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PREFACE 
 
Welcome to the 68th Annual Tuna Conference. The goal of the Tuna Conference is to provide an open and 
informal forum for scientists, engineers, managers, fishermen, non-governmental organizations and other 
interested parties from around the world to exchange information and ideas including recent research findings 
on tunas and “tuna-like” species.  The free and open exchange of ideas is key to the Conference’s success. 
 
The theme for this year’s Tuna Conference is “Challenges Concerning the Conservation and Management 
of Large Pelagics and their Supporting Ecosystems.” Large pelagics support some of the world’s largest 
and most valuable fisheries, as well as sustaining smaller-scale artisanal and sport fisheries and local 
economies. However, the populations of these species in many regions are under increasing pressure from 
fisheries as a result of an escalating global demand for fish product. In particular, populations of the three 
principal species of bluefin tunas have declined to levels that require immediate management intervention to 
ensure their longevity. Concomitantly, some pelagic fisheries target and/or incidentally catch a range of non-
tuna species (e.g., sharks, turtles, cetaceans, and billfishes), some of which are slow-growing, long-lived, and 
have a low reproductive capacity, thus presenting conservation concerns over their long-term sustainability. 
Fishing impacts—coupled with natural perturbations such as global climate change—have the potential to 
cause significant, and potentially irreversible, changes to the productivity of target and non-target species, but 
also alter the structure and function of entire pelagic ecosystems. Measurement, modelling and prediction of 
these impacts on species population dynamics, movements, and ecosystem structure is a significant challenge, 
but necessary to properly inform fisheries managers and policy makers.  
 
Many of the oral and poster presentations at this year’s conference directly relate to the theme and, as always, 
there is a diverse and interesting series of presentations on the agenda. Over the course of the next four days, 
there will be 63 oral presentations across 14 sessions. We also have an additional 14 presentations in the poster 
session. This year’s conference features a special “Bluefin tuna symposium” in which 21 oral presentations 
will describe and discuss biological, fishery and management aspects of the world’s three species of large 
bluefins. Special thanks to this year’s session moderators: Andre Boustany, Charles Farwell, Daniel Fuller, 
Kim Holland, Kyle Van Houtan, John Hyde, Russell Ito, David Kerstetter, Tim Lam, Robin Pelc, Ann Preece, 
Owyn Snodgrass, and David Wells. We sincerely appreciate their efforts to keep sessions running smoothly. 
 
The abstracts for the oral and poster presentations contained in the Proceedings are listed in alphabetical order 
of the author giving the presentation (shown in bold lettering; abstracts are combined for oral and poster 
presentations). All abstracts are considered reports of preliminary work. If readers are interested in the 
information presented in the abstracts, they should contact the author(s) directly. No abstract should be cited 
without prior consent from the author(s). 
 
This year there were many excellent applications for student scholarships and ranking the candidates was a 
very difficult task. Many thanks to Daniel Fuller, John Hyde, Owyn Snodgrass, Nick Wegner, and Jeanne 
Wexler for helping to review the student application packages. Thanks to the generosity of our donors, we are 
very pleased to announce that funds were available to support 8 student scholarships this year. The Tuna 
Conference Scholarship was awarded to Zahirah Dhurmeea for her talk titled “Reproductive biology and lipid 
dynamics of albacore tuna (Thunnus alalunga) in the western Indian Ocean.” The Manuel Caboz Memorial 
Scholarship was awarded to Nadya Mamoozadeh for her talk titled “An assessment of genetic population 
structure for striped marlin (Kajikia audax) in the Pacific and Indian Oceans using genome-wide SNPs.” The 
Margarita Tomlinson Scholarship was awarded to Samantha Huff for her talk titled “Age of maturity of 
Pacific bluefin tuna.” Ashley Stoehr received the Wildlife Computers Scholarship for her talk titled 
“Morphological and physiological specializations for sustained swimming in swordfish: through the 
thermocline and back again.” Arif Malik received the Desert Star Systems LLC Scholarship for his talk titled 
“The transition to regional endothermy in Pacific bluefin tuna, Thunnus orientalis.” Lisa Ailloud received the 
ADMB Award for her talk titled “Estimating catch-at-age of western Atlantic bluefin tuna: can we do better 
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than cohort slicing?” Maite Pons was awarded the Monterey Bay Aquarium Scholarship for her talk titled 
“Management differences among stocks and tuna regional fisheries management organizations.” Maëlle 
Cornic received the Big Data Scholarship for her talk titled “Spatiotemporal distribution of yellowfin tuna 
and bigeye tuna larvae across oceanographic features in the Gulf of Mexico.” Additional travel support for 
the 8 award winners was graciously provided by the International Seafood Sustainability Foundation. 
 
In addition to support for student scholarships and travel, the Tuna Conference benefits from generous 
donations to support the various “social” functions such as the Sushi Social/Poster Session, the Tuna 
Barbecue, Campfire and Tavern get-togethers. We thank Rex Ito and Prime Time Seafood Inc. for donating 
the sashimi-grade tuna for the poster Sushi Social/Poster Session and Wildlife Computers Inc. for providing 
refreshments. We gratefully acknowledge all our donors from the Automatic Differentiation Model Builder 
Foundation (ADMB), American Fishermen’s Research Foundation, American Tuna Boat Association, CLS 
America, Desert Star Systems LLC, International Seafood Sustainability Foundation (ISSF), Lotek Wireless 
Inc., Monterey Bay Aquarium, Oceanographic In-situ Interoperability Project (OIIP), Patrick Tomlinson, 
Prime Time Seafood Inc., and Wildlife Computers Inc. 
 
We would like to thank also Scott Aalbers, Daniel Fuller, Craig Heberer, Kim Holland, David Itano, Russell 
Ito, Kurt Schaefer, Chugey Sepulveda, and Owyn Snodgrass for volunteering to be our gracious team of 
sashimi and poke cutters. We are appreciative of Lindsay Marshall of Stick Figure Fish Illustration for 
contributing her beautiful artwork to our cover page and T-shirt design. Thanks to Millie DeLosReyes for 
handling all the bank transactions. Our graphic designer Chris Patnode put her creativity to work on name 
tags, the Tuna Conference website and student certificates. We thank Pamela Maudsley-Merrill for donating 
her time to take photos at this year’s conference. A special thanks to the UCLA Conference Center personnel 
for accommodating our numerous requests.  We are also very grateful to the team of SWFSC and IATTC staff 
members, too numerous to be named here, for general assistance with preparation for the conference, as well 
as the transportation of supplies and conference participants. 
 
In closing, we would like to thank you all for participating. After all, it is the quality of your presentations and 
camaraderie that make the Tuna Conference such a great event (and yes, the beautiful venue contributes as 
well!). We hope you have a productive and enjoyable time and we look forward to seeing you back next year 
at the 69th Tuna Conference! 
 
 
 

      
Shane Griffiths      Leanne Duffy 
68th Tuna Conference Chair    68th Tuna Conference Chair 
 
 
 

    
Sofia Webber      Joydelee Marrow 
68th Tuna Conference Coordinator   68th Tuna Conference Coordinator 
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68th TUNA CONFERENCE AGENDA 
 

Monday, 15 May 2017 
 
11:00 Registration opens in the Lakeview (continued throughout Monday and Tuesday morning) 
 
13:15 Welcome and Introduction (Pineview) 
 
 
SESSION 1: Population Biology I (Moderator: David Wells) 
   
13:30 Bombs and blue marlin (Makaira nigricans) — confirmation of rapid growth – Allen 

Andrews, Robert Humphreys, Jr., and Jeffery Sampaga 
 
13:45 Preliminary results of age and growth of yellowfin tuna in the eastern Pacific Ocean – 

Daniel Fuller and Kurt Schaefer 
 
14:00 An overview of a comprehensive yellowfin tuna (Thunnus albacares) research program in 

the northern Gulf of Mexico – Brett Falterman and Jennifer McKinney 
 
14:15 An assessment of genetic population structure for striped marlin (Kajikia audax) in the 

Pacific and Indian Oceans using genome-wide SNPs – Nadya Mamoozadeh*, Jan 
McDowell, and John Graves  
* Manuel Caboz Memorial Scholarship winner / International Seafood Sustainability Foundation 
Travel Award winner 

 
14:30 Coffee Break (25 minutes) 
 
 
SESSION 2: Population Biology II (Moderator: Daniel Fuller) 
 
14:55 Preliminary results from an investigation of the reproductive biology of skipjack tuna in the 

eastern Pacific Ocean – Kurt Schaefer and Daniel Fuller 
 
15:10 Reproductive biology and lipid dynamics of albacore tuna (Thunnus alalunga) in the 

western Indian Ocean – Zahirah Dhurmeea*, Iker Zudaire, Heidi Pethybridge, Chandani 
Appadoo, and Nathalie Bodin 
* Tuna Conference Scholarship winner / International Seafood Sustainability Foundation Travel 
Award winner 

 
15:25 The transition to regional endothermy in Pacific bluefin tuna, Thunnus orientalis – Arif 

Malik*, Kathryn Dickson, Takashi Kitagawa, Ko Fujioka and Kathryn Schuller 
* Desert Star LLC Scholarship winner / International Seafood Sustainability Foundation Travel 
Award winner 
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15:40 Morphological and physiological specializations for sustained swimming in swordfish: 
Through the thermocline and back again – Ashley Stoehr*, Jeanine Donley, Scott 
Aalbers, Doug Syme, Alex Fowler, Chugey Sepulveda, and Diego Bernal  
* Wildlife Computers Scholarship winner / International Seafood Sustainability Foundation Travel 
Award winner 

 
15:55 Coffee Break (25 minutes) 
 
 
SESSION 3: Fisheries Management Tools (Moderator: John Hyde) 
 
16:20 Ecological risk assessment as a tool for prioritizing management of data-limited non-target 

species caught in tuna fisheries in the eastern Pacific Ocean – Shane Griffiths, Leanne 
Duffy, and Robert Olson 

 
16:35 Advancing conservation and bycatch mitigation in global tuna fisheries through market-

based incentives – Robin Pelc 
 
16:50 Tools to protect whales and dolphins threatened by pelagic fisheries: roles for science and 

scientists – Catherine Kilduff 
 
17:05 Using sunlight and cell networks to bring new management tools to small scale fisheries – 

Will McDonald, Daniel Suchomel, David Solomon, and Melissa Garren 
 
 
18:30 Dinner followed by ‘Welcome Gathering’ in the Tavern 
 
 

Tuesday, 16 May 2017 
 
8:00 Breakfast 
 
 
SESSION 4: Challenges in Conservation and Management (Moderator: Robin Pelc) 
 
9:00 International management of Atlantic istiophorid billfishes: Progress and challenges – John 

Graves, Rachel O’Malley, Kim Blankenbeker, and David Kerstetter 
 
9:15 Management differences among stocks and tuna Regional Fisheries Management 

Organizations – Maite Pons*, Michael Melnychuk, and Ray Hilborn 
 * Monterey Bay Aquarium Scholarship winner / International Seafood Sustainability Foundation 

Award winner 
 
9:30 Major challenges when assessing tuna stocks – Carolina Minte-Vera, Alexandre Aires-da-

Silva, Cleridy Lennert-Cody, and Mark Maunder 
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9:45 Tuna fisheries and the MSC: Challenges to certification, successes and ways forward – 
Adrian Gutteridge 

 
10:00 The role of fisheries observer programs in management of fisheries: A case study of the 

purse-seine fishery for tunas in the Eastern Pacific Ocean – Ernesto Altamirano 
 
10:15 Coffee Break (30 minutes) 
 
 
SESSION 5: Bluefin Tuna Symposium – Data Describing Bluefin Fisheries 
(Moderator: Kyle Van Houtan) 
 
10:45 Changes in the age class, size structure, availability, and stock composition of Atlantic 

bluefin tuna in the Gulf of Maine purse seine fishery – Walt Golet, Lisa Kerr, Brenda 
Rudnicky, Sarah Rashad, and Zach Whitner 

 
11:00 Geographical characteristics of Japanese coastal longline operations for Pacific bluefin tuna 

– Yohei Tsukahara and Osamu Sakai 
 
11:15 Recreational fisheries data collection for tunas led by the Sportfishing Association of 

California (SAC) – Alayna Siddall 
 
11:30 Capture-based Pacific bluefin tuna aquaculture in Mexico – Benito Sarmiento Perez and 

Rex Ito 
 
11:45 SBT biological research and abundance monitoring programs – Jessica Farley, Paige 

Eveson, Ann Preece, Mark Bravington, Peter Grewe, and Campbell Davies  
 
 
12:00 Lunch 
 
 
SESSION 6: Bluefin Tuna Symposium – Life History and Population Biology  
(Moderator: Andre Boustany) 
 
13:00 Age of maturity of Pacific bluefin tuna – Samantha Huff* and Andre Boustany 

* Margarita Tomlinson Scholarship winner / International Seafood Sustainability Foundation Travel 
Award winner 

 
13:15 Utility of otolith chemistry to distinguish between Pacific bluefin tuna spawning grounds – 

David Wells, Seiji Ohshimo, Jay Rooker, John Mohan, Izumi Yamazaki, Nobuaki Suzuki, 
Suzanne Kohin, and Heidi Dewar     

 
13:30 Collaborative study of Age-0 Pacific bluefin tuna (Thunnus orientalis) in southern Japan – 

Ko Fujioka, Hiromu Fukuda, Takuji Noda, Takashi Kitigawa, Ethan Estess, Kathryn 
Dickson, Kathryn Schuller, and Charles Farwell 
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13:45 Age structure and sex specific growth of Atlantic bluefin tuna (Thunnus thynnus) in the 
Gulf of Maine – Brenda Rudnicky, Graham Sherwood, Elise Koob, Megan Winton, 
Shannon Cass-Calay, and Walter Golet 

 
14:00 Trophic ecology of Pacific bluefin tuna (Thunnus orientalis) off the Western coast of Baja 

California, México – Sofia Ortega-Garcia, Arturo Tripp-Valdez, Ruben Rodriguez-
Sanchez, and Ulianov Jakes-Cota 

 
14:15 Coffee Break (30 minutes) 
 
 
SESSION 7: Post-release Survival and Recreational Fisheries 
 (Moderator: David Kerstetter) 
 
14:45 Assessing shark bycatch condition and the effects of discard practices on post-release 

survival rates in the Hawaii and American Samoa tuna longline fisheries – Melanie 
Hutchinson and Keith Bigelow 

 
15:00 Catch and release survivorship and best handling practices for recreationally caught Pacific 

bluefin tuna – Scott Aalbers, Diego Bernal, Jeff Kneebone, and Chugey Sepulveda 
 
15:15 Studies on swordfish movements, stock structure and exempted fishery trials off the U.S. 

West Coast – Chugey Sepulveda and Scott Aalbers 
 
15:30  Measuring the Economic Impact of the San Diego Sportfishing CPFV Fleet – James 

Hilger, Rachel Mahler, and Sabrina Lovell 
 
15:45 Modeling angler choices, preferences, and values in the U.S. east coast recreational Atlantic 

bluefin tuna fishery – William Goldsmith and Andrew Scheld 
 
 
 
POSTER SESSION (with sushi) – Sashimi donated by Prime Time Seafood, Inc. and 

refreshments by Wildlife Computers 
 
16:30 Age and growth of yellowfin tuna (Thunnus albacares) in the northern Gulf of Mexico – 

Erik Lang, Brett Falterman, Larissa Kitchens, and CiJii Marshall 
 
 Assessing post-release mortality of blue sharks (Prionace glauca) caught in the U.S. West 

Coast large-mesh drift gillnet fishery – Liana Heberer, Natalie Spear, Lyle Enriquez, 
Charles Villafana, and Suzanne Kohin 

 
 Bag limit reduction on recreational catch of Pacific bluefin tuna in California – Elizabeth 

Hellmers 
 
 Hard caps as a management tool in the U.S. West coast drift gillnet fishery – Michelle 

Horeczko and Deb Wilson-Vandenberg 
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 Length-weight regression of bluefin tuna landed in California revisited – Mandy Lewis, 

Liana Heberer, Suzanne Kohin and Alayna Siddall 
 
 Organic Contaminants as ecological markers in young-of-the-year scalloped hammerhead 

sharks – Kady Lyons and Douglas Adams 
 
 Movement and habitat use of whale sharks (Rhincodon typus) tagged at a feeding 

aggregation site in the northern Gulf of Mexico – Jennifer McKinney, Eric Hoffmayer, Jill 
Hendon, James Franks, and Brett Falterman 

 
 Exploring natural chemical tracers in shark vertebrae to assess migration patterns – John 

Mohan, Nathan Miller, Sharon Herzka, Oscar Sosa-Nishizaki, Suzanne Kohin, Heidi 
Dewar, Michael Kinney, and David Wells 

 
 Trends in the Pacific bluefin tuna (Thunnus orientalis) and yellowfin tuna (Thunnus 

albacares) fisheries in California, from 2014 to 2016 – Trung Nguyen 
 
 The search for sex-specific markers: sequencing of the albacore (Thunnus alalunga) 

genome to identify sex-distinguishing genetic markers – Catherine Purcell, Andrew 
Severin, Owyn Snodgrass, Steve Teo, and John Hyde 

 
 Evidence of westward transoceanic migration of Pacific bluefin tuna based on stable 

isotope analysis – Atsushi Tawa, Taiki Ishihara, Yuki Uematsu, Tsuneo Ono, and Seiji 
Ohshimo 

 
 Establishing baseline metrics of health and fitness for aquaculture reared California 

yellowtail, Seriola dorsalis – Nicolas Wegner, Laura Schwebel and John Hyde 
 
 Testing gear alternatives through the exempted fishing permit process – Deb Wilson-

Vandenberg and Michelle Horeczko 
 
 Juvenile Pacific bluefin tuna (Thunnus orientalis) died due to ingestion of inorganic particle 

– Saki Yamao, Tomoki Honryo, Yoshifumi Sawada, Yasuo Agawa, Tokihiko Okada, and 
Yasunori Ishibashi 

 
 
 
18:30 Dinner 
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Wednesday, 17 May 2017 
 
8:00 Breakfast 
 

 
SESSION 8: Stock Assessment and Modelling (Moderator:	Ann Preece) 
 
9:00 Developing stock assessment tools for dorado (Coryphaena hippurus) in the southeastern 

Pacific Ocean: A collaborative Latin-American effort – Alexandre Aires-da-Silva, Juan 
Valero, Mark Maunder, Carolina Minte-Vera, Cleridy Lennert-Cody, Marlon Román, 
Jimmy Martinez-Ortiz, Edgar Torrejón-Magallanes and Miguel Carranza 

