
AN INTERNATIONAL JOURNAL OF ALGAL RESEARCH

Journal of PhycologyJournal of Phycology

Journal of Phycology 
 

v
o

lu
m

e 6
0

2
is

s
u

e 1
2

Feb
r

u
a

r
y 2

0
2

4

contents

  1–3   Algae in the Anthropocene: Managing, conserving, and utilizing algae in an era of rapid environmental 
change  (Perspective)
 Coleman, M. A. 

  4–14   Air-sea carbon dioxide equilibrium: Will it be possible to use seaweeds for carbon removal offsets? 
(Perspective) 
 Hurd, C. L., Gattuso, J.-P. & Boyd, P. W. 

  15–25   The eco-evolutionary importance of reproductive system variation in the macroalgae: Freshwater reds as a 
case study (Perspective) 
 Krueger-Hadfi eld, S. A., Shainker-Connelly, S. J., Crowell, R. M. & Vis, M. L. 

  26–28   A new combined measurement of single cell periplasmic oxygen and carbonate chemistry revealed the rule 
enforcing diatom adaptation of seawater bicarbonate utilization (Algae Highlight) 
 Matsuda, Y. 

  29–45  The requirement for external carbonic anhydrase in diatoms is infl uenced by the supply and demand for 
dissolved inorganic carbon
Keys, M., Hopkinson, B., Highfi eld, A., Chrachri, A., Brownlee, C. & Wheeler, G.L.

  46–48   On the track of unknown algae (Algae Highlight) 
 Maggs, C. 

  49–72   Resolving the taxonomy of the  Polysiphonia scopulorum  complex and the  Bryocladia  lineage 
(Rhodomelaceae, Rhodophyta) 
 Díaz-Tapia, P. & Verbruggen, H. 

   73–82   Kelps on demand: Closed-system protocols for culturing large bull kelp sporophytes for research and 
restoration  (Methods Article)
 Supratya, V. P. & Martone, P. T. 

   83–101   Thermal performance curves identify seasonal and site-specifi c variation in the development of  Ecklonia 
radiata  (Phaeophyceae) gametophytes and sporophytes 
 Schwoerbel, J., Visch, W., Wright, J. T., Bellgrove, A., Sanderson, J. C. & Hurd, C. L. 

  102–115   Primary production of the kelp  Lessonia corrugata  varies with season and water motion: Implications for 
coastal carbon cycling 
 Nardelli, A. E., Visch, W., Farrington, G., Sanderson, J. C., Bellgrove, A., Wright, J. T., Macleod, C. & 
Hurd, C. L. 

 116–132   Organellar genomic characterization of  Anunuuluaehu liula  representing a new genus and species of 
Phyllophoraceae (Gigartinales, Rhodophyta) from the mesophotic zone of Hawai‘i 
 Cabrera, F. P., Paiano, M. O., Fumo, J. T., Allsopp, K. R., Smith, C. M., Spalding, H. L., Kosaki, R. K. & 
Sherwood, A. R. 

Journal of Phycology volume 60 2 issue 1 2 February 2024

A PUBLICATION OF THE 

PHYCOLOGICAL SOCIETY OF AMERICA

Algae in the Anthropocene

Seaweeds for Carbon Offsets?

eCA in large diatoms and 
implications for CO2 rich oceans

Bull kelp culturing for research 
and restoration

volume 60volume 60  22 issue 1issue 1  22 FEBRUARYFEBRUARY 2024 2024

Current Total Pages: 202 Spine Width: 8 mm Paper type: SPA - 60# #2 Gloss TextPrevious Total Pages: 314 Spine Width: 12 mm Paper type: SPA - 60# #2 Gloss Text

jpy_v60_i1_cover.indd   1jpy_v60_i1_cover.indd   1 16-02-2024   06:30:3716-02-2024   06:30:37



  T H E  P H Y C O L O G I C A L  S O C I E T Y  O F  A M E R I C A ,  I N C .
PSA Officers & Executive Committee—2024	      http://www.psaalgae.org
President: Juliet Brodie, Department of Life Sciences, The Natural History Museum, Cromwell 

Road, London, SW7 5BD, UK (phone +44 207 942 5910) 
Past President: Patrick Martone, Department of Botany, University of British Columbia, 3529-6270 

University Blvd, Vancouver, BC V6T 1Z4 Canada (phone 604-822-9338) 
Vice President/President Elect: Schonna Manning, Department of Biological Sciences, Florida 

International University, Biscayne Bay Campus, 3000 NE 151st Street, MSB 250B office/212 
lab, North Miami, Florida 33181, USA 

International Vice President: Mark Cock, CNRS-Sorbonne University UMR 8227, Roscoff Biological 
Station, France (phone 33 2 98 29 23 60)

Secretary: Heather Spalding, Department of Biology, College of Charleston, 66 George St., 
Charleston, SC, USA, 29424 (phone 843-953-1461)

Treasurer: Julie Koester, Department of Biology and Marine Biology, University of North Carolina, 
Wilmington, 601 S. College Rd, 3031 Friday Hall, Wilmington, NC, 28403 (phone 910-962-7366)

