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EXECUTIVE SUMMARY 

(Recommendations in Italics) 

Recent Advances in 
Purse Seine Fishing 
Technology and Catch 
Handling 

• Anchored and drifting FADs allow purse seine fleets to define the 
geographic extent and seasonality of their fishing grounds, and have 
in some cases expanded fishing grounds to areas that were formerly 
unexploited or basically unexploitable without drifting FADs.  

• Estimates of annual deployments of drifting FADs in the WCPO 
range from around 30,000 to 44,000 or more. 

• Echo sounder GPS buoys are the most significant improvement to 
drifting FAD and purse seine technology in recent years, in 
combination with accumulating experience of fishing masters in 
interpreting the transmitted images. The use of these buoys helps 
determine trip strategy and areas of operation, influencing filling 
rates. 

• Most large-scale tuna purse seine vessels subscribe to services 
providing satellite-derived remote sensing oceanographic 
information that is extremely useful in deploying drifting FADs. 

• In recent years there have been gradual improvements rather than 
large scale changes or innovative advancements in purse seine 
harvesting technology. 

• The importance of net design is often overlooked in discussions on 
gear technology and efficiency. It is likely that incremental 
improvements in net features and design have contributed to effort 
creep while going largely unnoticed outside the industry. 

• Recent developments in the tropical tuna purse seine fishery have 
seen more fleets devoting a portion of their storage capacity to ULT 
conservation of yellowfin tuna to supply the Japanese domestic 
market and emerging markets in Europe and the US. 

• Competition will remain high in purse seining with vessels using 
advanced equipment backed by large, vertically integrated 
companies having an edge. Single vessel or small fleet companies 
will find it difficult to compete with these larger fleets for access and 
preferential markets.  

• FAD numbers may decrease under future management or as a 
consequence of VDS and FAD charging costs, increasing the 
importance of making FADs more productive and harder to detect 
by other vessels. 

• Domestic PIC purse seine fleets should upgrade vessels to efficient 
gear technology and expertise for FAD and free school fishing to 
take advantage of their access to the large skipjack resource 
available.  

• Upgrading older purse seine vessels to take advantage of  current 
and future markets for ULT fish is difficult, time consuming and 
expensive, arguing for PIC purchase or joint venture arrangements 
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to focus on new or modern vessels that have the ability to store 
some catch for higher value than brine frozen for canning. 

Recent Advances in 
Longline Fishing 
Technology and Catch 
Handling 

• Some fleets are placing increased reliance on remote sensing data 
to plan setting strategy and fishing area, particularly in relation to 
thermal discontinuities and current structure 

• No single major innovation in tuna longline fishing gear or 
methodology was noted in discussion with industry sources. 
Bycatch mitigation techniques have been successfully devised for 
turtles and seabirds, but less so for sharks where avoidance options 
are so far limited. 

• Some large Asian distant-water ULT sashimi longliners are 
switching to monofilament mainline gear, mounting two large spools 
to increase area covered and numbers of hooks set.  

• The most significant technological shift noted in the longline fishery 
is a change in catch preservation method with an increase in ULT 
equipped albacore and bigeye targeting vessels. A change from 
using ice to ULT freezers for the yellowfin and bigeye portion of the 
catch of albacore targeting vessels allows vessels greater autonomy 
and range as well as requiring changes in use of existing supply 
chains from fresh to frozen in order to reach appropriate markets.  

• Low levels of longline observer coverage contribute to a general 
lack of knowledge of many technical aspects of the fishery in 
general. Improving this situation will be important as the PNA and 
some PICs move toward a VDS for longline fisheries. 

Trends and Impacts of 
Advances in Fishing 
Technology on 
Efficiency  

• The impact of improved efficiency, fishing technology and additional 
industry experience with new technologies will be even higher catch 
rates and competition within and between purse seine and longline 
sectors. 

• Increased costs associated with a FAD fishing day will fuel a desire 
to make the most of every day by further increasing efficiency and 
possibly increasing daytime fishing effort (sets/day). 

• A shift from using ice to ULT freezers for the yellowfin/bigeye portion 
of albacore-targeting longline vessels that unload in PIC ports could 
result in a need to increase ULT transshipment and/or storage 
capacity in port. 

• There is a need to re-design and require regular updating and 
verification of vessel and gear registries as one step towards 
improved information gathering and analyses. Implementation of 
electronic monitoring of longline vessels to alleviate the need for 
onboard observers may not completely satisfy this aspect of data 
and information acquisition. 

Advances in Electronic 
Reporting (ER) and 
Electronic Monitoring 
(EM) 

• Several ER systems are being trailed in the region, including those 
developed by SPC/OFP and PNG/NFA. SPC’s eTUNALOG has 
been adopted as an interim e-logsheet handler that is to be replaced 
by iFIMS or a commonly adopted system of similar data standards. 
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Rules and protocols for data sharing, dissemination, standards and 
formats still need to be fully developed. 

 
• EM has been undertaken in trials in 2014. Much of the impetus for 

electronic monitoring comes from poor observer coverage rates for 
almost all longline fleets in the WCPO. 

• EM on purse seiners is being trialed, evaluated and studied in the 
Pacific, Indian and Atlantic Ocean tropical tuna fisheries. 

• EM should be developed as a complimentary tool to enhance 
observer programs and support some MCS goals, but EM cannot 
fully replace human observers.  

• A region-wide EM program in conjunction with the Regional 
Observer Program has significant budgetary implications and 
trained manpower requirements to review and interpret video and 
record data.  

• Implementation of EM and ER will require development of data 
sharing policies and in some cases domestic legislation to enable 
coordinated implementation of the systems on a region-wide basis. 

Advances and Trends in 
Freezing, Cold Storage 

• Trends in freezing and cold storage of tuna onboard are aimed at 
maximizing catch value by aiming at discrete markets in Japan and 
increasingly other countries that can utilize ultra low temperature 
(ULT) tuna products. 

• An ongoing trend in the handling, preservation and marketing of 
tuna products in the region is increased supplies of ULT catch by 
mid-size longline vessels, i.e. those under approximately 30 meter 
length.   