 
9:15 Investigating fisheries impacts on pacific skipjack tuna with an improved high resolution 

ecosystem and fish dynamics model – Inna Senina, Patrick Lehodey, John Hampton, and 
Peter Williams 

 
9:30 Estimating catch-at-age of western Atlantic bluefin tuna: Can we do better than cohort 

slicing? – Lisa Ailloud*, Matthew Lauretta, John Walter, and John Hoenig 
*ADMB Foundation Scholarship winner / International Seafood Sustainability Foundation Travel 
Award winner 

 
9:45 Incorporating life-history information in a Bayesian Pella-Tomlinson production model: an 

example from the Indian Ocean blue shark (Prionace glauca) – Zhe Geng, Carolina Minte-
Vera, Alexandre Aires-Da-Silva, Jiangfeng Zhu, and Xiaojie Dai  

 
10:00 Can the absence of evidence provide evidence of absence? – Stephen Stohs 
 
 
10:15 Coffee Break (30 minutes)  
 
 
SESSION 9:  FADs and Feeding Ecology (Moderator: Kim Holland) 
 
10:45 Testing of non-entangling and biodegradable fish aggregating devices (FADs) – Marlon 

Román, Gala Moreno, Martin Hall, and Jefferson Murua 
 
11:00 Tropical tuna species´ acoustic discrimination for direct estimates of their abundance – 

Gala Moreno, Guillermo Boyra, Igor Sancristobal, Jeff Muir, Susana Cusatti, Vernon 
Scholey, Daniel Margulies, Kim Holland, and Victor Restrepo 

 
11:15 A preliminary look at residence times of multi species aggregations at drifting FADs in the 

equatorial western Pacific – Jeff Muir, Bruno Leroy, Kim Holland, Laurent Dagorn, Fabien 
Forget, Manuella Capelo, and Victor Restrepo 
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11:30 Use of video monitoring to quantify spatial and temporal patterns in fishing effort across 
sectors at moored FADs off Puerto Rico – Wessley Merten, Roberto Rivera, Richard 
Appeldoorn, Kelvin Serrano, Omar Collazo, and Nilda Jímenez 

 
11:45 Foraging ecology of tunas in the southern California bight (2007-2016) – Owyn 

Snodgrass, Heidi Dewar, David Wells, Andrew Thompson, and Suzanne Kohin 
 
12:00 Lunch 
 
 
SESSION 10:  Bluefin Tuna Symposium – Migrations and Biotelemetry  
(Moderator: Charles Farwell) 
 
13:00 Distribution and migration of bluefin tunas in relation to oceanographic features and 

metabolic constraints – Barbara Muhling, Richard Brill, John Lamkin, Mitchell Roffer, 
Sang-Ki Lee, Yanyun Liu, and Frank Muller-Karger 

 
13:15 Using telemetry and transcriptomics to improve understanding of Pacific bluefin tuna 

migration, maturity, and spawning – Luke Gardner, Nicholas Mendoza, Charles Farwell, 
and Barbara Block  

 
13:30 Using dynamic habitat models to assess risk to bluefin tuna in the Gulf of Mexico – Elliot 

Hazen, Aaron Carlisle, Steven Wilson, James Ganong, Michael Castleton, Robert 
Schallert, Michael Stokesbury, Steven Bograd, and Barbara Block 

 
13:45 Re-examining trans-pacific migration patterns in pacific bluefin tuna – Daniel Madigan, 

Andre Boustany, and Bruce Collette 
 
14:00 Modelling surface rates of southern bluefin tuna – Paige Eveson, Jason Hartog, Toby 

Patterson, and Karen Evans 
 
14:15 Coffee Break (25 minutes) 
 
 
SESSION 11:  Tagging (Moderator: Russell Ito) 
 
14:40 Money tags: the art of winning the fishy game of electronic tagging – Chi Lam and Molly 

Lutcavage  
 
14:55 Opportunities and limitations for the use of geomagnetic field intensity measurements as a 

tool to enhance the confidence and accuracy of position estimated tracks for migratory 
species – Marco Flagg and Peter Klimley 

 
15:10 Introduction to the Argos Satellite System (and other Argos tools) – Thomas Gray 
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15:25 Leveraging available technologies for improved interoperability and visualization of remote 
sensing and electronic tagging data at NASA PO.DAAC – Vardis Tsontos, Tim Lam, Sean 
Arms, Nga Quach, and Charles Thompson 

 
15:40 More bytes for the buck: Improved data throughput from tagged pelagic fishes – Kim 

Holland and Tiphaine du Dot 
 
15:55 Coffee Break (20 minutes) 
 
 
SESSION 12: ‘Big data’ Mini-Workshop (Moderator: Tim Lam) 
 
16:15 Web-based Tools and Data Standards for Electronic Tagging Datasets: An Interactive & 

Consultative Workshop – Vardis Tsontos, Tim Lam, Sean Arms, Nga Quach, and Charles 
Thompson 

 
 
17:30 Business meeting 
 
 
18:30 Dinner – Tuna Barbeque sponsored by the American Fishermen’s Research Foundation, 
American Tuna Boat Association, Lotek Wireless Inc., Prime Time Seafood Inc., and CLS 
America 
 
Frontier Village – Campfire and Social 
 
 
 

Thursday, 18 May 2017 
 
8:00 Breakfast 
 
SESSION 13:  Bluefin Tuna Symposium – Stock Assessment and Management  
(Moderator: Kyle Van Houtan) 
 
9:00 Stock assessment of Pacific bluefin tuna – H. Nakano and Hiromu Fukuda  
 
9:15 Rebuilding Pacific bluefin: Projected outcomes of alternative management measures – Joel 

Rice and James Gibbon 
 
9:30 Pacific Bluefin tuna status review under the U.S. Endangered Species Act – Scott Rumsey, 

Gary Rule, and Christina Fahy 
 
9:45 The SBT management procedure and stock assessment – Ann Preece, Campbell Davies, 

and Rich Hillary 
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10:00 Managing non-member southern Bluefin tuna catch in CCSBT – Dominic Vallières 
 
10:15  Individual bluefin quotas in the Atlantic highly migratory species pelagic longline fishery – 

Tom Warren and Brad McHale 
 
10:30  Bluefin Tuna Symposium Wrap-up – Kyle Van Houtan 
 
10:45  Coffee Break (15 minutes) 
 
 
SESSION 14: Early Life History and Aquaculture Research (Moderator: Owyn Snodgrass)  
 
11:00 Spatiotemporal distribution of yellowfin tuna and bigeye tuna larvae across oceanographic 

features in the Gulf of Mexico – Maë lle Cornic* and Jay Rooker  
* Big Data Scholarship winner / International Seafood Sustainability Foundation Travel Award 
winner 

 
11:15 Atlantic bluefin tuna aquaculture - broodstock management and propagation - hands on 

examples – Christopher Bridges, Jan Giebichenstein, Florian Borutta, Stephan Schulz, 
Robert Vassalo-Agius, and Hillel Gordin 

 
11:30 Review of Research Activities at the IATTC’s Achotines Laboratory, 2016-2017 – Vernon 

Scholey, Daniel Margulies, Jeanne Wexler, and Maria Stein 
 
11:45 Comparative physiology of California yellowtail, Seriola dorsalis, in aquaculture, and the 

use of exercise as a means for improving fitness – Laura Schwebel, Kevin Stuart, Mary 
Sue Lowery, and Nicholas Wegner 

  
12:00 Meeting Close and Lunch 
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CATCH AND RELEASE SURVIVORSHIP AND BEST HANDLING PRACTICES FOR 
RECREATIONALLY CAUGHT PACIFIC BLUEFIN TUNA 

 
Scott A. Aalbers1, Diego Bernal2, Jeff Kneebone3, Chugey A. Sepulveda1 

 

1Pfleger Institute of Environmental Research (PIER)  
2UMass Dartmouth, North Dartmouth, MA  

3Anderson Cabot Center for Ocean Life, New England Aquarium, Boston, MA 
 

2110 S. Coast Hwy, Suite F 
Oceanside, CA 92054 

 
 

Despite increased catch and effort in the recreational fishery for Pacific bluefin tuna (PBT) along the 
U.S. west coast in recent years, a 2016 stock assessment suggested that PBT spawning stock biomass had 
been reduced to a historic low.  In response to reduced harvest quotas throughout the Pacific, strict recreational 
fishery regulations along California and Baja California now mandate the release of all PBT in excess of the 
daily 2 fish person-1 limit.  The success of recent regulatory changes is dependent upon the rate of post-release 
survival for PBT, a value that is currently unquantified.  The primary objectives of this study were to: 1) 
Evaluate PBT post-release fate in the southern California recreational fishery using Wildlife Computers 
survivorship pop-up archival transmitting tag (sPATs) and 2) Characterize the physiological effects of capture 
through analysis of blood biochemistry.  Using capture techniques currently employed in the southern 
California recreational fishery, 40 sPATs were deployed between March and October, 2016 on PBT ranging 
in size from 87-147 cm fork length (12-61 kg).  Daily data summaries from reporting tags (n=31) indicated 
that all PBT survived the short-term (7-30 d) effects of capture and handling.  With the exception of two 
smaller individuals that moved approximately 500 km to the south, all PBT remained within 200 km of the 
initial capture location (mean ± SD=93 ± 30 km).  The mean horizontal rate of movement was 7.5 km/day, 
suggesting that tagged PBT remained within the Southern California Bight throughout much of the 2016 
fishing season.  Preliminary results from this study indicate that PBT are resilient to recreational capture 
techniques when handled properly and that physiological stress appears to be minimal when fight times are 
<45 minutes.  Additional tag deployments and biochemical analysis will further quantify the rate of post-
release mortality and provide scientific recommendations on best-handling practices to further enhance the 
survivorship of PBT captured in the California recreational fishery.   
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ESTIMATING CATCH-AT-AGE OF WESTERN ATLANTIC BLUEFIN TUNA: CAN WE DO 
BETTER THAN COHORT SLICING? 

 

Lisa E. Ailloud
1
, Matthew V. Lauretta

2
, John Walter

2
, John M. Hoenig

1 

 

1Virginia Institute of Marine Science, College of William & Mary 

 
2
National Marine Fisheries Service, Southeast Fisheries Science Center 

 
P.O. Box 1346,  

Gloucester Point, VA 23062 
 

 
Atlantic bluefin tuna is assessed using a Virtual Population Analysis model, which requires catch- 

at-age estimates as its main input. Traditionally, catch-at-age has been estimated by assigning ages to 
individuals in the catch-at-length data using cohort slicing. This simple method proves very useful when 
age readings are unavailable as it only requires the knowledge of a growth curve. However, the method 
assumes no overlap in length among cohorts, a condition that is seldom met in practice. Thus, ages are often 
misassigned, leading to precision and bias issues in the resulting catch-at-age. One alternative class of 
methods commonly used for estimating catch-at-age when age data are available is the age-length keys 
(ALKs). These methods are based on the probability of age given size (forward ALK) and/or the probability 
of size given age (inverse ALK). The age composition of a large sample of measured fish is estimated by 
summarizing the relationship between age and length of a much smaller subsample of fish (the “reference” 
sample) for which ages have been determined and then applying this relationship to the larger sample of 
fish for which only lengths are available. These methods have been shown to perform well when ages are 
derived from annual length-stratified sub-samples of fishery landings. However, it is unclear how well these 
methods perform when data are incomplete and lack representativeness. With western Atlantic bluefin tuna, 
age samples have only been collected systematically since 2009, so most years have little to no age data 
and the age data that are available were collected opportunistically. In this paper, we evaluate two methods 
capable of accommodating incomplete data: a novel hybrid ALK (combining forward ALKs and cohort 
slicing) and the Hoenig method (combining forward and inverse ALKs). Our goal is to determine if the 
methods perform better or worse than cohort slicing, given the data limitations outlined above. To answer 
this question, we used Monte Carlo simulation to generate “known” catch-at-age and –length data and 
annual reference age samples patterned after the biology and sampling scheme of Western Atlantic bluefin 
tuna, and applied each estimation method to the catch-at-length data to see how well each was able to 
reproduce the known catch-at-age data. Performance was measured by looking at the bias and root mean 
square error of the resulting estimates of the proportion of each age in the catch in each year. Preliminary 
results indicate that the hybrid ALK may be a good option for bridging the gap between data poor and data 
rich years. The Hoenig method appeared highly sensitive to the quality of the annual age sample. 
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 Dorado (Coryphaena hippurus) is one of the most important species caught in the artisanal fisheries 
of the coastal nations of the eastern Pacific Ocean (EPO), ranging from Chile in the south to Mexico in the 
north. Available fisheries statistics indicate that the EPO is the dominant region in global production of 
dorado. The species has been thought of as highly resilient to overfishing due to its high productivity in all 
the oceans of the world. However, stock assessments are needed to obtain a better picture of the stock status 
of the species and to evaluate alternative reference points for management. Coastal Member States of the 
IATTC have requested collaborative research and guidance from IATTC staff on dorado regional research, in 
particular on stock assessment. This study presents an exploratory stock assessment for dorado in the 
southeastern Pacific Ocean where the species is mainly subject to targeted artisanal longline fisheries in Peru 
and Ecuador, but also caught incidentally (as bycatch) by the tuna purse-seine fisheries. The assessment is 
implemented in the modelling platform Stock Synthesis with a monthly time step during 2007-2014. The 
monthly time step allows depletion caused by catch and measured by the catch-per-unit-effort (CPUE) to 
inform estimates of absolute abundance. Although the assessment results contribute to the knowledge about 
the population dynamics of dorado and its history of exploitation in the EPO, the IATTC staff is unable to 
draw conclusions about stock status, because no reference points, target or limit, have been defined for dorado 
in the EPO. Nonetheless, some management quantities are presented and discussed for consideration. Recent 
catches are near estimates of the maximum sustainable yield (MSY) from the stock assessment. However, 
yield per recruit (YPR) analyses show that the yield curve is very flat, and the fishing mortality required to 
achieve MSY is poorly defined. Overall, this study shows that Stock Synthesis is a promising tool for 
conducting stock assessments of this species in the EPO. More research is needed to refine the model, the data 
used, and to prioritize collection of new data for the assessment of dorado. Analyses including data from these 
fisheries and expanding the spatial extent of this assessment could be considered in the future.  

 



16	
The ideas presented in any given abstract may not be fully developed, and therefore no abstract should 
be cited without prior consent from the author(s). 

THE ROLE OF FISHERIES OBSERVER PROGRAMS IN MANAGEMENT OF FISHERIES: A 
CASE STUDY OF THE PURSE-SEINE FISHERY FOR TUNAS IN THE EASTERN PACIFIC 

OCEAN 
 

Ernesto Altamirano 
 

Inter-American Tropical Tuna Commission 
8901 La Jolla Shores Dr. 

La Jolla, CA 92037  
 
 

 It is generally accepted that fisheries management is a decision-making process that requires 
scientifically-based evaluation of both target and non-target species caught in a particular fishery. Effective 
management requires that detailed, high-quality data be collected on the fishery, and the general consensus is 
that fisheries observer programs are one of the best sources of such data. 
 Babcock et all (2003)1, noted that “the level of coverage required will depend on the objectives of the 
observer program, which might vary from estimating bycatch of protected species, to improving bycatch and 
catch data for assessment of fish populations.”  Nonetheless, observer coverage and observer’s duties also 
are determined by factors that may include economic and logistical constraints, availability of human 
resources, enforcement requirements, and even commercial necessities.  
 The objectives of the observer program developed for the tuna purse-seine fishery in the Eastern 
Pacific Ocean (EPO) have evolved as management requirements have, from determining the cause of 
mortality of dolphins and finding solutions for reduction of that mortality, to producing data with which to 
evaluate compliance with newly-adopted management measures, not only to dolphins but also for sharks, 
tunas and other species. In addition, the EPO observer program produces information used for eco-labeling. 
This evolution of observer program objectives has had an impact on the level of observer coverage, and has 
not been without growing pains and some controversy. In this presentation, we discuss issues related to each 
of these provisions and the effects those issues have had on observers’ duties. 
 

