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Abstract
Tropical tuna fisheries are central to food security and economic development of many
regions of the world. Contemporary population assessment and management generally
assume these fisheries exploit single, well mixed spawning populations within ocean basins.
To date, population genetic techniques have lacked the discriminating power required for
conclusively testing this assumption. Recent developments in high throughput sequencing
platforms have provided technical advances of DNA profiling for improved power of
population discrimination at much reduced cost. We provide an overview of recent
applications of these approaches to tropical tuna in the Indo/Pacific region. Results to date
have demonstrated heterogeneous population structure for yellowfin tuna across the Pacific
basin and suggest requirements for further implementation of these methods and associated
sampling of tropical tuna species for comprehensive regional and/or basin scale levels. These
studies demonstrate that high throughput sequencing methods can identify population
structure in large pelagic species and assign provenance with a high level of confidence.

Introduction
International tuna fisheries, managed under the auspices of Regional Fisheries Management
Organizations (RFMO), are central to global food security and underpin multi-billion dollar
economic activity in the developed and developing world. International law and governance
arrangements for these fisheries†, which straddle international boundaries and large
proportions of ocean basins, assume that the areas of competence of each RFMO equate to
single panmictic stocks of the major target species1. These current arrangements largely
reflect geo-politics, the post-WWII development pattern of industrial tuna fisheries and a
reliance on fisheries dependent sampling to examine population structure and connectivity
within and between RFMOs. Hence, the validity of this “unit stock” assumption and the
appropriateness of current assessment and management arrangements are open to question.
Until recently, the resolving power of population genetic approaches (e.g. allozymes,
mtDNA, and DNA microsatellites) has arguably lacked sufficient discriminating power to
adequately test assumptions surrounding panmictic population structure of many marine
pelagic species 2, 3, 4, 5. However, developments in next generation sequencing (NGS)
†

United Nations Convention on the Law of the Sea (UNCLOS) and UN Fish Stocks Agreement (UNFSA).
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approaches have overcome limitations of previous technologies and delivered substantial
increases in the power of genetic methods to detect population differentiation in marine
species 6, 7, 8, 9, 10, 11. Importantly, new high-throughput sequencing has low developmental
costs and is capable of identifying co-dominant single nucleotide polymorphism (SNP)
markers that can be used to distinguish among populations at scales relevant to fisheries
assessment and management 7, 12. These methods have the potential to test the “single stock”
paradigm for highly migratory stocks and provide the technical foundation for global chain of
custody and provenance systems necessary to improve accuracy of catch reporting and curb
Illegal, Unregulated, and Unreported (IUU) fishing.
Here we outline genetic population structure investigations conducted by CSIRO Oceans and
Atmosphere with a focus on yellowfin tuna (Thunnus albacares) in the Pacific, where it is the
second-most important species in the world’s largest tuna fishery‡,13. In addition, we
summarize collaborative studies in the Indo-Pacific region examining bigeye, southern
bluefin, and skipjack tunas. Results from these studies demonstrate the potential for these
new genetic techniques to enhance sustainable management of these commercially important
species at both basin and global scales.