Program Director: Wade Huang, US Food and Drug Administration, Center for Food Safety and 
Applied Nutrition, 5001 Campus Drive, College Park, MD, 20740 

Membership Director: Karolina Fucˇikova, Department of Biological and Physical Sciences, 
Assumption College 500 Salisbury St., Worcester, MA 01609, USA, (phone 508-767-7467)

Chair, Board of Trustees: Charles D. Amsler, Department of Biology, University of Alabama at 
Birmingham, Campbell Hall 367, Birmingham, AL 35294 USA, (phone 205-975-5622)

Chair, IDEA (Inclusivity, Diversity, Equity, Acess) Committee: Deborah Robertson, Department of 
Biology, Clark University, Worcester, MA, 016010 (phone 508-793-7515) 

Fund Manager of the Endowment: Steven N. Murray, California State University Fullerton, 
(Professor of Biology Emeritus), 18102 Catalina Ct, Yorba Linda, CA 92886 (phone 714-308-0621)

Managing Editor, Journal of Phycology: Kirsten Muller, Department of Biology, University of 
Waterloo, 200 University Ave. W, ESC 350, Waterloo, Ontario, Canada N2L 3G1  
(phone 519-888-4567 ext. 42224)

Communications Director: Stacy Krueger-Hadfield, Virginia Institute of Marine Science, 
Wachapreague, VA 23480 (phone 757-787-8105)

Student Member Representative: Gabrielle Kuba, University of Rhode Island, 120 Flagg Rd, Kingston, 
RI, USA

J O U R N A L  O F  P H Y C O L O G Y
Managing Editor: Kirsten Müller, University of Waterloo
Co-Editors: Andrew Allen, University of California San Diego, Scripps Institution of Oceanography; Melinda Coleman, NSW Department of  
Primary Industries; Sonya Dyhrman, Columbia University; Christopher Lane, University of Rhode Island; Thomas Mock, University of East Anglia

Associate Editors

∞∞ 
 This paper meets the requirements of ANSI/NISO z39.48-1992 (Permanence of Paper)

ON THE COVER: Juvenile bull kelp (Nereocystis luetkeana) grown in the lab in closed-system tumble culture. Associated article, Supratya, V. & Martone, P. Kelps on demand: Closed-system protocols for 
culturing large bull kelp sporophytes for research and restoration.

Charles D. Amsler, University of Alabama at Birmingham
Bank Beszteri, University of Duisburg-Essen, German
Alejandro Buschmann, Universidad de Los Lagos
Carolina Camus, Universidad de Los Lagos
Dale Casamatta, University of North Florida
Mark Cock, Station Biologique de Roscoff
Jackie Collier, Stony Brook University
Matthew Edwards, San Diego State University
Anja Hemschemeier, Ruhr-Universität Bochum
Paul Gabrielson, University of North Carolina, Chapel Hill
Xenie Johnson, Marseille University
Peter Kroth, University of Konstanz
Stacy Krueger-Hadfield, University of Alabama at Birmingham
Louise Lewis, University of Connecticut
Yantao Li, University of Maryland Center for Environmental Science
Senjie Lin, University of Connecticut
Goia Lyra, Universidade Federal da Bahia
Patrick Martone, University of British Columbia
Rachael Morgan-Kiss, Miami University

Mariana Cabral de Oliveira, Universidade de São Paulo
Brian Palenik, Scripps Institution of Oceanography
Albert Pessarrodona, The University of Western Australia
Dimitris Petroutsos, CEA - Grenoble
Cathy Pfister, University of Chicago
Nicole Poulsen, Technische Universitat Dresden
John A. Raven, University of Dundee
Michael Roleda, Norwegian Institute of Bioeconomy Research
Craig Schneider, Trinity College
Nate Smucker, U.S. Environmental Protection Agency
Samuel Starko, The University of Western Australia
Heather Spalding, College of Charleston
Morgan Steffen, James Madison University
Heroen Verbruggen, University of Melbourne
Morgan L. Vis, Ohio University
Thomas Wernberg, The University of Western Australia
Richard Wetherbee, University of Melbourne
A. Michelle Wood, University of Oregon

Manuscripts for JOURNAL OF PHYCOLOGY: Journal of Phycol-
ogy Editorial Office, Department of Biology University of Waterloo, 
B2-245a-200 University Ave W, Waterloo, ON  N2L 3G1, Canada, 
Telephone 519-888-4567 ext. 40826; email jphycol@psaalgae.org 
or visit www.wileyonlinelibrary.com/journal/jpy