• The trend towards more ULT “offshore” and domestic vessels 
operating from PIC ports will produce longer trips with fewer port 
calls per year. Economic benefits to local economies will be reduced 
in the areas of government use fees for harbors and wharves as the 
number of trips are reduced. Benefits from the supply of bait, fuel 
and provisions should continue to accrue as long as unloading 
remains in port and does not take place at sea. 

• Purse seine fleets that deliver only brine frozen raw material for 
canning could add value to their catch by developing some ULT 
capacity, either to compete in the Japanese domestic markets or to 
supply processors that target other ULT markets 

• Having options for higher value markets could become increasingly 
important if global cannery prices remain flat or fall below critical 
levels for profitable operation. 

• In order to take advantage of the use of onboard ULT storage to 
develop a local component in the tuna longline fishery PICs should 
plan for providing the appropriate onshore facilities. 

• PICs need to consider if they are undervaluing their resources by 
not taking into account the ULT portions of purse seine catches. 
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• Refrigerated container ocean freight is playing an increasingly larger 
role in transportation of longline-caught tuna. Its use is limited to 
ports with regular liner services and sufficient support facilities. 

• Refrigerated fish carriers are likely to remain a more efficient mode 
of transport for transshipped purse seine-caught fish in PIC ports 
because of shifting fishing grounds, the large volumes of cargo 
involved, and port limitations. 

Advances and Trends in 
Tuna Processing 

• Tuna loins are almost universally hand-picked and cleaned by lines 
of women in canneries in a process that has not essentially changed 
in over 60 years. 

• Automation or the use of robots in cleaning and loining tuna is not 
expected to be implemented in the PIC tuna industry in the 
foreseeable future. It appears that the desire to maintain social 
benefits of employment and community goodwill outweigh any 
desires for automation and the associated issues of cleaning, 
maintenance and repair of machines and stocking of parts 
inventories. 

• PICs with significant food processing industries are more likely to 
enter into production of new tuna products than those PICs without 
such industries. 

Advances and Trends in 
Transportation 

• Ocean refrigerated container (“reefer”) freight is playing an 
increasingly larger role in the transportation of longline-caught tuna. 

• With refrigerated ocean freight becoming a more crucial link in 
several aspects of tuna fisheries, future development will require 
governments to pay attention to improving port services and 
equipment to meet the needs of the fishing industry. 

• Several factors work against significant improvements in the air 
freight situation for cargo from the Pacific islands destined for 
overseas markets, and the situation is unlikely to see significant 
improvements. 

• For domestic-based longline development, the concept of minimal 
shore-based investment based on a scenario of “a fish in a box” 
seeking airline links to export markets is a high risk undertaking.  

Recent Changes in the 
Corporate Landscape 

• Merger and acquisition activity in the tuna industry over the past five 
years has consolidated the industry while at the same time 
broadened companies’ overall industrial, production, and marketing 
bases. 

• Processing and marketing activities in PICs that are directly 
connected to global corporate activity must increasingly fit into the 
overall business strategies of the large companies driving the 
industry worldwide 

New Tuna Products and 
Marketing 

• Some major US and European brands are marketing products that 
will change the thrust from marketing affordable and convenient 
protein in the form of canned tuna to value-added pouch and other 
products utilizing tuna as a main ingredient.  
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• The major producers of branded canned tuna in the US market 
recognize that adding value to processed tuna for the retail market 
is one way to counter the forces of stagnation and low value that 
adversely affect profits.  

 
• ULT frozen tuna can be provided into the US at almost the same 

wholesale price as CO treated, but is currently constrained by the 
lack of an extensive cold chain. 

• Processing of ULT fish requires economy of scale in order to make 
ULT container shipping of products practical. Ports with relatively 
large quantities of raw material available for processing are thus the 
ones most likely to take advantage of this potential opportunity. 

• The US market for frozen yellowfin steaks and loins, both CO 
treated and untreated, is small but growing. 

• The use of eco-labeling, both third-party and self-certified, by major 
producers of canned tuna for mass markets is increasing. 

• The fresh/frozen segment of the industry has lagged behind shelf-
stable forms, perhaps because products carry no labels and thus 
consumer comparison shopping is difficult. 

• The main opportunity associated with the EU market for PIC tuna 
exporters of fresh/frozen tuna appears to be as an alternative to 
Japan/USA markets, allowing exporters to take advantage of 
temporary or seasonal high prices. Current market entry is strongly 
assisted by product eco-labeling. 

• Niche market products utilizing tuna are being produced by food 
processors in developed countries that have access to raw material 
from other processing activities and are close to end markets. 

• Traceability has become an important aspect of seafood trade in 
recent years and has become a major marketing tool in shelf stable 
as well as fresh/frozen products. 

• PICs need to acquire an understanding of trade regimes to better 
evaluate development options and facilitate participation in the 
global tuna industry.   

Tuna Ranching and Tuna 
Aquaculture 

• Tuna ranching and attempts at tuna aquaculture target bluefin tuna. 
• Current locations for tuna ranching in the Pacific all possess certain 

attributes that in total contribute to their suitability for tuna ranching. 
PICs do not possess all those attributes. 

• The likelihood of significantly enhancing tuna production from the 
ranching or aquaculture of tropical tuna in the PICs is very low. 

• Research and development in tuna ranching and closed-cycle 
aquaculture of tunas will continue through independent initiatives 
and research grants.  

• Participation by PICs in projects funded and supported by others 
could provide some employment and technical training in marine 
culture techniques. But PICs should weigh involvement in profit-
based tuna ranching and aquaculture ventures with caution while 
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continuing to monitor and objectively assess the potential of the 
sector as technology advances.  

Open Ocean Fertilization 
and Artificial Upwelling 

• The potential consequences of open ocean fertilization are a subject 
of debate within the scientific community, and the consequences of 
large-scale open ocean fertilization are unknown at this time.  

• Researchers have indicated interest in conducting additional 
experiments, but on modest scales to reduce the potential for 
negative ecological impacts. 

• The potential benefits of these technologies could be highly 
significant, as could the unforeseen and unintended negative 
impacts to the pelagic ecosystem.  

