUBA diver bottom time is limited. With the progression of underwater video technology and the acces-
sibility that such devices offer, diver-operated video surveys are becoming more common. We conducted
paired standard and video surveys within rocky shallow subtidal habitats in Haida Gwaii, Canada, and
southern Oregon, USA. In both places, video surveys were recorded along 30-m transects, using an under-
water camera rig equipped with video lights and aligned lasers for scaling. To assess this tool for organism
sizing, at an Oregon site we paired video surveys with sea urchin surveys, for which purple and red urchins
were counted and measured using both analog and digital calipers. The video surveys were converted to
50 stratified random still photos, which were analyzed for urchin sizes and densities. Additionally, at both
sites we compared the density estimates of common macroinvertebrates yielded from the standard versus
video survey method. We also tested for observer variability between analysts of differing expertise when
extracting urchin densities from video data. We found that video data was effective and efficient for sizing
sea urchins. Density estimates were relatively consistent but the results were sensitive to highly rugose habi-
tats, which skewed area estimates. Our preliminary findings support the use of diver-operated video surveys
for “rapid assessment” kelp forest monitoring, especially when more time-consuming in situ surveys are not
feasible.

139: DRONE-BASED AUGMENTATION OF WETLAND ASSESSMENT: A CASE STUDY
FROM BOTTOMLAND HARDWOOD FORESTS IN ENGLISH TURN, LOUISIANA
Adkins, Z.C.1*; Anderson, G.D.2; Brasted, K.3; Anderson, S.S.1

1- California State University, Channel Islands 2- California Polytechnic University, San Luis Obispo 3-
Woodlands Conservancy

Bottomland hardwood forests are critical in reducing the severity and risk of flooding in the southeastern
United States. Given that only about 40% of these forests remain primarily due to conversion to croplands
or urban landscapes, it is imperative that we manage them effectively and efficiently. Invasive species,
encroachment from development, and decreased connectivity have brought with them a slew of logistical
impediments. Drone-based aerial imagery and assessments can augment and assist in the categorization
and planning of restoration efforts to better allocate time and money. We deployed fixed wing drones for
large-scale site mapping and multirotors for additional qualitative image collection to assess and validate
estimates of canopy cover conducted on the ground across sites in Plaquemines and Orleans Parish, Louisiana.
While these methods can not replace traditional field surveys, they offer cost and time-efficient additions to
better focus future efforts and provide a larger-scale, regional understanding of forest condition in a dynamic
coastal landscape.

140: THE POSITIVE RELATIONSHIP BETWEEN TEMPERATURE CHANGE AND V.
PARAHAEMOLYTICUS PRESENCE IN MONTEREY, CA.
Goforth, C.*; Xie, J.

Santa Catalina School / MERP

The bacteria Vibrio parahaemolyticus can potentially be toxic and cause vibriosis infection in humans.



Past work in Asia has shown that the prevalence of vibriosis related to shellfish consumption has increased
as coastal temperatures increased. Here, we focus on detecting V. parahaemolyticus in mussels in colder
upwelling environments in Monterey Bay, CA. We hypothesize that as temperatures increase, so would the
prevalence of the bacteria. To test this, we collected mussels from the Monterey Wharf in the winter, spring,
and fall (2021-2022) with ocean temperatures ranging from 8.1ºC to 23.1ºC. Mussels were then processed
and the gills were dissected, macerated, plated on a vibrio-specific TCBS agar, then allowed to incubate
for 5-6 days at 37ºC to test for the presence of V. parahaemolyticus. Early results indicate that prevalence
of this bacteria in mussel gill is coupled to environmental temperature. When plated after collection from
lower temperatures, colonies were less prevalent and were slower to appear. Alternatively, after higher
temperatures the colonies were more prevalent and were faster to appear. We have begun using PCR and
electrophoresis to examine whether the colonies are the toxic strain of V. parahaemolyticus using the tdh
and trh virulence genes. This result, in an marine environment that is traditionally colder with a lower rate
of V. parahaemolyticus, may have application to predicting potential public health threats in a warming
ocean.

141: EXPLORING TRAIT-BASED APPROACH TO QUANTIFY STABILIZING FEED-
BACKS IN PATCHES OF TURBINARIA ORNATA IN ALGAL-DOMINATED TROPICAL
REEFS
† Hannibal, K.N*; Fong, P

University of California, Los Angeles

Coral reefs have experienced multiple disturbances leading to coral-algal phase shifts. In the South Pacific,
this shift is often toward T. ornata, whose patches are an alternate stable state to coral that exhibit stabilizing
internal feedbacks through provision of an associational refuge from herbivory for juveniles. We tested the
usefulness of a trait-based approach to exploring this stabilizing feedback by examining traits of large (>10
cm) and small (<3cm) algal thalli from within and at the edge of 21 patches. Height and wet weight
confirmed the difference in thalli sizes. Toughness was measured to examine resistance to herbivory. To
establish whether there was a tradeoff in functional traits, we measured tensile strength to examine resistance
to physical disturbance. PERMANOVA detected differences across all traits between thallus size but not
locations. T-tests comparing individual traits across size revealed that small individuals were about half
as tough and half as weak as large individuals. Thus, small thalli are more susceptible to herbivory and
disturbance compared to the larger thalli protecting them, demonstrating a stabilizing within-patch feedback.
Overall, our results show that trait-based approaches are useful methods for detecting internalized stabilizing
feedbacks that exist within well-studied systems without the need for large-scale or long-term experiments. As
ecosystems continue to change due to anthropogenic effects, developing trait-based approaches that produce
robust results to rapidly assess community responses is increasingly important.

142: EXAMINING SHIFTS IN NUTRITIONAL QUALITY OF TWO BROWN SEAWEEDS,
DICTYOTA SPP., HALOPTERIS SCOPARIA ALONG A PH GRADIENT
Pierce, S.A.1*; Palmisciano, M.A.2; Teixido, N.3; Tamburello, L.3; Chiarore, A.3; Knight, C.2; Kroeker, K.4;
Micheli, F.2

1- University of Colorado, Boulder 2- Hopkins Marine Station of Stanford University 3- Stazione Zoologica
Anton Dohrn 4- University of California, Santa Cruz

Decreases in ocean pH as a result of elevated atmospheric carbon dioxide from greenhouse gasses has been
shown to catalyze changes in the biochemical composition and processes of various macroalgae species. Shifts
in the nutritional quality of two species of brown seaweeds, Dictyota spp. and Halopteris scoparia along a
natural pH gradient was evaluated using stable carbon and nitrogen isotope analysis. Sample collection was
conducted along the northern and southern sides of Castello Aragonese d’Ischia, a small islet off the Island
of Ischia where volcanic vents emit gaseous carbon dioxide. Zone A (“ambient”) has an average pH of 8.1.
Zone L (“low”) has a pH of approximately 7.8, on average. Zone EL (“extreme low”) has a more acidic
pH of approximately 6.6 - 7.2. Preliminary results reveal significant differences in C:N ratios between the
extreme zone and the non-acidified control sites, suggesting a tipping point exists around pH of 6.6-7.2 at
which nutritional quality increases. Between the low zone, where the pH matches near-future projections for
ocean acidification, and the control sites, there is no significant difference in C:N ratio. Our findings validate



previous work which found a higher percent carbon content in algae from the extreme low zone than in
control sites. This study will facilitate future investigation of how changes in the palatability of macroalgae
influence invertebrate grazing behavior and inform predictions about changes to top-down and bottom-up
control of ecosystems under ocean acidification.

143: SEASONAL VARIATION IN SEA STAR WASTING DISEASE
Froese, T.*; Sadlier-Brown, G.; Gehman, A.

Hakai Institute

Disease can cause dramatic declines in animal populations. Sea star wasting disease (SSWD) is a set of
signs of disease that lead to mortality in many sea stars along the northeast pacific, and the etiology of the
disease remains unknown. Signs of wasting disease, and indeed the initial outbreak of SSWD have been
associated with anomalously warm water temperature, suggesting an interaction between host-pathogen and
environmental stressors. We evaluate the seasonal variance of sea star wasting disease in the Calvert Island
intertidal, British Columbia. Sea star wasting disease was first documented at Calvert Island in the winter
of 2015. We conducted seasonal (February, May, June, August/September, November) intertidal surveys in
the rocky intertidal (2014-2022). Following SSWD, we found an increase juvenile Pisaster ochraceus density
in 2016, and have documented a steady decline in proportion of juveniles observed in the field through 2022.
Following the initial outbreak of SSWD, we found regular seasonal peaks in wasting signs, ranging from 5-
12% in August and September. In September 2022, we saw highest prevalence of wasting disease documented
since the initial outbreak, and anecdotally have observed high levels of recruitment. The seasonal variation
in infection prevalence found in this study supports the hypothesis that warm temperatures are associated
with increased wasting.

144: SOLAR DRIVEN INTERFACIAL EVAPORATION
† Calli Cunningham*

California State University at Channel Islands

Water scarcity has been a global issue for a long time that has been exacerbated and intensified due to
climate change. In order to create an efficient, biodegradable, sustainable and cost efficient mechanism, the
use of carbonized paper substrate has achieved an 85% increase in thermal efficiency.

145: MICROPLASTIC EXPOSURE MAY DISRUPT ABILITY TO LEARN: OBSERVA-
TIONS OF ESCAPE RESPONSE LATENCY IN HERMIT CRAB (P. SAMUELIS)
Dai, R.*; Juge, C.

Santa Catalina School / MERP

The increasing concentration of microplastics in the global oceans is well documented. These pollutants
have been shown to have negative mechanical and physiological impacts on a variety of species. While
microplastics have also been found to affect animal behavior, relatively little work has been done linking
microplastic exposure to behaviors with direct adaptive significance. Hermit crabs (Pagurus samuelis) have
a rapid escape response to visual stimuli, particularly to objects that “loom” (increase visual field area). We
measured the response latency to a looming stimulus in crabs that were exposed to several concentrations
of microplastics. Escape response latencies to a standardized, computer-controlled visual were assayed every
3 days over a 15 day period. We found that response latencies did not increase following exposure to any
microplastic concentration, however the control group reacted significantly faster after the 15 days (wilcoxon
signed-rank test, p = 0.005). Decreased response time in the control group may indicate a learning effect, and
the lack of change in response latency among the plastic exposed crabs may indicate a potential interruption
of the neural plasticity required for learning. This finding may highlight a subtle and sublethal, but important
route for microplastic disruption of animal physiology and behavior.

146: NATURAL ENVIRONMENTAL GRADIENTS ALTER COMMUNITY COMPOSI-
TION AND FUNCTIONAL DIVERSITY ON CORAL REEFS
† Barnas, D.M.*; Zeff, M.; Silbiger, N..J.

California State University, Northridge



Increases in local and global anthropogenic stressors drive biodiversity loss on coral reefs. Biodiversity
can be a strong driver of ecosystem functioning and stability; however, functional trait diversity may be a
stronger predictor of community ecosystem functioning than species diversity alone. Submarine groundwater
discharge (SGD), water flowing through the seabed into the coastal ocean, creates a unique biogeochemical
environment and has been shown to alter community composition across coral reefs globally. Although
functional trait diversity has been shown to maintain ecosystem functioning, studies on how SGD alters
functional trait diversity are lacking. The present study addresses this knowledge gap by using previously
established SGD gradients at two coral reefs in Mo’orea, French Polynesia to determine the impacts of
SGD on reef functional diversity. We surveyed 4 m2 at 20 locations across two sites using a quadrat
point contact method (200 points per location). We also noted substrate at each point and measured
mean rugosity at each survey location. Our study shows that while high SGD influence may decrease
community diversity, moderate SGD influence may have the opposite effect and increase diversity. Here, we
illustrate the variability of community responses to land-based influences such as SGD. Understanding how
communities might naturally differentiate in these environments is crucial to managing coastal reefs under
future environmental changes and compounding stressors.

147: DOES PREY HANDLING BEHAVIOR VARY IN CONFINED SPACES?
Pruett, L.R.1*; McElfish, M.2; Mehta, R.S.3

1- UCSC undergrad 2- UCSC doctorate student 3- professor

The California moray, Gymnothorax mordax, is the only muraenid species found off the west coast ranging
from the southern tip of Baja to the northern Channel Islands. California morays predate upon kelp bass and
cephalopods in the rocky reef ecosystem. Unlike most fishes, morays have a diverse prey handling repertoire
some of which involves using their elongated body to restrain and manipulate prey. Four distinct handling
behaviors are recognized: shaking, rotating, ramming, and knotting. Shaking and ramming tend to be fast
behaviors that occur repeatedly in a feeding bout. During shaking, morays quickly move their head back
and forth while ramming consists of the moray swimming into an object with the prey protruding from
its mouth to either sever the prey or cram it further into its mouth. Rotating and knotting involve the
moray’s entire body with knotting requiring more 3-dimensional space to form a knot. While studies have
investigated moray prey handling opportunistically in the open ocean or in a controlled lab environment, no
study has investigated how morays handle prey in crevices or enclosed spaces where they typically reside.
Our goal is to examine whether prey handling behaviors vary when morays feed in confined spaces. To do
this, we attached prey in either confined spaces or in the middle of the tank where morays were unrestrained.
Preliminary results demonstrate that morays can use many behaviors in confined spaces, but that rotating
occurs more frequently in enclosed spaces, while knotting was observed more frequently in open areas.