Disclaimer: The Publisher, Phycological Society of America and 
Editors cannot be held responsible for any errors in or any con-
sequences arising from the use of information contained in this 
journal. The views and opinions expressed do not necessarily 
reflect those of the Publisher, Phycological Society of America or 
Editors, neither does the publication of advertisements constitute 
any endorsement by the Publisher, Phycological Society of America, 
Editors, or Authors of the products advertised.
Copyright and Photocopying: © 2024, Phycological Society 
of America. All rights reserved. No part of this publication 
may be reproduced, stored or transmitted in any form or by 
any means without the prior permission in writing from the 
copyright holder. Authorization to copy items for internal and 
personal use is granted by the copyright holder for librar-
ies and other users registered with their local Reproduction 
Rights Organisation (RRO), e.g. Copyright Clearance Cen-
ter (CCC), 222 Rosewood Drive, Danvers, MA 01923, USA  
(www.copyright.com), provided the appropriate fee is paid 
directly to the RRO.  This consent does not extend to other 
kinds of copying or use such as copying for general distribution, 
for advertising or promotional purposes, for republication, for 
creating new collective works, for resale, or for artificial intel-
ligence tools or technologies. Permissions for such reuse can 
be obtained using the RightsLink “Request Permissions” link on 
Wiley Online Library. Special requests should be addressed to: 
permissions@wiley.com

Information for subscribers: Journal of Phycology is published 
in 6 issues per year. Institutional subscription prices for 2024 are:
Print & Online: US$1390.00 (Americas), US$1390.00 (Rest of 
World), €969.00 (Europe), £826.00 (UK).
Prices are exclusive of tax. Asia-Pacific GST, Canadian GST/
HST and European VAT will be applied at the appropriate rates. 
For more information on current tax rates, please go to https://on-
linelibrary.wiley.com/library-info/products/price-lists/payment. The 
price includes online access to the current and all online back files 
for previous 5 years, where available. For other pricing options, 
including access information and terms and conditions, please 
visit https://onlinelibrary.wiley.com/library-info/products/price-lists
Terms of use can be found here: https://onlinelibrary.wiley.com/
terms-and-conditions

Delivery Terms and Legal Title: Where the subscription price 
includes print issues and delivery is to the recipient’s address, 
delivery terms are Delivered at Place (DAP); the recipient is re-
sponsible for paying any import duty or taxes. Title to all issues 
transfers Free of Board (FOB) our shipping point, freight prepaid. 
Claims for Missing or Damaged Print Issues: Our policy is 
to replace missing or damaged copies within our reasonable 
discretion, subject to print issue availability, and subject to the 
terms found at Section V, Part C at https://onlinelibrary.wiley.
com/library-info/products/price-lists/title-by-title-terms-and-condi-
tions#print-subscriptions.
Back issues: Single issues from current and recent volumes are 
available at the current single issue price from cs-journals@wiley. 
com. Earlier issues may be obtained from Periodicals Service 
Company, 351 Fairview Avenue – Ste 300, Hudson, NY 12534, 
USA.  Tel: +1 518 822-9300, Fax: +1 518 822-9305, Email: psc@
periodicals.com
JOURNAL OF PHYCOLOGY (ISSN: 0022-3646 [print]; ISSN: 
1529-8817 [online]), is published bimonthly by Wiley Periodicals 
LLC, 111 River St., Hoboken, NJ 07030-5774 USA. 
Periodicals Postage Paid at Hoboken, NJ and additional offices.
Postmaster: Send all address changes to JOURNAL OF 
PHYCOLOGY, Wiley Periodicals LLC, C/O The Sheridan Press, 
PO Box 465, Hanover, PA 17331 USA.
Publisher: Journal of Phycology is published by Wiley Periodi-
cals, 101 Station Landing, Suite 300, Medford, MA 02155.
Journal Customer Services: For ordering information, claims 
and any enquiry concerning your journal subscription please visit 
our Online Customer Help at https://wolsupport.wiley.com/s/con-
tactsupport or contact your nearest office.
Americas: Email: cs-journals@wiley.com; Tel: +1 877 762 2974
Europe, Middle East and Africa: Email: cs-journals@wiley.com; 
Tel: +44 (0) 1243 684083. 
Germany, Austria, Switzerland, Luxembourg, Liechtenstein:  
cs-germany@wiley.com; Tel: 0800 1800 536 (Germany)
Asia Pacific: Email: cs-journals@wiley.com; Tel: +65 3165 0890. 
Japan: For Japanese speaking support, Email: cs-japan@wiley.
com.
For a full list of frequently asked questions, please visit https://
wolsupport.wiley.com/s/
Corporate Responsibility & ESG
ESG (Environmental, Social, Governance) is essential to Wiley’s 
mission of unlocking human potential. For over two centuries, 
Wiley has a history of helping the world’s researchers, learners, 
innovators, and leaders achieve their goals and solve the world’s 

most important challenges. We take our role as a corporate citizen 
seriously and are guided by transparency, accountability, and in-
dustry best practices. Through intentional climate action and stra-
tegic social impact, ESG advances Wiley’s commitment to sus-
tainability, positive impact, and leading global change. Follow our 
progress at https://www.wiley.com/en-us/corporate-responsibility. 