• Direct involvement in these technologies by the PICs is not advised 
until their value and ecological consequences are determined. 

Changes to Crewing 
Opportunities 

• In 2010 it was estimated there were about 5,800 jobs for non-PIC 
flag deck crew on distant water fishing vessels operating in the PIC 
region. 

• The existence of jobs does not necessarily equate to opportunities 
for Pacific islanders. 

• The number of jobs on longliners and pole-and-line vessels has 
gone down, consistent with fewer vessel numbers. The number of 
jobs on purse seine vessels has increased.  

• Past experience in placing Pacific islanders as crew on all gear 
types has demonstrated the extreme difficulty of competing with a 
very large pool of potential crew from low wage countries.  

• Those purse seine vessels that habitually return to a PIC port are 
much more likely to hire and retain PIC crew. 

Consideration of Climate 
Effects on Tuna 
Fisheries 

• PICs need to keep in mind that the effects of climate change are not 
expected to negatively impact tuna catch in the medium term, i.e. 
within the next 30 to 40 years. 

• The projected warming of the tropical Pacific could result in potential 
changes in spawning location, timing and recruitment success, with 
early life stages being more vulnerable than adults. 

• A second potential impact is that of distribution of the main tuna 
species outside the spawning season, with eastward movement 
likely. 

• Should these changes eventuate to the degree forecast, a projected 
eastward movement of purse seine fishing grounds would favor 
larger vessels with greater at sea autonomy and an ability to operate 
in remote areas with little or no support. 

• Eastward shifts would disadvantage smaller longliners and could 
result on a greater reliance on ULT freezing of the catch, with 
resultant transport and marketing changes. 

Attracting and 
Assessing Investment in 
PIC Tuna Fisheries 

• It is well understood that when compared to other regions such as 
SE Asia, investment and building a profitable company in the PIC 
tuna industry is comparatively expensive due to the physical and 
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economic isolation that hinders efficient logistics and the lack of 
economies of scale.  

• It should be understood that the tuna business has become a global 
industry. It has changed considerably in the last decade and 
continues to do so. Developing the tuna industry for the benefit of 
Pacific islanders requires a good understanding of the industry, and 
consideration of what is required to enable engaging and competing 
at the global level. 

• Investment in commercial tuna industries can incur costs to the host 
country in the form of forgone vessel license fees, import duties, 
taxes and other public revenues. Whether private investors would 
or would not invest without concessions provided by government is 
a separate question from that of determining the cost-benefit of the 
policy trade-off involved.  

• Circumstances vary on a case by case basis, but a cost-benefit 
assessment is important to undertake so as to learn whether the 
policy of promoting onshore investment is yielding a net gain or net 
loss to public revenue and to the economy over the long term. Such 
an assessment will also help governments consider alternate 
concessions, incentives and other means to maximizing economic 
gain from their tuna industries. 

• PICs should seek to quantify what is already being achieved, at 
what cost and with what return. They also need to be clear on who 
is, or is not gaining from the activities. Once these are understood, 
alternative investment models can then be assessed. Similarly, the 
assessment can help evaluate requests for additional concessions 
from existing enterprises. 

• There are several options from which to choose in overcoming the 
inherent costs in investment in the PIC tuna industry. An analysis of 
the political economy is important to undertake to enable 
identification of the relevant stakeholders for each option and in 
helping PICs choose the best option for a given situation.  

Some Challenges for the 
Future in Developing the   
PIC Tuna Industry 

• The main driver behind overcapacity in the purse seine fishery is the 
enhanced profitability potential provided by newer vessels equipped 
with the latest technologies. Limiting vessel numbers alone has 
been shown to be ineffective. The effort-based system of the PNA 
VDS has had better success, but is not the best method to account 
for technological advances to date and those that can be expected 
in the future. A move towards an eventual system based on catch 
quotas is appropriate and should be carefully evaluated.   

• Taking advantage of the increased use of ULT freezing in the 
longline fishery will require onshore support facilities different from 
those in the fresh tuna longline fishery. Shore based processing will 
be required in order to capture greater value from ULT. 

• There are limited PIC entrepreneurial opportunities for the 
marketing of PIC tuna and tuna products overseas. Marketing has 
usually been provided by foreign companies with extensive 
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resources, knowledge of the international trade environment, a 
global reach, and access to markets. If PIC entrepreneurs do 
attempt to market their own products on a scale larger than that of 
today, it will most likely be undertaken by the food processing 
industry and require investment recognizing a long time horizon 
needed to bring positive results.  

• PIC governments should assist efforts to brand fresh/frozen tuna by 
individual PICs with a visible and specific geographic component as 
a means of differentiating their products and obtaining a premium 
price.  

• Trade preferences that the PICs have enjoyed are already being 
eroded by the granting of similar preferences to competitor nations. 

• The difficulty and expense of meeting the EU’s requirements and 
the lack of attraction of the US market suggests strongly that 
alternative markets should be sought for the region’s canned tuna 
and loin output. The PICs concerned should actively participate in 
securing these alternative markets, using trade negotiations and 
political advantage wherever possible. 
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INTRODUCTION 

Background to the Study 
Several studies in recent years have demonstrated the economic advantage to Pacific island 
countries of developing onshore tuna processing as a means of capturing value from the Western 
and Central Pacific Ocean tuna fishery. The catching and processing sectors have been and 
continue to undergo substantial changes driven by technological advances in fishing and markets 
for new products that seek to lessen reliance on more traditional products from the region such 
as canned tuna and frozen, cooked loins.  
New commercial opportunities may emerge as a result of changing market demand related to 
sustainability concerns, innovations in fish processing and marketing, and transportation. 
Assessing the benefits for that might be available for PICs must begin with an analysis of these 
trends and how the likely changes in the industry could create and/or affect fisheries development 
in the region.  
Study Objectives 
The objectives of the study are to: 

• Identify and analyze the impacts of emerging technologies and trends on tuna industry 
development opportunities in Pacific island countries; 

• Examine trends and opportunities that may be created in spin off and support activities 
• Provide an assessment of the feasibility of untested technologies that have been promoted 

to Pacific Island Governments such as tuna aquaculture and open ocean fertilization 
• Provide selected member countries with an updated analysis of competitive fisheries 

investment opportunities and assessments of the political economy of the countries 
concerned and how attitudes and practices can help or hinder investment and subsequent 
development.   