																																																								
1	Babcock	EA,	Pikitch	EK,	Hudson	C.G.	How	much	observer	coverage	is	enough	to	adequately	estimate	bycatch?	

Unpublished	report,	Pew	Institute	for	Ocean	Science	and	Oceana,	2003.	Available	from	
http://oceana.org/reports/how‐much‐observer‐coverage‐enough‐adequately‐estimate‐bycatch		
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 Longevity of blue marlin (Makaira nigricans) remains unresolved. Use of fin spines and sagittal 
otoliths for age reading has led to unconfirmed longevity estimates of close to 20 years.  Age validation has 
been elusive because large individuals are rare and a technique that can be applied to the structures that provide 
estimates of age was absent. Use of otolith chemical signatures has been limited by sagittal otoliths that are 
very small—whole otolith mass of adult blue marlin can reach 10 mg for the largest fish. Recent advances in 
the detection limits of radiocarbon (14C) with accelerator mass spectrometry—coupled with recently acquired 
knowledge of marine bomb 14C signals spanning the tropical Pacific Ocean—have led to an opportunity to 
age blue marlin from small amounts of otolith material. In this study, otoliths from a recently collected 1245 
lb. (565 kg) female blue marlin measured at 146 inches (3.71 m) lower jaw fork length were analyzed for 14C. 
Using a series of deductions in the bomb 14C dating method the age of this “grander” blue marlin was 
confirmed. 
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 The future of the north Atlantic bluefin tuna (ABFT), Thunnus thynnus has long been a cause for 
concern and this problem was exacerbated by the farming or ranching of bluefin tuna which began in 1996 in 
waters around Croatia and in the Adriatic. This practice of catching small tuna and then fattening them over 
a period of several years within cages had become common practice by the end of the 90s. Through the ICCAT 
recovery plan changes were made to the amount of quota allowed for all types of fisheries but it was clear that 
at the beginning of the 20th century that most of the tuna caught under quota were being directed towards 
fattening processes within the Mediterranean and the fully capture based fattening industry grew up. 
  In the year 2000 number of leading European tuna specialists came to the conclusion that the 
domestication of the bluefin tuna should be attempted based on principles and practices developed within the 
aquaculture industry. Between 2000 and 2014 a series of research efforts were funded by the European 
commission with the aim of the domestication of the bluefin tuna. This involved a series of programs starting 
with DOTT –Domestication of Thunnus thynnus, followed by REPRODOTT, SELFDOTT, ALLOTUNA and 
finally TRANSDOTT. The main aim of all these efforts was to establish a BFT broodstock from which eggs 
could be obtained “on demand” with which further experimentation on hatching and larval rearing and grow-
out of fingerlings could be achieved.  The lesson learned from Broodstock management and propagation have 
given us insights into the Biology of this Species which could not have been obtained in the wild.  Numerous 
techniques have been developed for not only monitoring environmental parameters but also remote sampling 
techniques together with molecular tools which have enabled us to predict and sustain egg production in 
captivity. These findings have been channeled into a commercial implementation TUNATECH. Careful 
manipulation of diets of broodstock have enabled better fertility rates to be obtained and the basis for a 
propagation unit for restocking or mitigation trials established.  
 The hands on approach to solving sampling and monitoring of live broodstock underwater shown in 
the present study may have applications for future migratory or population studies and the use of parentage 
markers and individual parent fingerprinting may in the long-term be essential tools for the establishment of 
“proof of concept” for restocking programs. 
 Full circle aquaculture of PBFT has been achieved in Japan and in Europe the closing of the cycle for 
ABFT completed by our Spanish colleagues. Numerous developments of the aquaculture field together 
fisheries based management have a vital role to play in Conservation and Sustainability of this species. 
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 Atlantic Bluefin tuna (Thunnus thynnus) are distributed throughout the North Atlantic and are both 
economically valuable and heavily exploited. During April-August of 2010, the Deepwater Horizon oil spill 
released approximately 4 million barrels of oil into the Gulf of Mexico (GOM), with wide ranging ecosystem 
and economic impacts, and potentially important effects on the western stock of Atlantic Bluefin tuna that 
spawn in the GOM. Exposure to oil significantly affects and increases the mortality of Bluefin eggs and larvae, 
yet effects on spawning adults are less well understood. We used electronic tagging data for 66 bluefin tuna 
released in the western Atlantic to identify putative spawning events, quantify habitat preferences, and 
investigate how the oil spill may affected the spawning grounds of Bluefin in the GOM. More than 13,600 
km2 (5%) of predicted spawning habitat within the US EEZ was oiled during the week of peak oil dispersal, 
with potentially lethal effects on eggs and larvae. Although the oil spill overlapped with a relatively small 
portion of predicted spawning habitat, the cumulative impact from oil, ocean warming and bycatch mortality 
on GOM spawning grounds may result in significant effects for a population that shows little evidence of 
rebuilding. We are expanding upon this work to investigate how effective the recently designated Amendment 
7 Gulf of Mexico Gear Restricted Areas will be at protecting dynamic Bluefin tuna habitat in the GOM. 
Nineteen satellite tags were deployed in 2016 in the waters off the Gulf of St. Lawrence Canada and these 
tracks will be compared to predicted areas of preferred habitat from the new model. 
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 Generalized additive models (GAMs) were used to investigate the relationships between yellowfin 
tuna (Thunnus albacares) and bigeye tuna (T. obesus) presence (or abundance) and environmental conditions 
in the northern Gulf of Mexico (GoM). T. albacares and T. obesus larvae were collected during summer 
ichthyoplankton surveys (2007-2009) and were commonly found in our sampling corridor (32 and 46% 
frequency of occurrence, respectively). Significant intra- and inter-annual variability in abundance of T. 

albacares and T. obesus was also observed with higher density recorded in July surveys (1.3 larvae 1000m-3 

and 1.5 larvae 1000m-3, respectively) and in 2009 (1.6 larvae 1000m-3 for both species). GAMs indicated 
that larvae of both species were more common and at higher densities in water masses with specific 
physicochemical conditions (moderate salinity, high temperature, positive sea surface height), which 
correspond to areas impacted by the Mississippi River discharges and frontal zones associated with the Loop 
Current and warm-core eddies. Species-specific environmental preferences determined with GAMs were then 
combined with environmental data in summer 2010 to predict the spatial coverage of suitable habitat of both 
species during the Deepwater Horizon oil spill. A larger percentage of the highly suitable habitat of T. obesus 
was exposed to surface oil (23-34%) compared to T. albacares (4-26%), indicating that the oil spill might 
have impacted the two species differently. 
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 Information on the biology of albacore tuna, Thunnus alalunga, in the Indian Ocean is scarce and 
little new information on the population is available. Scientific advice on the status of fish stocks relies on 
indicators that are based on strong assumptions on biological parameters such as condition, maturity and 
fecundity. We examined the reproductive biology of albacore tuna in the western Indian Ocean through an 
analysis of the sex ratio, spawning season, length-at-maturity (L50), spawning frequency and fecundity. Lipid 
and fatty acids in the gonad, liver and muscle tissues of mature females were also examined. A total of 923 
female and 867 male albacore were sampled from 2013 to 2015. A bias in sex-ratio was found in favor of 
females with fork length (LF) <100 cm. Using histological analyses and gonadosomatic index (IG), spawning 
was found to occur between 10°S and 30°S, mainly to the east of Madagascar from October to January. The 
L50 (mean ± standard error) of female albacore was estimated at 85.3 ± 0.7 cm LF at the vitellogenic 3 oocyte 
stage maturity threshold. Albacore spawned on average every 2.2 days within the spawning region and season, 
from November to January. Batch fecundity varied between 0.26 and 2.09 million eggs and the relative batch 
fecundity (mean  standard deviation) was estimated at 53.4 ± 23.2 oocytes g-1 of somatic-gutted weight. 
Depending on the ovary phase, total lipid (TL) in ovaries ranged from 7.6 to 65.5 μg mg-1 of wet weight (ww) 
with varying proportions of phospholipid (PL), wax ester (WE), triacylglycerol (TAG) and sterol. The highest 
TL was observed in spawning capable ovaries (mostly PL, WE and TAG). Liver TL varied from 32.2 to 130.5 
μg mg-1 (ww) and acted as an energy (mainly TAG) storage prior to reproduction when the lowest TL was 
observed. Relationships with IG further reflects the variation of TL and lipid classes in gonad and liver. Muscle 
TL was very low (around 8 μg mg -1) and did not exhibit any variation between spawning and non-spawning 
individuals. The fatty acid composition of albacore tuna showed that docosahexaenoic acid (DHA; 22:6n-3) 
was the most abundant fatty acid in all the three tissues. The fatty acid composition also varied in liver and 
gonad tissues depending on the ovary phase. The results suggest that albacore could be viewed predominantly 
as a capital breeder relying mostly on lipids stored before the onset of reproduction and with limited additional 
energy derived from feeding. This study provides new information on the reproductive development and 
classification of albacore in the western Indian Ocean. The reproductive parameters will reduce uncertainty 
in current stock assessment models which should promote sustainability of the fishery. 
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 Pacific bluefin tuna (Thunnus orientalis, PBF) are spawned in Japanese territorial waters but typically 
migrate to the United States in their first year of life. The broad home range of this species necessitates strong 
international cooperation to effectively study its life history.  The Monterey Bay Aquarium and the National 
Research Institute of Far Seas Fisheries Research Agency signed a memo of understanding in 2015 to promote 
the east-west exchange of research and ideas regarding PBF. Here we describe recent efforts to collaboratively 
study Age-0 PBF in the warm waters off Kochi Prefecture in southern Japan. This research site provides 
consistent access to young-of-the-year PBF in the late summer months, allowing a wide variety of research 
questions to be explored.   
 The miniaturization of archival tagging technologies has provided the opportunity to tag and release 
20-30cm fork length PBF, revealing impressive trans-Pacific migrations.  Recent research has focused on the 
variation in the timing of this migration and also in the movements of young PBF in the coastal waters off 
Japan as they relate to the Kuroshio Current system.  Research has shown that some of these tagged PBF 
choose to delay their migration to the California Current, instead remaining in the productive Kuroshio-
Oyashio transition zone until migrating 5-9 months later. These archival tagging datasets, in addition to large-
scale conventional tagging efforts, help to develop models of exchange rates and fishing mortality for PBF 
across the Pacific Ocean. In addition, archival tags have revealed that Age-0 PBF have a limited capacity to 
elevate their internal temperature, opening up questions regarding the ontogenetic development of endothermy 
in this species. More study is needed to better understand the thermal limitations, metabolic demands, and 
development of endothermy in juvenile PBF. Future collaborative efforts in this region will seek to answer 
these fundamental questions about the biology and stock dynamics of PBF at this important life stage. 
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 Pacific bluefin tuna (PBF) (Thunnus orientalis) are managed domestically under the Magnuson-
Stevens Fishery Conservation and Management Reauthorization Act (MSA) and internationally through 
regional fishery management organizations (i.e., the Inter-American Tropical Tuna Commission and the 
Western Central Pacific Fisheries Commission).  Overfishing of this stock has been identified as a major 
threat, and likely contributing to its current status.  The MSA requires the development of domestic regulations 
to address overfishing and to develop recommendations for international actions to end overfishing.  On June 
20, 2016, NOAA’s National Marine Fisheries Service (NMFS) received a petition from the Center for 
Biological Diversity, on behalf of 13 other co-petitioners, to list the PBF as threatened or endangered under 
the Endangered Species Act (ESA) and to designate critical habitat concurrently with its listing. The petition 
included a description of factors contributing to the species’ decline, with a contention that ‘‘Pacific bluefin 
tuna are severely overfished, and overfishing continues, making extinction a very real risk.’’ The petitioner 
also presented information in the petition on the abundance of the species relative to unfished levels and the 
fishing rates from 2011–2013 which ‘‘were up to three times higher than commonly used reference point for 
overfishing.’’ Furthermore, the petitioner presented information on the level of harvest of juvenile PBF and 
what it characterizes as a species in which ‘‘reproduction is currently supported by just a few adult age classes 
that will soon disappear due to old age.’’  The petitioner highlighted other factors threatening PBF including 
offshore energy development, bioaccumulation of toxins, climate change and its associated ocean impacts.  
As required under the ESA, NMFS reviewed the information presented in the petition, and on October 11, 
2016, announced a 90-day finding that the petition presented substantial scientific information indicating that 
the petitioned action may be warranted.  NMFS initiated a status review of PBF following a 60-day public 
comment period and intends to publish its findings, including a final ESA-listing determination (if warranted), 
within one year of receiving the petition (June 2017), as required under the ESA.  NMFS finding will include 
an analysis of the ESA Section 4(a)(1) factors affecting PBF, including habitat destruction/modification, 
disease and predation, overutilization for commercial or recreational purposes, inadequacy of existing 
regulations and other natural or manmade factors.    
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In 2011 the International Commission for the Conservation of Atlantic Tunas (ICCAT) declared 

yellowfin tuna (Thunnus albacares) was undergoing overfishing but was not overfished. The 2011 stock 
assessment conducted through ICCAT used a two-stanza growth formulation based upon length frequency 
analysis (LFA) proposed by Gascuel et al. (1992), which has multiple limitations (Everhart and Youngs 1981). 
Other estimates of growth cite theoretical maximum size (L∞) estimates that are larger than maximum 
observed size in the fishery. Age and growth information is vital to stock assessment science and is needed 
for greater data resolution. The 2011 yellowfin tuna stock assessment noted the need for gender-specific 
growth parameters, and the information provided from this project is currently being utilized for an updated 
stock assessment. In response to this need for additional age and growth data, yellowfin tuna (n=1106) were 
aged through annual increment counts on transversely sectioned otoliths. A measurement to the first annulus 
was verified through daily increment enumeration. A “yardstick” was developed and used to identify the first 
annulus as a starting point for aging in all otoliths. Aging results indicated slower growth and longer life in 
yellowfin tuna than previously documented [ 1597.1 ∗ 1 . ∗ . ; CV=19.7]. 
Expected growth rates calculated from the growth parameters fell within the range of observed growth rates 
from tag-recaptured fish. Although more validation is necessary, the L∞ generated through this project is more 
representative of the observed lengths in the Atlantic fishery.  
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 The Louisiana Department of Wildlife and Fisheries (LDWF) conducted dockside collections and 
electronic tagging of yellowfin tuna from 2013-2015. Yellowfin tuna (n=1978) were sampled from 
recreational fishing docks in Venice, LA. Otoliths, gonads, stomachs, and tissue were retained from all 
individuals. Samples were used for multiple concurrent research projects on natal origin, age and growth, 
reproductive biology, feeding ecology, and genetic population structure. 
 Electronic tagging was conducted in the northern Gulf of Mexico using both pop-off satellite archival 
tags (PSATs) and internal archival (IA) tags. 27 PSATs and 163 IA tags were deployed on yellowfin tuna 
120-164cm CFL (mean 135.7cm) and 59-136cm CFL (mean 94.3cm), respectively. Successful PSAT 
deployments averaged 88.3 days at large (DAL) and ranged in duration from 20 to 301 DAL. Recapture rate 
of IA tagged yellowfin tuna was 19.02% overall, with recaptures averaging 234 DAL and ranging from 5-
1017 DAL. Overall, electronic tagging results indicate retention of tagged yellowfin tuna in the Gulf of 
Mexico for extended periods and that IA tagging studies of yellowfin tuna in the GOM can be supported by 
existing recreational and commercial user groups. 
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 Southern bluefin tuna (SBT) is a temperate species which spends the majority of the year in broad 
foraging areas of the southern Atlantic, Indian and Pacific Oceans, with adults migrating seasonally to spawn 
in the north-east Indian Ocean. High catches of SBT in the 1960s to 1980s led to a rapid decline in adult 
biomass, to around 13% of original biomass, by the mid-1990s. At that time, projections of future biomass 
levels varied and there was disagreement on the probability of further stock decline. 
 To better assess the status of the stock, targeted studies were initiated to obtain estimates of key life-
history parameters, monitor the size/age composition of the spawning stock, and to estimate fish abundance 
based on fishery-independent surveys. A collaborative approach was adopted among research organisations 
and large-scale data collection and catch sampling programs were launched. These programs provided new 
information on age, growth and reproduction through the analysis of otoliths and ovaries. Integrated methods 
for modelling growth using three data sources (otolith, tag return and length frequency) were also developed, 
and an annual fishery-independent line-transect aerial survey was established to estimate the relative 
abundance of juveniles. More recently, advances in DNA profiling have led to the development of new 
methods to estimate the absolute abundance of juveniles (via gene-tagging) and adults (via close-kin mark-
recapture). The strategic approach to research and monitoring has been important for providing the knowledge 
and data for effective assessment and management of the stock. 
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OPPORTUNITIES AND LIMITATIONS FOR THE USE OF GEOMAGNETIC FIELD 
INTENSITY MEASUREMENTS AS A TOOL TO ENHANCE THE CONFIDENCE AND 

ACCURACY OF POSITION ESTIMATED TRACKS FOR MIGRATORY SPECIES 
 

Marco Flagg1 and A. Peter Klimley2 
  

1Desert Star Systems LLC 
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 Irradiance measurements (local apparent noon and day length), and sea surface temperature (SST) 
have for many years been the primary observations of PSAT used to construct estimated tracks.  Geomagnetic 
field intensity measurements, first proposed by Klimley and Mangan (1994), provide a new opportunity.  
These measurements are attractive in particular because the field gradient in many important tagging areas 
including the north Atlantic, eastern Pacific, around Australia, north east Asia and the Antarctic peninsula is 
steep, relatively smooth and runs north-south.  This affords an opportunity to precisely measure the latitude 
of the tagged species, which has tended to be the less accurate or less certain position component of many 
position estimated tracks. 
 Since first introducing geomagnetic field intensity sensing in model SeaTag PSAT (Desert Star 
Systems LLC, Marina, CA, USA) in 2011, numerous researchers have employed these tags.  In 2016, CLS 
added geomagnetic field intensity measurements as a supported input to their Track&Loc estimator. 
 This presentation starts with a review of geomagnetic field intensity models and sensing, the 
properties of the models and sensors and the use of these properties to estimate the accuracy of track estimation 
available in any given area of interest. 
 A study of two extensive drifter tracks generated using the method in both the Atlantic and Pacific 
and including Argos reference tracks illustrate the accuracy and characteristics of detail features when tracks 
are alternatively processed with and without the magnetic field intensity input. 
 We conclude with the review of a collection of geomagnetic tracks, showing results achieved by 
researchers in various areas and on a number of tagged species. 
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STOCK ASSESSMENT OF PACIFIC BLUEFIN TUNA 
 

H. Nakano, H. Fukuda  
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 Pacific bluefin tuna (Thunnus orientalis) working group of the International Scientific Committee for 
Tuna and Tuna-like Species in the North Pacific Ocean (ISC) has been tasked with conducting regular stock 
assessment for every 2 or 3 years to summarize stock status and develop conservation advice. The latest stock 
assessment was conducted in March 2016 while incorporating recent advances in knowledge of fishery and 
biology as well as assessment modeling and its diagnostics.  

A fully integrated length based age-structured model was developed for Pacific bluefin tuna towards 
an internally consistent model that reconciled all key data sources. The observation model was consisted by 
catch, size-composition and catch-per-unit of effort (CPUE) based abundance indices data from 1952 to 2015, 
provided by Members of the ISC and non-ISC countries.  
 The model exploration was started from a simple model to the final model which was added further 
model process as necessary. Although model diagnostics for an initial simple model showed some misfits to 
the input data as well as conflicts among data components which were indicative of model misspecification, 
those misfits and data conflicts were disappeared by additional model process in the selectivity of fishery and 
changing the fleet definition. The established final model indicated that the information about relative trend 
of abundance and recruitment, and abundance scale was derived from catch, size composition, and CPUEs, 
and those information were generally consistent.  
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PRELIMINARY RESULTS OF AGE AND GROWTH OF YELLOWFIN TUNA IN THE EASTERN 
PACIFIC OCEAN 
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Age and growth information utilized in the current stock assessment for yellowfin tuna from the 

eastern Pacific Ocean (EPO) is based on counts of daily increments from sagittal otoliths collected about forty 
years ago. Growth rates of fish are known to change over time with changes in abundance and the 
environment. As a result, it is prudent these parameters be reevaluated.  Additionally, recent revelations about 
stock structure of yellowfin tuna in the eastern Pacific Ocean based on results of tagging experiments has 
inspired an interest in implementing spatially structured stock assessments.  To address the aging data and 
evaluate possible regional variation in growth and maturation the Inter-American Tropical Tuna Commission 
initiated a spatially stratified sampling program, utilizing observers aboard purse-seine vessels, to collect 
sagittal otoliths and ovaries from female yellowfin tuna.  Observers were instructed to sample yellowfin tuna, 
only when sea-surface temperatures were above 25°C, of up to 5 fish per set within twelve 10 cm length strata 
between 40 and 160 cm.  Between 2009 and 2016 1,004 otoliths and 2,461 ovaries were collected from four 
distinct areas within the EPO.  These four areas were defined as (1) a northern area, north of 20°N latitude, 
(2) a central offshore area 5°N - 15°N and west of 105°W longitude, (3) a central nearshore area 5°N - 15°N 
and east of 100°W longitude, and (4) a southern area south of 5°S.   