Production: Rajalakshmi Sundararamanujam (email: jpy@wiley.
com)
Advertising: Dan Nicholas (email: dnicholas@wiley.com)
Wiley’s Corporate Citizenship initiative seeks to address the en-
vironmental, social, economic, and ethical challenges faced in 
our business and which are important to our diverse stakeholder 
groups. Since launching the initiative, we have focused on sharing 
our content with those in need, enhancing community philanthropy, 
reducing our carbon impact, creating global guidelines and best 
practices for paper use, establishing a vendor code of ethics, and 
engaging our colleagues and other stakeholders in our efforts.
Follow our progress at www.wiley.com/go/citizenship

View this journal online at www.wileyonlinelibrary.com/journal/jpy

Wiley is a founding member of the UN-backed HINARI, AGORA, and 
OARE initiatives. They are now collectively known as Research4Life, 
making online scientific content available free or at nominal cost to 
researchers in developing countries and enabling more research-
ers to publish open access by providing publisher backed waivers 
and discounts. Please visit Wiley’s Content Access – Corporate 
Citizenship site: https://www.wiley.com/en-us/corporate-respon-
sibility 

Printed in the USA by The Sheridan Group.

Journal of Phycology accepts articles for Open Access publica-
tion. Please visit https://authorservices.wiley.com/author-resourc-
es/Journal-Authors/open-access/onlineopen.html for further infor-
mation about OnlineOpen.
Abstracting and Indexing Services: The Journal is indexed by 
AGRICOLA, BIOSIS®, CAS, Current Contents®, GEOBASE, and 
Science Citation Index®, SciSearch®. For a complete list of A&I ser-
vices please visit the journal homepage at www.wileyonlinelibrary.
com/journal/jpy.

ISSN 0022-3646 (Print)
ISSN 1529-8817 (Online)

For submission instructions, subscription and all other information 
visit: www.wileyonlinelibrary.com/journal/jpy

Dale Casamatta, University of North Florida (2022–2024)
Ligia Collado-Vides, Florida International University (2021–2023)
Charles Delwiche, University of Maryland, College Park (2022–2024)
Josef Elster, University of South Bohemia and Czech Academy of Science (2024–2026)
Wilson Freshwater, University of North Carolina Wilmington (2022–2024)
Sarah Hamsher, Grand Valley State University (2021–2023)
Maggie Johnson, King Abdullah University of Science and Technology (2024–2026)
Dail Laughinghouse, University of Florida (2023–2025)
Line Le Gall, Herbier National Muséum National d’Histoire Naturelle (2022–2024)
Agniezska Lipinska, Max Planck Institute for Biology Tübingen (2024–2026)
Sophie McCoy, University of North Carolina, Chapel Hill (2023–2025)

Holly Moeller, University of California Santa Barbara (2022–2024)
Jeff Morris, University of Alabama at Birmingham (2023–2025)
Chikako Nagasato, Hokkaido University (2023–2025)
Maren Preuss, Victoria University of Wellington (2023–2025)
Deborah Robertson, Clark University (2024–2026)
John Wehr, Fordham University (2021–2023)
Annick Wilmotte, University of Liège (2023–2025)
Hwan Su Yoon, Sungkyunkwan University (2021–2023)
Erica Young, University of Wisconsin-Milwaukee (2024–2026)
Joe Zucarello, Victoria University of Wellington (2023–2025)

Assistant Editor: Megan Sherritt, University of Waterloo
Editorial Board

 15298817, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13259 by U

niversity O
f W

estern A
ustralia, W

iley O
nline L

ibrary on [16/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://onlinelibrary.wiley.com/terms-and-conditions
https://onlinelibrary.wiley.com/terms-and-conditions
https://onlinelibrary.wiley.com/library-info/products/price-lists/title-by-title-terms-and-condition
https://onlinelibrary.wiley.com/library-info/products/price-lists/title-by-title-terms-and-condition
https://onlinelibrary.wiley.com/library-info/products/price-lists/title-by-title-terms-and-condition
https://wolsupport.wiley.com/s/contactsupport
https://wolsupport.wiley.com/s/contactsupport
https://wolsupport.wiley.com/s/
https://wolsupport.wiley.com/s/
https://www.wiley.com/en-us/corporate-responsibility
https://www.wiley.com/en-us/corporate-responsibility
https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/onlineopen.html
https://authorservices.wiley.com/author-resources/Journal-Authors/open-access/onlineopen.html
http://www.wileyonlinelibrary.com/journal/jpy
http://www.wileyonlinelibrary.com/journal/jpy


AN INTERNATIONAL JOURNAL OF ALGAL RESEARCH

Journal of PhycologyJournal of Phycology

Journal of Phycology 
 

v
o

lu
m

e 6
0

2
is

s
u

e 1
2

Feb
r

u
a

r
y 2

0
2

4

contents

  1–3   Algae in the Anthropocene: Managing, conserving, and utilizing algae in an era of rapid environmental 
change  (Perspective)
 Coleman, M. A. 

  4–14   Air-sea carbon dioxide equilibrium: Will it be possible to use seaweeds for carbon removal offsets? 
(Perspective) 
 Hurd, C. L., Gattuso, J.-P. & Boyd, P. W. 