Scope 
The subjects addressed in the report are primarily those related to fishing and processing in the 
Western and Central Pacific Ocean. Coverage is primarily of purse seine and longline tuna 
fisheries with some reference to pole and line activities.  
Methodology 
Research for the study was undertaken partly as a desk study as well as travel to five Pacific 
island countries to conduct interviews of industry participants and government officials. Numerous 
past studies and reports were reviewed prior and subsequent to travel undertaken. Visits to five 
Pacific island countries, Solomon Islands, Papua New Guinea, Marshall Islands, Fiji, and Samoa 
were undertaken during the period January 8 to February 28, 2015.  
Travel was also undertaken to Qingdao, China in November, 2014 to attend the China Seafood 
and Fishery Expo to interview industry participants and gather information on current tuna-related 
products and markets.  
Organization of the Report 
The report is organized in two general parts The first part contains five sections: (1) recent 
advances in fishing technology and catch handling, (2) advances and trends in freezing, cold 
storage, tuna processing and transportation, (3) evolving companies, changing markets and new 
tuna products, (4) feasibility of increasing tropical tuna production and quality through ranching 
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and other methods, (5) changes to crewing opportunities and consideration of climate effects on 
tuna fisheries. A final section in Part 2 provides concluding remarks. 
Part 2 (which is confidential to each of the four member countries) consists of four case studies: 
Papua New Guinea, Marshall Islands, Fiji, and Samoa. Each of the case studies reviews the 
current status of tuna fisheries management arrangements, government investment policy and 
investment incentives in place, a review of current tuna fisheries investments, activities and trends 
in the tuna industry sector, marketing arrangements, employment, physical resources, and 
emerging and future business opportunities linked to tuna fisheries development.   
Limitations of the study 
The contents of the paper are, in the main, descriptive. Technical information, observation of 
trends and identification of opportunities have been gleaned from interviews of industry 
participants and government officials, the authors’ personal experience, research, and 
observation of current practices. As such the contents are not rooted in data or statistics produced 
for the WCPO tuna fishery, with the exceptions of general fishery descriptive data and trade 
statistics that appear in the public domain.  
The development opportunities identified or suggested in the report are meant as a guide only, 
given the current state of technology use and conditions in the WCPO tuna fishery. Much further 
in-depth analysis is required to validate these opportunities for a given situation and time frame.  
Terminology Used in the Report 
The term PIC(s) is used in the report to refer to the Pacific island countries that are members of 
the Pacific Islands Forum Fisheries Agency. Currency amounts in the report are expressed in US 
dollars unless otherwise specified, and fish quantities expressed in tons are metric tons. All 
references to temperature are Celsius. 
Intended Audience 
The intended audience for this report is FFA and its member countries.  
Acknowledgements 
The authors thank the many industry representatives and government officials who took the time 
to meet with the authors and share their thoughts and knowledge of the current fisheries 
development situation in their respective countries and companies.  
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1  RECENT ADVANCES IN FISHING TECHNOLOGY AND CATCH HANDLING 

   1.1 PURSE SEINE 

A record number of 297 tuna purse seine vessels operated in the Western and Central Pacific – 
Convention Area (WCPFC – CA) in 2013 landing an all time record catch that included the highest 
skipjack and bigeye landings ever recorded (Williams and Terawasi 2014). The Western and 
Central Pacific Fisheries Commission (WCPFC) actually documented 1503 tuna purse seine 
vessels active in the region, which included over 1000 smaller vessels from the Japanese coastal 
purse seine fleet and the Indonesian, Philippine and Vietnamese domestic purse seine and 
ringnet fisheries (WCPFC 2014).  
The major distant water fishing nations (DWFN) of Japan, Korea, Taiwan and the USA accounted 
for 142 vessels and a large proportion of the catch but the combined Pacific-Islands fleet has 
been the highest producer in the fishery since 2003. The combined Pacific-islands purse seine 
fleet reached a record 95 vessels in 2013, consisting of vessels fishing under the FSM 
Arrangement, bilateral arrangements and domestic vessels. This sector consisted of vessels from 
the Federated States of Micronesia (FSM; 10 vessels), Kiribati (12 vessels), Marshall Islands (10 
vessels), Papua New Guinea (51 vessels including their chartered vessels), Solomon Islands (5 
vessels), Tuvalu (1 vessel) and Vanuatu (6 vessels). Additional participation included vessels 
flagged to the Philippines, Ecuador, Spain, New Zealand and El Salvador. Figure 1 indicates the 
historical level of DWFN and combined Pacific Islands participation in the fishery since 1972.  
 

Figure 1  Number of Purse Seine Vessels Operating in the WCP-CA  

 
 Williams and Terawasi, 2014 
 
 
The total provisional purse seine catch estimate for 2013 of 1.898,090 mt was the highest on 
record, exceeding the 2012 record by more than 60,000 mt. This record catch was driven by the 
highest skipjack catch on record (1,455,786 mt; 77% of total catch) a high yellowfin catch (355,960 
mt; 10% of catch) and a record bigeye catch (82,151 mt; 4% of total catch). Figure 2 indicates the 
trend in WCPFC-CA purse seine catch since 1950 (Williams and Terawasi 2014). 
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Figure 2  Purse Seine Catch (mt) of Bigeye, Skipjack and Yellowfin and Estimated 
Fishing Effort (days fishing and searching) in the WCP–CA 