148: MICROPLASTICS FOUND IN PACIFIC OYSTERS (CRASSOSTREA GIGAS)
GROWN IN THE MORRO BAY ESTUARY
† Engle, E.M.*; Adams, A.M.; Adams, N.L.

California Polytechnic State University, San Luis Obispo

Microplastics, fragments or fibers of plastic smaller than 5mm in length, are pervasive throughout marine
ecosystems and are found in the gills and guts of the smallest marine organisms causing deleterious effects.
Pacific Oysters ( Crassostrea gigas) are bivalves capable of filtering large volumes of seawater, are easily
accessible, and are a part of a multibillion dollar per year fishery. Weekly over a month-long period, we
obtained oysters raised in Morro Bay. We extracted and digested gill tissue and digestive glands using a wet
weight dependent volume of 10% KOH at 40℃ for 24 hours to dissolve the tissues. We identified the quantity
and types of microplastics in the digested samples using a dissecting microscope at 16x magnification. We
found no significant difference between the mean number of plastics per oyster between gills and digestive
organs, however there was a trend of gill tissue having higher average numbers of microplastics (2.9 ±0.59
pieces per oyster) than the digestive organs (1.4 ±0.19 pieces per oyster) (p>0.05). There was a significant
difference among the types of microplastics found in oyster tissues with fibers being the most abundant (p
<0.01). Thus far, our findings indicate that microplastics, especially microfibers, are present in local Pacific
Oysters, but only in low amounts.



149: WHAT DOESN’T KILL YOU MAKES YOU STRONGER? POTENTIAL FOR
SELECTED CA.XC RESISTANCE IN ENDANGERED WHITE ABALONE HALIOTIS
SORENSENI
Deutsch, A.A.*; Marshman, B.C.; Souza, C.A.; Moore, J.D.; Aquilino, K.M.; Frederick, A.R.; Burge, C.A.

UC Davis, Bodega Marine Laboratory

The disease withering syndrome presents a challenge for recovery of endangered white abalone, Haliotis
sorenseni. The disease, caused by the bacterium Candidatus Xenohaliotis californiensis (Ca.Xc), inhibits
the animals’ ability to digest food and causes animals to starve, digest their own tissue for energy, and
eventually wither. Previous studies have shown that populations of captive and wild abalone can develop
resistance to Ca.Xc after previous exposure, and heritable resistance has been selected for in farmed red
abalone, Haliotis rufescens. To inform captive breeding for white abalone recovery efforts, we are utilizing
a common garden experiment to determine whether resistance to withering syndrome can be selected for in
white abalone. We are exposing seven genetically-distinct populations of white abalone to Ca.Xc in elevated
seawater temperatures (17°C), to increase the severity of the disease. We will monitor survival and measure
bacterial loads, quantified by qPCR, of fecal samples and in selected tissue samples over time. Our goal is
to determine whether we can identify populations of white abalone that are less susceptible to Ca.Xc for
future breeding efforts. If resistance is heritable among our captive breeding lineages, this would enable 1)
selection of specific crosses during breeding efforts or 2) identification of existing captive populations that
are more disease resistant.

150: IT’S ALL A BIG MISTAKE: LARVAL ERRORS AND THE FORMATION OF NEW
AGGREGATIONS OF THE SERPULID ANNELID FICOPOMATUS ENIGMATICUS
† Mendelson, A.*; Nuon, K.; Pernet, B.

CSU Long Beach

Adults of F. enigmaticus typically live in aggregations formed by larval settlement: cues associated with
adults induce planktonic larvae to settle in contact with those adults, leading to aggregations that may
include many thousands of worms. Formation of a new aggregation, however, requires a larva to settle
in the absence of adult cues. Solitary settlement in similar species has been explained by at least three
hypotheses: some larvae may make incorrect settlement decisions (“Larval Error”); larvae that do not
encounter adult cue may eventually accept a wider array of settlement substrata (“Desperate Larva”); or
larvae are genetically polymorphic in substratum requirement, with some being founders (settling only on
uninhabited substrata) and others being aggregators (settling only on adults) (“Founder/Aggregator”). We
sought to distinguish among these hypotheses in lab experiments. As larvae of four full-sibling families
became competent to settle, we exposed them individually to either adult tube, field biofilm, lab biofilm, or
unbiofilmed plastic and recorded settlement daily for the next six days. Overall settlement was highest on
adult cue, intermediate on field and lab biofilm, and lowest on unbiofilmed plastic. Temporal patterns of
settlement were inconsistent with the Desperate Larva or Founder/Aggregator hypotheses, but are consistent
with the Larval Error hypothesis.

151: ASSESSING THE SEASONAL IMPACTS OF THE INTRODUCED SPONGE
HYMENIACIDON PERLEVIS (PORIFERA: DEMOSPONGIAE) IN THE ELKHORN
SLOUGH
† Hoeke JT*; Kahn AS

Moss Landing Marine Laboratories

Introduced species can have broad effects on ecosystems, but the scope of effects varies. Hymeniacidon
perlevis is a cosmopolitan sponge introduced to the Elkhorn Slough since at least 1998. Since introduction, H.
perlevis has formed dense aggregations across intertidal mud flats, potentially outcompeting other epifaunal
and encrusting organisms. We assessed H. perlevis monthly and explored whether its abundance correlated to
environmental conditions. Sponge cover (area per m,2) was measured using randomized photoquadrats from
three sites across Elkhorn Slough over 432 days. Max sponge cover was greatest at Azevedo Pond (0.031 m,2)
compared to Kirby Park (0.006 m,2) and South Marsh (0.015 m,2). Sponge cover differed between months
at Azevedo Pond (bootstrapped ANOVA; n = 38, p < 0.001) with a significant drop in cover from August



–January (0.008133 m,2) compared to January through August (0.001001 m,2). Sponge cover did not change
significantly over time elsewhere (bootstrapped ANOVA; Kirby Park: n = 48, p = 0.813; South Marsh: n
= 87; p = 0.413). Time-lagged Spearman rank cross-correlations between sponge cover and environmental
variables (temperature, pH, salinity, DO, turbidity, and precipitation) showed strongest correlations with a
lag of 2 – 3 months. This suggest that abundance – and ecological effects – of H. perlevis follow a seasonal
pattern in Elkhorn Slough with implications for exploring a seasonal management strategy for this introduced
species.

152: EFFECTS OF WEATHERED OIL ON ATLANTIC KILLIFISH GROWTH AND DE-
VELOPMENT
Avelar, H.1*; McNabb, N. A.2; Whitehead, A.2; Griffiths, J. S.2; Aeppli, C.3; Clark, B. W.4

1- 1. UC Davis EERREC REU 2. California State University Channel Islands 2- Department of Environ-
mental Toxicology, UC Davis, CA 3- Bigelow Laboratory for Ocean Sciences, East Boothbay, ME 4- US
Environmental Protection Agency, Atlantic Coastal Environmental Sciences Division, Narragansett, RI

The Deepwater Horizon oil spill in 2010 was one of the largest marine oil spills in history, a disaster that
released over 200 million gallons of crude oil into the Gulf of Mexico. Atlantic killifish (Fundulus heteroclitus)
are a small, well-studied species of fish with populations that are known to vary widely in their sensitivity to
some pollutants, including some polycyclic aromatic hydrocarbons (PAHs) found in crude oil. In an ongoing
effort to understand the ecotoxicological impacts of oil pollution on fish, F. heteroclitus were collected
from two separate sites in Massachusetts – the pristine Scorton Creek and the heavily contaminated New
Bedford Harbor. Offspring from both populations were dosed with varying concentrations of sea water (SW)
contaminated with weathered oil in a controlled environment. Oil concentrations ranged from 0 mg oil/mL
SW to 10 mg oil/mL SW. As a part of a larger research project investigating the transcriptomic impacts
of oil on these fish, this project looked at the impacts of varying oil concentration and origin site on the
embryos’ early growth, survival, and phenotypic deformities. Preliminary results indicate that increasing oil
concentration negatively correlates to larval size and survival, and results in a strong increase in embryonic
deformities. Larval fish from the polluted New Bedford Harbor population also seem to be more resilient to
the effects of oil compared to those spawned from the Scorton Creek population, indicating some adaptive
resistance in this population to pollutants in oil.

153: ONE ANEMONE, MANY FLAVORS: GEOSPATIAL VARIATION IN THE ORAL
DISC AND TENTACLE PATTERNS OF HALCAMPA DECEMTENTACULATA
Rajerison, J.V.*; Monuki, K.S; Sanford, E.

University of California, Davis

Color and pattern polymorphisms occur in many invertebrates and may arise via natural selection for cam-
ouflage or predator avoidance. The Ten-tentacle Burrowing Anemone Halcampa decemtentaculata is known
to exhibit color and pattern variation, but the extent and frequency of variation across space has yet to be
assessed. We surveyed and photographed 262 H. decemtentaculata across three sites in Northern California.
For each anemone, we scored the presence or absence of 11 traits associated with patterns on the oral disc
and tentacles. We hypothesized that anemone populations that were closer together would have more similar
patterns than those farther apart. Our surveys documented a striking variety of pattern morphs. To compare
the frequencies of these patterns, the traits of each individual anemone were visualized using Non-metric
Multidimensional Scaling (NMDS). This analysis indicated that the frequency of patterns differed signifi-
cantly among each of the three populations. Consistent with our hypothesis, the two closer populations had
more similar patterns than the more distant population. This geospatial distribution of patterns might arise
from a combination of factors including low dispersal between anemone populations and divergence among
sites in the color and composition of the surrounding sediments. Additional studies, including sequencing
and laboratory experiments with visual predators such as sculpins, are needed to explore the processes that
might have led to the evolution and maintenance of extensive polymorphism in this sea anemone.

154: COPPER TOLERANCE IN AN INVASIVE BRYOZOAN CRYPTIC SPECIES COM-
PLEX
Arnett, V.R.*; Villalobos-Cazares, D.A.; Bairstow, A.S.; Strawhand, A.; Craig, S.F.



Cal Poly Humboldt

Non-native marine species are an increasingly abundant part of marine ecosystems and pose a significant
threat to native biodiversity, often causing large ecological and economic consequences. One of the common
preventative measures to deter spread of marine invasive species involves the use of copper-based antifoul-
ing biocides on boat hulls. These biocides are generally effective at preventing the growth of biofouling
organisms, but certain species—including the cryptic-species complex of two invasive bryozoans, Watersi-
pora subtorquata and Watersipora ‘new species’—have been shown to have a high resistance to these copper
biocides. Previous research in our lab showed that Watersipora may prefer substrates with higher levels
of copper biocide. In order to examine preferences in the field, five PVC racks were created, onto which
either polyester discs or plastic sheets with differing levels of copper biocide were attached. These racks were
mounted at two marinas in Humboldt Bay, CA and periodically checked and replaced every three weeks
during two summers. Species-level identification was determined using PCR analysis. Results indicate this
Watersipora cryptic-species complex shows a resistance to copper biocide, which differed across years, in
contrast to most other species. New preventative measures will be necessary to mitigate the further spread
and establishment of invasive Watersipora species.

155: ENVIRONMENTAL CORRELATES OF GREAT WHITE SHARK DETECTION IN
CARPINTERIA, CA
Chertock, L.P.*

Claremont McKenna College, University of California, Santa Barbara

Padaro Beach in Carpinteria, California has been known to be a “hotspot” for great white sharks. To
monitor their presence in the area, the Benioff Ocean Science Laboratory began conducting aerial drone
surveys in 2019. Combining the data gathered from these surveys, acoustic detections from the tagged
sharks of CSULB’s Shark Lab, and nearby environmental data sourced from NOAA and the UCSB LTER, I
analyzed overall sighting trends and potential relationships between oceanic characteristics and the number
of sharks detected. From 2019 to 2021, the average number of sharks detected per survey rose from 0.56
to 4.40. When the data was categorized by month, statistically significant positive correlations were found
for conductivity (June), fluorescence (August), wave height (June), and temperature (June). Negative
correlations were found for conductivity (September), pressure (October), salinity (July), and temperature
(September). The number of juvenile sharks detected at Padaro Beach greatly exceeded the number of
adults, indicating that the area serves as a nursery. Some environmental factors were shown to have a
different statistical relationship to juveniles than they had to adult sharks, which may be due to the fact
that juveniles are influenced more heavily by surrounding water temperature and abundance of small fish.
The number of detections surrounding the dates of notable heating and cooling events were then analyzed,
and evidence of a positive relationship was found.