  15–25   The eco-evolutionary importance of reproductive system variation in the macroalgae: Freshwater reds as a 
case study (Perspective) 
 Krueger-Hadfi eld, S. A., Shainker-Connelly, S. J., Crowell, R. M. & Vis, M. L. 

  26–28   A new combined measurement of single cell periplasmic oxygen and carbonate chemistry revealed the rule 
enforcing diatom adaptation of seawater bicarbonate utilization (Algae Highlight) 
 Matsuda, Y. 

  29–45  The requirement for external carbonic anhydrase in diatoms is infl uenced by the supply and demand for 
dissolved inorganic carbon
Keys, M., Hopkinson, B., Highfi eld, A., Chrachri, A., Brownlee, C. & Wheeler, G.L.

  46–48   On the track of unknown algae (Algae Highlight) 
 Maggs, C. 

  49–72   Resolving the taxonomy of the  Polysiphonia scopulorum  complex and the  Bryocladia  lineage 
(Rhodomelaceae, Rhodophyta) 
 Díaz-Tapia, P. & Verbruggen, H. 

   73–82   Kelps on demand: Closed-system protocols for culturing large bull kelp sporophytes for research and 
restoration  (Methods Article)
 Supratya, V. P. & Martone, P. T. 

   83–101   Thermal performance curves identify seasonal and site-specifi c variation in the development of  Ecklonia 
radiata  (Phaeophyceae) gametophytes and sporophytes 
 Schwoerbel, J., Visch, W., Wright, J. T., Bellgrove, A., Sanderson, J. C. & Hurd, C. L. 

  102–115   Primary production of the kelp  Lessonia corrugata  varies with season and water motion: Implications for 
coastal carbon cycling 
 Nardelli, A. E., Visch, W., Farrington, G., Sanderson, J. C., Bellgrove, A., Wright, J. T., Macleod, C. & 
Hurd, C. L. 

 116–132   Organellar genomic characterization of  Anunuuluaehu liula  representing a new genus and species of 
Phyllophoraceae (Gigartinales, Rhodophyta) from the mesophotic zone of Hawai‘i 
 Cabrera, F. P., Paiano, M. O., Fumo, J. T., Allsopp, K. R., Smith, C. M., Spalding, H. L., Kosaki, R. K. & 
Sherwood, A. R. 

Journal of Phycology volume 60 2 issue 1 2 February 2024

A PUBLICATION OF THE 

PHYCOLOGICAL SOCIETY OF AMERICA

Algae in the Anthropocene

Seaweeds for Carbon Offsets?

eCA in large diatoms and 
implications for CO2 rich oceans

Bull kelp culturing for research 
and restoration

volume 60volume 60 22 issue 1issue 1 22 FEBRUARYFEBRUARY 2024 2024

Current Total Pages: 202 Spine Width: 8 mm Paper type: SPA - 60# #2 Gloss TextPrevious Total Pages: 314 Spine Width: 12 mm Paper type: SPA - 60# #2 Gloss Text

jpy_v60_i1_cover.indd   1jpy_v60_i1_cover.indd   1 16-02-2024   06:30:3716-02-2024   06:30:37

 15298817, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13259 by U

niversity O
f W

estern A
ustralia, W

iley O
nline L

ibrary on [16/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



  133–151   Description of six new cyanobacterial species from soil biocrusts on San Nicolas Island, California, in three 
genera previously restricted to Brazil 
 Jusko, B. M. & Johansen, J. R. 

  152–169   Antagonistic actions of  Paucibacter aquatile   B51  and its lasso peptide paucinodin toward cyanobacterial 
bloom-forming  Microcystis aeruginosa   PCC7806  
 Cha, Y., Kim, W., Park, Y., Kim, M., Son, Y. & Park, W. 

 170–184   Environment-dependent metabolic investments in the mixotrophic chrysophyte  Ochromonas  
 Barbaglia, G. S., Paight, C., Honig, M., Johnson, M. D., Marczak, R., Lepori-Bui, M. & Moeller, H. V. 

 185–194   Insights into the chaotropic tolerance of the desert cyanobacterium  Chroococcidiopsis  sp. 029 
(Chroococcidiopsales, Cyanobacteria) 
 Fagliarone, C., Fernandez, B. G., Di Stefano, G., Mosca, C. & Billi, D. 

 195–202   Investigating seed bank potential of crustose coralline algae using DNA metabarcoding (Note) 
 van der Reis, A. L., Sewell, M. A. & Nelson, W. A. 

Journal of Phycology is indexed or abstracted in AGRICOLA (www.nalusda.gov), Aquatic Sciences and Fisheries (Cambridge Scientifi  c, www.csa.com), BIOSIS
(www.biosis.org, info@mail.biosis.org), Chemical Abstracts (www.cas.org), Current Contents (Institute for Scientifi  c Information, www.isinet.com), Ecology
Abstracts (Cambridge, www.csa.com), Oceanic Abstracts (Cambridge, www.csa.com), Pollution Abstracts (Cambridge, www.csa.com), Science Citation Index
(www.isinet.com/isi/products/citation/sci), and Wilson Biological & Agricultural Index (Ovid Technologies, www.gateway.ovid.com).