 
        Williams and Terawasi, 2014 
 
The purse seine fleets operating in the WCPO exploit mixed aggregations of skipjack, yellowfin 
and bigeye tuna, typically on schools found in association with floating objects such as natural 
floating debris or purpose-built fish aggregation devices (FADs); either anchored or free drifting. 
For the purposes of this report, anchored FADs and free drifting FADs will be referred to as aFADs 
and dFADs respectively. Unassociated schools of skipjack and yellowfin tuna are targeted when 
available and often referred to as free schools. There are other school association types that 
make up a small percentage of total catch but most can be categorized within the associated or 
unassociated type.  
WCPO purse seine fleets vary widely by vessel type, the level of fishing technology employed, 
harvesting strategy, onboard handling and destination markets and products. Economically driven 
interest to improve catch rates of large skipjack and yellowfin on free schools fueled fishing 
technology advances based on the adoption of larger, deeper nets necessary for daytime capture 
of free schools in the warm, clear waters of the WCPO. Larger nets required more powerful purse 
winches, hauling machinery while larger catches in waters where SST is often >29° required faster 
loading gear, higher capacity brine freezing and handling to avoid spoilage.  
The subsequent adoption of FAD technology and advances in remote sensing revolutionized 
tropical tuna purse seine fisheries globally have been widely adopted as a means to increase 
annual vessel production through a significant reduction in “no set” and “zero catch” days. 
Anchored and drifting FADs have allowed purse seine fleets to define the geographic extent and 
seasonality of their fishing grounds, and have in some cases expanded fishing grounds to areas 
that were formerly unexploited or basically unexploitable without dFADs. Increases in efficiency 
in the use and production from dFADs have occurred at a steady rate in step with improvements 
in GPS buoy technology and in conjunction with accumulated experience of fishing masters. 
Recent advances and future trends in fishing technology for purse seine and longline fleets in the 
WCPO and other global fisheries are described below. In some cases, older technology is 
described that could benefit less developed fleets. 
 
 
1.1.1  Purse Seine: Searching and School Location  
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Marine electronics 
Increases in CPUE (mt landed/fishing day) have been driven by the adoption of drifting FADs in 
all major tropical purse seine fisheries in step with improvements in the electronic buoys used to 
identify and relocate dFADs. A handful of companies market these devices with comparable 
features that allow polling for GPS position, indicator light activation for pre-dawn location of 
dFADs, solar panel charged batteries, low visibility and reporting of current speed and sea surface 
temperature.  
The efficiency of drifting FADs marked with GPS buoys has contributed to high use in global purse 
seine fisheries with some vessels known to have access to hundreds of buoys per trip. The high 
degree of sharing and appropriation of dFADs within the industry contribute to difficulties in 
estimating total numbers. One study estimated as many as 105,000 drifting FADs are deployed 
globally each year with over 70% used in the Pacific Ocean with the remaining FADs deployed in 
the eastern Atlantic and western Indian Ocean fisheries1. Estimates of annual deployments of 
dFADs in the WCPO range from around 30,000 to 44,000 or more.  
Efforts by the Parties to the Nauru Agreement (PNA) to implement FAD tracking through dual 
access to GPS data should provide more accurate estimates of FAD usage within zones where 
the system can be implemented. Even greater efficiency has been demonstrated for GPS buoys 
equipped with echo sounder or sonar-like features that transmit a visual estimate of biomass and 
depth of tuna and other finfish species aggregated beneath the buoy and associated dFAD. 
Echo sounder GPS buoys have proved to be the most significant improvement to dFAD and purse 
seine technology in recent years, in combination with accumulating experience of fishing masters 
in interpreting the transmitted images. Initially, biomass estimates from GPS echo sounder buoys 
were highly unreliable and were seldom used for trip planning or to investigate distant FADs. The 
remote estimation of biomass has improved significantly in the last few years and operators are 
now improving their ability to remotely discriminate fish species and size, or more often, the 
relative amount of salable tuna (all species) available at a FAD.  
Captains prefer to have a large number of dFADs to choose from in order to have many choices 
within a short distance to increase the chance of a large set every morning. Generally speaking, 
only one pre-dawn FAD set is made per day in the WCPO and having a choice of dFADs to 
investigate before dawn can be a great advantage. FAD sets in the WCPO generally occur 
between 0400 and dawn. Through trial and error, fishing masters have become skilled at 
interpreting their echo sounder buoys through a relative comparison of biomass signals from 
different FADs and then setting on the aggregations to verify accuracy and adjust future 
estimates.  
The use of echo sounder buoys on dFADs has promoted the expansion of purse seine fishing 
grounds due to increased willingness of fishermen to investigate encouraging biomass estimates 
from dFADs that have drifted beyond traditional fishing areas2. Recent improvements to echo 
sounder buoys have added a second or third detection frequency to the units, which offers the 
potential to improve species and size discrimination of FAD associated tuna and implement 
bycatch avoidance strategies. Echo sounder buoys are proving to be the most important emerging 
technology on purse seine vessels due to their influence in determining trip strategy, area of 
operation and filling rates. The fact that advanced fleets are increasing the numbers of echo 
sounder buoys vs. regular buoys they deploy provides empirical evidence as to their value to the 
industry3.  

1 Baske et al. (2012) 
2 Moron (2001) 
3 Lopez (2014) 
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Currently, there are four major manufacturers of GPS echo sounder buoys in common use in the 
tropical tuna purse seine fishery: Satlink4, Marine Instruments5 Thalos6 and Zunibal7 (Figure 3). 
Recent models of echo sounder buoys integrate data over multiple frequencies ranging from 38 
to 200 kHz. Multi-frequency echo sounder buoys are new to the market, first appearing in 2013 
and offer the possibility of improved species and size data. The acceptance of echo sounder 
buoys as a viable means to improve catch has spurred competition, new model development and 
innovation in this sector. However, experience gained through trial and error by fish captains has 
played a major role in their acceptance by the industry while the technology competes to provide 
improved species and size discrimination. 
 