Sagittal otoliths were weighed and measured, placed in a mold, and encapsulated in epoxy resin.  Once 
the epoxy cured, otoliths were removed from the molds leaving an otolith inside an epoxy block, and the 
primordium and post-rostral tips were marked under a stereo microscope.  The epoxy block was carefully 
positioned on a low speed diamond wafering saw to obtain a section containing the primordium and the post-
rostral tip.  Sections were mounted on slides and polished to a thickness of 5-15 µ.  Daily increments were 
counted on those otolith sections using a compound microscope at 1000x magnification. Preliminary results 
from the otolith processing and increment counts of some of these yellowfin tuna otoliths will be presented. 



30	
The ideas presented in any given abstract may not be fully developed, and therefore no abstract should 
be cited without prior consent from the author(s). 

USING TELEMETRY AND TRANSCIPTOMICS TO IMPROVE UNDERSTANDING OF 
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 Pacific bluefin tuna (Thunnus orientalis, PBT) is a highly migratory species, having the largest home 
range in the Thunnus genus.  PBT are distributed throughout the temperate waters of the North Pacific Ocean 
but also range into the western south Pacific. Managed as a single Pacific-wide stock, PBT electronic tagging 
data has the potential to improve the biological realism of stock assessment models by elucidating the complex 
spatial dynamics operating on an ocean basin scale. Of particular interest is from where and when eastern 
bluefin tuna foragers migrate to spawn in the western Pacific Ocean. We have electronically tagged over 750 
Pacific bluefin tuna primarily with archival and some pop up satellite tags, and are using the tagging data to 
inform schedules of migration times from the eastern Pacific to the western Pacific. To date, not a single fish 
we've tagged has demonstrated a spawning migration back to the western Pacific spawning ground offshore 
of Taiwan. Most eastern Pacific tagged fish have returned to the Japan Sea but thus far, the tags have not 
recorded spawning behavior. To obtain more spawning data we have targeted larger bluefin tuna in the EPO 
during 2016 for tagging, ranging in year classes 4-7. This class of fish raises numerous questions as to where 
and when these PBT go to spawn in the western Pacific. Furthermore to improve understanding of sexual 
maturity amongst EPO fish we have employed high-throughput sequencing and transcriptomic analysis in an 
effort to identify genes from non-lethally sampled tissues that may be used as proxy biomarkers of when a 
fish is mature and potentially its state of gonadal recrudescence. 
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USING SUNLIGHT AND CELL NETWORKS TO BRING NEW MANAGEMENT TOOLS TO 
SMALL SCALE FISHERIES 
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 Traditionally, the efforts of small scale fisheries have not been easily incorporated into the global 
picture of fishing effort and activity. That means that the activities of the vast majority (~90%) of fishing 
vessels in the world have remained unquantified and largely opaque. With newly developed technology that 
harnesses solar power and cost-effective cellular networks to transmit data, it is becoming possible to provide 
vessel tracking systems on a large scale for vessels of all sizes. Furthermore, capitalizing on the relatively 
inexpensive cellular networks to transfer the data enables data of much higher granularity to be captured. By 
recording a vessel’s position every few seconds, instead of minutes to hours as is typical of most satellite-
based systems, we are able to resolve a diverse array of behaviors happening at sea including when and where 
fishing occurred and what type of fishing gear was used. When this information is integrated with other data 
streams, such as landings records, powerful decision making tools become accessible to management bodies, 
the research community and individual fishing vessels. In addition, the ability to integrate vessel tracking data 
streams from multiple technologies is helping to fill in the global picture of when and where fishing is 
occurring to support robust data-based management and regulatory decision making.  
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 Pella-Tomlinson production model (PTPM) is a flexible production model that incorporates different 
hypotheses of density-dependence with a shape parameter. Given the time-series in catch, PTPM is fit only to 
abundance index data, which makes it useful in fisheries where age- or length- composition data are not 
available. In this study, we applied Bayesian methods to estimate the parameters of a PTPM and used 
demographic analysis to produce informative priors for key model parameters. We used the Indian Ocean blue 
shark (Prionace glauca) as an example. Shark are top predators in marine communities, and play a central 
role in keeping the stability and the diversity of the ecosystem. Blue shark is the most widespread pelagic 
shark and is fished throughout all oceans by distant-waters longline fleets. Demographic analysis (DA) was 
used to and develop informative prior distributions for the intrinsic growth rate (γ) and the shape parameter 
(p). Eleven scenarios were considered to cover the main uncertainties in biological assumptions and initial 
population depletion. The impacts of informative and no-informative priors for parameters was also 
investigated. The models were fit to five catch per unit of effort series simultaneously and span until the year 
2015. The preliminary results showed that, at the beginning of 2015, the Indian Ocean blue shark was probably 
not overfished (Bcurr/Bmsy>1.0), but overfishing was occurring (Fcurr/Fmsy>1.0). This study demonstrated that 
the life-history information can decrease the uncertainty when using a PTPM to assess populations. We 
finalize by discussing how the pros and cons of using DA in formal stock assessment using production models 
can be explored using a simulation-testing approach. 
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 The Pacific bluefin population has been severely depleted by decades of overfishing, and is currently 
at just 2.6 percent of its unfished biomass.  However, fisheries managers have been slow to agree on or 
implement a science-based recovery plan that will rebuild the population to healthy levels.  While the 
International Scientific Committee (ISC) has provided projections of the effects of several management 
scenarios, none of the examined scenarios will rebuild the population to the level and in the timeframe 
suggested by the Western and Central Pacific Fisheries Commission (WCPFC). 
 The alternative projections, undertaken using the ISC assessment model and data, show that there are 
several management scenarios that have a high likelihood of successfully reaching a rebuilding target of 20 
percent of unfished biomass by 2034.  Reductions of between 30 and 40 percent from current catch limits, or 
a shift of catch from small fish (under 30 kilograms) to larger fish in the western Pacific, have a high 
probability of leading to a recovery of the population.  These results should be considered by the RFMOs as 
they develop further management measures for Pacific bluefin tuna. 
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 The recreational fishery for Atlantic bluefin tuna (Thunnus thynnus) along the U.S. east coast is 
thought to be of considerable economic value. The National Marine Fisheries Service uses a combination of 
permitting, harvest regulations, and monitoring to maintain landings within domestically and internationally 
prescribed limits. Despite these strategies, recreational landings have in some years exceeded the allowable 
catch due to changes in fish availability, limited predictability of angler effort, and difficulties in monitoring 
catch. Understanding the drivers of angler behavior is critical for predicting how effort and harvest may vary 
as a function of changing fish availability, regulations, or costs. To investigate angler decision-making, 
preferences, and values, we surveyed private anglers from Maine to North Carolina who possess the permit 
necessary to target Atlantic bluefin tuna. We present an overview of the survey and preliminary modeling 
results. The survey collected information on angler demographics, fishing behavior, and attitudes, and 
employed discrete choice experiments (DCEs) to determine how regulatory and non-regulatory trip-specific 
variables influence trip-taking behavior. A response rate of 46.4% (n=1154) was achieved. A latent class 
ranked logit model was applied to DCE responses, with a two-class model best fitting the data. Model 
estimates will be used to calculate angler willingness-to-pay for various aspects of the fishing experience (e.g., 
harvest, catch-and-release); to examine heterogeneity in preferences by region, consumptive orientation, and 
other relevant factors; and to estimate overall consumer surplus. Findings will be used to inform domestic 
management that maximizes angler benefits while keeping landings within acceptable limits. 
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 A commercial Atlantic bluefin tuna purse seine fishery has existed in the Gulf of Maine since 1958.  
Targeting practices by this gear type have shifted from a juvenile cannery market between the 1950s and 
1970s toward a “giant” (>205cm CFL) sashimi based market from the 1980s to present day.  Market shifts 
and regulatory changes have altered fishing selectivity, especially for the purse seine fleet which operates 
under a 206 cm CFL minimum size.  Over the past fifteen years purse seine landings are down substantially 
and the last time all five boats recorded catches in the same season was 2006.  Industry observations suggest 
that regulatory mandates (minimum size, season opening) have restricted the ability of this fleet to harvest the 
resource.  Landings data from the Gulf of Maine suggests a truncated period of surface school availability that 
when combined with a regulatory opening six weeks later than other gear types could limit access to the 
resource.  Length frequency analysis and age structure of surface schools suggests lower individual average 
size/age, often below the minimum 206 cm CFL length that could further limit resource availability.  Stock 
composition of the Gulf of Maine assemblage from sagittal otoliths determined by δ13C and δ18O isotopes 
suggest the contribution of eastern and western fish has changed between the 1970s and landings sampled in 
2013.       
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 Members of the International Commission for the Conservation of Atlantic Tunas (ICCAT) are 
responsible for conducting research on, assessing the status of, and ensuring the conservation and the 
management of Atlantic tunas and tuna-like species, which include the istiophorid billfishes.  The majority of 
fishing mortality for Atlantic billfishes results from bycatch on pelagic longline gear targeting tunas and 
swordfish, with lesser contributions from directed artisanal and recreational fisheries.  By the early 1990s, 
several billfish stocks were already overfished with overfishing occurring.  ICCAT has been slow, however, 
to adopt conservation and management measures for these species, and most remain overfished today.  Here 
we review the fisheries, stock status, and management measures adopted by ICCAT for istiophorid billfishes, 
and consider those factors that have contributed to the failure of ICCAT to meet its management objectives 
for these species.  We identify three major challenges that may be common to other management 
organizations: (1) the complexities of managing bycatch species; (2) the constraints imposed on assessment 
and management when there is poor compliance with data reporting; and (3) the difficulties of achieving 
consensus on conservation and management measures for resources that are valued very differently by ICCAT 
members and their respective fisheries. 
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INTRODUCTION TO THE ARGOS SATELLITE SYSTEM (AND OTHER ARGOS TOOLS) 
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 The Argos system is the satellite telemetry system of choice for biologists worldwide. In fact, 
species monitoring and Argos technology have grown together, and biology applications are the fastest 
growing of all programs in the Argos system. Enhancements to the system have provided a number of 
advantages to biologists such as increased sensitivity, improved location calculation, new low-power 
modulation, and broadening of the bandwidth.  
 CLS America is engaged with managing the sales and customer support activities for all North 
American Argos users. This presentation will provide a technical overview of how the Argos system works, 
a walkthrough demonstrating how users access satellite transmitted data and demonstrate new technologies. 
In particular, technologies that aid in the collection and reporting of fishing, observing and tagging data.  
 We will also review customer applications in tag recovery using the Argos Goniometer, data entry 
and satellite transmissions with the Thorium X tablet, and utilizing other satellite data to augment 
geolocation tracks. 
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The eastern Pacific Ocean (EPO) supports some of the largest and most valuable tuna fisheries in the 
world, constituting 1.17 million mt (16%) of the 7.39 million mt global catch of tuna and tuna-like species 
reported in 2015. Such large biomass removal of these target species and their associated bycatch of billfishes, 
sharks and large mesopelagic fishes has the potential to impact the structure and function of the supporting 
pelagic ecosystem. Over the past two decades, many fisheries worldwide have developed ecosystem-based 
approaches to fisheries management to account for fishery impacts on non-target species and the ecosystem 
more generally. The Inter-American Tropical Tuna Commission (IATTC) has adopted such an approach for 
EPO tuna fisheries through its adoption of the Antigua Convention.  

Although ecological sustainability is a noble concept, it can be difficult and expensive to demonstrate 
in practice without detailed biological and catch information for each species impacted to parameterize 
assessment models, from which management strategies can be developed. EPO tuna longline and purse-seine 
fisheries interact with a large number of non-target species, many of which are rarely encountered, 
taxonomically ambiguous, or have low commercial value, and thus lack reliable data to determine their status. 
Consequently, data-limited assessment approaches, such as Ecological Risk Assessment (ERA), are required 
that can rapidly assess the key risks within a fishery that can be prioritized for further data collection, 
assessment, mitigation, or management. 

Productivity-Susceptibility Analysis (PSA) is a semi-quantitative attribute-based ERA method that 
assesses the relative vulnerability of individual species impacted by fisheries with outputs that are easily 
interpreted by fishery managers, policy makers, and non-technical audiences. PSA ranks each impacted 
species based on a number of criteria relating to their susceptibility to being captured, and their biological 
capacity to recover.  

This presentation describes the results of preliminary PSAs to estimate the vulnerability of bycatch 
species caught in EPO tuna fisheries and how these results can focus the efforts of researchers and fishery 
managers to mitigate risks for vulnerable species impacted by these fisheries. 
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 The Marine Stewardship Council (MSC) is an international non-profit organisation that maintains a 
credible standard for sustainable wild-capture fishing. Through a third-party review process, fisheries 
achieve MSC certification if they pass specific criteria within the three MSC principles of 1) the status of 
the target stock, 2) the impact of the fishery on the wider environment, and 3) the current management 
frameworks for the fishery.  
 Unlike many other MSC certified fisheries, tuna fisheries face a variety of unique challenges. Such 
challenges primarily relate to the highly migratory nature of their stocks and their management operating 
within Regional Fisheries Management Organisations (RFMO). Currently, the 16 MSC certified tuna 
fisheries that target skipjack, yellowfin and albacore, account for 20% of the global tuna landings. Despite 
efforts to improve the management of these stocks, all MSC tuna fisheries have a condition on their 
certification for the implementation of well-defined harvest control rules and many have conditions for 
reducing bycatch and interactions with endangered, threatened and protected (ETP) species.  
 This presentation will provide an overview of the history of tuna fisheries that have become MSC 
certified, identify key areas where further management and research efforts are required and provide 
examples of tuna fisheries that have implemented change on the water to drive sustainable outcomes. 
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 Large numbers of juvenile southern bluefin tuna (SBT; Thunnus maccoyii) migrate from the winter 
foraging grounds in the Indian Ocean and the Tasman Sea to the warm shelf waters of the Great Australian 
Bight (GAB) each austral summer. Whilst in the GAB, they aggregate in schools that spend substantial periods 
in the surface layer of the water column. In this study we investigate biological, temporal and environmental 
factors influencing surfacing rates using a large archival tagging dataset from juvenile SBT that were tagged 
and recaptured between 1998 and 2009. High frequency data on the vertical movement of SBT collected by 
these tags were used to calculate the proportion of time fish spent at the surface during each day and night 
period. Data on horizontal movement derived from the tags allowed us to investigate the influence that 
environmental conditions present at the location of the fish had on surfacing rates. Advances in geolocation 
techniques allowed us to incorporate uncertainty in fish location when extracting environmental variables. 
Although there is high variability in surfacing behaviour within and between individuals, some general 
patterns emerge. There are clear diel differences in surfacing, with the proportion of time fish spend at the 
surface tending to be high during most days and either very high (>90%) or very low (<10%) during most 
nights. As summer progresses, the proportion of time spent at the surface tends to decline.  Some interesting 
but highly complex relationships were found between surfacing rates and the environmental variables 
considered (including sea surface temperature, chlorophyll, salinity and wind speed), which we discuss. We 
compare their surfacing behaviour in the GAB with their winter behaviour while in the Indian Ocean.    

  

This work was undertaken through the Great Australian Bight Research Program - a collaboration between BP, CSIRO, 
the South Australian Research and Development Institute (SARDI), the University of Adelaide, and Flinders University. 
The Program aims to provide a whole-of-system understanding of the environmental, economic and social values of the 
region; providing an information source for all to use. 
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 The blue shark (Prionace glauca) is the most abundant pelagic shark species distributed in temperate 
and tropical waters and among the most-common bycatch species in pelagic longline (LL) and drift gillnet 
(DGN) fisheries worldwide. In the U.S., blue sharks are neither targeted nor marketed, thus bycatch is 
discarded at-sea, dead or alive. In the seasonal California large-mesh drift gillnet fishery (CDGN) blue sharks 
are caught in large numbers and nearly all are discarded, with approximately 32% of those discarded alive; 
however, it is unknown whether blue sharks discarded alive survive capture and release. Post-release 
mortalities (PRM) are difficult to estimate and often not included in stock assessment data, which may affect 
determinations of stock status and fishery management. Using a set of condition factors produced by NMFS, 
beginning in 2007 observers aboard federally-monitored CDGN vessels recorded the physical conditions of 
247 blue sharks before release and tagged 15 sharks with PSATs to monitor survivorship for 30 days. Of the 
sharks released alive, 108 (43%) were in “good condition”, 70 (28%) were in “fair condition” and 69 (28%) 
were considered in “poor condition” upon release. Of the 15 tagged sharks, 3 sharks were classified as “good”, 
10 as “fair”, and 2 as “poor” at the time of release. Eleven (73.3%) tagged sharks survived 30 days following 
release from the CDGN gear, the fate of two (13%) was unknown (including one tag presumed ingested by 
another animal), and two (13%) suffered immediate mortalities. Of the sharks released in good condition, 
three (100%) survived at least 30 days and were considered to be long-term survivors. Of the ten sharks 
released in fair condition, eight (80%) survived at least 30 days, one (10%) survived at least 18 days, and one 
(10%) died immediately. These results indicate that an estimated 80% of sharks released in fair condition are 
likely to survive 30 days post-release and 20% may not survive 30 days post-release. Of the two sharks 
released in poor condition, one (50%) survived at least 8 days and one (50%) was an immediate mortality. 
Conservatively, both are considered mortalities indicating that sharks released in poor condition are unlikely 
to survive following release. As such, the post-release mortality rate of blue sharks released alive from this 
study is 34%. Applying these PRM rates to the proportion of sharks that were released alive in the fishery, 
while also accounting for those that died during capture, we estimate an average total mortality rate of 79% 
for blue sharks caught in the CDGN fishery during the 1990-2015 seasons. Post-release and total fishery 
mortality rates from this study may be useful to estimate total mortalities of blue sharks from drift gillnet 
fisheries with similar operations and capture conditions. 
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In 2014, the Inter-American Tropical Tuna Commission (IATTC) mandated a 20-45 percent reduction 

in commercial take of Pacific Bluefin tuna (PBF; Thunnus orientalis) from the 2012-2014 average for all 
fishing nations. In order to align with international management and following the Secretary of Commerce 
determination that PBF was subject to overfishing and was overfished, the Pacific Fishery Management 
Council (Council) considered options to reduce recreational fishing mortality on PBF by domestic fishing 
vessels landing on the West Coast. The Council evaluated options for reducing take of PBF in the California 
recreational fishery to a similar extent as was required in the commercial sector since recent recreational catch 
had been exceeding commercial catch. Due to the unpredictable nature of PBF presence off California, 
unknown mortality rates for catch and release and potential size-grading, a change in bag limit was considered 
the most practicable approach for reducing recreational landings.    