  T H E  P H Y C O L O G I C A L  S O C I E T Y  O F  A M E R I C A ,  I N C .
PSA Offi cers & Executive Committee—2024      http://www.psaalgae.org
President: Juliet Brodie, Department of Life Sciences, The Natural History Museum, Cromwell 

Road, London, SW7 5BD, UK (phone +44 207 942 5910) 
Past President: Patrick Martone, Department of Botany, University of British Columbia, 3529-6270 

University Blvd, Vancouver, BC V6T 1Z4 Canada (phone 604-822-9338) 
Vice President/President Elect: Schonna Manning, Department of Biological Sciences, Florida 

International University, Biscayne Bay Campus, 3000 NE 151st Street, MSB 250B offi ce/212 
lab, North Miami, Florida 33181, USA 

International Vice President: Mark Cock, CNRS-Sorbonne University UMR 8227, Roscoff Biological 
Station, France (phone 33 2 98 29 23 60)

Secretary: Heather Spalding, Department of Biology, College of Charleston, 66 George St., 
Charleston, SC, USA, 29424 (phone 843-953-1461)

Treasurer: Julie Koester, Department of Biology and Marine Biology, University of North Carolina, 
Wilmington, 601 S. College Rd, 3031 Friday Hall, Wilmington, NC, 28403 (phone 910-962-7366)

Program Director: Wade Huang, US Food and Drug Administration, Center for Food Safety and 
Applied Nutrition, 5001 Campus Drive, College Park, MD, 20740 

Membership Director: Karolina Fucˇikova, Department of Biological and Physical Sciences, 
Assumption College 500 Salisbury St., Worcester, MA 01609, USA, (phone 508-767-7467)

Chair, Board of Trustees: Charles D. Amsler, Department of Biology, University of Alabama at 
Birmingham, Campbell Hall 367, Birmingham, AL 35294 USA, (phone 205-975-5622)

Chair, IDEA (Inclusivity, Diversity, Equity, Acess) Committee: Deborah Robertson, Department of 
Biology, Clark University, Worcester, MA, 016010 (phone 508-793-7515) 

Fund Manager of the Endowment: Steven N. Murray, California State University Fullerton, 
(Professor of Biology Emeritus), 18102 Catalina Ct, Yorba Linda, CA 92886 (phone 714-308-0621)

Managing Editor, Journal of Phycology: Kirsten Muller, Department of Biology, University of 
Waterloo, 200 University Ave. W, ESC 350, Waterloo, Ontario, Canada N2L 3G1 
(phone 519-888-4567 ext. 42224)

Communications Director: Stacy Krueger-Hadfi eld, Virginia Institute of Marine Science, 
Wachapreague, VA 23480 (phone 757-787-8105)

Student Member Representative: Gabrielle Kuba, University of Rhode Island, 120 Flagg Rd, Kingston, 
RI, USA

J O U R N A L  O F  P H Y C O L O G Y
Managing Editor: Kirsten Müller, University of Waterloo
Co-Editors: Andrew Allen, University of California San Diego, Scripps Institution of Oceanography; Melinda Coleman, NSW Department of 
Primary Industries; Sonya Dyhrman, Columbia University; Christopher Lane, University of Rhode Island; Thomas Mock, University of East Anglia

Associate Editors

∞∞ ™
 This paper meets the requirements of ANSI/NISO z39.48-1992 (Permanence of Paper)

ON THE COVER: Juvenile bull kelp (Nereocystis luetkeana) grown in the lab in closed-system tumble culture. Associated article, Supratya, V. & Martone, P. Kelps on demand: Closed-system protocols for 
culturing large bull kelp sporophytes for research and restoration.

Charles D. Amsler, University of Alabama at Birmingham
Bank Beszteri, University of Duisburg-Essen, German
Alejandro Buschmann, Universidad de Los Lagos
Carolina Camus, Universidad de Los Lagos
Dale Casamatta, University of North Florida
Mark Cock, Station Biologique de Roscoff
Jackie Collier, Stony Brook University
Matthew Edwards, San Diego State University
Anja Hemschemeier, Ruhr-Universität Bochum
Paul Gabrielson, University of North Carolina, Chapel Hill
Xenie Johnson, Marseille University
Peter Kroth, University of Konstanz
Stacy Krueger-Hadfi eld, University of Alabama at Birmingham
Louise Lewis, University of Connecticut
Yantao Li, University of Maryland Center for Environmental Science
Senjie Lin, University of Connecticut
Goia Lyra, Universidade Federal da Bahia
Patrick Martone, University of British Columbia
Rachael Morgan-Kiss, Miami University