      Figure 3  Echo Sounder GPS Buoys Designed for Drifting FADs 

 
 
 
The acoustic interpretation of size of fish and species is being developed by acousticians using 
scientific grade multi-frequency echo sounders. The method is based on obtaining species-
specific target strength measurements and filters to discriminate by species and size. Recent 
work indicates that skipjack are well defined by high frequency echograms and are known to be 
relatively easy to discriminate from yellowfin and bigeye tuna due to their lack of a swim bladder. 
Bigeye tuna respond better at lower frequency transmissions8.  
The discrimination of yellowfin from bigeye tuna is more difficult as both species have a swim 
bladder. The swim bladder of bigeye tuna occupies the entire body cavity while the developed 
swim bladder of a yellowfin tuna is less than half the volume of similar sized bigeye but is poorly 
developed in both species at sizes below about 40 cm fork length. This can make discrimination 
of small fish very difficult and also lead to confusion between a medium-sized bigeye and a larger 
yellowfin that share a common swim bladder volume.  
However, using a range of inputs that include information from echo sounders, sonar, depth 
distributions by time of day, area fished, visual observations of surface schools, intelligence from 
nearby vessels and recent catch history; fishermen can make good estimates of tuna species 
composition on FADs9. Due to the large and well developed swim bladder of a bigeye tuna, mono-
specific schools of bigeye tuna that are more common in the central and eastern Pacific will show 
up as dense, dark red echograms and bright yellow sonar targets on commercial grade echo 
sounder and sonar units.  
It appears that the discrimination of bigeye tuna using acoustic equipment may be at least partially 
dependent on their relative abundance in the aggregation. Fuller and Schaefer (2014) evaluated 

4 www.satcomms.com.au/files/equipment/51_Satlink%20ELB3010%20buoy.pdf 
5www.isifish.fr/en/buoys-instrumentation/buoys-instrumentationmarineinstruments/tuna-purse-
seining/m3i-buoy/ 
6 worldmaritimenews.com/archives/78175/france-orolia-to-supply-tuna-fad-tracking-buoys-for-thalos/ 
7 www.zunibal.com/en/ 
8 G. Moreno, pers. comm.. 
9 Schaefer and Fuller (2007) 
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an experienced purse seine captain’s ability to predict the species and size composition of tuna 
on drifting FADs in the eastern Pacific Ocean. Prediction success was high for identifying skipjack 
vs yellowfin/bigeye combined but was low when predicting bigeye alone. The accurate prediction 
of bigeye tuna composition on FADs in the far western Pacific Ocean where bigeye normally make 
up less than 5% of total FAD catch may be similarly difficult. Prediction success in the eastern 
region of the WCPO may be higher where bigeye tuna are more abundant in FAD associations. 
It should be noted that these observations and studies have been made in regulatory 
environments that do not specifically debit for bigeye catch or reward for bigeye avoidance. It is 
likely that fishermen would improve their ability to discriminate bigeye in mixed species 
aggregations if economic incentives were established, still noting the difficulty when the relative 
abundance of bigeye is low. 
A significant improvement to echo sounder technology is the recent development of the SIMRAD 
EK80 broad-band echo sounder10. The multi-frequency ability of the unit will greatly improve the 
ability to discriminate tuna species and fish size, which could improve targeting and bycatch 
avoidance.  
Another electronic improvement in fleet efficiency results from increased levels of secure 
communications. Reduced or stable rates for satellite phone and Internet services and improving 
technology continue to increase fleet efficiency and annual production. 
Remote sensing 
Most large-scale tuna purse seine vessels subscribe to services that provide satellite derived, 
modeled or measured information on weather, currents, sea surface temperature, sub-surface 
temperature, salinity, thermocline, sub-surface currents, sea surface height and productivity from 
estimates of chlorophyll-a concentrations.  This information is extremely useful to deploy dFADs 
in areas where they will drift through and toward productive areas while also remaining accessible 
to the vessel. Productive school fish areas can also be forecast by the dispersal of plankton and 
forage as estimated from the location of chlorophyll-a concentrations.  
School fishing in the WCPO is almost entirely dependent on the periodic appearance of large 
schools of forage fish that bring tuna to the surface in actively feeding or “foaming” schools that 
can be successfully set on by purse seine vessels. The most common baitfish in the WCPO is 
the ocean anchovy (Encrasicholina punctifer) that is a keystone species in a relatively short food 
chain from plankton, copepods, anchovy to tuna (Lehodey et al. 1998). Predicting where these 
baitfish concentrations will develop can impart a significant advantage to purse seine fishermen 
and has become increasingly important during regulatory FAD closure periods. Remote sensing 
companies provide predictions on productive fishing areas supported by technicians who visit and 
work interactively with clients for training in the interpretation of the data and information 
provided11.  
Another aspect of remote sensing is the potential use of high-resolution satellite imagery. Vessel 
type and individual vessel identification is now theoretically possible from satellite imagery in 
conjunction with a database of individual vessel features (layout, colors, helicopter presence, 
etc.). At the very least, locating concentrations of purse seine vessels could indicate productive 
areas and concentrations of free schools of tuna 12. 
 

10www.simrad.com/www/01/NOKBG0240.nsf/AllWeb/941F9CBFD32D266EC1257C220047E755?OpenD
ocument 
11 www.catsat.com/ 
12 www.digitalglobe.com/ 
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FADs 
Drifting FADs have converged during the short evolution of the fishery to a similar basic design 
consisting of a low profile float or raft with sinking material suspended from the float at varying 
depths of about five to 50+ m. Surplus netting material has often been used underneath dFADs 
but non-meshed materials are being substituted to avoid entanglement issues with marine turtles, 
sharks and other non-target species.  
Chum buckets or barrels filled with heavy fish oil have been attached to dFADs to enhance their 
aggregation of baitfish and tuna but are no longer common. Drifting FADs with integrated 
underwater lighting systems are a recent development and may become more common if they 
improve catch rates. There are many possibilities for enhancing aggregation that may also be 
trialed, such as flashing light, colored lights and broadcasting underwater sounds at different 
frequencies. FADs designed to bring nutrient rich deep sea water to the surface could serve to 
artificially enrich surface waters, attracting plankton and forage for tuna. Another possibility is to 
design sub-surface FADs that surface when polled electronically by the owner, which would 
reduce detection and theft. It is likely that FAD numbers may decrease under future management 
systems which will increase the value of each FAD and incentivize the industry to increase the 
efficiency of each unit while trying to make them less detectable to other vessels. 
 