156: SUBMARINE GROUNDWATER DISCHARGE DRIVES CHANGES IN REEF FISH
HERBIVORY
† Zeff, M.*; Barnas, D.M.; Silbiger, N.J.

California State University Northridge

Submarine groundwater discharge (SGD) is a widespread phenomenon of nearshore coral reefs and a key
driver of environmental change in these ecosystems. SGD is associated with unique shifts in temperature,
salinity, and carbonate chemistry, yet there is little information on its role in reef dynamics and ecosystem
functioning. This study characterized reef fish community composition and herbivory across a gradient of
SGD in tropical coral reef lagoons in Mo’orea, French Polynesia. We found that herbivory rates changed
significantly with proximity to SGD. Rates of algal consumption were higher in high SGD communities,
and fishes consistently preferred algae that grew near groundwater seeps compared to algae grown in am-
bient conditions. Algal nutrient composition was also affected by SGD exposure; nitrogen concentrations
increased with proximity to groundwater, likely improving algal palatability and driving observed differences
in herbivory. Our results demonstrate that SGD plays a key role in the structure and function of reef fish
communities, highlighting its effects on coral reef processes.

157: THE CORRELATION BETWEEN THE PURPLE SEA URCHIN’S GONDADOSO-



MATIC INDEX (GSI) AND ALGAE
† Martinez, C.O.*; Haberman, I.; Haupt, A.J.

CSU Monterey Bay

The intertidal area is essential because it provides habitat and food for diverse marine species. Strongylo-
centrotus purpuratus is a common species found in the intertidal. When S. purpuratus population increase,
they can cause a shift in the ecosystem from high algal abundance to urchin barren. S. purpuratus feed
primarily on Macrocystis pyrifera but also eat other algae. Urchin barrens often result in urchins with lower
reproductive capacity because the lack of kelp availability leads them to starve. As urchins starve, they
decrease their metabolism and the size of their gonads to survive but will not be able to reproduce. This
study assesses the impact of local intertidal algal availability on S. purpuratus’s GSI. We surveyed nine sites
along the Monterey Peninsula, where we used quadrats to determine percent cover of algae and collected
urchins found in those quadrats. The urchins were measured for wet weight and then dissected to measure
the gonadal wet weight. Linear regression was used to find a relationship between the algae and GSI. The
analysis suggests that foliose algae have significance to the urchin’s GSI, but the largest driver of GSI was
site. This study is critical because it will help us better understand the reproductive capacity of intertidal
urchins that can provide larvae to subtidal areas through larval dispersal.

158: EXAMINING THE ROLE OF INTERACTION WEBS IN DICTATING BULL KELP
FOREST RESILIENCE
† Dias, A.1*; Hughes, B.1; Elsmore, K.2; Crocker, D.1

1- Sonoma State University 2- California Department of Fish and Wildlife

Compounding effects of stressors in marine ecosystems—such as climate change and disease—result in large-
scale disruptions to coastal ecosystem biodiversity and function. Mitigating these effects through restoration
science requires an understanding of that ecosystem’s resilience, i.e. the extent to which an ecosystem re-
sponds to disturbance. Kelp forests are an essential ecosystem which humans and wildlife rely on worldwide.
Threatened by warm water anomalies and predator loss driving the overgrazing of herbivores, scientists are
challenged to restore these ecosystems before permanent loss. In Northern California, less than 10% of his-
torical bull kelp (Nereocystis luetkeana) forests remain along the coastline. Using recruitment experiments,
large-scale multi-year surveys across ~150 kilometers of coastline, and novel approaches for kelp enhancement,
this study aims to identify key interaction networks that promote ecosystem resilience within bull kelp forests.
We find that a common understory alga, Desmarestia spp. or “acid algae”, may play an important role in
moderating interactions between bull kelp and herbivorous purple urchins (Strongylocentrotus purpuratus).
Preliminary results suggest Desmarestia is negatively associated with purple urchins and positively associ-
ated with bull kelp. Harnessing this interaction network may allow for targeted restoration techniques for
bull kelp forest management plans.

159: AMAR AL MAR - ENVIRONMENTAL EDUCATION & AWARENESS PROGRAM
Hunt, V.1*; Trejo-Hernández Y.2; Murillo-López A.2; Azcoitia-Rocher D.2; Miranda-Marín M.A2

1- Central Washington University 2- Grupo Tortuguero de las Californias AC. Mexico

Grupo Tortuguero de las Californias has been working for 20 years in marine turtle conservation in North-
western Mexico. In 2014 we launched ‘Chapuzon Submarino’, an environmental program that relies on
gamification, arts, and a holistic approach to promote empathy and respect for the environment in students
fromprimary to high school. With time we realized that waste and plastic pollution were major issues in
the communities where we were working, therefore, we launched a new program called “Amar al Mar”, that
aims at working withcoastal communities to reduce plastic pollution and improve waste management.

160: INVESTIGATING THE DISTRIBUTION OF BENTHIC SEAMOUNT SPECIES US-
ING MULTI-FACETED DIVERSITY APPROACHES
† Davies,M.A.1*; Du Preez,C.2; Bates, A.E.1

1- University of Victoria 2- Institute of Ocean Sciences, Department of Fisheries and Oceans Canada

One of the largest marine protected areas (MPA) in the world was proposed off the coast of British Columbia,



Canada, covering approximately 130,000 km2. This region spans a wide variety of habitats, including 47
known underwater mountains, or seamounts, which are home to a rich diversity of species including global
hotspots of diversity for foundational coral and sponge species. Seamounts are inherently variable structures,
with different heights and geomorphologies at different spatial scales. Despite the known variability in the
structure across these seamounts, species communities within single seamounts are assumed to be similar.
Our study uses images and video data collected from benthic remotely operated vehicle (ROV) surveys
performed on nine seamounts to determine the diversity patterns of coral and sponge species along depth
gradients spanning thousands of meters. We predict distinct patterns of coral and sponge diversity both
between seamounts and with ocean depth due to environmental gradients in oxygen availability and oceanic
currents. Given that this area is currently experiencing rapid changes such as the expansion of low oxygen
waters, suitable habitats for sessile, long-lived benthic species will be constrained. We identify areas that
will be indicators for ecosystem health and inform critical marine management decisions.

161: MORPHOLOGICAL VARIATION IN THE CALIFORNIA MORAY, GYMNOTHO-
RAX MORDAX
† Zdziebko, D.Z.1*; Mehta, R.S.2

1- University of Southern California 2- University of California Santa Cruz

The California Moray Eel, Gymnothorax mordax, is a benthic, nocturnal and abundant predator around
Catalina Island. The reproductive behaviors of the California moray are not well understood but recent ge-
netic work suggests that moray larvae travel from source populations in Baja California and settle in different
coves around the island where they eventually metamorph and adults exhibit extreme site fidelity. Some sites
in which they settle exhibit differences in environmental parameters which seem to select for subtle differ-
ences in moray colouration and patterning. For example, morays inhabiting Cat Harbor, a marine protected
area (MPA) on the southern part of the island have a lighter coloration than their counterparts inhabiting
the eastern side of the isthmus. This research determines whether there are morphological differences that
may be driven by genetic variation and local adaptation between the Cat Harbor moray population and
morays inhabiting Big Fisherman’s Cove, an MPA on the eastern side of the isthmus. We captured and
euthanized a broad size range of morays from Cat Harbor in the summer of 2022 and examined various
morphological and anatomical traits such as vertebral counts and relative organ lengths. When possible, we
also examined diet. We found differences in organ size and no major differences in vertebral counts between
the two populations. While vertebral numbers are established during the larval stage and are linked to organ
development, differences in organ size may be the result of local adaptation to diet.

162: BODY SHAPE EVOLUTION IN CRYPTOBENTHIC REEF FISHES FOUND IN THE
TROPICAL EASTERN PACIFIC
Fajardo, C.L1*; Ludt, W.B2; Burns, M.D3

1- California State University, Northridge 2- Natural History Museum of Los Angeles County 3- Cornell
University

Body shape plays a key role in how a species interacts with its ecosystem, and is often influenced by the
ecology of a species and is indicative of their function within a community. In tropical reef fish communities,
both shape and size vary greatly across lineages and ecological gradients. On the smaller end of the size
spectrum, cryptobenthic reef fishes (CRFs) are an influential sub-community that are essential for the overall
health of coral reefs. CRFs are generally <50 mm in size and comprise nearly 50% of biomass consumed
in reefs. The Tropical Eastern Pacific (TEP) is a biogeographic region that spans from southern Baja Cal-
ifornia to northern Peru and comprises three marine provinces: the Cortez, Panamic, and offshore islands.
Throughout these provinces are 245 species of CRFs from 12 families, yet little is known about the commu-
nity composition and evolutionary processes that have shaped these CRF communities. In this study, we
quantified body shape variation of CRF communities throughout the TEP using geometric morphometrics
and assessed morphological disparity between biogeographic provinces, among families, and across different
habitats. Furthermore, we assessed whether CRFs that have adapted to the same habitat exhibit parallel
phenotypes, indicating shared selective pressures across biogeographic regions, or if lineages in each biogeo-
graphic region evolved unique morphologies, indicative of differential selection. These results shed light on
the evolutionary history and formation of CRF communities in the TEP.



163: COMPARING THE PHYLOGENETIC RELATIONSHIP OF TREMATODES ON THE
LINE ISLANDS AND FRENCH POLYNESIA TO THE EASTERN AND WESTERN PA-
CIFIC
† Wrinkle, JG1*; Arosemena, AC2; Barton, RL1; Lee, HE1; Sandin, s3; Wood, CL4; Haupt, AJ1

1- Department of Marine Science, California State University Monterey Bay 2- Universidad Interamerican
de Puerto Rico 3- Center for Marine Biodiversity and Conservation, Scripps Institute of Oceanography 4-
School of Aquatic Fishery Science, University of Washington

To better understand extensive biodiversity in our ocean’s ecosystems, this study analyzes and compares the
genetic sequences of marine parasites from the class Trematoda collected from the Hawaiian Line Islands
and French Polynesia to the Eastern and Western Pacific coast lines. It was hypothesized that these samples
would be more closely related to the Western Pacific coast line. Hundreds of adult trematodes were extracted
from host reef fishes from the Hawaiian Line Islands and French Polynesia. Molecular genetics techniques
were used to target the mitochondrial cytochrome c oxidase subunit I (mCOI) locus. DNA was extracted,
amplified, and Sanger sequenced for each sample. The program MEGA was used to build a phylogeny
to compare the similarity between the genetic sequences of the trematode samples across the Line Islands
and French Polynesia with trematode sequences from other parts of the Eastern and Western Pacific. The
phylogeny showed that trematodes sequenced in this study were more closely related to species from Australia
in the Western Pacific, thus supporting the hypothesis.

164: POTENTIAL DRIVERS IN SPATIAL VARIATION OF MOBILE INVERTEBRATE
SPECIES ALONG THE CENTRAL CALIFORNIA COAST INTERTIDAL SYSTEM
Rooney, K.A.1*; Haupt, A.1; Haberman, I.2

1- Department of Marine Science, California State University, Monterey Bay, Seaside, CA 2- Department
of Marine Science, California State University, Monterey Bay, Seaside, CA & Moss Landing Marine Labo-
ratories, Moss Landing, CA

Where species live is driven by abiotic and biotic factors across a landscape and we expect species to be
distributed across suitable habitat. However often species can be patchy even across sites that are very similar.
Along the California Coast, the spatial variation of mobile invertebrate species may be influenced by factors
such as food and predator availability, wave exposure, and temperature. Three important mobile invertebrate
species in the Central California Coast intertidal system are black abalone, Haliotis cracherodii, ochre sea
stars, Pisaster ochraceus, and purple sea urchins, Strongylocentrotus purpuratus. The distribution of these
three species exhibits surprising levels of variation across sites with suitable habitat. We surveyed eight
rocky intertidal sites along the Monterey Peninsula and measured abundance of large mobile invertebrates,
algal cover, and substrate type. Our results showed little spatial variation between substrate types, but
spatial variation between algal communities across sites. There were also little differences in algal cover
between sites inside and outside of the bay. Two of these species are herbivores and one is a keystone
species. It is important to understand the drivers of spatial variation in these mobile invertebrate species
since herbivores can drastically shift their environments by consuming foundational species and competing
with other organisms. This study will provide important information on the status of local species and can
be used to inform ongoing conservation efforts.

165: INVERTEBRATE RECRUITMENT PATTERNS RELATED TO REMNANT BULL
KELP (NEREOCYSTIS LUETKEANA) FORESTS FOLLOWING A CATASTROPHIC DE-
CLINE
† Vinicius, R.S.*; Brent, B.B.