California Department of Fish and Wildlife (CDFW) staff developed a bag analysis tool to analyze 
Commercial Passenger Fishing Vessel (CPFV; also known as “for hire” or charter vessels) logbook data as a 
method to estimate potential reductions in catch resulting from a lower recreational bag limit. Recreational 
catch of PBF by private vessels is minimal and was not included in these analyses. Results from multiple 
analyses showed similar reductions (within three percent) across years and geospatial areas. CDFW presented 
the Council and its advisory bodies with analyses based on CPFV data from 2008, when the 10 fish bag limit 
was enacted, to 2013 which indicated that a reduction in the bag limit from 10 fish to two fish would likely 
result in a catch reduction of up to approximately 30 percent from the amount observed in 2013.  The Council 
adopted the two fish bag limit and NMFS and CDFW enacted this reduction in early 2015; the limit is still in 
place. 
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 The San Diego based Commercial Passenger Fishing Vessel (CPFV) fleet provides recreational 
fishing opportunities in both US and non-US waters to anglers, and economic impacts in terms of expenditures 
and supported employment to the local and national economy. While angler trip expenditures for US waters 
trips are collected using a California fishing license sample frame, no sample frame exists for participants of 
the non-US waters fishery. The resulting gap in non-US waters angler trip expenditure data hinders the 
conservation and management of the San Diego and broader regional and national recreational fisheries; this 
presentation reports on a multi-year effort to fill this gap. 
In the development phase, a pilot study was conducted to examine multiple competing survey methodologies 
including: in-person intercept and interviewer-assisted surveys; in-person intercept and distribution with post-
completion mail-back; and in-person intercept with address collection and survey distribution by mail. 
Selection of the in-person intercept instrument for the survey phase was based on an analysis (N=638) of 
response rates, completion rates, expected costs, and feedback from the field interview staff. 
 The data collection component of the project was administered throughout 2016, with 3,806 in-person 
interviews initiated resulting in 1,990 completed surveys. Forthcoming analysis of the survey data will provide 
information on angler-trip expenditures and characteristics, and demographic information for anglers utilizing 
the San Diego CPFV fleet on non-US waters trips. This information will better inform anglers, vessel owners 
and operators, and resource managers. 
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 Electronic tags of various types have become a major tool for informing conservation and 
management decisions for large pelagic fishes and for understanding which aspects of the pelagic ecosystem 
drive their movements and distribution.  Because of the logistical and financial investment required to 
successfully tag pelagic fishes it is essential to maximize the amount of data acquired from these tags – 
particularly for those that rely on satellite telemetry to offload archived data.  Here we describe the successful 
deployment of land-based receiver systems that dramatically augmented the amount of data obtained from 
tagged fishes. This was true for both fin-mounted and pop-up type tags.  We show that this enhanced 
throughput significantly impacts biological interpretation of the data. We quantify the salient performance 
characteristics of this system and discuss future deployment strategies that could have important and 
widespread ramifications for coastal and pelagic fisheries science.     
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 The large mesh drift gillnet fishery (DGN) for sharks and swordfish occurs off California in federal 
waters, and has been managed under the authority of the federal West Coast Highly Migratory Species Fishery 
Management Plan (HMS FMP) since 2004. Prior to management under the HMS FMP, the fishery was 
managed under the authority of the California Legislature beginning in the 1980s. NOAA Fisheries began 
implementing measures under the Endangered Species Act and Marine Mammal Protection Act in the 1990s, 
in conjunction with implementation of a Take Reduction Plan and assembly of Pacific Offshore Take 
Reduction Team, resulting in significant reductions in bycatch of protected cetacean and marine turtle species. 
  While the DGN fishery currently complies with all applicable laws, including the Magnuson-Stephens 
Act (MSA), Endangered Species Act (ESA), and Marine Mammal Protection Act (MMPA), the Pacific 
Fishery Management Council (Council) moved to establish more stringent bycatch standards under authority 
of MSA after interactions with two sperm whales in the DGN fishery from a single set during the 2010-2011 
fishing season were observed. The takes resulted in exceeding the potential biological removal level for the 
California –Oregon-Washington stock. The concept of hard caps to address bycatch was introduced by 
California’s leadership on the Council, and although controversial, hard caps, which result in immediate 
closure of the fishery for the remainder of the season if take caps are exceeded, was approved by the Council 
at its September 2015meeting. At this time, NOAA Fisheries has published a proposed hard caps rule, and 
implementation is still in progress.  
 California supports the Council’s overall goal to maintain and enhance an economically viable west 
coast based swordfish fishery, conducted by vessels with west coast home ports which substitutes swordfish 
imported into west coast states with locally-caught swordfish. Rolling hard caps are intended to be 
complemented with enhanced observer coverage of the DGN fishery, as well as additional requirements and 
incentives to support a more holistic approach to the swordfish fishery. Continuing to innovate and develop 
improvements to bycatch reduction and development of alternative gears, fishing methods, and management 
strategies should help enhance economic viability while reducing bycatch. 
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 Although Pacific Bluefin Tuna (PBF) range throughout the Pacific Ocean, there are two known 

spawning grounds located in geographically limited regions, one in the area between the Philippines and the 
Ryukyu Islands and the other in the Sea of Japan, with spawning occurring during the spring and summer 
months. As of now the age of maturity used in the stock assessment is based on the estimated the age of 
maturation of PBF in the Sea of Japan spawning ground. Using this maturity schedule can result in an 
underestimation of the age of maturity for two reasons. By using the proportion of mature fish on the spawning 
ground as an indicator of the maturity schedule for the entire population, we would be assuming that all fish 
in the population are present on the spawning grounds during the spawning season. In addition, the maturity 
schedule used by the International Scientific Committee (ISC) only uses information from the Sea of Japan 
spawning ground, which has a younger distribution of fish. Since size distributions in the two spawning 
grounds are markedly different, and it has been estimated that the southern spawning ground makes up 
approximately 76% of the spawning output for the species, a more accurate estimation of age of maturity 
would consider the differences in maturity schedules of the two spawning grounds. In this study, we compare 
the size/age distribution of PBF caught on the spawning grounds to the expected size/age distribution of fish 
in the overall population based on demographic modeling to determine the proportion of fish that are spawning 
in each age class and the probability of maturity at each age class. We found a large discrepancy between the 
spawning grounds with age of 50% maturity for the Taiwanese spawning grounds at approximately age 11 
while in Sea of Japan there was a 50% probability of maturity between age 3 and 4. To explore the effects of 
estimated age of maturities, a simple age-structured model was created, and different scenarios were projected. 
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 The incidental capture of sharks in commercial fisheries targeting tuna and billfish is having a 
negative impact on pelagic shark populations. Recently, studies have shown that some shark species captured 
in longline and purse seine fisheries may sustain high levels of post release mortality due to injuries sustained 
during the fishing interaction. Researchers have identified the three main factors that lead to mortality in 
sharks; 1) the physiology of the species where some are more susceptible to the lethal effects of stress, 2) the 
duration of the interaction and 3) the methods used to release the animal. In this study and in collaboration 
with the Pacific Islands Regional Observer Program (PIROP), we are quantifying post release mortality rates 
and assessing the effects that handling and discard practices (used in the Hawaii and American Samoa-
permitted tuna longline fisheries) have on release condition and survivability of sharks using newly 
established condition criteria and handling codes. Post-release mortality rates are validated through the use of 
pop-off archival satellite tags (SPAT, Wildlife Computers Inc.). PIROP observers were trained in the use of 
the new shark focused condition and handling codes and on methods of deploying satellite tags on sharks 
during commercial tuna trips while the sharks are in the water and prior to discard. In this way we can 
quantitatively assess total fishery mortality and identify the best handling practices for maximizing post-
release survival in sharks discarded at sea. 
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 Science and scientists perform key roles under U.S. environmental laws that protect wildlife 
threatened by pelagic fisheries. Marine wildlife population declines and range contractions justify increased 
use of protections under international and U.S. law for marine wildlife. International regional fishing 
management organizations for tunas (RFMOs) have generally succeeded in identifying biological reference 
points for target species and predetermined management measures based on those reference points. For non-
target wildlife, the RFMOs generally do not require management measures to be triggered when predefined 
thresholds are exceeded, except in the case of the Inter-American Tropical Tuna Commission, which limits 
mortality rates of dolphins in large purse-seine tuna fisheries. Without predefined, science-based protections, 
endangered whales and dolphins remain at risk of continued depletion from these pelagic fisheries. 
 U.S. environmental laws have the benefits of being science-based, having enforceable provisions, and 
can be used now to protect species at risk. The Marine Mammal Protection Act (MMPA) prohibits marine 
mammal interactions and requires an assessment for each marine mammal stock in U.S. waters. If commercial 
fishing interactions exceed a threshold based on the number of deaths that would adversely impact the 
population, then the government uses a collaborative process to develop innovative solutions for fishermen to 
avoid whales and dolphins. This resulting “take reduction plan” must have an immediate goal to reduce fishing 
mortality within six months to below potential biological removal level, the maximum individuals that may 
be removed while allowing that stock to reach or maintain its optimum sustainable population.  
 The MMPA also requires foreign fleets to meet the same marine mammal protection standards applied 
to U.S. vessels or their fish will be banned from the lucrative American seafood market. A recent U.S. 
regulation will put into place this prohibition gradually with full implementation by 2022. Exporting nations 
will need to track and monitor fisheries and whale, dolphin and other marine mammal populations, modify 
fishing gear, and may even have to close fishing in some areas to limit risk of mortality. 
 In sum, this presentation will first introduce the U.S. law that protects marine mammals and the 
process of collaborative development of regulations through take reduction teams. Then it will explain how 
U.S. conservation standards for whales and dolphins can reduce threats from fishing gear world-wide through 
controlling seafood imports. Finally, it will develop ideas about using science-based collaborative processes 
to balance incentives and regulations to make fishing practices more selective and with lower injuries to 
whales and dolphins. 
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In the 1990’s, development of the PSAT tag was a major milestone for investigations of Atlantic 
bluefin tuna. Although early studies tested the technology and described general migration patterns, fisheries 
scientists now seek analytical approaches to use the spatial and temporal information returned by PSATs in 
stock assessments. Nonetheless, PSATs remain expensive, have multiple sources of error, and poorly resolved 
data. The evolving dynamics of hardware and international tagging programs also confound interpretation, 
delaying progress towards integration of population-level data. There are few available PSAT datasets where 
tagging was performed by the same individuals, using consistent methods, over a long time period.  

We compiled metadata of deployed PSAT tags (n = 1344) from 2007-2016 on tuna, eel and billfish 
from our own experiments and other large tagging programs, published papers, and publicly available 
datasets, covering multiple tag models (PTT-100, X-tag, Microwave Telemetry, Inc.; Mk10, MiniPAT, 
Wildlife Computers; SeaTag-MOD, Desert Star Systems). We present details of the tags’ highly variable 
performance records over time, and given realized costs of PSATs, we advocate for innovations including 1) 
robust experimental design of tag release, 2) transparent, open source software, 3) reduction in size and cost, 
4) innovation in capability, 5) integrated data repositories, and 6) adoption of a set of common performance 
standards. Major advances in tracking technologies will require multi-disciplinary expertise as well as 
adequate funding. 
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A spatial fish population dynamic model (SEAPODYM) is developed for investigating spatio-
temporal dynamics of fish populations under the influence of both fishing and environment. The model 
simulates tuna age-structured population dynamics with help of advection-diffusion-reaction equations 
describing movement, spawning, growth, natural and fishing mortality. The dynamic processes are 
constrained by environmental data (temperature, currents, primary production and dissolved oxygen 
concentration) and distributions of mid-trophic (micronektonic tuna forage) functional groups. The method of 
estimating model parameters using fishing data (catch and size frequencies of catch) was implemented earlier 
based on a Maximum Likelihood Estimation approach and adjoint technique. 

Recently, predictions of SEAPODYM for skipjack tuna (Katsuwonus pelamis) were improved with 
integration of conventional tagging dataset in the optimization procedure and parameter estimation, in addition 
to the use of fishing data. Tagging data led to a better estimation of species habitat parameters and movement 
rates, and hence to a better representation of spatial dynamics of fish. Due to estimated lower diffusion and 
higher advection rates, the model predicted less cryptic biomass and smaller stock size, closer to the estimate 
predicted by stock assessment models used by Tuna Commissions. 

The optimal solution of SEAPODYM for skipjack was achieved at resolution 2° x  month and 
evaluated with statistical metrics. Then, this solution was downscaled to a higher resolution (1/4° x week) 
with a recent ocean reanalysis (GLORYS2V4) assimilating satellite and in situ data at a spatial resolution 
allowing ocean mesoscale features to be represented. Based on these high resolution simulations the 
connectivity of the skipjack population between the equatorial purse seiners fishing ground and the adjacent 
tropical and subtropical regions was investigated. The interactions between fisheries in these distant regions 
were explored as well as the impact of environmental variability.  
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Stock assessments of Pacific Bluefin tuna (Thunnus orientalis) (PBF) in 2012 and 2014 by the 