Mariana Cabral de Oliveira, Universidade de São Paulo
Brian Palenik, Scripps Institution of Oceanography
Albert Pessarrodona, The University of Western Australia
Dimitris Petroutsos, CEA - Grenoble
Cathy Pfi ster, University of Chicago
Nicole Poulsen, Technische Universitat Dresden
John A. Raven, University of Dundee
Michael Roleda, Norwegian Institute of Bioeconomy Research
Craig Schneider, Trinity College
Nate Smucker, U.S. Environmental Protection Agency
Samuel Starko, The University of Western Australia
Heather Spalding, College of Charleston
Morgan Steffen, James Madison University
Heroen Verbruggen, University of Melbourne
Morgan L. Vis, Ohio University
Thomas Wernberg, The University of Western Australia
Richard Wetherbee, University of Melbourne
A. Michelle Wood, University of Oregon

Manuscripts for JOURNAL OF PHYCOLOGY: Journal of Phycol-
ogy Editorial Offi ce, Department of Biology University of Waterloo, 
B2-245a-200 University Ave W, Waterloo, ON  N2L 3G1, Canada, 
Telephone 519-888-4567 ext. 40826; email jphycol@psaalgae.org 
or visit www.wileyonlinelibrary.com/journal/jpy

Disclaimer: The Publisher, Phycological Society of America and 
 Editors cannot be held responsible for any errors in or any con-
sequences arising from the use of information contained in this 
journal. The views and opinions  expressed do not necessarily 
refl ect those of the Publisher,  Phycological Society of America or 
Editors, neither does the publication of  advertisements constitute 
any endorsement by the Publisher, Phycological Society of America, 
Editors, or Authors of the products  advertised.
Copyright and Photocopying: © 2024, Phycological  Society 
of  America. All rights reserved. No part of this  publication 
may be reproduced, stored or transmitted in any form or by 
any means without the prior permission in  writing from the 
 copyright holder. Authorization to copy items for internal and 
personal use is granted by the copyright holder for librar-
ies and other users registered with their local Reproduction 
Rights Organisation (RRO), e.g. Copyright Clearance Cen-
ter (CCC), 222 Rosewood Drive, Danvers, MA 01923, USA 
(www.copyright.com), provided the appropriate fee is paid 
directly to the RRO.  This consent does not extend to other 
kinds of copying or use such as copying for general distribution, 
for advertising or promotional purposes, for republication, for 
creating new collective works, for resale, or for artifi cial intel-
ligence tools or technologies. Permissions for such reuse can 
be obtained using the RightsLink “Request Permissions” link on 
Wiley Online Library. Special requests should be addressed to: 
permissions@wiley.com

Information for subscribers: Journal of Phycology is  published 
in 6  issues per year. Institutional subscription prices for 2024 are:
Print & Online: US$1390.00 (Americas), US$1390.00 (Rest of 
World), €969.00  (Europe), £826.00 (UK).
Prices are exclusive of tax. Asia-Pacifi c GST, Canadian GST/
HST and European VAT will be applied at the appropriate rates. 
For more information on current tax rates, please go to https://on-
linelibrary.wiley.com/library-info/products/price-lists/payment. The 
price includes  online  access to the current and all online back fi les 
for previous 5 years, where available. For other pricing options, 
including access  information and terms and conditions, please 
visit https://onlinelibrary.wiley.com/library-info/products/price-lists
Terms of use can be found here: https://onlinelibrary.wiley.com/
terms-and-conditions

Delivery Terms and Legal Title: Where the subscription price 
includes print issues and delivery is to the recipient’s address, 
delivery terms are Delivered at Place (DAP); the recipient is re-
sponsible for paying any import duty or taxes. Title to all issues 
transfers Free of Board (FOB) our shipping point, freight prepaid. 
Claims for Missing or Damaged Print Issues: Our policy 
is to replace missing or damaged copies within our reason-
able discretion, subject to print issue availability, and subject 
to the terms found at Section V, Part C at https://onlinelibrary.
wiley.com/library-info/products/price-lists/title-by-title-terms-and-
conditions#print-subscriptions.
Back issues: Single issues from current and recent volumes are 
available at the current single issue price from  cs-journals@wiley.
com. Earlier issues may be obtained from  Periodicals Service 
Company, 351 Fairview Avenue – Ste 300, Hudson, NY 12534, 
USA.  Tel: +1 518 822-9300, Fax: +1 518 822-9305, Email: psc@
periodicals.com
JOURNAL OF PHYCOLOGY (ISSN: 0022-3646 [print]; ISSN: 
1529-8817 [online]), is published bimonthly by Wiley Periodicals 
LLC, 111 River St., Hoboken, NJ 07030-5774 USA. 
Periodicals Postage Paid at Hoboken, NJ and additional  offi ces.
Postmaster: Send all address changes to JOURNAL OF 
 PHYCOLOGY, Wiley Periodicals LLC, C/O The Sheridan Press, 
PO Box 465, Hanover, PA 17331 USA.
Publisher: Journal of Phycology is published by Wiley Periodi-
cals, 101 Station Landing, Suite 300, Medford, MA 02155.
Journal Customer Services: For ordering information, claims 
and any enquiry concerning your journal subscription please visit 
our Online Customer Help at https://wolsupport.wiley.com/s/con-
tactsupport or contact your nearest offi ce.
Americas: Email: cs-journals@wiley.com; Tel: +1 877 762 2974
Europe, Middle East and Africa: Email: cs-journals@wiley.com; 
Tel: +44 (0) 1243 684083. 
Germany, Austria, Switzerland, Luxembourg, Liechtenstein:  
cs-germany@wiley.com; Tel: 0800 1800 536 (Germany)
Asia Pacifi c: Email: cs-journals@wiley.com; Tel: +65 3165 0890. 
Japan: For Japanese speaking support, Email: cs-japan@wiley.
com.
For a full list of frequently asked questions, please visit https://
wolsupport.wiley.com/s/
Corporate Responsibility & ESG
ESG (Environmental, Social, Governance) is essential to Wiley’s 
mission of unlocking human potential. For over two centuries, 
Wiley has a history of helping the world’s researchers, learners, 