Sonoma State University

The increase of climate driven events can threaten the persistence of many marine ecosystems. Additionally,
population dynamics, larval production and demographic connectivity are likely to become more variable
as the climate changes. Temperate kelp forests are known to be some of the most productive ecosystems
in the world and provide a wide range of ecosystem services (e.g., habitat structure, food source, carbon
sequestration), yet are susceptible to collapse when temperatures and herbivory increase. In Northern
California, a series of perturbations, including a record breaking marine heatwave and loss of apex predators



has led to a catastrophic decline of iconic and historically stable bull kelp (Nereocystis luetkeana) forests.
Although many forests have shifted to sea urchin barrens, observational and survey data shows there were
certain locations/patches where kelp and macroinvertebrate populations persisted. On the other hand, the
habitat aspects that influence the persistence within these patches following an ecological catastrophe are
not well understood. In this study, we examined the drivers of population and community assembly patterns
related to remnant patches following the drastic decline of northern California kelp forests. To test these
drivers, we quantified the abundance and composition of canopy and subcanopy algae and macroinvertebrates
inside and outside of remnant bull kelp forests across three sites and assessed if persistent kelp patches
influenced the recruitment of macroinvertebrates. Preliminary results indicate that kelp forests are import

166: A PARASITE-INCLUSIVE FOOD WEB FOR THE CALIFORNIA ROCKY INTER-
TIDAL ZONE
Flores, D.S.*; DiBartolo, A.; Zilz, Z.; Kuris, A.

UCSB

Several foundational theories of ecology were developed by studying organisms that inhabit the rocky inter-
tidal zone (RIZ) of the northeast Pacific Ocean. However, a comprehensive examination of trophic interac-
tions between all RIZ species has yet to be undertaken. We used the myriad of publications and data on
species interactions in the California RIZ to construct a preliminary meta-food web, which was then supple-
mented by field surveys, collections, and necropsies. We paid special attention to the parasitic interactions
which are often overlooked by other food web analyses, but which often comprise a significant proportion
of trophic interactions in other similar food webs. Furthermore, we highlight cryptic trophic interactions
between free-living species identified by studying host-parasite relationships. We anticipate that this meta-
food web will be a tool for identifying target species or groups of species for protection, directly assisting
managers attempting to allocate limited resources towards the conservation of coastal habitats.

167: REFERENCE GENOME FOR THE CALIFORNIA RUBBED MUSSEL, MYTILUS
CALIFORNIANUS, AN ECOSYSTEM ENGINEER
† Paggeot, L.X.1*; DeBiasse, M.B.1; Escalona, E2; Fairbaim, C.3; Marimuthu, M.P.A.3; Nguyen, O.3; Sa-
hasrabudhe, R.3; Dawson, M.N1

1- Life & Environmental Sciences, University of California, Merced 2- Department of Biomolecular Engi-
neering, University of California Santa Cruz 3- Ecology & Evolutionary Biology Department, University of
Santa Cruz

The California ribbed mussel, Mytilus californianus, is an ecosystem engineer crucial for the survival of many
marine species inhabiting the in- 1.75 tertidal zone of California. Here, we describe the first reference genome
for M. californianus and compare it to previously published genomesfrom three other Mytilus species: M.
edulis, M. coruscus, and M. galloprovincialis. The M. californianus reference genome is 1.65 Gb in length,
AQ6 with N50 sequence length of 118Mb, and an estimated 86.0% complete single copy genes. Compared
with the other three Mytilus species,the M. californianus genome assembly is the longest, has the highest N50
value, and the highest percentage complete single copy genes. Thishigh-quality genome assembly provides a
foundation for population genetic analyses that will give insight into future conservation work along1.25 the
coast of California.

168: GET OFF MY LAWN: THE EFFECTS OF INTERSPECIFIC COMPETITION ON
OWL LIMPET TERRITORY SIZE AND BEHAVIOR
† Penix, A.*; Walkes, S.A.; Sanford, E.

Bodega Marine Laboratory, University of California, Davis

Ecological theory suggests that territorial animals reduce territory size in response to increasing competitor
density and costs of defense. However, there are few empirical tests of this theory, as home ranges are
often difficult to measure. We combined experimental and observational approaches to test whether the
intertidal owl limpet (Lottia gigantea) would reduce its territory size in response to allospecific competitors,
particularly the common chiton Nuttallina californica. In field surveys at three sites, we measured L. gigantea
territory size and counted grazers in each territory. Additionally, we experimentally altered the densities of



N. californica and other grazers and measured changes in territory size among treatment groups. Lastly, we
used cameras to track L. gigantea movement in a laboratory experiment with N. californica present or absent
on experimental tiles. Our field surveys showed a negative relationship between increasing grazer density
and territory size. The grazer density manipulations show an emerging trend in which territories with chiton
additions expand more slowly through time. In the lab experiment, owl limpets moved less with chitons
present. Together, our findings suggest that increasing competitor density causes L. gigantea to decrease
activity and slow territory growth, likely due to increased costs of defense. Overall, our observational and
experimental studies add empirical evidence to support the predicted negative correlation between competitor
density and territory size.

169: BEHAVIORAL RESPONSES OF PACIFIC HERRING (CLUPEA PALLASII) TO PO-
TENTIAL DETERRENCE STIMULI
† Hollarsmith, J.A.1*; Boswell, K.2; Taylor, C.3; Vollenweider, J.1; Bishop, A.4; Cates, R.1; Stephens, T.5;
Cieciel, K.4

1- Alaska Fisheries Science Center, NOAA Fisheries 2- Florida International University 3- Beaufort Labo-
ratory, NOAA National Centers for Coastal Ocean Science 4- Alaska Regional Office, NOAA Fisheries 5-
N/A

Pacific herring spawning events can envelop kelp farms in eggs, ruining highly valuable aquaculture crops.
Desires for novel deterrence strategies have introduced a need for research into behavioral responses of pacific
herring to various human created stimuli. This project chose to investigate the effects of a bubble curtain,
commercial fishing lights, an acoustic pinger, static fishing flashers, a low density array of moving fishing
flashers, and a high density array of moving fishing flashers on herring location within a net pen. During June
2022, we exposed a school of wild caught pacific herring (n=400) in an in-water net pen for thirty minute
exposure to each stimulus over the course of three days and measured their movements using a multibeam
sonar system. We determined the difference between the individual locations of the fish during exposure to
the stimuli relative to that after exposure. Using multiple linear regression analysis, we compared estimate
effects of treatment against replication. Results suggest the bubble curtain was effective at displacing the
herring within the net pen while other stimuli demonstrated little to no effect. This project provides insight to
farmers on potential strategies for deterring pacific herring and encourages future research of other potential
stimuli.

170: THE ROLE OF PERISTALSIS IN BARNACLE EGGS
Sanchez, S.*; von Dassow, G.; Jezuit, E.; Magro, G.

Oregon Institute of Marine Biology

Barnacle (Balanus glandula) eggs are spherical when fertilized but soon initiate surface contraction waves
that travel around the egg cell starting at the animal pole, which is both the site of meiosis and the future
anterior of the embryo. Waves have a regular period and continue at least until meiosis II, around 2h after
fertilization. These peristaltic contractions elongate the shape of the egg along the future anterior-posterior
axis making the cell go from spherical to an ovoid shape. These contractions coincide with the formation
of the eggshell, which is an extracellular membrane that encapsulates the barnacle embryo until hatching.
This rigid, ovoid capsule constrains the embryo during its further development. We used a combination of
chemical inhibitors (cytochalasin B), proteases (pronase), and physical perturbations, combined with time-
lapse imaging to evaluate: 1) how interfering with the peristalsis affects the eggshell or embryo shape, and
2) what are the consequences for further development. Results show that when peristalsis is inhibited, cells
remain spherical and do not elongate. When the eggshell is prevented from forming, cells elongate more than
normal during peristalsis but revert to a spherical shape once peristalsis ceases. However, neither behavior
alters the pattern of the first cell divisions. Future research includes finding other ways to manipulate
contractions and the eggshell and growing embryos to their larval stage to visualize significant changes.

171: INVASIVES DRIVING WILDFIRE: COLLABORATIVE UNDERGRADUATE DATA
COLLECTION REINFORCES NATIVE AND INVASIVE POST-WILDFIRE DYNAMICS
† Richard Rachman1*; Joey Curti2; Casey terHorst1; Brad Shaffer2

1- California State University Northridge 2- University of California Los Angeles



Invasive plants have been shown to increase frequency of wildfires and decrease the burn severity, which
has been difficult to measure reliably using remotely sensed imagery in Southern California shrubland. One
surveyed area, the Santa Monica Mountains, underwent the largest wildfire in its history in November
2018. This event created an opportunity to study the succession of native and non-native plants and their
relationship to various aspects of wildfire, such as burn severity. In the month of February, average limb
thickness, our proxy for burn severity, was smallest in habitats with more non-natives, and was larger in
habitats with fewer non-natives and Cal-IPC ranked invasive species. The most recently burned areas had
the highest abundance of non-natives. Species richness was highest in areas with the most frequent burns
and shortest average fire return interval, suggesting and abundance of non-natives as well as fire-adapted
fire followers. Examining plant phenology from February to May, native plants only weakly changed in
abundance over time with transect as a random effect. Non-natives, annual grass, and Cal-IPC ranked
invasive abundance did significantly change over time in the four-month period. Non-native and invasive
plants were associated with lower burn severity and higher burn frequency in the first growing season after
a wildfire. Management of invasive plants in already degraded habitats during the first and second growing
season months of a wildfire could be an important way to reduce the seedbank of invasive plants.

172: IMPROVED OSTRACOD TAXONOMY METHODS: DNA ANALYSIS AND CONFO-
CAL MICROSCOPY IMAGING OF SINGLE SPECIMENS FOR SPECIES DELIMITATION
Islas, J.R.*; Prieto, L.A.; Torres, E.

California State University, Los Angeles

Cypridinid ostracods are tiny marine crustaceans that occur worldwide and are highly diverse and abundant
in coral reef habitats throughout the Caribbean. Over 75 species of Caribbean cypridinids have been dis-
covered from their species-specific mating displays; behavior is the first character that guides our taxonomic
work. Taxonomy of non-bioluminescent cypridinid ostracods is more challenging: specimens of Skogsbergia
from throughout the Caribbean are genetically divergent, morphologically similar, and fall into clades that
include specimens from a wide range of Caribbean localities. In the past, we sequenced DNA from one
specimen and imaged the body of another from the same sample collection. To reduce errors in species
delimitation, we have developed a new method where we extract DNA from a specimen and then use the
exoskeleton for morphological analysis. We use our existing phylogeny as the first guide for choosing speci-
mens for DNA extraction and dissection, confirm the clade position with molecular phylogenetics, and use
confocal laser scanning microscopy (CLSM) to image the ostracod limbs for taxonomy. We find that our
approach yields enough DNA for PCR and Sanger sequencing for barcoding and phylogenetic analysis. Be-
cause arthropod exoskeletons are auto-fluorescent, staining of the specimens is not required. The image
stacks collected by CLSM are used to generate 3-dimensional renderings and line drawings. Our method is
useful for ostracod taxonomy and should extend to other small arthropods.

173: TARGET-CAPTURE SEQUENCING ELUCIDATES SPECIES BOUNDARIES OF
ECOLOGICALLY IMPORTANT SOFT CORALS
† Lane, A.1*; Ekins, M.2; Benayahu, Y.3; McFadden, C. S.1

1- Harvey Mudd College 2- Queensland Museum 3- Tel Aviv University

The Xeniidae are an ecologically dominant family of octocorals on Indo-Pacific coral reefs. Some xeniids
may also prove more robust in the face of climate change, as they have been known to recover faster than
scleractinian corals after coral bleaching events. Xeniids of the genus Cespitularia are major space occupiers
in many regions of the Indo-Pacific, including the Great Barrier Reef. The family’s growing ecological
importance necessitates a robust taxonomy, but Cespitularia is poorly characterized. Molecular phylogenetic
studies have reclassified some former Cespitularia species into the new genera Conglomeratusclera, Unomia,
and Caementabunda. Caementabunda have “cement chip” microstructures on the surface of their sclerites
(calcitic skeletal elements). In contrast, Cespitularia erecta has “rice grain” microstructures. Microstructures
are typically diagnostic features of different xeniid genera, but single-locus DNA barcodes fail to clearly
distinguish C. erecta from Caementabunda simplex. We turned to target enrichment of ultra-conserved
elements and exons to investigate whether C. erecta and C. simplex are genetically divergent enough to be
considered different species, let alone members of different genera. SNP-based species delimitation analyses
reveal greater genetic difference between populations of C. simplex than between sympatric populations of



C. simplex and C. erecta. Since soft coral species identification often relies on sclerites, our results invite
further examination of the factors, be they genetic or environmental, controlling sclerite morphology.

174: THE RETURN OF THE CLAM? MONITORING THE RECOVERY OF AN ICONIC
RECREATIONAL FISHERY SPECIES ON THE CENTRAL CALIFORNIA COAST
† Bills, M.*; Moon, R.H.; Ippoliti, G.M.; Ross, O.L.; Goel, S.; Armstrong, A.N.; Klir, T.; Gianni, T.A.; Gray,
T.J.; Sarin, A.; Bloom, R.N.; Ruttenberg, B.I.