International Scientific Committee for Tuna and Tuna-Like Species in the North Pacific Ocean (ISC) created 
concern in the international community, as they found the spawning stock biomass (SSB) to be less than 5 
percent of unfished biomass. These assessments spurred new, more restrictive conservation measures to be 
implemented by the National Marine Fisheries Service (NMFS) and the California Department of Fish and 
Wildlife (CDFW) in 2015-2016, which were responsible for meeting catch reduction targets in line with the 
October/November 2014 IATTC treaty agreements. 
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 Since young sharks are expected to reflect their mother’s contaminant signature for a period of time 
due to maternal offloading, we can infer maternal niche partitioning differences based on contaminants 
measured in young-of-the-year (YOY) sharks. The current study investigated if YOY sharks occupying 
nurseries located in different geographic regions could be distinguished based on contaminant signatures, 
using this technique as an ecological marker of differential habitat use by their mothers. YOY sharks were 
collected from South Carolina (SC) and Atlantic central coast Florida (FL) and hepatic contaminant 
signatures were compared using random forest models. Contaminant concentrations (wet weight) were more 
variable in FL than SC YOYs; however, FL YOYs were collected over more months (May to Sept) than SC 
YOYs (July). Despite this, median concentrations from both sites were similar. Using random forest 
decision trees, the two locations were distinguishable based on their contaminant signatures with a 
misclassification rate of only 6.67%. Our results suggest adult females contributing to these two nursery 
areas likely exhibit differences in their habitat utilization and possibly feeding ecology based on our ability 
to distinguish YOY contaminant signatures, indicating that females of a purported single population 
experience different exposures to environmental contaminants.  
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 Pacific bluefin tuna (Thunnus orientalis) went from IUCN status of “Least Concern” to an immediate 
conservation and management priority following the 2012 ISC stock assessment. Adult Pacific bluefin spawn 
only in the western Pacific Ocean, and an unknown proportion migrates to the eastern Pacific Ocean for one 
to several years before returning west to spawn. Migrants to the east have been considered a minority of the 
overall population, implicitly emphasizing impacts of western Pacific fisheries. However, recent chemical 
tracer studies suggest the possibility that a majority of Pacific bluefin tuna may migrate to and inhabit the 
eastern Pacific for several years before returning west. Recent stock assessments estimate Pacific bluefin 
spawning stock biomass to be 2.6% of pre-fished levels. These recent findings highlight the incredible 
mismatch between fishing technology and scientific understanding, as we were able to fish a migratory open 
ocean fish to historically low levels before understanding which side of the Pacific most likely harbors 
adolescent fish. In this talk, we combine prior catch data and conventional tagging results, electronic tagging 
results, and recent chemical tracer studies to examine the possibility that in general, albeit with potentially 
high inter-annual variability, a majority of juvenile Pacific bluefin tuna use the eastern Pacific Ocean for some 
part of their lives. We aim to discuss the potential implications of these migratory dynamics, and invite 
discussion from colleagues as to what this might mean for future management decisions for this species. 
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 The ability to maintain a body temperature higher than the surrounding environment by conserving 
metabolically-generated heat (endothermy) is a characteristic that is shared by birds and mammals. This ability 
is generally not associated with fishes. In Pacific bluefin tuna (PBT), vascular counter-current heat exchangers 
(retia) conserve metabolic heat, allowing the temperatures of the aerobic (red) locomotor muscle, viscera, and 
cranial region to be elevated above water temperature (regional endothermy). The transcriptional coactivator 
peroxisome proliferator-activated receptor-gamma coactivator-1 alpha (PGC-1α) is a master regulator of 
mitochondrial biogenesis and function in mammals. We hypothesize that the development of regional 
endothermy in fishes is associated with increasing gene expression of PGC-1α as well as its target transcription 
factors. In this study we analyzed the cranial, visceral and red muscle temperatures, activity of the 
mitochondrial enzymes citrate synthase (CS) and cytochrome c oxidase (COX) and gene expression of PGC-
1α, CS and COX1 in the red and white muscle in year 0 bluefin (18.4-21.2 cm and 33.3-47.5 cm fork length, 
approximately 2 and 6 months of age, collected in August and November 2016). 
 There was no significant tissue temperature elevation in the 20-cm PBT, although they did possess 
small red muscle retia and axial red muscle with aerobic enzyme specific activities similar to those of larger, 
endothermic individuals. The larger bluefin displayed significantly elevated temperatures of approximately 
4-6°C in the red muscle, but not the visceral or cranial regions. CS activity did not increase in the larger PBT, 
however, there was a trend for the COX activity to increase in the red muscle of the larger fish. CS and COX 
activities (units per gram tissue) were higher in red compared with white muscle (by up to 14-fold), indicating 
that mitochondria are more abundant in red muscle, as expected. We hypothesized that this would be due to 
increased transcription of the genes encoding those enzymes and PGC-1α. However, CS, COX, and PGC-1α 
transcript abundances normalized to the transcript abundance of the house keeping gene, β-actin, did not differ 
significantly between the two muscle types. The between-tissue differences in enzyme activity versus RNA 
relative abundance suggest that post-transcriptional regulation of CS and COX gene expression may occur. 
Results of this continuing study should lead to a better understanding of how Pacific bluefin tuna will tolerate 
alterations in the flow of warm ocean currents due to climate change. 
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A major challenge to the management of highly migratory marine fishes is the identification of 
management units appropriate for species that display long distance movements, frequently traverse 
international boundaries, and that may comprise seasonally mixed stocks. A variety of approaches have 
been used to infer the number of biological units for a species in a particular region, including population 
genetic assessments based on the use of molecular tools. Recent widespread availability of next-generation 
sequencing technology now facilitates powerful genome-wide assessments of intraspecific connectivity, as 
well as the ability to evaluate localized adaptation. In this study, the genetic population structure of striped 
marlin (Kajikia audax) is assessed using a genomic approach and sample collections from throughout the 
Pacific and, for the first time, Indian oceans. Results from this study suggest the presence of a genetically 
discrete population of striped marlin in the Indian Ocean, and provide key insights into the level of inter- 
oceanic connectivity between striped marlin from the Pacific and Indian oceans. A number of genetically 
discrete populations were also detected in the Pacific Ocean and is consistent with inferences from previous 
studies. Evaluation of molecular markers identified as having a putative adaptive function also provides 
evidence of localized adaptation and regional genetic diversity important for conservation. Collectively, 
results from this study provide information useful for reducing uncertainties currently associated with the 
management of striped marlin, and demonstrate the utility of genome-wide assessments of intraspecific 
connectivity in highly migratory marine species. 
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 Whale sharks (Rhincodon typus) are typically solitary animals; however, during summer months form 
large aggregations (> 100 individuals) and can be found at shelf-edge banks off the coast of Louisiana. 
Sightings of whale sharks in this region outside of this aggregation time are rare. Pop-up satellite archival tags 
(PSAT) were used to study the movement and habitat use by whale sharks after they leave the aggregation 
site. Sixteen tags were deployed during two tagging events (June 2013, July 2014).  State-space modeling was 
applied to tag data to generate most probable tracks, and daily position estimates where used for seasonal 
kernel density analysis. Based on a presumptive 8.0 m size-at-maturity, individuals tagged were 
predominately sub-adult males (n = 11; mean TL 7.6 ±0.6 m SE); however a single mature female was also 
tagged in this study (TL 9.1 m). Three tags remained on the sharks for 12 months, representing the first 
datasets to document movements on a full annual cycle. Mean days-at-large (DAL) was 153 (± 32 SE). Overall 
utilization distribution shows four distinct areas of high use: 1) south of Louisiana, 2) western shelf just south 
of US/Mexico border, 3) Bay of Campeche, and 4) Yucatan/Mesoamerican Reef. Seasonal utilization 
distributions show a distinct southward movement into the cooler months. The mean maximum dive for all 
whale sharks was down to a depth of 1.5 km (± 116 m SE), but 98% of the transmitted depth records occurred 
between 0 – 150 m. Results of this study provide an extensive look at horizontal and vertical habitat use of 
whale sharks tagged in the northern Gulf of Mexico (GOM), demonstrating a seasonal shift and connectivity 
into the southern GOM and Caribbean Sea.    
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 A key challenge in small-scale fisheries that use moored fishing aggregating devices (MFADs) is the 
ability to accurately quantify multi-sector fishing effort using fishery independent methods.  While traditional 
port sampling and random day site surveys have provided some insight into commercial fishing effort relative 
to MFADs, continuous in situ multi-day fishing effort estimates are lacking, especially where multiple sectors 
overlap in MFAD use.  Better understanding multi-sector MFAD fishing effort is critical in order to assess 
the performance of MFAD programs, address sector overlap, and improve fishery data collection programs.  
Here, we present a fishery independent assessment of multi-sector fishing vessel effort associated with a newly 
developed open access MFAD program off San Juan, Puerto Rico.  We identified 3 fishing sectors 
(recreational, charter, and commercial) and 158 individual fishing vessels that routinely operated in the 
vicinity of MFADs throughout the course of a year.  Results indicate that daytime fishing effort varied by 
time of day and day of week, by location, sector and vessel size.  During fishing tournaments, data revealed 
fishing effort increased threefold, throughout the year for-hire charter vessels were the most consistent day to 
day user segment, and recreational activity predominately occurred over weekends.  Early morning mid-week 
spikes in fishing effort were from small commercial vessels.  Overall, most vessels did not move laterally 
between MFAD locations but operated closest to their likely home port.  Our study represents a new fishery 
independent technique to identify and detect fishing effort near MFADs and highlights new results with 
respect to MFAD use, and more generally fisheries management in the U.S. Caribbean Sea and Puerto Rico. 
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 Tropical tunas support some of the most valuable and complex commercial fisheries in the world. 
Their assessment and management take place in the context of regional fisheries management organizations, 
which collect or compile, on a routine basis, vast quantities of detailed data such as catch, effort, and length 
composition. Despite those massive data collection efforts, the status of major tuna stocks remains uncertain. 
This apparent paradox is the result of a combination of factors such as lack of information on key biological 
processes, high variability in productivity and uncertainty in stock structure. In this presentation, we explore 
the main challenges faced when assessing tropical tuna stocks and providing scientific advice for it 
management. We use the tuna stock eastern Pacific Ocean as examples. We discuss the potential ways forward 
to address these challenges, and highlight the importance of collaboration between fish biologists and stock 
assessment scientists to design and execute studies that could help decrease key uncertainties in tuna 
population processes and improve the stock assessments of tropical tunas. 
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 Characterizing long-distance migrations by large pelagic sharks typically involves conventional or 
electronic tagging that requires capturing and handling individuals, high expense, and low reporting rates. 
Natural chemical tags such as trace elements and stable isotopes contained in chronologically formed vertebral 
band pairs of sharks, may increase our understanding of individual migration patterns and population 
connectivity. The highly mobile nature of pelagic sharks that migrate across international boundaries 
necessitates the need for information on connectivity of valuable shark populations across national boundaries 
and management jurisdictions. In this study, trace element profiles were quantified by laser ablation ICP MS 
in vertebrae of common thresher (n=10), shortfin mako (n=9), and blue sharks (n=7) with known tag and 
recapture locations between the US and Mexico based on validated age and growth studies using 
oxytetracycline (OTC). Movements included both latitudinal and longitudinal patterns that ranged from 10s 
to > 600 km. Individuals exhibited time at liberty from 215 to 1385 days. Patterns in vertebrae elemental 
chemistry profiles between known capture/tagging (OTC band) and recapture (outer margin of vertebrae) will 
be explored as potential natural tracers of movement in both latitudinal and longitudinal directions. Ultimately, 
the goal is to correlate shifts in elemental profiles with known migration distances and direction, to further 
explore the potential of natural chemical tracers to record shark migration patterns. 
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 Purse seine fishers targeting tropical tuna use geo-locating buoys to track drifting Fish Aggregating 
Devices (FADs). Many of these buoys are now equipped with echo-sounders in order to provide remote 
information on the aggregated biomass. Nowadays these biomass estimates are not accurate enough to provide 
information on species composition. Having accurate remote species biomass estimates from FADs would 
allow fishers the ability to avoid undesired catches of tunas and non-tuna species as well as allow scientists to 
have direct, fishery-independent, estimates of tropical tuna abundance. However, fishers and scientists cannot 
reliably discriminate between the three tuna species found at FADs, mainly due to the lack of fundamental 
knowledge on acoustic properties of tunas, as consistent target strength-length relationships. Accomplished 
research by ISSF to gather in situ and ex situ target strength of tunas as well as their frequency respond will 
be detailed. Our research confirms the potential of using multiple acoustic frequencies to discriminate tuna 
species at FADs.  
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 The three species of bluefin tuna (Thunnus thynnus, T. maccoyii, T. orientalis) have some of the 
broadest environmental tolerances among tunas, and range between sub-polar and sub-tropical habitats 
throughout their life cycles. However, some authors have proposed that they may encounter metabolic stress 
in very warm environments, such as on spawning grounds, and potential cardiac stress in very cold waters. In 
this study, we developed a simple metabolic oxygen balance model for bluefin tunas, based on results from 
previously published laboratory experiments on multiple tuna species. Oxygen balance was modeled based 
on ambient temperature and oxygen concentration in the upper mixed layer of the ocean. We show that 
juvenile and adult bluefin tuna in all oceans typically occupy habitats with minimum modeled metabolic 
stress. However, they may target specific environmental conditions within these to fulfill necessary biological 
processes, such as foraging. For all three species, metabolic stress on spawning grounds was predicted to be 
high, particularly in areas where the largest individuals are known to spawn. Projected increases in water 
temperature, and decreases in dissolved oxygen, driven by future climate change have the potential to increase 
metabolic constraints on these spawning grounds.  
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 Remotely monitored acoustic tagging data from two collaborative ISSF-SPC tagging cruises in the 
equatorial Western Pacific yeilded 6 tagging datasets of multi species aggregations of the target tropical tuna 
species and associated bycatch around drifting FADS (dFADs).  Preliminary results show that the probability 
of presence for each species and species complexes at each FAD varied, as did the continuous residence and 
absence times (CRT and CATs) of tagged individuals.  Several sychronized departures and arrivals of tuna 
and bycatch species were observed, as well as unexpectedly long CATs for bigeye tuna (up to 14d).  Depth 
distribution of tagged animals was generally deeper than in other oceans – probably due to the deeper 
thermocline observed in this region.   Based on this, it appears that the timing of a purse seine set to avoid 
certain species either horizontally (away from the dFAD) or vertically (deeper than the purse seine net) is not 
a viable solution of identifing a technical solution to avoid unwanted catch around dFADs. 
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 The California Department of Fish and Wildlife (CDFW) actively monitors fisheries for Pacific blue 
tuna (Thunnus orientalis, PBF) and yellowfin tuna (Thunnus albacares, YFT) using data collected from 
commercial landing receipts, commercial dockside sampling, commercial passenger fishing vessel (CPFV’s; 
also known as “For Hire” or charter vessels) logbooks, and the California Recreational Fishery Survey 
(CRFS). Increases in local availability of PBF and YFT in the southern California Bight and off Baja 
California have been reflected by a spike in both commercial and recreational landings during the past three 
years compared to historic annual trends. 
 Commercial landings of both PBF and YFT peaked in 2014 when 408 mt of PBF and 1,009 mt of 
YFT were landed. Roughly 98 percent of commercial landings for PBF and YFT were caught with purse seine 
gear, primarily between San Clemente Island and Cortez Bank. Biological data such as length, weight, as well 
as fin clips for NOAA Fisheries close kin genetic analysis work were collected through CDFW dockside 
sampling. Purse seine caught PBF samples averaged 814 mm in length and 12 kg in weight, respectively.  
 Over 90 percent of the recreational PBF and YFT catch and effort consist of angling from CPFVs off 
southern California and Baja California, Mexico. Catch data from CPFV logs indicated that PBF peaked in 
2013 (63,702 fish) and YFT peaked in 2014 (255,104 fish) caught. Data from the CRFS program indicated 
that in 2015 private boaters caught an estimated 6,751 PBF and 49,653 YFT. Biological data collected through 
CRFS dockside sampling of private boats indicated average length and weight of PBF and YFT for this mode 
were 820 mm and 11 kg for PBF and 751 mm and 8 kg for YFT  
 Several factors have been noted that might have affected the amount of recreationally and 
commercially caught tunas. These include new regulations, fishing area closures, and environmental 
conditions. Continued fishery monitoring and collection of PBF and YFT data will help further develop our 
understanding of management needs. 
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 A total of 139 organisms were sampled from tuna catches carried out by the Mexican purse-seine fleet 
that operated along the western coast of Baja California during the summer of 2004-2006. The tuna lengths 
were between 76 to 144 cm of fork-length. We analyzed the stomach contents and found 90 stomachs 
containing food items. Quantitative analyses of the preys found in the stomach content were made using 
numerical, gravimetric and frequency of occurrence methods, to obtain the prey specific index of relative 
importance (PSIRI). To determine the breadth of the trophic niche the Levin’s index was used and to 
determine a possible dietary overlap between sexes we used an ANOSIM test. A total of 18 prey items were 
found in the stomach contents, where the most important prey according to %PSIRI was Dosidicus gigas 
(35.5) followed by Scomber japonicus (23.17) and Pleuroncodes planipes (19.57). The trophic niche breadth 
was narrow (0.14) suggesting that it is a selective predator with a trophic level of 4.44. The ANOSIM showed 
that significant differences exist between sizes (R= 0.258, p =0.001) where bigger sizes (>100 cm) tend to 
consume more S. japonicus along with D. gigas, while the size <100 cm principal prey is D. gigas followed 
by S. japonicus and crustaceans these last with similar importance. No differences were found between sexes 
(R =0.0127, p=0.246) suggesting that both sexes consume the same prey. 
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 Management of tuna fisheries requires innovative strategies due to the highly migratory nature of the 
target species, the requirement for cooperation among numerous nations, and the susceptibility of many highly 
vulnerably species to gears used to catch tunas. Where Regional Fishery Management Organizations 
(RFMOs) have been unable to conserve tuna stocks and bycatch species, market-based approaches may have 
a role in incentivizing improved management or industry practices. Monterey Bay Aquarium and other NGOs 
that work on tuna fishery sustainability are participating in a collaborative forum to help incentivize and 
advocate for improvements in tuna fisheries. The NGO Tuna Forum will bring together NGOs and other 
individuals and organizations that work on tuna sustainability issues globally to collaborate on RFMO 
management and advocacy, market-based mechanisms for improving sustainability, and on-the-water 
research and activities. While much work is expected to focus on the development of harvest control rules and 
other management measures to conserve target species, unified advice on bycatch mitigation has also been 
identified by many participating NGOs as a major priority. Currently, Monterey Bay Aquarium is engaged in 
a meta-analysis to determine the most effective bycatch mitigation strategies for reducing bycatch of 
vulnerable species, including sea turtles, seabirds, marine mammals and sharks. Analysis will be conducted 
on a global dataset, but advice can be refined with a regional and a spatially explicit approach that takes into 
account the geographic variation in susceptibility of different taxa to fishing gear. We hope that the results 
can inform advice to RFMOs and help provide an incentive for fisheries to implement effective mitigations 
to reduce bycatch.  
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 Tunas, billfishes and sharks provide considerable catches and income in both developed and 
developing countries. These stocks are managed by tuna Regional Fisheries Management Organizations 
(tRFMOs) and the stocks vary in status from lightly exploited to rebuilding to severely depleted. Here, we 
explored the methods used by tRFMOs to manage specific stocks within their jurisdiction. An overall index 
of management intensity (FMI) was calculated for each stock and each tRFMO. We found that among 
tRFMOs, the ones that had the lowest FMI are those whose member countries had 1) higher dependency on 
tuna resources; 2) lower mean per-capita Gross Domestic Product; 3) more fishing vessels; and 4) smaller 
vessels. At a stock level, the most important factors explaining the trends and current stock status were related 
to biological (i.e. age at maturity and size of the stock) and economic attributes (i.e. ex-vessel price), followed 
by the intensity of management. The management methods most important to stock status were (1) limits in 
fishing pressure, (2) the capacity to adjust fishing pressure, and (3) the implementation of formal management 
plans. In general, the most intensively managed stocks were those that are more depleted, but also the ones 
that have shown signs of rebuilding. Some bycatch species, such as marlins, sailfish, sharks, and some small 
tunas, were the ones that showed the lowest intensity in fisheries management.   
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 In 2011, the CCSBT adopted a management procedure to set the global Total Allowable Catch (TAC) 
in three year blocks. The procedure uses two sources of data in a single biomass model; an aerial survey index 
of juvenile abundance and a CPUE abundance index. The trends in biomass of recruits and adults estimated 
by this model are used in the harvest control rule to recommend a change in the previous year’s TAC. 
 The adopted management procedure and other candidate management procedures were extensively 
tested using more complex conditioned simulation models that integrate a variety of data sources. The 
Reference Set of models consists of a cross-combination of uncertainties including steepness and natural 
mortality at age parameters. The testing allowed for evaluation of performance of the management procedure 
in meeting the CCSBT objectives for rebuilding the stock, while allowing for a viable international fishery. 
A set of less plausible scenarios and uncertainties was also used to test robustness of the management 
procedure, in the event that those conditions may occur. A new management procedure is being developed to 
use gene-tagging data as the recruitment index (in place of the aerial survey) and will potentially include other 
sources of data from close-kin mark-recapture programs. 
 The periodic assessment of stock status is separated from the running of the management procedure. 
The assessment is conducted every three years to update the understanding of the population dynamics, 
historical time-series of key measures of interest and current status of the stock, using updated data and revised 
reference set of models. It is not used in TAC setting. The next stock assessment is scheduled for September 
2017 and will incorporate new data from the close-kin mark recapture research program and recent data from 
existing monitoring programs. 
 Changes to the stock assessment models have no impact on the implementation of the management 
procedure unless the results demonstrate that the conditions under which the management procedure was 
tested in 2011 have changed. If such “exceptional circumstances” occur, the management procedure meta-
rules provide the agreed process to determine the severity and impact of the changed circumstances on the 
performance of the management procedure and determine a plan for action on TAC advice from the Scientific 
Committee to the Commission. To date the management procedure has been used to recommend TACs three 
times and the Commission has accepted the advice without alteration. 
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 While sex is one of the most basic biological characteristics of an organism, it can also be one of the 
most challenging parameters to obtain, particularly for marine fish.  Many marine fish lack external sex-
distinguishing characteristics, and even with dissection, sex may be difficult to determine in immature 
individuals.  For the North Pacific Albacore Tuna (T. alalunga), sex composition data is a high priority for 
improvements to stock assessment models. Development of genetic sex markers would greatly benefit data 
collection for this species by allowing sex to be determined more rapidly than by dissection, and be identified 
in immature individuals or in fish non-destructively sampled (e.g., fin clip samples from tagged fish). To 
benefit data collection and stock assessment models for T. alalunga, this study aimed to identify genetic sex-
distinguishing markers for this species. Genetic approaches are complicated for fish species, as they have 
considerable variety in both mechanisms (e.g., sex chromosomes, environmental, or social determination) and 
genes involved in sex-determination. To improve the odds of identifying a sex-specific region in Albacore, 
this study used a next generation sequencing approach using the Illumina HiSeq 3000 to assemble a draft 
genome for T. alalunga. Lighter coverage sequencing was then conducted on additional male and female 
specimens (n = 10 of each sex) to identify genomic regions associated with sex.  After conducting a genome-
wide association study, several candidate regions were identified in the genome. Results, to date, of genetic 
marker development in those regions, and of the draft genome assembly will be presented.  
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 Turtles, sharks and other species associated to the tuna purse-seine fishery are attracted by fish 
aggregating devices (FADs) and sometimes found entangled in the net hanging under the floating 
component of the FAD, usually a bamboo raft. Sometimes, the FAD components (netting, plastic floats, and 
other non-biodegradable FAD components are detached and may persist for years in the environment as 
pollutants. These components, according to the fishermen knowledge are essential to the FADs for 
improving the fish aggregation power, and it is difficult to change the traditional FAD-building techniques. 
In this regard, efforts have been made to manufacture and test a non-entangling and biodegradable fish 
aggregating device which has the same fish attraction potential than traditional FADs. This presentation 
describes the experiments and preliminary outcomes on several designs of non-entangling and 
biodegradable FADs carried on by different fishing conservancy organizations from a project funded by the 
European Union. 
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 The Atlantic bluefin tuna (ABFT) is a long lived, highly migratory species distributed throughout 
temperate latitudes from June through November on the northwest Atlantic shelf. Commercial fisheries have 
exploited these assemblages for six decades and yet many aspects of life history remain unresolved, including 
age structure, sex ratios, and sex specific growth. Forty years ago, two studies provided evidence to support 
sex specific growth, with males expressing higher growth coefficients (k) and reaching larger asymptotic 
lengths (L∞) than females. Sex ratios were skewed (2:1) with males comprising a larger proportion of landings. 
Given the exploitation of this species, especially a higher age specific mortality for mature individuals after 
1980, we compared differences in sex specific growth and sex ratios between fish landed in the Gulf of Maine 
(2010-2011) against historical records from New Brunswick, Nova Scotia, Prince Edward Island, and 
Newfoundland. We assigned sex to 250 bluefin tuna using gross examination of gonads and estimated age 
from corresponding transverse sectioned sagittal otoliths. Our results suggest that sex ratios remain skewed, 
consistent with historical data (2:1).  In addition, results confirm that sex specific patterns of growth for ABFT 
remain, with males expressing higher L∞ (299 cm vs 270 cm SFL) but lower growth coefficients (0.11 vs 
0.13) than females, respectively. Updated growth parameters support lower growth coefficients, but higher 
L∞ than historical data for males (0.13 and 0.15; 281 and 287 cm SFL), and growth parameters for females in 
line with historical estimates (0.12 and 0.14; 270 and 277 cm SFL).  
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 Capture-based aquaculture for Pacific Bluefin tuna has become an increasingly important global 
industry to sustain the growing demand for high quality tuna, whilst sustainability concerns exist over the 
exploitation of wild populations of Pacific Bluefin throughout the Pacific Ocean. Mexico entered the global 
industry of Bluefin tuna ranching in 1996 when operations were established off Baja California and Pacific 
bluefin commercial catch limits were non-existent. Limits were first imposed by the Inter-American 
Tropical Tuna Commission in 2012 to address Pacific-wide overfished conditions. These limits have 
continually decreased from an annual quota of 5,600 mt in 2012 to 3,300 mt in 2016 of which Mexico 
adopted a voluntary reduction to a catch limit of 2,750 tons.  Paralleling these decreasing catch limits are the 
number of authorized ranching facilities operating off Baja California. The industry has consolidated over 
time from 13 companies and 14 concessions to six companies and nine concessions—with only two of these 
companies currently active.  Details of the farming operations are presented and a discussion of the role 
aquaculture can play in optimizing the utilization of a portion of the Pacific Bluefin stock to supply global 
and domestic markets. 
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 Understanding and quantifying the reproductive potential of skipjack tuna, Katsuwonus pelamis, in 
the eastern Pacific Ocean (EPO) is of great importance for stock assessments and management considerations. 
The reproductive biology of skipjack tuna is being investigated based on 8,145 fresh fish sampled at sea by 
observers during 62 purse-seine fishing trips throughout the EPO between January 1996 through January 
1998.  Fish were sampled across 8 length classes, 5 cm each, between 40 and 80 cm fork length. Histological 
examinations of ovaries from 3,769 females provides the foundation for the estimates of length-specific 
reproductive characteristics, including spatiotemporal dynamics of spawning, maturity, batch fecundity, and 
spawning frequency.  Preliminary results from this ongoing investigation will be presented. 
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Achotines Laboratory remains the only research facility in the world with captive broodstock tuna 
that have been spawning on a near daily basis for more than two decades. Yellowfin tuna eggs, larvae and 
juveniles resulting from those spawns are used for a variety of studies including investigations of the effects 
of various environmental and biological factors on growth and survival.  Wild-caught late-juvenile and adult 
tuna are also maintained in captivity for research purposes.  Recent research has focused on comparative 
studies of yellowfin and Pacific bluefin early life histories, as well as climate effects on the early life history 
of yellowfin.  