School searching 
Searching for surface schools and drifting objects that may have associated tuna schools is still 
conducted visually by crewmen using binoculars ranging in power from 7 to 25 and by helicopter 
and fixed wing aircraft. Large tuna concentrations are often marked by feeding seabirds and bird 
detecting X band radar has been available to fishery for over 25 years. The ship-based helicopters 
are very useful but are expensive and potentially dangerous to crew. Many vessels stopped using 
a helicopter when bird radar became commercially available. However, spotters in a helicopter 
are very useful for detecting free schools and drifting FADs belonging to other vessels. Drifting 
FADs and logs will often have tuna schools “breezing” or close to the surface that are not feeding 
and have no birds that could be detected by radar. Visual searching is still important in the fishery 
that depends to a significant degree on finding and fishing on dFADs belonging to other vessels 
that are located during normal searching operations. 
Unmanned aerial vehicles (UAV) or “drones” have a potential to fill this role at a lower cost and 
risk factor compared to helicopter use. Drones are extremely stable, can carry camera and 
transmitting video gear and could eventually be fitted with recognition software to search out 
drifting objects or tuna schools breezing on the sea surface. High definition, cameras specific for 
drone are being developed that will further enhance their utility. Their range is currently limited to 
line of sight but could be useful to quickly investigate the activity of nearby vessels (set size, 
identity, activity). Researchers in the US have received funding to design, conduct and analyze 
UAV surveys of Atlantic bluefin tuna using a specially designed, waterproof drone13. 
 
1.1.2 Purse Seine: Harvesting and Loading Technology 

Large-scale changes or innovative advancements in purse seine harvesting technology have not 
been noted in recent years with gradual improvements being made throughout the fishing cycle 
of location/catching/loading/conserving/unloading. The range of technology used on purse seine 
vessels in the WCPO varies widely, from smaller Philippine vessels in the anchored FAD-based 

13 National Fisherman, March 2015 
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PNG fishery to much newer, larger and more sophisticated DWFN vessels operating throughout 
the region.  
Significant improvements in technology by many fleets can be realized by adopting gear and 
techniques that are currently in use by the more advanced vessels engaged in tropical tuna purse 
seine fisheries worldwide. The following notes describe new developments and currently utilized 
gear or technology that could be adopted by less sophisticated fleets where practical or 
incorporated into new vessel construction.  
 
Purse seine nets and school fishing 
Purse seine net dimensions in the EPO and WCPO do not appear to have changed significantly 
in recent years, other than a tendency toward gradual deepening of nets by some vessels. 
Information from the EPO indicates that the most common depth net for vessels that made 50 
percent or more FAD sets has not changed from 2004-2008 figures (Hall and Roman 2013), 
remaining near 180 m with some deeper nets recorded in the 2010-2014 period (IATTC 
unpublished data).  
The average net length as reported by WCPFC observers in the WCPO has remained stable in 
the 2010 – 2014 period with the most common length reported at 1600m. In contrast, net depth 
in the WCPO appears to be slowly increasing with the most common depth recorded at 300-349 
m14. This trend of static net length and increasing net depth agrees with industry sources 
consulted. The increase in average net depth could also be indicative of new entrants to the 
fishery in recent years that utilize deep purse seines. 
Thermocline depth along the Equator increases from east to west across the Pacific, a 
phenomenon well known since the beginning of the fishery when shallow nets from the Eastern 
Pacific proved ineffective in western Pacific waters15. Thermocline depth will shallow in the west 
and deepen in the east in response to strong ENSO events, typically increasing productivity of 
school fishing in the WCPO. Having a net that is “deep enough” to work effectively under a variety 
of conditions can provide a vessel greater flexibility to prospect and move between fishing 
grounds. 
Sources on the Japanese purse seine fishery have reported the adoption of large mesh sizes 
(300-360mm with 450mm near the chainline) by Japanese purse seiners in the construction of 
WCPO tuna purse seines. Japanese purse seines are constructed of knotless webbing with 
improved sinking and pursing characteristics due to reduced water drag when compared to 
knotted webbing. Researchers have found that FAD sets using the larger mesh landed fewer 
skipjack and bigeye in the 30-40cm range than traditional nets fished in the same area and on 
FADs16.  
The trend towards large, thin webbing in net construction has been adopted by many fleets to 
improve fishing characteristics on school fish. The large, thin meshes sink faster when 
surrounding a moving school and allow water to pass through easier thus reducing pursing time 
with improved catch rates. Another benefit is that larger meshes, thin twine and knotless 
construction occupy less space allowing large nets to be stored on vessels with limited deck 
space. Improving success rates on school fish sets has become very important in the WCPO 
during FAD closure periods. 

14 SPC/WCPFC unpublished data 
15 Felando (1987) 
16 Oshima, unpublished data 
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The importance of net design is often overlooked in discussions on gear technology and 
efficiency. It is likely that incremental improvements in net features and design have contributed 
to effort creep while going largely unnoticed outside the industry. Fleet managers and captains 
noted improved net designs in recent years that incorporate higher hanging ratios and slack in 
the main body of the net. This was stated to quickly form a deeper bowl-like configuration in the 
early stages of pursing that partially traps school fish at the early stages of pursing. Improvements 
like this to the gear can improve success rates on school sets for captains who are only 
experienced with FAD fishing. In this way, net design can partially deal with the problem that many 
fleets face with the majority of their captains experienced in FAD fishing but relatively 
inexperienced in setting on free schools. A common option to deal with this issue has been to 
employ older captains experienced with school fishing or fishing masters from other fleets that 
engage in a higher percentage of free school sets during the FAD closure periods.  
 
Setting and fishing operation 
Some purse seiners have in recent years been built with a small raised wheelhouse located on 
the port side at the rear of the helicopter deck (Figure 4). This control room contains electronics 
or repeater screens to allow the fishing master to set the net from a convenient location (not inside 
the bridge or from the crow’s nest) that offers a clear view of the entire port side, skiff, purse 
winch, davit and cables during a set. Setting the boat from this room provides better visibility and 
control over the operation than is possible from the bridge.  
 