Cal Poly San Luis Obispo

Pismo clams (Tivela stutltorum) are an iconic recreational fishery species in California. While once abun-
dant, Pismo clam populations declined in the 1980s, likely due to the combined pressure of overharvesting,
predation and environmental change. The Marine Conservation Lab at Cal Poly San Luis Obispo has been
monitoring Pismo clam populations on Pismo Beach since 2015 by conducting monthly clam surveys to
track abundance and size structure over time. These eight years of survey data show that the population
is increasing in abundance overall including a dramatic increase in 2021. Additionally, the clams present
on the beach are surviving and growing as larger individuals are found each year. Small numbers of clams
in 2022 are approaching the legal size (114.3 mm) for harvesting Pismo clams which has not been seen on
Pismo Beach since 1993. As the clam population increases, CDFW citation data from the last seven years
show an increase in poaching intensity as well.

175: VARIABLE RESPONSES OF MULTIPLE SEA STAR SPECIES TO SEA STAR WAST-
ING DISEASE
Sadlier-Brown,G.*; Pontier,O.; Froese,T.; Gehman,A.

Hakai Institute

Novel and wide-scale disease outbreaks that are driving declines in host species have increased globally and
are predicted to increase with climate change. Variation in susceptibility, disease progression and mortality
among sea star species could lead to species specific response to disease outbreak. We document the effect of
sea star wasting disease on population size and sea star size structure in response to SSWD around Calvert
Island, British Columbia. We conducted expert subtidal diver surveys; in seagrass beds (2014-2020), in and
adjacent to Nereocystis and Macrocystis beds (2013-2020), and in rocky reefs associated with urchin barrens
(2013-2020). Post-wasting outbreak, we increased our survey area to include fjord habitats, opportunistically
searching for populations that survived the wasting outbreak (2018-2020). We saw initial declines in density
for Solaster sp., Evasterias troschelli and Orthasterias koehleri. At the same sites, there was no change in
mean density of D. imbricata, Mediaster aequalis, or Henricia sp. In recent years we have seen evidence
of recovery for O. koehleri and E. troschelli at several sites and habitats within the region. Even with
this recovery in numbers, we have documented wasting regularly across sites and species, with increased
observations of wasting individuals in 2015, 2019, 2021 and 2022. Interestingly, we observed potential signs
of disease in D. imbricata in 2022. This variability between species over time suggests that species interactions
could be important in determining disease persistence.

176: THE POTENTIAL ROLE OF PHYSICAL CONDITIONS AND SPECIES INTERAC-
TIONS IN THE NON-OVERLAPPING DISTRIBUTION OF TWO CONGENERIC AM-
PHIPODS
† Allen, S.C.*; Murphy, C.E.; Stachowicz, J.J.

UC Davis

A broad goal of community ecology is to understand how biotic and abiotic factors determine species’ dis-
tributions. In rocky shore communities, abiotic forces limit species’ distributions at the upper limit while
biotic interactions such as competition and predation determine lower limits. We assessed whether similar
forces determined the zonation of two amphipod congeners along a temperaturegradient in Tomales Bay,
CA. Specifically, Ampithoe valida is found only in the warmest parts of the bay, and Ampithoe lacertosa
in cooler sites, despite there being evidence of dispersal between sites. We caged each species at both warm
and cold sites for 7 days, but found no differences in survival, suggesting that at this time scale abiotic
forces were not responsible for differential species’ distributions. To test whether interactions between these



species influence their distribution, we measured population growth of amphipod cultures grown at varying
inter- and intra- specific densities. Neither intra, nor inter- specific density affected population growth, sug-
gesting the two species are not interacting in a way that inhibits establishment. We tethered each species at
both sites to measure predation pressure. As predation on A. valida increased at the warm site, abundance
decreased, suggesting predation may limit A. valida. Predation pressure was high at the cool site through-
out the summer which may have prevented A. valida establishment. This pattern was not observed for A.
lacertosa, indicating that other factors, such as lack of preferred habitat, may set its limits.

177: DOES COMMUNITY ASSEMBLAGE DETERMINE RESTORATION SUCCESS OF
A LOST KELP FOREST?
† Velázquez, M*; Hughes, B

Sonoma State University

In recent years, northern California bull kelp (Nereocystis Luetkeana) forests have experienced a catastrophic
decline (>90% loss) due to a ‘perfect storm’ of stressors.Recovery has been slow, variable, and patchy; thus
it is imperative we understand local restoration dynamics in order to strategically inform conservation efforts
of this iconic foundation species. This ongoing experimental restoration study aims to better understand
restoration dynamics across three shallow reef ecosystem states: a Nereocystis forest fringe, an understory
Pterygophora californica patch, and a Strongylocentrotus purpuratus urchin barren at Portuguese Beach,
in Mendocino, CA. Specifically, I am addressing how community assemblage and structure in these states
may determine restoration success. I am particularly interested in any variation of sea urchin population
structure (size distribution, gonad indices) and behavior (grazing mode, diet preferences), energy dynamics
(drift kelp), invertebrate larval recruitment and physical characteristics (relief, rugosity) across alternate
states that may illuminate feedback mechanisms maintaining specific domains of stability across this patchy
landscape.

178: SPATIAL VARIATION OF SEA STAR RECOVERY IN RESPONSE TO SEA STAR
WASTING DISEASE
† Gier, J. A.*

The University of the South - Sewanee

Diseases act as ecological disturbances that can change relative species abundances and have a wide range
of impacts on ecosystems. Since 2013, sea star wasting disease has caused large-scale mortality of sea stars
in the eastern Pacific ocean. Along the central coast of California, one of of the sea stars most impacted by
sea star wasting disease is the ochre sea star (Pisaster ochraceus), a keystone species and important shaper
of intertidal communities through predation on the California mussel (Mytilus californianus). Loss of P.
ochraceus in intertidal communities could lead to increases in mussel populations which might outcompete
other species, such as the endangered black abalone (Haliotis cracherodii), for crevice space. We are interested
in the spatial variation of P. ochraceus recovery along central California and what factors might be driving
said variation. We used swath surveys, quadrat surveys, and timed searches at low tide to obtain count and
size data of all sea stars at 10 sites along the Monterey Bay area. Additionally, we used data from the Multi-
Agency Rocky Intertidal Network (MARINe) to see how sea star populations and sizes have been changing
over time. We found that P. ochraceus recovery is highly variable across sites and that bat stars (Patiria
miniata) outnumbered P. ochraceus at every site except one. Our data show that P. ochraceus densities are
still low at the majority of our sites, which is concerning, given that they are keystone species and thus have
a disproportionately large impact on their ecosystem.

179: THERMAL SENSITIVITY OF WAVY TURBAN SNAIL METABOLISM AND IMPLI-
CATIONS FOR GROWTH
Stella, K.A.*; Hernandez, A.; Johnson, D.W.

California State University Long Beach

In a warming ocean it is important to know how metabolic rates and energy budgets change with temper-
ature. Our project goal was to determine the sensitivity of metabolic rates to temperature changes and to
explore how temperature-dependent changes in metabolic rate may ultimately affect growth. We measured



metabolic rates of a subtidal marine gastropod, the Wavy Turban Snail (Megastraea undosa). M. undosa was
considered for this study because they inhabit a wide geographic range as well as a range of habitats ranging
from intertidal zone to depths of 250 feet. The sample size of this study was 57 M. undosa individuals of
varying shell diameter and weights. We measured the oxygen consumption (mgO2 min-1) of snails across
an eight degree range of temperature. As expected, oxygen consumption rates increased significantly with
temperature (P = 0.017) and mass (P = 8.3 x 10-10). We found that thermal sensitivity of metabolic rate
was moderate with a Q10 value of 1.93 (95% CI: 1.12, 2.31). Combining information on metabolic rates with
field measurements of growth suggests that temperature-dependent changes in metabolic rate can have sig-
nificant effects on energy budgets and the amount of surplus energy available for growth. Keywordsclimate
change, metabolic rates, oxygen consumption, thermal sensitivity.

180: EFFECTS OF AN ENDOCRINE DISRUPTING CHEMICAL ON SEA URCHIN LAR-
VAL DEVELOPMENT AND SURVIVAL
† Bala, S.*; Armstrong, M.L.; Hawthorne, R.; Bay, R.A.

UC Davis

Endocrine disrupting chemicals (EDCs) are substances, usually artificial, that actively alter the efficacy of
hormones, particularly thyroid and steroid hormones. They are used in a variety of industrial and household
products including pesticides and herbicides, pharmaceuticals, and plastics. EDCs have been found across
many environments; in aquatic systems they are often detected in urban runoff. Alkylphenols, a specific
category of EDCs, have been shown to induce developmental abnormalities in a variety of marine inverte-
brate larvae. However, few studies have implemented biologically relevant concentrations in developmental
studies. In our project we exposed white sea urchin larvae (Lytechinus pictus) to three concentrations of an
Alkylphenol (Nonylphenol) to assess how exposure can impact development and survival through the plu-
teus stage. Our main expectation from this study was that exposure would result in delayed development,
decreased survival, and developmental abnormalities. We found evidence that exposure to nonylphenol led
to a decrease in fertilization success and, under certain circumstances, an increased number of abnormalities.

181: 2019-2022: WHERE ARE THE KELP AND THE KELP CRABS?
Dobkowski, K. A.*

Woodbury University/Friday Harbor Labs

Bull kelp (Nereocystis luetkeana) is an important foundation species in the Salish Sea of Washington state,
providing habitat and food for a variety of other species. Laboratory experiments suggest that the Northern
kelp crab (Pugettia producta) voraciously consumes bull kelp and prefers to eat it over other local seaweeds.
To assess the impact of kelp crab herbivory on this economically and ecologically important primary producer,
we began conducting annual snorkel surveys of bull kelp density and kelp crab abundance at three sites on
San Juan Island in 2019. Our goals for these surveys is to track kelp density over time and quantify how
many kelp crabs live in bull kelp beds (whether their abundance varies geographically or temporarily). While
we generally observed similar kelp and crab densities at different sites on San Juan Island, we were surprised
that one of our previously surveyed annual bull kelp beds did not “appear” at all in 2022. An enhanced
understanding of factors determining the distribution and abundance of bull kelp and kelp crabs is crucial as
we seek to predict how important foundation species will respond to changing conditions and shifting species
interactions as nearshore habitats continue to feel the effects of ongoing ocean change.

182: “SUBSTRATE MOBILITY” AND INTERTIDAL COMMUNITY STRUCTURE AS A
PROXY FOR SURFGRASS DISTRIBUTION IN COASTAL CALIFORNIA
† Bible, O.1*; Cramer, A1; Cline, C.2

1- California State University, Monterey Bay 2- Cornell University

I am currently examining the distribution of surfgrass (Phyllospadix sp.) along the California coast relative
to substrate mobility, as well as the overall impact of surfgrass on intertidal community structure. ‘Substrate
mobility’ is a metric composed of substrate type and wave force data (Cramer and Katz 2020). Substrate
mobility data was obtained from fieldwork testing substrate friability with a sclerometer and a pressure
gauge to determine wave depth and period. Surfgrass distribution data was taken from intertidal community



surveys and supplemented with a MARINe dataset. Using this data, I will construct a habitat suitability
map for surfgrass based on substrate mobility. Additionally, I am currently running a PCA analysis to better
understand the effect of surfgrass on intertidal community data. I anticipate that surfgrass distribution is
higher in areas with a higher substrate mobility value (Plechner 1996) and with a higher concentration of
epiphytic algae (National Park Service). Preliminary results point to a slight positive relationship between
substrate mobility and surfgrass frequency, which could be due to small sample size. Overall, I aim to obtain
a greater understanding of the relationship between substrate and ecosystem in the California intertidal.
For conservation purposes, I aim to better understand which areas of the coastline will specifically benefit
from surfgrass protection services and gain a broader understanding of the makeup of California intertidal
ecosystems.

183: LARVAL ABUNDANCE AND HEAT TOLERANCE AS A METRIC FOR ADULT
STOCK IN DUNGENESS CRAB POPULATIONS IN THE PACIFIC NORTHWEST
† Overstreet, L.A.*; Marvin, F.B.; Mau, C.H.; Linkemyer, J.R.; Walker, N.A.; Benson, A.; Becker, B.J.

UW Tacoma

Dungeness crabs (Metacarcinus magister) are culturally and ecologically essential to Washington; they are
also the most valuable state and tribal commercial species. Recently, there have been sharp declines in
adult crab catch, resulting in the closure of a south Puget Sound fishery. Previous research has shown
larval abundance is a clear driver of adult yield, but many gaps in research remain regarding population
dynamics, sustainability, and the impact of environmental shifts. The aim of this work is to track spatial
and temporal larval distribution in order to better plan restoration and predict harvest limits. As part of
the Pacific Northwest Crab Research Group, simple light traps were deployed across the Salish Sea from
mid-April to September for two consecutive years, with sampling four days per week. Data for the network
included counts of Dungeness megalopae (final larval stage) and juvenile instars, other species of interest,
and environmental information. An extreme heat event in June of 2021 was succeeded by a large pulse of
megalopae and instars in the Central Sound; with the frequency of heat waves doubling over the last century,
understanding the heat shock response in Dungeness crab larvae is imperative. To supplement data for the
2022 season, megalopae (n>30) were collected in ethanol for morphometric analysis (carapace height, length,
width) and in stabilizing solution for heat shock protein expression assays to compare with temperature data.
Analysis is ongoing, but this vital species must first be understood to be protected.