In addition to research carried out by IATTC scientists, many visiting scientists from other institutions 
and entities around the world travel to Achotines Laboratory to utilize the unique facilities.  Recent research 
partners include Kindai University, the International Seafood Sustainability Foundation, AZTI Tecnalia, 
Texas A&M University, the University of Miami, Tokyo University of Marine Science and Technology, and 
Cryoocyte, Inc.  There are also several projects being carried out at Achotines Laboratory by Panamanian 
Government biologists as well as visiting scientists from the Smithsonian Tropical Research Institution. 

A review of joint research projects conducted during 2016-2017 will be presented as will preliminary 
results from some of these activities. 
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 Physical fitness metrics were used to assess the health and development of California Yellowtail, 
Seriola dorsalis, in an aquaculture environment during two grow-out experiments.  The first experiment 
sought to evaluate the effects of a common aquaculture deformity (an improperly inflated swim bladder) that 
has been hypothesized to impact energy allocation, growth, and development. Metrics including metabolic 
rate, critical swimming speed, feed conversion ratio, and growth rate, were monitored over an eight-month 
period in three groups of yellowtail: wild-caught (“wild”), healthy hatchery-reared (“inflated”), and hatchery-
reared with uninflated swim bladders (“uninflated”). At the start of the grow-out period, wild fish had a 
significantly lower standard metabolic rate (2.97 ± 0.93 mgO2 min-1 kg-1) than both the inflated and uninflated 
groups (5.17 ± 1.93 and 5.43 ± 1.69 mgO2 min-1 kg-1, respectively), but this difference was not maintained 
over time. Inflated fish grew at a faster rate than both other groups [3.20 ± 0.39 g day-1 vs. 2.79 ±0.49 g day-1 
(wild), 2.64 ± 0.32 g day-1 (uninflated)], however the wild fish had the most efficient feed conversion [1.41 
vs. 1.50 (inflated), 2.08 (uninflated)].  

In addition to indicating that it wouldn’t be economical to rear yellowtail with uninflated swim 
bladders due to their poor growth rates and feed conversion ratios, the results of this experiment revealed that 
there is room for improvement in the fitness of healthy aquaculture-reared yellowtail by potentially lowering 
their metabolic rate and feed conversion ratios. The subsequent experiment introduced exercise (which is 
typically lacking in aquaculture) as a means for improvement of fitness in hatchery-reared fish, and aimed to 
determine if a short duration of exercise could have lasting effects on the fitness of cultured yellowtail. Fish 
were forced to swim continuously against a flow in custom designed raceways for two, three, or four weeks, 
following which, metabolic rate, growth rate, and feed conversion were assessed over a six-month grow-out 
period. Results showed that the duration of exercise may have an impact on standard metabolic rate 
immediately following exercise, with the two groups that swam the longest showing about a 15% reduction 
in metabolic rate. However, initial metabolic differences were not retained over time. Similarly, growth rates 
were stimulated by exercise, potentially because their lower standard metabolic rate reflected more efficient 
resource use and the ability to efficiently gain weight; however, the positive growth response also weakened 
with time. These results indicate that exercise could play an important role in the development of this species 
however the timing (e.g. yellowtail life stage and duration of exercise) and environmental variables (e.g. 
temperature and flow speed) likely play important roles in optimizing the response. 
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 In an attempt to provide the west coast with an additional low-impact option for harvesting local 
swordfish, PIER has worked with NOAA Fisheries to develop and test deep-set gear designs off Southern 
California.  Among the designs tested, is deep-set buoy gear (DSBG), an artisanal gear type that strategically 
targets swordfish below the thermocline during the day.  Research trials were expanded in 2015 to include 
five commercial fishing vessels operating under an exempted fishery permit (EFP) issued through the Pacific 
Fishery Management Council (PFMC).  Collectively, EFP vessels have deployed DSBG on 349 fishing days 
(8h) with catch primarily consisting of swordfish (~75%) and other marketable species (>95% of total 
landings).  Concurrent tagging research has been conducted aboard the PIER RV Malolo to evaluate swordfish 
depth distribution, migration patterns and stock structure.  Over 70 swordfish have been tagged within the 
Southern California Bight (SCB) using Wildlife Computers Mark Report PATs and Cefas G-5 data storage 
tags.  Horizontal movements are being used to assess the distribution of California swordfish in relation to 
Eastern Pacific Ocean (EPO) and Western and Central Pacific Ocean (WCPO) stock boundaries.  Fine scale 
depth and temperature records from 12 archival tag recoveries (17%) further document swordfish diel 
movement patterns and continue to assist in the development of deep-set gear for the U.S. west coast.  Future 
investigation will focus on genetic comparisons (single nucleotide polymorphisms) of fish with known 
migratory tracks to formulate hypotheses on SCB swordfish stock structure.  Collectively, these studies 
provide novel fishery and movement data for a valuable west coast resource.   
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 Founded in 1972, the Sportfishing Association of California (SAC) is a non-profit organization that 
represents the Commercial Passenger Fishing Vessel (CPFV) fleet in southern California. SAC has recently 
developed new collaborative programs with state and federal fisheries managers to fill data gaps that are 
critical for effective management of local fisheries. In 2014, SAC developed a collaborative program approved 
by both NOAA and the California Department of Fish and Wildlife (CDFW) to collect size structure data at-
sea for all locally caught tuna species. Prior to our program, tuna catch data were collected solely from long-
range CPFVs, which yielded biased estimates of size structure within the overall CPFV fishery. In the case of 
Pacific Bluefin Tuna (PBT), only 30% of landings are reflected in long-range trips. Virtually no data were 
being collected from medium-range trips (1-3 days) that account for the remaining 70% because the majority 
of these fish are filleted at sea. These medium-range trips typically catch smaller fish in greater numbers, 
although the 2015-2016 seasons contained anomalously large size classes. Since 2014, CPFV Captains and 
crewmembers have collected over 3500 records for 4 tuna species: Pacific Bluefin, Yellowfin, Bigeye, and 
skipjack. Size structure information shows multiple cohorts of each species reflected in landings. These data 
were processed for quality control and provided to NOAA to incorporate into future stock assessments. 
Additionally, after recognizing the potential for regional differences in length weight (L-W) relationships, last 
summer SAC implemented a new program to generate L-W parameters for Pacific Bluefin Tuna using local 
fish caught by the CPFV fleet. These data, combined with other L-W data sources, allowed CDFW to generate 
a new L-W relationship that is more representative local Bluefin fishery. This new curve yields an estimate 
of total bluefin weight that is approximately 7% less than original estimates. These collaborative projects 
indicate that SAC and the CPFV fleet can provide quantitative data that are valuable for informing fisheries 
management decisions. 
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 Tunas in the Southern California Bight (SCB), including U.S. and Mexican waters, support substantial 
commercial and recreational fisheries and are an important component of the local food web. To better 
understand their basic biology and ecological role in the SCB, the SWFSC initiated a biological sampling 
program in 2007.  Utilizing the commercial passenger fishing vessels (CPFV) and recreational anglers based 
out of San Diego, biological samples were collected from albacore (Thunnus alalunga), Pacific bluefin (T. 
orientalis), and yellowfin (T. albacares). While samples collected support numerous research projects, the 
initial focus has been on stomach content analysis.  
 Analysis of stomach contents shows that tuna forage on a range of fish, squid and crustaceans. Fish 
and squid are almost exclusively young of the year and juveniles; for fish consumed, the average standard 
length was 5.3 cm and for squid the average mantle length was 6.1 cm. Comparison across years show shifts 
in prey composition. In 2007, small teleosts comprised the dominant prey category by frequency of occurrence 
(%F: 89%), followed by cephalopods (18%) and crustaceans (16%). In 2008 there was a shift in prey 
composition with cephalopods [Abraliopsis felis; California market squid (Doryteuthis opalescens; jumbo 
squid (Dosidicus gigas)] playing a more important role by frequency of occurrence (86%), followed by 
teleosts (84%) and crustaceans (56%).  While teleosts were important in both years the species composition 
changed. In 2007, 80% of the stomachs contained northern anchovy (Engraulis mordax), whereas in 2008 
anchovy were present in only 2% of stomachs.  Juvenile sebastes, myctophids, and jack mackerel (Trachurus 
symmetricus) made up the majority of teleost prey in 2008. An increase in the %F of crustaceans (90%) was 
seen in 2009, with both teleosts and cephalopods at 82%. Species composition remained similar to 2009 
through 2013, with a resurgence of anchovy seen in 2014. In 2015 and 2016 pelagic red crab (Pleuroncodes 
planipes) was the dominant prey found, although in 2016 anchovy occurrence increased to its highest 
percentage (%F: 35 %) seen since 2007. These shifts in diet are examined in relation to climate variability 
and egg and larval abundances from CalCOFI surveys. 
 Comparison of foraging ecology across species and years provides insight into the dynamics of forage 
base in the California Current. For example, the increased frequency of squid coincided with the cool waters 
of the 2008 La Niña, which favor the development of squid paralarvae.  Similarly, the dominance of pelagic 
red crab in 2015-2016 can be attributed to the strong El Niño and the Blob that occurred during those years. 
Long-term data series for predator and prey in relation to climate variability will provide insights into potential 
shifts in the food web in association with climate change. Results will also allow for the evaluation of the 
efficacy of tuna as biosamplers of the prey base in the SCB.  

 



78	
The ideas presented in any given abstract may not be fully developed, and therefore no abstract should 
be cited without prior consent from the author(s). 

MORPHOLOGICAL AND PHYSIOLOGICAL SPECIALIZATIONS FOR SUSTAINED 
SWIMMING IN SWORDFISH: THROUGH THE THERMOCLINE AND BACK AGAIN 

 
Ashley A. Stoehr1, Jeanine M. Donley2, Scott A. Aalbers3, Doug A. Syme4, Alex Fowler1, Chugey A. 

Sepulveda2, and Diego Bernal1 

1University of Massachusetts, Dartmouth, 2Miracosta College, 3Pfleger Institute of Environmental 
Research, 4University of Calgary 

 
285 Old Westport Road 
Dartmouth, MA 02747 

 
 

Temperature significantly impacts physiological processes and is often one of the most 
influential factors limiting fish movement patterns. Amongst high performance fishes, swordfish (Xiphias 
gladius) appear to be distinct in their vertical movement patterns, as they can rapidly transit through 
(and beyond) the thermocline (∆18°C), and can spend upwards of ≥10 hours in waters as cold as 8°C. 
S imilar to tunas and lamnid sharks, swordfish have evolved a suite of morphological specializations [i.e., 
red muscle (RM) position and vascular anatomy] that are associated with regional, RM endothermy. 
Yet, previous telemetry tracking data for swordfish measured a comparatively low thermal excess at 
the RM relative to the water, suggesting the capacity for RM endothermy is limited. I t remains unclear 
if, or how, swordfish maintain sustained swimming activity (i.e., RM function) when diving from the 
warm, surface waters to depths below the thermocline, and how their RM morphology may function to 
provide some advantage relative to other deep-diving fishes. 

This study combined laboratory and field techniques to determine the thermal effects on RM 
function in swordfish and offer a better understanding of their capacity to maintain sustained swimming 
during long duration dives. We utilized anatomical descriptions of the muscular and cardiovascular 
systems, in vivo work-loops, and biochemical assays to assess the presence of adaptations that may 
allow for RM endothermy and to quantify the thermal sensitivity of the swimming muscles. Additionally, 
archival tags were deployed to record the RM temperature of free-swimming swordfish and develop a 
series of thermodynamic models that best describe relationships between RM and water temperature 
during vertical movements. The combined results suggest that, although swordfish have a RM 
morphology and a vascular system that should allow for RM endothermy, the degree of RM temperature 
elevation is quite limited; but this RM morphology may confer the capacity to control the rates of 
RM heat transfer and thus affect RM temperatures. The capacity for physiological thermoregulation 
is likely influential to the maintenance of sustained swimming capacity, as while the in vivo work-
loops and enzyme assays suggest the RM continues to function at low temperatures, the biomechanical 
and biochemical capacities are somewhat reduced. 

This study offers insight into the morphological and physiological specializations that may 
permit swordfish to undertake long-duration foraging dives into the deep, cold waters. The ability of 
swordfish to slow RM cooling during dives may provide an overall warmer RM operating temperature, 
and subsequently elevated levels of sustained swimming, relative to non-endothermic, sympatric 
species. In addition, the ability of swordfish RM to maintain function at low temperatures could permit 
longer dives relative to regionally endothermic, sympatric species for which RM function appears 
dependent on warm operating temperatures. This study demonstrates that by having a better 
understanding of the morphological and physiological specializations that may allow fishes like 
swordfish to exploit seemingly inhospitable habitats, and not simply documenting species’ presence 
or absence in that habitat, we can provide new perspectives on how environmental factors constrain 
movement patterns of commercially important species. This understanding will be of critical importance 
for effective, fisheries management predictions in the face of globally changing ocean temperatures. 
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Exempted fishing permits (EFPs) are issued under the authority of the Magnuson-Stevens Act (MSA) 
to support testing of fishing methods in locations where or during times when necessary research activities 
are normally prohibited. One of the key reasons to conduct EFPs is the ability to control potential conservation 
impacts through limits on fishing effort, which may include restrictions on gear, fishing days, number of 
vessels, times and areas open to fishing or other attributes of effort. Even with such effort limits in place, a 
question remains of whether any conservation impacts that occur as a result of EFP fishing effort will cause 
unacceptable harm to protected species of marine mammals, sea turtles or sea birds. 

An EFP to test shallow-set longline swordfish fishing (SSLL EFP) within the U.S. West Coast 
Exclusive Economic Zone (WC EEZ) is currently under consideration. Some conservation groups have 
expressed concern over protected species interactions which could result if the EFP were allowed to proceed. 
In particular, several conservation groups have noted that effort would occur within the population range of 
short-tailed albatross, which in July 2000 was listed under the Endangered Species Act as endangered 
throughout its range. 