Methods
Biological sampling
Current studies include a number of projects co-funded by CSIRO and various partner
organizations that include broad regional sampling design for yellowfin, bigeye (T. obesus),
and skipjack (Katsuwonus pelamis) tuna across the Indian Ocean and Pacific Ocean basins
(Table 1). Partners include the Australian Centre for International Agricultural Research
(ACIAR), Marine Stewardship Council (MSC), the Australian Department of Foreign Affairs
and Trade (DFAT, Australia), the Indian Ocean Tuna Commission (IOTC), and the
Australian Government Fisheries Research and Development Council (FRDC). The primary
objectives of these studies were to investigate stock structure of tropical tuna (YFT, BET,
ALB, and SKJ) across the Indo Pacific region (Table 1). Additional samples were also
collected by CSIRO from “out-group” regions not specifically identified in each of these
projects (Table 1). Most projects aimed to achieve minimum sample sizes of 25-50
individuals from each of the sites identified within each region, although in principal sample
sizes 100 individuals were taken within strict time windows to minimize the potential for
spatial and temporal bias. Standardized tissue sampling protocols developed by the CSIRO
using purpose built sampling equipment ensured tissue integrity and avoided cross
contamination issues. Tissue samples are either frozen on site or directly preserved in RNALater and then shipped to lab for subsequent DNA extraction.
DNA extraction and Population Analysis
DNA extractions were performed in lab at CSIRO Hobart facilities using magnetic bead
based technology run on an Eppendorf liquid handling robot. Subsequent DNA
genotyping was accomplished via ddRAD approach as developed at Diversity Arrays
Technology Pty (DArT), Australia. Variation present at single nucleotide polymorphism
(SNP) markers were examined for YFT, BET, and SKJ across regions listed in Table 1.
Specific genomic analysis pipelines were developing at CSIRO was used to specifically
detect the extent of stock structure present. These genomic pipelines also determined
optimal provenance/stock identification marker panels and permitted examination of
SNP markers to determine species identification among eight Thunnus species and
skipjack tuna.
‡
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Results
The DArT sequencing technology combined with genomic pipelines developed for SNP
marker analysis facilitated high throughput/low cost genotyping in a single genetic DNA
profile assay. These DArT DNA profiles revealed three important types of information:
firstly, verification of species identification18 (Grewe, FSBI 2016); secondly,
investigation of stock structure/provenance of ocean origin14 (see also information
paper, SA-IP-02); and thirdly, provision of individual ID markers for gene tagging and
close-kin mark-recapture for estimation of year class strength and spawning stock
biomass17. Next Generation Sequencing (NGS) provenance analysis has revealed strong
evidence of stock structure in yellowfin tuna within the Pacific Ocean14 (see also
information papers SA-IP-02; Evans et al., SA-IP-15). Preliminary results from other
current projects also indicate strong evidence for bigeye and skipjack tuna at similar spatial
scales within ocean basins.

Table 1. Sampling coverage for current CSIRO projects for tropical tuna species across five broad
regions of the Indo Pacific Oceans: Western Indian Ocean (WIO), eastern Indian Ocean (EIO),
western Pacific Ocean (WPO), central Pacific Ocean (CPO), and eastern Pacific Ocean (EPO).

Project
CSIRO
CSIRO-ACIAR
CSIRO-MSC
CSIRO-DFAT
CSIRO-IOTC
CSIRO-FRDC

Regional Sampling Effort by Project
WIO
EIO
WPO
CPO
EPO
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓

years
2011-2015
2013/2014
2014
2015/2016
2015/2016
2016/2019

Discussion
Summary
Technical advances in Next Gen Sequencing (NGS) platforms have provided powerful
methods for extracting genetic data through DNA profiling in a way that has begun to
reveal fine-scaled details of individuals and populations on an unprecedented scale.
These projects are demonstrating that NGS DNA approaches are capable of resolving
population structure at a scale that other techniques have had limited ability to resolve.
The team at CSIRO Oceans & Atmosphere have developed an integrated suite of NGS
methods and genetic analysis pipelines that incorporate the three main components
required for genomic based testing: i) Sampling15; ii) DNA Profiling; and iii) Data
Analysis. Key results provided to date demonstrate great potential for using a single
‘illegal, unreported and unregulated’ (IUU) fishing.
Next Steps in Pacific Ocean Stock Structure for Tropical Tunas
Results from recent experience demonstrates the importance of the following in the design
and execution of large-scale sampling programs for population structure and provenance:
-

a well-structured sampling design and quality control of tissue sampling to provide high
quality data for analysis

-

sampling design consideration in terms of spatial and temporal factors (e.g. impacts of
monsoon, ocean currents, and seasonal movement of stocks)
cooperation from member countries and collaboration across research labs
focussed workshops/working group to ensure integrated high quality implementation of
science plan, genotyping, and analysis for population structure
consideration of needs with respect to mixed fishery and relevance to stock assessment and
management needs.

Finally, we encourage the SC and members to consider necessary actions for: i) further
development of a coordinated sampling strategy and analysis program for stock structure of
tropical Pacific tuna species; ii) establishing a process for securing necessary partners for
funding implementation.

References
1.

Hampton J, Fournier DA. A spatially disaggregated, length-based, age-structured population
model of yellowfin tuna (Thunnus alabacares) in the western and central Pacific Ocean.
Marine and Freshwater Research 52, 937-963 (2001).