184: MONITORING OSHV-1 IN PACIFIC OYSTERS OF THE WEST COAST
Prado-Zapata, M.K.1*; Dayal, S.2; Dumbauld, B.3; Evans, F.4; Burge, C.A.5

1- UC Davis, California Department of Fish and Wildlife 2- University of North Carolina Wilmington,
Department of Biology and Marine Biology 3- USDA-ARS Pacific Shellfish Research Unit 4- Oregon State
University 5- California Department of Fish and Wildlife

Ostreid herpesvirus-1, also known as OsHV-1, is a viral disease most commonly associated with mass mortal-
ity events of the Pacific oyster, Crassostrea gigas. OsHV-1 was first detected in the early 1990’s in France and
New Zealand causing mortalities of larvae and seed oysters. OsHV-1 microvariants have emerged globally,
the first being in France in 2008, causing economically devastating mortalities in all life stages of oysters.
Outbreaks of OsHV-1 have been linked with seasonal summer losses of juvenile C. gigas affecting aquaculture
production in Tomales Bay, CA likely since the 1990’s. In 2018, an OsHV-1 microvariant was first detected
in the United States, in San Diego Bay during a health assessment, followed by a mortality event of juvenile
Pacific oysters. In an effort to monitor OsHV-1 infection, during the summers of 2020-2021 we tested for
OsHV-1 in five locations on the US West Coast: Totten Inlet (WA), Willapa Bay (WA), Tillamook Bay (OR),
Tomales Bay (CA), and San Diego Bay (CA). Locations were chosen based on use by the shellfish industry
and proximity to long-term environmental monitoring. With qPCR, OsHV-1 was detected and quantified
in both Tomales Bay and San Diego Bay. Using sequencing analysis, OsHV-1 detected in San Diego in 2020
was determined to be the same variant detected in 2018: OsHV-1 uvar SD. Continued monitoring of OsHV-1
can provide insight on the pathogenesis in locations such as Tomales Bay and San Diego Bay. Sites which
remain negative for OsHV-1 provide important data on the absence of the virus supported by diagnostic
data.



185: FACING PHYSIOLOGICAL CONSTRAINTS: THE RESPONSE OF AN INTERTIDAL
GASTROPOD TO OCEAN ACIDIFICATION AND WARMING
† Dellinger, R.D.*; Silbiger, N.J.; Fields, J.B.

California State University, Northridge

Ocean acidification (OA) and warming will affect marine organisms, the ecosystems that organisms are
embedded within, and inevitably the functions ecosystems provide to humanity. However, the interactive
effects of OA and warming on organismal physiology remain a gap of uncertainty in a field that has prioritized
studying aspects of environmental change as isolated phenomena. The variable coastal environment of
the rocky intertidal, and the organisms within the ecosystem, provide a model system to understand the
physiological mechanisms for how organisms respond to environmental change. To address these limitations,
I used thermal performance curves to empirically characterize the relationship between biological rates of
respiration and grazing of Tegula funebralis, an intertidal gastropod ubiquitous to the California coastline.
Accounting for site-specific and future conditions of seawater, this study measured the performance of T.
funebralis to a range of eight temperatures crossed with a blocked exposure to either current average or
future pH predictions. Measurements for respiration rates were taken after a 10-day exposure (one-week
acclimation), while measurements for herbivory rates were taken every 3 days during the experiment, thereby
enabling us to quantify energetic expenditure and consumption. Our results exemplify how organismal-level
interactions may amplify or reduce the effects of environmental change, as each organismal function uniquely
scales up to affect different ecosystem functions.

186: EFFECTS OF NON-NATIVE WATERSIPORA ON THE ABUNDANCE AND PER-
CENT COVER OF NATIVE OLYMPIA OYSTERS, OSTREA LURIDA
† Kim S. Yumul*; Leeza-Marie Rodriguez; Brandon Quintana; Danielle C. Zacherl

California State University, Fullerton

Non-native fouling organisms settling onto natural hard substrata in estuaries can harm native species via
mechanisms like space competition and predation. Understanding how non-native foulers influence native
species recruitment is critical in predicting future native species composition. The effects of the non-native
bryozoan, Watersipora subtorquata, and other foulers on Ostrea lurida recruitment were studied to determine
whether their percent cover affects native oyster abundance and cover. Terracotta tiles were deployed in
Newport Bay, California at tidal elevations between -0.5 and -1.0 feet MLLW during oyster’s spawning and
recruitment season. Four treatment groups (n=10 per treatment) were established to examine the effects
of foulers onO. lurida recruitment: unmanipulated controls,W. subtorquata removal, other fouler removal,
and all fouler removal. Treatments were maintained by monthly removal ofW. subtorquata and other
foulers as appropriate per treatment. Oysters recruiting to the tiles were measured for length and width,
identified, and quantified. Point contact technique was used to record cover of species recruiting to tiles. We
hypothesized that presence ofW. subtorquata and other foulers would lead to low abundance and cover ofO.
lurida recruits. Surprisingly, W. subtorquata and other foulers had no significant effect on abundance or cover
ofO. lurida. Fouling species, including ubiquitous non-natives likeW. subtorquatamay not be as harmful to
native species in local estuarine habitats as predicted.

187: HOW THE INTERTIDAL LOCATION OF ANTHOPLEURA SOLA IMPACTS SYM-
BIOSIS WITH BREVIOLUM MUSCATINEI
† Espinoza, J.D1*; Esquerra, R.1; Chung, I.1; Chan, A.1; Ling, L.2; Cohen, C.S.1

1- San Francisco State University 2- Stanford University

Symbiotic algae can yield significant primary production while providing nutrients to improve fitness and
survival in their Cnidarian hosts. The state of this symbiotic relationship is sensitive to the local ecosystem,
and anthropogenic environmental changes are likely to disrupt this delicate balance. The relation between
anemone Anthopleura sola and symbiont Breviolum muscatinei in response to abiotic variation over short
and long timescales is not well understood. Our goal is to quantify algal density and photosynthetic potential
in A. sola in a natural population at Amarai Point, Pacifica, CA for an extended period of time. To achieve
this, we identified 30 A. sola individuals for bimonthly tentacle collection along a 1m intertidal gradient
in July, 2022. Of these 30 individuals, we have 12 anemone pairs (two individuals in close proximity to



each other (<1m)). We have developed protocols to quantify algal density/ug protein using flow cytometry
and the BCA protein assay. We expected to find individuals sampled in the upper intertidal to have lower
algal density as they are exposed to rapid abiotic changes during lower tides. Initial results suggest little
correlation regarding individual tidal height positioning and algal relation. However, the majority of our
paired individuals exhibit close algal densities and trends with each other. Understanding the extended
bleaching and recovery response of A. sola is crucial as climate change threatens to increase stressor event
frequency and intensity in many symbiotic Cnidarian ecosystems.

188: DOES CONSPECIFIC DENSITY AFFECT GROWTH AND MORTALITY OF JUVE-
NILE PENAEID SHRIMP FROM A SOUTH CAROLINA ESTUARY?
† Lane, W.1*; Bruck, D.2; Hubbard, I.3; Pfirrmann, B.3; Kimball, M.3; Dunn, R.4

1- University of Delaware & North Inlet-Winyah Bay National Estuarine Research Reserve 2- Cornell
College 3- University of South Carolina 4- University of South Carolina & North Inlet-Winyah Bay National
Estuarine Research Reserve

Estuaries are complex seascapes with multiple habitat types and support critical nurseries for economically
and ecologically important species. In southeastern U.S. estuaries, two such species, brown shrimp (Farfan-
tepenaeus aztecus) and white shrimp (Litopenaeus setiferus), use various estuarine habitats during multiple
life-stages. Because shrimp life history occurs on an annual scale, populations are sensitive to changes in
environmental conditions and available habitat. When conspecific abundance is high, density-dependent re-
source competition may reduce growth and increase mortality. We conducted manipulative experiments in a
flow-through seawater lab at the Baruch Marine Field Laboratory in South Carolina to test if conspecific den-
sity affects growth and mortality in juvenile white and brown shrimp. Shrimp from North Inlet estuary were
maintained for 15 days at densities commonly observed in southeastern estuaries (12.5, 25, or 37.5 shrimp
m-2) and PIT tagged to follow individual growth trajectories. Length and weight were recorded every 5 days
for each individual. Density-dependent growth occurred in brown shrimp but not white shrimp. Conspecific
density did not affect survival probability in either species, but initial mass did affect survival probability
for both species, with smaller shrimp suffering higher mortality. Our results suggest that changing environ-
mental conditions within coastal zones could lead to density-dependent impacts on some demographic rates
for these ecologically and economically important estuarine residents.

189: SPATIAL VARIABILITY OF BLACK ABALONE AND WHAT THIS MEANS FOR
CONSERVATION EFFORTS
† Dawson, Leta. M1*; Del Toro, Alicia1; Haupt, Alison J.1; Micheli, Fiorenza2

1- Department of Marine Science, California State University Monterey Bay 2- Department of Ocean Solu-
tions at Hopkins Marine Station

Body size often plays an important role in the survival and recovery of an organism, providing a competitive
edge to their resilience to anthropogenic stressors and resistance to predation. Haliotis cracherodii, an
important herbivore in intertidal ecosystems. Not meeting the recovery criteria identified by the Abalone
Recovery Management Plan (ARMP). Management and recovery of threatened species requires long-term
observations of population dynamics. Human and environmental impacts make the recovery of threatened
species even more difficult. Since the H. cracherodii’s placement on the endangered species list, studies are
finding that size-frequency and population distributions are coming close to meeting the criteria set by the
ARMP. For this reason our study aims to answer the questions of whether areas with increased protection
are seeing increases in size frequency and population densities as well as whether habitat associations play
a role in these. We found spatial variability across size frequency and population densities. Understanding
variability in size and population for endangered species is important for the continuation of management
and conservation strategies.

190: EFFECTS OF SPATIAL RESOLUTION OF SEAFLOOR TERRAIN VARIABLES ON
KELP DENSITY MODELS OF CALIFORNIA
† Zheng, C1*; Giraldo-Ospina, A1; Caselle, J1; Carr, M2; Bell, T3

1- UCSB 2- UCSC 3- Woods Hole Oceanographic Institution



Spatial resolution is an important consideration in spatial ecological modeling because it can have a significant
effect on model performance and prediction. As the grid size increases, the chance that a species observation
is forced to match its wider environmental conditions also increases. This is why identifying the most relevant
grid sizes that will provide the most accurate predictions is key when using variables at differential spatial
resolutions. We extracted seafloor terrain variables from MBES surveys that were originally collected at 2x2
m resolution and tested the effect of different grid sizes in the performance of kelp density models for the
North Coast of California. We produced different resolutions of substrate variables (depth and rock) including
120x120 m, 300x300 m, 900x900 m, and 1500x1500 m, and validated spatial predictions by comparing them
to observed data from in situ surveys of kelp density and Landsat data of kelp area. We found that at local
and regional scales, dynamics of kelp density are preserved regardless of spatial resolution of seafloor terrain
variables, i.e., the pattern of kelp density is consistent under different resolutions even though the predictive
values change. Through these methods, we have gained a better understanding of the effect of different
variable resolutions on the performance of the kelp density models. We aim to implement these methods on
the entire coast of California to optimize spatial models of kelp density which ultimately will help determine
the best places to conduct kelp restoration activities statewide.

191: DO MACROCYSTIS HOLDFASTS PLAY AN ACTIVE ROLE IN NITROGEN AC-
QUISITION?
† Hess,M.H.1*; Buitrago-Yepes,K.2

1- Moss Landing Marine Laboratories 2- CSU Monterey Bay

Giant kelp (Macrocystis pyrifera) productivity drives the ecology and function of its associated ecosystems,
with enormous ecological and societal value. Yet, many ecophysiological processes that regulate individ-
ual and population persistence are poorly known. For example, nitrogen (N) use by giant kelp exceeds
allochthonous supply (e.g. from upwelling), suggesting undescribed local pathways must exist. Giant kelp
holdfasts host a complex trophic network of animals that constantly acquire and sequester N and excrete am-
monium, a form of N preferred by giant kelp. We propose that holdfast infauna supply their giant kelp hosts
with a steady flux of N. We used a series of orthogonal mesocosm experiments to demonstrate ammonium
uptake by giant kelp holdfasts. Aquacultured sporophytes were placed in plastic, 2L bags that isolated water
surrounding holdfast surfaces from the remainder of the thallus. Filtered seawater was added to the bags and
[NH4+] increased to either 9.8 ± 1.8 µM or left unmanipulated (1.6 ± 0.6 µM). Frayed polypropylene rope
holdfast mimics acted as inert controls for both ammonium treatments. Ammonium concentrations were
depleted in live holdfast treatments within 48 hours and significantly faster than in inert controls. This is
the first description of nutrient uptake by giant kelp holdfasts and the first step in exploring a hypothesized
symbiotic relationship between kelps and their holdfast fauna, with implications for nitrogen acquisition and
population persistence.