A challenge for predicting potential impacts of the SSLL EFP is that since no longline fishing has 
ever been allowed inside the WC EEZ, the potential conservation impacts are uncertain. Fortunately, a long 
history of observer data has been collected for the Hawaii shallow-set longline and deep-set longline fisheries, 
which use gear and methods similar to those in the proposed SSLL EFP to target swordfish and other pelagic 
species in waters westward of the WC EEZ. Of particular interest is that no short-tailed albatross interactions 
have ever been observed in the entire history of the Hawaii longline observer program, despite these fisheries 
occurring within the population range of short-tailed albatross. 

This paper conducts a Bayesian data analysis to predict the probability of interactions with species of 
concern which might result if the SSLL EFP is authorized. The Hawaii deep-set and shallow-set longline 
observer data provides a basis for developing informative priors on the interactions which might result, with 
planned EFP effort used as a proxy for effort which would occur if the EFP proceeds. A conjugate gamma-
Poisson exposure model, treating the numbers of hooks on each trip as the level of environmental exposure to 
the gear, is used to infer interaction rates for protected species that have been observed to occur in Hawaii 
observer data. The inferred posterior distribution from Hawaii observer records provides an informative prior 
for the SSLL EFP. Inferred interaction and mortality rates are combined with predicted EFP effort to produce 
informative prior predictive distributions that can be used to quantify the probability that protected species 
interactions will exceed prescribed limits. In addition, Bayesian analysis can be used to make probabilistic 
predictions for EFP interactions with species such as short-tailed albatross for which no interactions have ever 
been observed in the entire history of the Hawaii observer program, helping to answer whether the absence of 
evidence can provide evidence of absence. 
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Pacific bluefin tuna (Thunnus orientalis; PBFT) is a highly migratory species, with some individuals 
migrating between the western Pacific Ocean (WPO) and eastern Pacific Ocean (EPO). PBFT have recently 
shown serious declines due to overfishing and low recruitment, thus the conservation of PBFT has become 
increasingly of concern. In order to manage the PBFT stocks sustainably, an understanding of transoceanic 
migration ecology is essential. In this study, we used stable isotope analysis to identify PBFT that had recently 
undergone westward transoceanic migration on the Sea of Japan. A total of 155 PBFT individuals were 
examined. Their ages ranged from 2 to 17 years, with most individuals being 2 to 7 years of age. To identify 
EPO migrant and WPO resident individuals in the entire tuna sample, we performed both cluster analysis and 
discriminant analysis using muscle δ15N values. In the former analysis, individuals aged 2, 6, and over 7 years 
had unimodal distributions of δ15N values, while individuals aged 3, 4 and 5 years showed a bimodal 
distribution with high- and low- δ15N groups. Due to the overall higher baseline of δ15N values in the EPO, 
high δ15N individuals were considered to represent PBFT that had migrated from the EPO. In the latter 
analysis, the percentage of migrants (residents) each age were estimated 0% (100%) for age 2, 5.2% (94.8%) 
for age 3, 20.0% (80.0%) for age 4, 18.8% (81.3%) for age 5, 33.3% (66.7%) for age 6 and 66.7% (33.3%) 
for age 7-17. Though individuals aged 6 and over 7 years showed unimodal distributions in the cluster 
analysis, discriminant analysis indicated that these PBFT also included some migrants from the EPO. We 
preliminary estimated the percentages of migrants and residents in the Sea of Japan. Such information can 
improve stock assessments models for PBFT and contribute to the sustainable stock management of this 
species. 
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 Fisheries science and decision support increasingly relies on the integration of multivariate data from 
diverse observational platforms, the coupling of remote sensing and field data being integral to analysis 
workflows. However, the inherent heterogeneity of in-situ datasets and their variable adherence to meta/data 
standards poses a significant impediment to interoperability and long-term data stewardship.   Here we 
introduce a new initiative underway at the PO.DAAC, NASA physical oceanography data archive at JPL, in 
collaboration with partners UCAR/Unidata and the Large Pelagics Research Center (UMASS-Boston) 
seeking to address these challenges. It involves the enhancement and integration of available high TRL 
(Technology Readiness level) components for improved interoperability and support of in-situ data with a 
focus on a representative yet complex class of oceanographic field data: data from electronic tags deployed 
on a variety of marine species. This project seeks to demonstrate and deliver a reusable and accessible set of 
web-based tools to: 1) Mediate reconciliation of heterogeneous source tagging data into a tractable number of 
standardized, archivable formats consistent with earth science data standards. 2) Develop and implement an 
improved metadata model for electronic tagging datasets. 3) Enhance the THREDDS server technology for 
support of point, profile, trajectory spatial data types. 4) Demonstrate the value added of integrated data access 
via a range of available tools and services hosted at the PO.DAAC, including a web-based visualization tool 
for comprehensive mapping of satellite and in-situ data. An innovative part of our project involves 
collaborating with the electronic tag manufacturer Wildlife Computers and actively engaging the tagging 
community to promote the adoption of appropriate data standards. The project thus adopts a model lifecycle 
approach complimented by broadly applicable technologies to address key data management and 
interoperability issues for electronic tagging data and other marine in-situ datasets. 
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 This workshop session builds upon the oral presentation of the Oceanographic In-situ Interoperability 
Project (OIIP) by demonstrating and discussing in more detail the technological and developmental approach 
to facilitate improved management of and access to electronic tagging datasets. The objective of this session 
is to engage and interact directly with stakeholders, soliciting community comment on OIIP  capabilities, 
designs and prototypes under development. Particular attention will focus on three specific areas: 1) web-
based visualization and the corresponding needs of the fisheries/tagging community, 2) supporting “rich” 
metadata associated with electronic tagging datasets, and 3) producing standards compliant data files that are 
readily archivable and interoperable.  Session presentations include an overview of OIIP’s use case driven 
web interface design and visualization capabilities integrating satellite and in situ data, and a demonstration 
of ROSETTA, a powerful data translation and metadata augmentation tool. The overall workshop intent is to 
establish relationships with community stakeholders and inform them of OIIP’s functionality and design 
considerations – visualization requirements, streamlining the submission of tagging data for long-term 
preservation – for the purposes of soliciting their input and feedback now and into the future.  
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 Pacific bluefin tuna (Thunnus orientalis), hereinafter called PBF for short, is commercially important 
for Japanese fishing because of their high value, thus the understanding of stock fluctuation is essential for 
the appropriate utilization. PBF has been caught all around Japan by various fishing methods, such as longline, 
troll, set-net and purse seine. Japanese coastal longliner tends to catch relatively larger sized fish compared to 
the other fisheries. Hence, the fishing data obtained from Japanese coastal longliner could be much 
informative to monitor the abundance of adult PBF. 
 Japanese coastal longliner, that is by over 10 GRT fishing boat, must report their operational 
information, such as catch, effort and position of each operation, by logbook. The logbook data is used for the 
calculation of catch per unit effort (CPUE). The catch at size data of Japanese coastal longliner is monitored 
by the size measurement in some major landing ports. To interpret these data, the impact of geographic 
difference has been pointed out, however the statistical analysis addressing these impacts haven’t been 
conducted adequately or limited. Ignoring geographical differences might lead to misspecification of stock 
structure. 
 This presentation consists of overview of Japanese coastal longline fishery and research to grasp the 
geographical effects on PBF CPUE statistically. The difference by operation area of CPUE were analyzed by 
GAM. This result showed somewhat geographical effects. The geographical effects of CPUE were discussed 
by biological and fishery information, such as catch at size. These results could make our understanding of 
PBF stock status robust. 
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 Southern bluefin tuna is managed through the Commission for the Conservation of Southern Bluefin 
Tuna (CCSBT), a single species regional body that is currently comprised of 8 member countries. Under 
CCSBT, a global total allowable catch is set in 3 year blocks using an agreed management procedure. That 
management procedure, however, does not take into account the catch taken by those outside the CCSBT 
membership. 
 In recognition of this previously unaccounted mortality, CCSBT Members agreed at the 2014 
Commission meeting to make an adjustment for non-Member catch in the next TAC period (2018-2020) and 
beyond. The first allocation for non-Member catch was agreed at the most recent Commission meeting in 
2016 drawing upon advice from both scientific and compliance sub-committees.  
 This ground-breaking decision for CCSBT better reflects the operational and economic realities 
facing this fishery and also raises some new challenges for the Commission and its Members. 
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 The Atlantic Highly Migratory Species pelagic longline fishery in the Western Atlantic and Gulf of 
Mexico targets swordfish, yellowfin and bigeye tunas, and catches Atlantic bluefin tuna as bycatch.  The 
fishery had substantial regulatory dead discards of bluefin tuna prior to 2015.  For example, from 2012 to 
2014, the estimate of dead discards ranged from 206 to 139 mt annually.  In 2015, the National Marine 
Fisheries Service implemented an Individual Bluefin Quota (IBQ) Catch Share Program in the fishery to 
reduce bluefin dead discards and increase accountability.  During the first two years of operating under the 
new regulations, the fishery successfully accounted for bluefin tuna bycatch using allocated quota; leased 
quota among participants using an online system; and recorded pelagic longline hauls using electronic 
monitoring (video camera) systems.  In 2015, the amount of estimated dead discards in the fishery was reduced 
substantially (88 %; from 139 mt in 2014 to 17 mt in 2015).   
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ESTABLISHING BASELINE METRICS OF HEALTH AND FITNESS FOR AQUACULTURE 
REARED CALIFORNIA YELLOWTAIL, SERIOLA DORSALIS 

 
 

Nicholas C. Wegner1, Laura Schwebel1, and John R. Hyde1 

 

1Fisheries Resources Division, Southwest Fisheries Science Center, NOAA Fisheries, 
8901 La Jolla Shores Dr.  

La Jolla, CA 92037 
 

 
 Aspects of swimming and metabolic physiology were measured in aquaculture-reared California 
Yellowtail (Seriola dorsalis) in comparison to wild-caught individuals in order to examine potential 
reductions in health and fitness associated with captive rearing, and to help identify areas for targeted 
improvement in Seriola aquaculture.  Incremental swimming velocity trials using a swim tunnel respirometer 
showed that aquaculture-reared yellowtail had a significantly slower mean maximum sustainable swimming 
speed (Ucrit) (4.16 ± 0.62 BL s-1) in comparison to that of wild-caught fish (4.80 ± 0.52 BL s-1).  In addition, 
metabolic (ṀO2

) measurements at varying swimming speeds allowed for estimation of standard metabolic 

rate, which was significantly higher in aquaculture-reared yellowtail (7.36 ± 2.28 vs. 3.97 ± 1.62 mgO2 kg-1 
min-1).  Aquaculture fish also had a reduced aerobic scope (9.16 ± 3.40 mgO2 kg-1 min-1) in comparison to 
wild-caught yellowtail (15.77 ± 5.78 mgO2 kg-1 min-1), which likely contributed to their reduced capacity for 
fast sustainable swimming.  Reduced physical fitness is commonplace in aquaculture-reared fishes, and the 
examination of wild-caught yellowtail in this study provides baseline metrics that can be used to gauge the 
health and fitness of future S. dorsalis production.  In particular, the lower standard metabolic rate and higher 
aerobic scope of wild-caught fish represent desirable metabolic characteristics that if achievable in 
aquaculture through better-rearing practices should allow for more efficient and potentially faster growth.  At 
a minimum, a 50% reduction in standard metabolic rate (to that observed for wild-caught yellowtail) would 
result in increased feed conversion efficiencies and substantial cost savings for aquaculture operations.  These 
results are discussed in relation to subsequent production runs in which fitness was greatly improved for 
aquaculture-reared yellowtail. 
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SPAWNING GROUNDS 
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 Uncertainties about stock structure continue to complicate fisheries management, particularly for 
highly migratory species. A prime example is Pacific Bluefin Tuna (PBF, Thunnus orientalis), which is widely 
distributed throughout the North Pacific and western South Pacific, although the dynamics within this range 
are not well understood. The PBF stock assessment is structured under the assumption of a single stock in the 
Pacific Ocean with two discrete spawning grounds in the western Pacific Ocean (WPO). One located around 
the Philippines north to the Ryukyu Islands with spawning occuring from April to June and one in the Sea of 
Japan from July to August. Age-0 fish remain in waters around Japan, but at 1-2 years old, an unknown portion 
of fish migrate to the eastern Pacific Ocean (EPO) where they remain for several years before returning to the 
WPO. While the general pattern of these trans-Pacific migrations has been documented, the dynamics and 
timing are poorly understood and questions remain about how many fish migrate to the EPO and from which 
spawning ground as well as what environmental/biological factors influence migration. It is also not clear to 
which spawning ground these EPO fish return. The purpose of this study was to identify unique chemical 
signatures in otoliths from young-of-the-year (YOY, age-0) PBF from both spawning grounds over multiple 
year classes to validate our ability to identify spawning grounds or natal origin. The premise behind using 
otolith chemistry as a natural tag is that chemicals incorporated into the aragonite-protein matrix of the otolith 
are related to the physicochemical conditions of the surrounding water mass, thus serving as a region-specific 
signature. A total of 100 YOY PBF <40 cm fork length were collected over a five-year period (2011-2015) 
from the two known spawning grounds (n=10/spawning ground/year) in the WPO. Several trace elements 
were measured and quantified using a laser ablation inductively coupled plasma-mass spectrometer (LA ICP-
MS) in core areas of YOY PBF otoliths as a proxy for nursery signatures. Model results using trace element 
data indicate correct classification success to spawning ground ranged from 80-90% each year, which 
validated the ability to distinguish YOY PBF nursery grounds. In addition to trace elements, stable isotope 
analysis (18O and 13C) was conducted on the same otoliths, which will likely improve the nursery habitat 
discrimination power. Ultimately, having the ability to use natural tracers to describe population dynamics of 
PBT will allow us to determine relative contribution rates of both spawning grounds to PBT in the EPO and 
examine trans-Pacific movements of adults throughout their range in the Pacific Ocean. 
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TESTING GEAR ALTERNATIVES THROUGH THE EXEMPTED FISHING PERMIT PROCESS 
 

Deb Wilson-Vandenberg and Michelle Horeczko  
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 Exempted Fishing Permits (EFPs) are used by NOAA Fisheries and the Pacific Fishery Management 
Council (Council) to test new, prohibited or alternative gears to prosecute an existing federal fishery or to 
develop an entirely new fishery.  The purpose of an EFP is to allow activities that would otherwise not be 
permitted to gather information – by addressing data gaps in knowledge of the fishery or testing new methods 
to significantly reduce bycatch of protected or vulnerable species.  They have been used in fisheries under all 
of the Council’s fishery management plans, and provide a more consistent, systematic, and quantitative 
approach so the Council and NOAA Fisheries can have confidence modifying management to allow new 
activities. 
 The Council has been developing a Swordfish Management and Monitoring Plan that calls for the 
development of new gear types to minimize bycatch of protected species, which would support the domestic 
harvest of swordfish. Currently, allowable gears for swordfish include harpoon, hook and line and drift gill 
net (DGN) – a gear that has been associated with many bycatch concerns. The Council has been encouraging 
EFP applications to responsibly develop alternative gears in the swordfish fishery while minimizing bycatch. 
West Coast fishermen have been using EFPs to address data gaps and research priorities in the fishery for a 
number of years, more recently to test currently unauthorized deep-set buoy gear (DSBG) and related 
configurations (e.g., linked buoy gear) to target swordfish. Although DSBG is being used in other parts of the 
U.S., it is still being tested off the West Coast. Key bycatch concerns vary by gear in the swordfish fishery 
but include some species of fish, protected marine mammals, sea turtles, sea birds, or species listed as 
endangered or threatened under the Endangered Species Act.   
 Individuals submitting their EFP application for fisheries managed under the Highly Migratory 
Species (HMS) Fishery Management Plan (FMP) undergo a two-meeting review and approval process. In 
addition to basic information about the applicant and their vessel, EFP requirements include specific 
information on proposed fishing locations, the applicant’s past experience with the gear, and the catch 
reporting process.  EFP fishery data should demonstrate: the amount and type of target and bycatch species 
associated with the EFP gear, including protected species; how the gear will be deployed and fished; and its 
potential effects on essential fish habitat. Each EFP is reviewed by Council advisory bodies (e.g., the 
management team [MT], industry subpanel, enforcement consultants) for approval.  Following Council 
approval, the EFP receives a final review/approval by NOAA Fisheries. 
 During EFP development for HMS fisheries, the Council and advisory bodies have addressed issues 
related to consistency in the application process, making the process more straightforward for applicants, 
defining when a new gear is “new”, how many EFPs are appropriate, temporal and spatial coverage, and 
appropriate levels of observer coverage in order to have the quantity and variability in conditions to assess the 
data scientifically. 
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1790-4 Oshima 
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 It is reported that the plastic materials were observed from stomach content of marine fishes including 
tunas, Thunnus spp. (Hoss & Settle 1990). We have also discovered that juvenile Pacific bluefin tuna, Thunnus 
orientalis (PBF) died due to accidental ingestion of inorganic particles such as tree branches and tips of 
Styrofoam in captivity. This mortality is unable to be negligible and should be prevented for industrial 
aquaculture. In this study, we investigated a countermeasure to prevent this mortality by using cultured PBF 
juvenile.  

 Firstly, we investigated the frequency of accidental ingestion of inorganic particles of PBF juveniles 
reared in the sea cage. Then, it was assumed that this mortality caused by the feeding activity of PBF juveniles 
and can be prevented by the improvement of feeding strategy. Hence, we conducted an experiment to examine 
the effect of nighttime feeding on PBF juveniles reared under the nighttime lighting in the sea cage, and 
compared it with the rearing without nighttime feeding as control. As the results of our investigation, the 
mortality of PBF juveniles caused by accidental ingestion of inorganic particles in captivity reached 36.0 % 
on 3 days after transport from nursery tanks to sea cages. There was no significant difference in the frequency 
of accidental ingestion between sea cages with and without nighttime feeding.  

 Although the results of this study did not show the efficacy of nighttime feeding, the mortality due to 
accidental ingestion of inorganic particles in captivity is still serious judging from our experience.  
Accordingly, it is required to develop a countermeasure such as a fine net to avoid inflowing inorganic 
particles into sea cage in order to establish more efficient production of PBF fingerlings independent of their 
natural resources.  

 This study was supported in part by the “Development of Sustainable Aquaculture Technology 
Independent of Wild Fishery Resources” from the Ministry of Agriculture, Forestry and Fisheries of Japan. 
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