2.

Hauser L, Ward RD. Population identification in pelagic fish: the limits of molecular markers.
In: Advances in molecular biology (ed^(eds Carvalho GR). IOS Press (1998).

3.

Waples RS, Gaggiotti O. What is a population? An empirical evaluation of some genetic
methods for identifying the number of gene pools and their degree of connectivity. Molecular
Ecology 15, 1419-1439 (2006).

4.

Ward RD. Genetics of fish populations. In: Handbook of Fish Biology and Fisheries,
Volume 1: Fish Biology (ed^(eds Hart PJB, Reynolds JD). Blackwell Science (2002).

5.

Ward RD, Elliott NG, Grewe PM, Smolenski AJ. Allozyme and mitochondrial DNA
variation in yellowfin tuna (Thunnus albacares) from the Pacific Ocean. Marine
Biology 118, 531-539 (1994).

6.

Allendorf FW, Hohenlohe PA, Luikart G. Genomics and the future of conservation
genetics. Nature reviews genetics 11, 697-709 (2010).

7.

Davey JW, Hohenlohe PA, Etter PD, Boone JQ, Catchen JM, Blaxter ML. Genomewide genetic marker discovery and genotyping using next-generation sequencing.
Nature Reviews Genetics 12, 499-510 (2011).

8.

Peterson BK, Weber JN, Kay EH, Fisher HS, Hoekstra HE. Double Digest RADseq:
An inexpensive method for De Novo SNP discovery and genotyping in model and
non-model species. Plos One 7, e37135 (2012).

9.

Willette D, et al. So, you want to use next-generation sequencing in marine systems?
Insight from the Pan-Pacific Advanced Studies Institute. Bulletin of Marine Science
90, 79-122 (2014).

10.

Nielsen EE, et al. Gene-associated markers provide tools for tackling illegal fishing
and false eco-certification. Nature communications 3, 851 (2012).

11.

Bekkevold D, et al. Gene-associated markers can assign origin in a weakly structured
fish, Atlantic herring. ICES Journal of Marine Science: Journal du Conseil, fsu247
(2015).

12.

Kilian A, et al. Diversity arrays technology: a generic genome profiling technology on
open platforms. In: Data production and analysis in population genomics (ed^(eds).
Springer (2012).

13.

Langley A, Wright A, Hurry G, Hampton J, Aqorua T, Rodwell L. Slow steps
towards management of the world's largest tuna fishery. Marine Policy 33, 271-279
(2009).

14.

Grewe, Peter, Feutry, Pierre; Hill, Peta; Gunasekera, Rasanthi; Foster, Scott;
Schaefer, Kurt; et al. Evidence of discrete yellowfin tuna (Thunnus albacares)
populations demands rethink of management for this globally important resource.
Scientific Reports. 2015; 5(11):9.

15.

Bradford, Russ; Hill, Peta; Davies, Campbell; Grewe, Peter. 2016. A new tool in the
toolbox for large-scale, high-throughput fisheries mark-recapture studies: Opening the
door to Fisheries Genomics. Marine and Freshwater Research. 67(8) 1081-1089
http://dx.doi.org/10.1071/MF14423

16.

Preece, Ann; Davies, Campbell; Bravington, Mark; Hillary, Rich; Eveson, Paige;
Grewe, Peter. Novel methods for abundance estimates and their use in stock
assessment models and management procedures. In: 66th Tuna Conference; 18-21
May, 2015; UCLA Lake Arrowhead Conference Centre, California, USA. InterAmerican Tropical Tuna Commission; 2015. 1.

17.

Bravington, MV; Grewe, PM; Davies, CR; Fishery-independent estimate of spawning
biomass of Southern Bluefin Tuna through identification of close-kin using genetic
markers. FRDC Report 2007/034. March 2014.

18.

Grewe, P. M., Bravington, M., Feutry, P., Foster, S., and Davies, C.R.D. 2016.
Fishery independent monitoring and assessment for globally managed species.
In, Fish Genes & Genomes: Contributions to Ecology, Evolution, & Management,
Annual Symposium of the Fisheries Society of the British Isles, Bangor Wales.