192: PUBLIC AWARENESS AND OUTREACH IN RELATION TO POACHING OF A
RECREATIONAL FISHERIES SPECIES, THE PISMO CLAM (TIVELA STULTORUM)
† Ippoliti,G.I.*

California Polytechnic State University - San Luis Obispo

The Pismo clam (Tivela stultorum) once supported a popular recreational fishery until the population
declined dramatically in the 1980s. There has not been a Pismo clam of legal harvestable size in Pismo
Beach since 1993, and the species now suffers high levels of illegal harvesting, or poaching. I sought to
investigate three main questions related to the poaching of Pismo clams in Pismo Beach: 1) how much
people know about clams and regulations, 2) how well the current informational signage conveys information
about clams and regulations, and 3) how much poaching is occurring outside of citations. I administered a
questionnaire to visitors of Pismo Beach about their knowledge of Pismo clams and clamming regulations,
evaluated all the current informational signage at beach access points from Cayucos to Oceano Dunes, and
conducted observational surveys of beach activities to assess levels of uncited poaching. I found that most
people surveyed did not know the clamming regulations, and those who visited Pismo Beach more frequently
were more likely to know them. Additionally, most of the informational signage about Pismo clams was in
good condition, but was small in size and not language inclusive. The results of the observational beach
activity surveys were inconclusive, but the survey methods developed will be useful for evaluating levels



of uncited poaching in future studies. The information gathered in this study can be used to inform the
agencies responsible for management of the Pismo clam recreational fishery to improve management and
outreach to reduce poaching.

193: EFFECTS OF THERMAL ENVIRONMENT ON REPRODUCTIVE PHYSIOLOGY IN
FEMALE AMARGOSA RIVER PUPFISH, CYPRINODON NEVADENSIS AMARGOSAE
† Housh,M.J.*; Lema,S.C.

Cal Poly, San Luis Obispo

Desert pupfishes have one of the highest and broadest thermal tolerances of freshwater fishes, but their
reproduction is thermally sensitive and shuts down many degrees below their thermal maximum. Those
inhibitory effects of high temperature on reproduction are linked to changes in hypothalamic-pituitary-
gonad (HPG) axis hormone signaling. Here, we examined the effects of high temperature on the reproductive
endocrinology of Amargosa pupfish (Cyprinodon nevadensis amargosae) by maintaining fish under conditions
of a stable ‘low’ temperature (25°C), a ‘fluctuating’ condition varying from 27 to 35°C, or a stable ‘high’
temperature (35°C). Females experiencing the fluctuating and high temperature had diminished ovaries and
lower circulating estradiol (E2). Temperature, however, had no effect on testes size or plasma 11-KT in
males. High temperature reduced ovarian expression of gonadotropin receptor genes, lhr and fshr, as well as
mRNAs encoding the steroidogenesis enzymes cyp11a1 and 3�hsd. Hepatic gene expression for vitellogenins
and choriogenins crucial for egg development was also reduced in females experiencing the fluctuating and
high temperatures, while liver mRNAs for estrogen receptor esr2a and sex hormone binding globulin (shbg)
were elevated in those same females. These findings point to reproduction being more thermally sensitive in
female pupfish than in males and suggest that reproductive inhibition by high temperatures is mediated by
several interacting endocrine pathways.

194: OCEAN CURRENTS AND DISPERSAL OF TROPICAL MARINE PARASITES: HOW
BIG CURRENTS AFFECT THE LITTLE GUY
† Curiel, Gabrie. E1*; Barton, Randi. L1; Lee, Hannah. E1; Sandin, Stuart2; Wood, Chelsea. L3; Walter,
Alyssa. C1; Haupt, Alison. J1

1- Department of Marine Science, California State University Monterey Bay 2- Center for Marine Biodiver-
sity and Conservation, Scripps Institution of Oceanography 3- School of Aquatic Fishery Science, University
of Washington

Parasites are an integral part of marine ecosystems in the tropical Pacific. Since many parasites have plank-
tonic larval stages, the tropical currents are likely to have a significant impact on their dispersal. Genomics
can be used to determine the relationships between organisms, and understanding said relationships can help
determine the dispersal patterns of parasites. Comparing the dispersal patterns of these parasites to the
tropical pacific currents may give insight as to how currents are involved in the dispersal of parasites in their
planktonic larval stage. Using molecular genetics techniques, trematode (a marine parasite) DNA collected
from host reef fish from French Polynesia were extracted, amplified, and then sequenced. The generated
sequence data was used to calculate FST values and then used in conjunction with data of tropical current
patterns to analyze the relationship between the currents and which island the trematodes where found.
We found that there was no relationship between the tropical current patterns and the trematode genetic
patterns of French Polynesia.

195: DON’T BREATHE: SHELL GAPING VS. RESPIRATORY ACTIVITY OF MARINE
MUSSELS IN THE PACIFIC NORTHWEST
Hanshaw, V. F.*; Nishizaki, M.

Carleton College

Mussels are important ecosystem engineers whose physiological activity holds the potential to dramatically
alter local water chemistry. Through activities related to respiration, mussels can lower both O2 concentra-
tions and pH levels (by adding CO2 to the water). Previously, we have documented that respiration rates
vary under different environmental conditions for mussels in short-term experiments. The true impact of
mussels on their environment, however, remains unclear in the absence of data addressing how long indi-



vidual mussels remain: 1) open with their shells “gaped” and; 2) physiologically active in a given day or
tide cycle. This study aims to better understand the relationships between respiration activity and gaping
behavior of mussels in Washington state. Using gape sensors to monitor mussels in the field over 24 hours,
we observed that mussels were gaped almost continuously during periods of tidal immersion. However, lab
experiments showed that mussels did not continuously respire while gaping despite the fact that once opened,
they tended to continue gaping throughout our 2h trials. These results suggest an apparent independence
between physiological activity and gaping behavior and underscore a need to understand fine-scale variation
in the strength of exhalant current flows versus gaping behavior and physiological demand.

196: CONSEQUENCES OF EXPANDED RECRUITMENT OF THE BURROWING GHOST
SHRIMP, NEOTRYPAEA, ON THE OREGON SHELF
Henkel, SK*; Hardisty, SJ; Vaughan, M

Oregon State University

The burrowing ghost shrimp, Neotrypaea sp. are known as ecosystem engineers of estuary mudflats and
have been considered an insignificant presence on the shelf. In estuaries these shrimp continuously rework
the sediment via burrowing activities which important in mitigating impacts of nutrient loading (natural
and anthropogenic), can exacerbate low oxygen conditions, and/or increase oxygen cycling due to burrow
irrigation. In 2019 we discovered a large, multi-cohort population 7 mi offshore Newport, OR. Enhanced
benthic oxygen consumption linked to Neotrypaea sp. beds may further intensify regional hypoxia on the
shelf, while the large shrimp may increase foraging opportunities for upper trophic levels. Using habitat
suitability modeling we have characterized environmental conditions under which these shrimp occur and
identified other offshore locations they may have colonized. We have conducted box coring and video lander
observations to ground-truth the model predictions and to track changes in benthic invertebrate communities.
Comparisons of burrow morphology between estuary and offshore shrimp appear to be reflective of the
differing environmental stressors in the two habitats. We are working to estimate the shrimp’s contribution
to benthic oxygen and organic carbon cycling by analyses of aquatic eddy covariance and of core incubations
in shelf areas with and without abundant shrimp. Finally, we will determine how these shrimp and the
abiotic and biotic impacts of their burrows change the overall productivity of the mid-shelf benthos relative
to reference areas.

197: SPATIAL VARIATION IN MICRO-STRUCTURE DISTRIBUTION INFLUENCES
THE SETTLEMENT PREFERENCE AND POST-SETTLEMENT SUCCESS OF REEF
CORALS
† Muñoz-Maravilla, J.D.*; Edmunds, P.J.

California State University, Northridge

Most tropical scleractinian corals are important reef builders and many are experiencing population declines
due to major disturbances. The long-term implications of major disturbances for scleractinians are modulated
by the ability of corals to support population recovery through key ecological processes such as recruitment.
Success of coral recruitment can be influenced by physical features found on the benthos at micro scales (mm
to cm). Relationship between coral recruitment and benthic microtopography was explored by assessing the
influence of spatial variation of benthic micro-structures, that act as microhabitats, on coral recruitment in
the backreef of Moorea, French Polynesia. We tested the hypotheses: (1) the abundance of coral recruits is
proportional to the availability of microhabitats, normalized to their planar area, (2) the settlement preference
and survival of coral larvae varies among types of microhabitat features on artificial tiles. Through benthic
surveys, microhabitats categorized as pits and grooves promoted higher densities of coral recruits by 85 %,
but the taxonomic composition differed between microhabitat types. Larval settlement of Pocillopora acuta
to 3D-printed tiles showed higher preference to microhabitats versus open space on the tiles. Different shaped
micro-structures on the benthos are integral in modulating key ecological processes, which can be important
in controlling future coral populations on coral reefs.

198: A PARASITE-INCLUSIVE FOOD WED FOR THE CALIFORNIA ROCKY INTER-
TIDAL ZONE
Athena DiBartolo*; Delen Flores; Zoe Zilz; Armand Kuris



UCSB

Several foundational theories of ecology were developed by studying organisms that inhabit the rocky inter-
tidal zone (RIZ) of the northeast Pacific Ocean. However, a comprehensive examination of trophic interac-
tions between all RIZ species has yet to be undertaken. We used the myriad of publications and data on
species interactions in the California RIZ to construct a preliminary meta-food web, which was then supple-
mented by field surveys, collections, and necropsies. We paid special attention to the parasitic interactions
which are often overlooked by other food web analyses, but which often comprise a significant proportion
of trophic interactions in other similar food webs. Furthermore, we highlight cryptic trophic interactions
between free-living species identified by studying host-parasite relationships. We anticipate that this meta-
food web will be a tool for identifying target species or groups of species for protection, directly assisting
managers attempting to allocate limited resources towards the conservation of coastal habitats.

199: MICROBIOME PRESENCE AND ITS GEOGRAPHICAL VARIATION IN EGG CAP-
SULES OF THE MARINE GASTROPOD, KELLET’S WHELK.
† Nurge,J.A.*; De Smet,C.L.; Daniel,B.N.; White,C.; Davidson, J.M.; Sleeper,O.; Fidopiastis,P.

California Polytechnic State University, San Luis Obispo

The perivitelline fluid within the egg capsules of marine organisms can contain microbial communities capable
of protecting the species’ developing embryos from disease. Further, the microbial community can vary in
relation to the geographic area where it resides and ecological community experienced there. Using 16S long
read sequencing and transcriptomic analyses, we tested for these phenomena in the kelp forest gastropod
Kellet’s whelk, Kelletia kelletii, which has recently expanded its geographic range up the California coast.
We intended to identify the microorganisms present and investigate their functions in potentially protecting
the embryos from pathogenic microbes. Kellet’s whelk were collected from four locations in the species’
historical and expanded range and housed in a common garden environment for two years prior to mating
with individuals from the same location. The egg capsules were collected for transcriptome and 16S targeted
sequencing. Results revealed a diverse microbial community in the perivitelline fluid with a core microbiome
of 32 genera shared between all locations, and a total of 23 differentially expressed genes were found for fungi
and virus microorganisms. A great abundance of Roseobacter and Sulfitobacter were present suggesting the
possibility of a defensive role for the perivitelline fluid but further investigation is required to be conclusive.

200: UNDERSTANDING THE TEMPORAL NATURE OF FOOD-INDUCED PHENO-
TYPIC PLASTICITY: CAN YOU TEACH AN OLD LARVA NEW TRICKS?
† Lee, A.M.*; Villafuerte, I.; Pace, D.A.

California State University Long Beach

Phenotypic plasticity is the ability of a single genome to produce different phenotypes based on environmen-
tal interactions. Echinoid larvae are well-documented for their food-induced morphological plasticity where
larvae in low-food environments develop longer feeding arms to increase food capture rates and high-fed
larvae have smaller arms and allocate resources to rapid growth. Most studies examine plasticity at the
onset of feeding ability, so it is unknown whether low-fed larvae retain the capacity to initiate adaptive mor-
phological responses when exposed to high food levels later in development. We assessed the morphological
and physiological plastic response of larvae of the Pacific sand dollar, Dendraster excentricus, when switched
from low to high food conditions at 10-, 20-, and 30-days post-fertilization. Our results demonstrate that
low-fed larvae can alter their morphology in response to food changes throughout all larval development by
exhibiting negative growth in their post-oral arms and rapid growth in their midline body length, thereby
attaining a phenotype similar to high-fed larvae. These morphological responses were paralleled with upreg-
ulation of critical physiological processes as well as the rapid attainment of metamorphic competency. These
results demonstrate that an adaptive and robust integrated plasticity response to changes in food levels is
maintained throughout all of larval development. This research sheds light on the expansive nature of larval
plasticity and its importance in responding to rapid changes in environmental conditions.