innovators, and leaders achieve their goals and solve the world’s 
most important challenges. We take our role as a corporate citizen 
seriously and are guided by transparency, accountability, and in-
dustry best practices. Through intentional climate action and stra-
tegic social impact, ESG advances Wiley’s commitment to sus-
tainability, positive impact, and leading global change. Follow our 
progress at https://www.wiley.com/en-us/corporate-responsibility. 

Production: Rajalakshmi Sundararamanujam (email: jpy@wiley.
com)
Advertising: Dan Nicholas (email: dnicholas@wiley.com)
Wiley’s Corporate Citizenship initiative seeks to  address the en-
vironmental, social, economic, and ethical  challenges faced in 
our business and which are  important to our  diverse stakeholder 
groups. Since launching the initiative, we have focused on sharing 
our content with those in need,  enhancing community  philanthropy, 
reducing our carbon  impact,  creating global guidelines and best 
 practices for  paper use,  establishing a vendor code of ethics, and 
 engaging our  colleagues and other stakeholders in our  efforts.
Follow our progress at www.wiley.com/go/citizenship
View this journal online at www.wileyonlinelibrary.com/journal/jpy

Wiley is a founding member of the UN-backed HINARI, AGORA, and 
OARE initiatives. They are now collectively known as Research4Life, 
making online scientifi c content available free or at nominal cost to 
researchers in developing countries and enabling more research-
ers to publish open access by providing publisher backed waivers 
and discounts. Please visit Wiley’s Content Access – Corporate 
Citizenship site: https://www.wiley.com/en-us/corporate-respon-
sibility 

Printed in the USA by The Sheridan Group.

Journal of Phycology accepts articles for Open Access publica-
tion. Please visit https://authorservices.wiley.com/author-resourc-
es/Journal-Authors/open-access/onlineopen.html for further infor-
mation about  OnlineOpen.
Abstracting and Indexing Services: The Journal is indexed by 
 AGRICOLA, BIOSIS®, CAS, Current Contents®, GEOBASE, and 
Science Citation Index®, SciSearch®. For a complete list of A&I ser-
vices please visit the journal  homepage at www.wileyonlinelibrary.
com/journal/jpy.

ISSN 0022-3646 (Print)
ISSN 1529-8817 (Online)

For submission instructions, subscription and all other  information 
visit: www.wileyonlinelibrary.com/journal/jpy

Dale Casamatta, University of North Florida (2022–2024)
Ligia Collado-Vides, Florida International University (2021–2023)
Charles Delwiche, University of Maryland, College Park (2022–2024)
Josef Elster, University of South Bohemia and Czech Academy of Science (2024–2026)
Wilson Freshwater, University of North Carolina Wilmington (2022–2024)
Sarah Hamsher, Grand Valley State University (2021–2023)
Maggie Johnson, King Abdullah University of Science and Technology (2024–2026)
Dail Laughinghouse, University of Florida (2023–2025)
Line Le Gall, Herbier National Muséum National d’Histoire Naturelle (2022–2024)
Agniezska Lipinska, Max Planck Institute for Biology Tübingen (2024–2026)
Sophie McCoy, University of North Carolina, Chapel Hill (2023–2025)

Holly Moeller, University of California Santa Barbara (2022–2024)
Jeff Morris, University of Alabama at Birmingham (2023–2025)
Chikako Nagasato, Hokkaido University (2023–2025)
Maren Preuss, Victoria University of Wellington (2023–2025)
Deborah Robertson, Clark University (2024–2026)
John Wehr, Fordham University (2021–2023)
Annick Wilmotte, University of Liège (2023–2025)
Hwan Su Yoon, Sungkyunkwan University (2021–2023)
Erica Young, University of Wisconsin-Milwaukee (2024–2026)
Joe Zucarello, Victoria University of Wellington (2023–2025)

Assistant Editor: Megan Sherritt, University of Waterloo
Editorial Board

jpy_v60_i1_cover.indd   2jpy_v60_i1_cover.indd   2 16-02-2024   06:31:1116-02-2024   06:31:11

 15298817, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jpy.13259 by U

niversity O
f W

estern A
ustralia, W

iley O
nline L

ibrary on [16/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