201: EFFECT OF TEMPERATURE ON THE GROWTH AND SURVIVAL OF JUVENILE
CHTHAMALUS FISSUS
† Timney, S.D.*; Reyns, N.



University of San Diego

Inhabitants of rocky intertidal habitats are subject to the environmental challenges presented by both the
terrestrial and marine environment. Additional challenges posed by climate change, including ocean warming
and sea level rise, may threaten these populations as a result. This study investigated (1) the impact of
temperature on the growth and survival and (2) the thermal tolerance of juvenile Chthamalus fissus, an
acorn barnacle and rocky intertidal foundation species. Newly settled C. fissus were collected from La Jolla,
California. To evaluate the impact of temperature, the barnacles were reared for three to four weeks in three
temperature treatment tanks: 14°C, 23°C, and 28°C. To assess thermal tolerance, C. fissus were exposed to
high temperatures followed by a recovery period at the average local ocean temperature. Barnacles reared at
23°C grew at a faster rate (�m/day) than the barnacles in the 14°C and 28°C treatments. Barnacles reared
at 14°C consistently survived at a higher rate compared to barnacles reared at 23°C and 28°C. Although
no clear thermal tolerance limits of juvenile C. fissus were found, higher temperatures correlated with a
decrease in C. fissus survival. These findings suggest that warmer temperatures negatively impact C. fissus
juveniles, which may lead to adverse effects on their populations and the rocky intertidal community with
climate change.

202: LONG-TERM COASTAL MONITORING BY THE MULTI-AGENCY ROCKY IN-
TERTIDAL NETWORK (MARINE)
Smith, J.R.1*; Ambrose, R.F.2; Bell, C.A.3; Burnaford, J.L.4; Caselle, J.5; Gaddam, R.3; Gilbane, L6; Miner,
C.M.3; Parsons-Field, A.5; Raimondi, P.T.3; Whitaker, S.G.7; MARINe Partners8

1- California State Polytechnic University, Pomona 2- University of California, Los Angeles 3- University of
California, Santa Cruz 4- California State University, Fullerton 5- University of California, Santa Barbara
6- Bureau of Ocean Energy Management 7- Channel Islands National Park Services 8- Various

The Multi-Agency Rocky Intertidal Network (MARINe) monitoring program, a partnership of over 35 agen-
cies and universities, is the largest and longest-running project of its kind with more than 200 sites stretching
from Alaska to Mexico, some being sampled for 30+ years (pacificrockyintertidal.org). MARINe conducts
two survey types at different frequencies that provide valuable information on large spatial and long tempo-
ral trends for rocky intertidal communities. These long-term surveys allow us to detect changes in species
abundances and distributions that deviate from “normal” and are essential for: Natural Resource Damage
evaluations from, for example, oil spills; providing a baseline for designing California Marine Protected Areas
(MPAs); evaluating the effectiveness of MPAs and ASBSs; documenting the presence and spread of invasive
species and disease outbreaks; examining ecosystem resilience; assessing impacts of urban runoff, fire related
debris flows, and human use; assessing populations for fisheries management; analyzing biogeographic and
ecosystem resilience patterns; and detecting range shifts and alterations in community structure associated
with climate change. The MARINe partnership has proven to be a successful model for responsibly informing
management and preservation of our coastal ecosystem across the US west coast.

203: IMPACTS OF THE INVASIVE ALGA SARGASSUM MUTICUM AND NATIVE SUR-
FGRASS PHYLLOSPADIX ON SPECIES RICHNESS IN SOUTHERN CALIFORNIA
Allen, A.J.*; Mahanes, S.A.; Cameron, C.T.; Sorte, C.J.B.

UC Irvine

Sargassum muticum, commonly known as Japanese wireweed, is a non-native algal species that has been
introduced to the Californian coast through anthropogenic means. Studying these non-native plants is
necessary to assess the degree to which they impact ecological communities. In this study, we compared
species richness in plots with and without S. muticum, as well as where it co-occurred with a native plant
species, the surfgrass Phyllospadix. We collected community survey data across five intertidal sites in
Southern California spanning from Laguna Beach to Newport Beach, CA. We found that the presence of
S. muticum was correlated with an increase in richness, while richness tended to decrease in the presence
of Phyllospadix. In plots where both S. muticum and Phyllospadix are present, an intermediate level of
richness is produced. This information may help inform managers on how to approach S. muticum invasion
and whether time-consuming and difficult eradication efforts are worth pursuing. To better understand the
link between these foundational species and diversity of coastal species, additional study analyzing the effects



of S. muticum and Phyllospadix on species composition is needed.

204: RESPIRATION RATES INDICATE PREFERRED MACROALGAL DIET OF
STARVED URCHINS (STRONGYLOCENTROTUS PUPURATUS)
Dail, R.K.*; Chard, C.A.

Santa Catalina School / MERP

The recent surge of urchin population and the consequent reduction of kelp forest cover along the California
coast has dramatically reduced local biodiversity. This decrease in kelp forest biomass has led Strongylo-
centrotus purpuratus urchins to starve, which has led to a decrease in their overall mass and gonad mass.
However, little research has been conducted to determine which type of macroalgae starved S. purpuratus
prefer. To address this, we measured the rates of dissolved oxygen uptake by starved urchins to estimate
metabolic rate in response to slurries of several locally common kelps; Macrocystis pyrifera, Nereocystis
luetkeana, Chondracanthus exasperatus, and Stephanocystis osmundacea. This allowed us to determine
which macroalgae elicited the strongest metabolic response in the urchins. We found that starved S. purpu-
ratus responds most strongly to S. osmundacea over the other three macroalgae stimuli (ANOVA, F=8.2,
p=0.004), the mean metabolic rate following exposure to S. osmundacea stimulant was significantly greater
than the rate following exposure to the other kelp slurries. Since metabolic rate increase likely indicates
arousal, but could be either preference or aversion, we conducted a two-way behavioral choice test utilizing
the same macroalgae stimuli in a seawater arena to confirm that the metabolic responses to the various
stimuli were an indication of preference, not aversion. These results may be applied to trapping urchins from
barrens or regrowing starved urchins in aquaculture.

205: STRESS INHIBITION OF FISH GROWTH: CORTISOL EFFECTS ON INSULIN-LIKE
GROWTH FACTOR-1 (IGF1) PATHWAYS IN A PACIFIC ROCKFISH
Hardy, K*; Mapes, H.; Shew, J.E.; Marden, H.M.; Journey, M.L.; Beckman, B.R.; Lema, S.C.

California Polytechnic State University

Fish experiencing stressful conditions increase production of the glucocorticoid hormone cortisol, which alters
energy allocation with the aim of recovering physiological homeostasis. When cortisol remains elevated for
a prolonged period, however, those stress-induced changes in energy apportionment can impair fish growth.
As in other vertebrates, the provisioning of energy toward growth in fish is regulated by the growth hormone
(GH)/insulin-like growth factor-1 (Igf1) endocrine system. While it is known that cortisol inhibits anabolic
growth processes in part via alterations to GH/Igf1 signaling, it is not fully clear in fish which components
of GH/Igf1 pathways are regulated during the stress response. Here, we examined the effects of exogenous
cortisol on Igf1 signaling pathways in blue rockfish (Sebastes mystinus). Rockfish treated with cortisol
experienced a decline in plasma Igf1 concentrations 24 h after cortisol injection despite the absence of
any change in relative levels of igf1 gene transcripts in liver, the primary tissue of Igf1 hormone synthesis.
Cortisol-treated rockfish also showed higher liver gene expression for Igf binding proteins (Igfbps) 1a and
1b, two proteins that inhibit Igf1-mediation of somatic growth. Cortisol-treated fish also expressed reduced
mRNA levels of Igfbp3a, which promotes growth by facilitating Igf1 transport. These findings point to a
role for cortisol-mediated modulation of Igf hormone pathways as a mechanism underlying growth inhibition
in rockfish experiencing stressful conditions.

206: THE INVESTIGATION OF THREE CONSECUTIVE BOTTLENOSE DOLPHIN
DEATHS IN
† Cavett, M.1*; Lovewell, G.2; Blackburn, J.2; Kincaid, A.L.2

1- CSU Monterey Bay 2- Mote Marine Laboratory

This study aimed to investigate the unknown cause of death for three cetaceans, contributing to the goal
of continuing to protect and conserve bottlenose dolphin populations. These deaths occurred in August of
2020 and were reported to and recovered by Mote marine laboratory and aquarium’s Strandings Investigation
Program (SIP) in Sarasota Florida. MML2008 and MML2009 were two pair bonded male bottlenose dolphins
observed interacting aggressively with the carcass of female MML2007 at times attempting to “mate” with
her. MML2007 was discovered first on the 4th of August, MML2008 then on the 5th of August, and finally



MML2009 on the 6th of August. Necropsies, histology, water sampling, and brevetoxin were all collected
and conducted in helping resolve this case. The possible causes of death investigated were hyperthermia,
toxin exposure, disease, and human interaction. Hyperthermia was ruled out due to the water temperatures
of where the dolphins lived never exceeded liveable water temperatures for their species. Toxin exposure
and diseases such as influenza and cetacean morbillivirus were excluded because histology and brevetoxin
results returned with no evidence. There was no definitive conclusion of cause of death as the cetaceans
were far too autolyzed to provide conclusive results. However human interaction was unable to be ruled out
as necropsy and sample analyses suggest that all three dolphins suffered some form of significant trauma.
Given the evidence and lack of other findings, trauma from a vessel is the suspected cause of death.

207: PROSPECTIVE STUDENTS: NEW OPPORTUNITIES WITH THE INTEGRATED
MARINE FISHERIES LAB AT OSU
Barnes, C. L.*

Oregon State University

The main objective of the Integrated Marine Fisheries Lab is to conduct science that informs marine resource
management. Much of our work focuses on better understanding population and community dynamics of
groundfishes in the North Pacific. We value collaboration among academic and agency scientists, resource
managers, and fishery stakeholders because of its benefit to both process and product. Some common research
themes include evaluating effects of scale on ecological inferences, enhancing scientific lessons through cross-
regional comparisons, and using multiple metrics to improve our understanding about processes of interest.
We rely on field sampling, lab-based research, and statistical modeling to inform data-poor stock assessments
and support ecosystem-based fisheries management.

Over the next few years, we will be recruiting MS/PhD students and postdocs who are interested in working
on highly collaborative projects that are specifically designed to answer management-relevant questions.
Topics may relate to marine spatial ecology, food web dynamics, climate change impacts, and improving
commonly-used statistical tools. We intentionally seek out diverse identities, backgrounds, and perspectives,
which enhance the quality of our work. Thus, we strongly encourage those from underrepresented and/or
historically marginalized groups to apply.

The Integrated Marine Fisheries Lab is in the Department of Fisheries, Wildlife, and Conservation Sciences
at Oregon State University and part of the Coastal Oregon Marine Experiment Station based at the Hatfield
Marine Science Center. We are supported by and work in close collaboration with the Oregon Department
of Fish and Wildlife’s Marine Resources Program.

208: SUNFLOWER STAR LABORATORY: FORMATION OF A NON-PROFIT ORGANI-
ZATION TO RESTORE SUNFLOWER STARS IN CALIFORNIA
Christian, V.A.*; Kidd, A.; Kim, A.; Freiwald, J.

Sunflower Star Laboratory

Sunflower Star Laboratory was established in December 2021 to grow disease-free sunflower stars (Pycnopodia
helianthoides) from larvae into adults so that they can be released into the wild to help restore populations
in California. We are part of a larger collaborative effort for developing sunflower star restoration plans, and
we are working with universities, government agencies, aquariums, and other environmental organizations to
make it happen. While still in the early stages of development, we have built a proof-of-concept laboratory
in Monterey, California to provide the foundation for growing sunflower stars on a large scale so they can
be reintroduced into the wild. Rather than starting directly with sunflower stars, which grow slowly and
have complex life cycles, we will refine our protocols by growing other echinoderms (such as sand dollars, sea
urchins, and bat stars) which are taxonomically related to sunflower stars but are easier to grow. Once we
have developed our methodologies and gained experience, we will then start growing sunflower stars using the
experience we have gained through this project utilizing the methods for growing sunflower stars developed
by Dr. Jason Hodin at Friday Harbor Laboratory (University of Washington). This presentation describes
the current status of our laboratory, our plans to grow sunflower stars on a large scale, and the obstacles we
foresee that will need to be overcome.
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