                                Figure 4  Control Room for Setting Operations  
                                                Located at the Rear of the Helicopter Deck 

   
      Photo: Marshall Islands Observer Program 

 
Net hauling and catch loading 
Japanese purse seiners are often equipped with hydraulically powered, rubber coated roller rails 
on the working deck that greatly speed up the process of drying or “sacking up” the net prior to 
brailing (Figure 5). This device saves time at a critical stage of the fishing process when the catch 
has been confined next to the vessel and begins to expire from lack of movement and oxygen. 
Crushing of catch at the bottom of the sack can also be a problem in large sets. Any savings in 
time from this point onwards will result in higher fish quality and allow larger set sizes. The large 
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EU purse seiners also use rubberized rail rollers though few if any other fleets in the WCPO have 
adopted this feature (Figure 6). 

Figure 5  Japanese Group Seiner Using  
       Rubberized Rail Rollers to Speed Net Drying Process  

 
                                          Photo: D. Itano 
 
 

       Figure 6  Hydraulically Driven Rail Roller Used  
For Drying the Net  

 
                                       Photo: Q. Bates 
 
 
In contrast, most modern tuna purse seiners quickly adopted the European style of brailing catch 
about 20 years ago. This style of brailing does not require the net skiff to support one side of the 
sack, using instead a heavy brailing boom to suspend the corks and weight of the fish in the sack. 
The process allows faster sacking up (no delay time in tying corks to the skiff) and much faster 
brailing that uses the weight of the brail itself to sink into the sack and tuna. Brail sizes have 
increased with time up to about 8 mt/brail used by some vessels. No significant changes in brailing 
methodology or gear improvements have been noted in recent years.  
Many temperate water fisheries have adopted vacuum pumps to move catch from the water to 
fish holds. Trawl fisheries have developed systems to empty huge midwater trawls. Squid and 
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wetfish vessels use vacuum pump systems to load large hauls of non-tuna purse seine catch. 
These systems are also used for the live transfer of fish in aquaculture operations17. Adapting 
these systems to load tuna presents many challenges due to the large mix of fish sizes and hard 
fins, but could develop in the future.  
Tropical tunas need to be loaded as quickly as possible due to the very warm water and potential 
for spoilage or elevated histamine levels. Pumping refrigerated water out the port side into the 
sack could help to improve quality and extend brailing times. 
Japanese group seiners that sack up against a larger carrier vessel have for decades used a 
brailer made of a large panel of heavy mesh to scoop live tuna out of the large sack made possible 
between the catcher and group carrier vessel. A more recent development has been the use of 
the same style of brailer on Japanese single seiners, called a “live brailer” used to scoop live tuna 
at the beginning of brailing (Figure 7). Live tuna are selected from the brailer for a higher-grade 
product conserved in ultra low temperature (ULT) dry freezer holds at -35° – 40°. Large skipjack 
and yellowfin tuna greater than 10kgs are preferred. WCPFC observer forms now accommodate 
the recording of fish landed with the live brailer and stored separately from brine frozen product. 
 

Figure 7  Live Brailer Used to Scoop Live Skipjack 

 
                                Photo: Papua New Guinea NFA Observer Program 
 
Once brailed onboard, the brailer is emptied into a deck hopper for sorting or released directly 
into the large deck hatch that connects to storage holds.  
The EU vessels use conveyor belts to load to the wells that can be reversed to assist the 
unloading process. More sophisticated setups have a primary belt for catch loading and another 
conveyor belt directly above to quickly remove bycatch species that can be routed overboard 
through a side hatch. This system is much more efficient in loading and unloading than the older 
system that uses gravity to pass fish and brine from the upper deck level to fish well. Moving the 

17 www.miprcorp.com/fishpump.html 
www.transvac.com/ 
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fish all the way to the forward hatches in a gravity system can require manual pushing if the vessel 
is not properly ballasted.  
 
FAD bycatch mitigation 
Impacts to non-target species in tuna purse seine fisheries are considered to be relatively low in 
comparison to other fisheries, e.g. trawl, gillnet and longline. However, the magnitude of the 
fishery encourages the reduction of bycatch and discards (wastage) from the fishery in any way 
possible. Though dated, Bailey et al (1996) provides a useful compilation of information on 
bycatch and discards in WCPO fisheries by species and gear type. 
Seabird bycatch is extremely low in the tropical purse seine fishery and no organized mitigation 
efforts are deemed necessary. Sea turtle interaction rates are also low in the WCPO with the 
majority of turtles entangled with the purse seine during net hauling are released alive. 
Entanglements with sub-surface structure of drifting FADs cause mortalities but have been 
mitigated by the use of non-entangling FAD designs18. This approach has also been promoted to 
reduce entanglement issues with sharks and finfish that aggregate to FADs.  
Purse seine effort on drifting objects, either natural logs or FADs are known to have higher bycatch 
ratios than for free school sets and include a diverse mix of species. FAD associated bycatch can 
include billfish (marlins, spearfish, sailfish), oceanic sharks, tuna-like species (Euthynnus spp., 
Auxis spp.) and miscellaneous finfish (ocean triggerfish, rainbow runner, wahoo, dolphinfish, etc). 
Two species of pelagic sharks are at greatest risk from the tropical purse seine fishery; silky shark 
(Carcharhinus falciformis) and the oceanic white tip shark (C. longimanus). 
FADs are also known to aggregate juvenile tunas and can contribute to stock depletion in some 
instances, such as for bigeye tuna in the Pacific. The International Seafood Sustainability 
Foundation19 has focused attention on the mitigation of non-tuna bycatch and small tuna issues 
on FADs through research efforts organized and implemented by their Bycatch Steering 
Committee20. Mitigation efforts concentrate on avoiding or releasing bycatch and undesirably 
small tuna before setting (acoustic discrimination with echo sounder and sonar), after 
encirclement (releasing live from the net) or during catch loading (releasing from the deck).  
Avoidance of bycatch and undesirably small tuna and finfish bycatch relies on advancements in 
the field of underwater acoustics. The objective is to define target strength measurements and 
filters to be able to identify tuna species and sizes with echo sounders and eventually echo 
sounder buoys that are used to mark and locate drifting FADs. Prior knowledge of species and 
sizes on FADs can be used to avoid bycatch, bigeye and very small tuna. 
Releasing bycatch or undesirably small tuna after encirclement but before loading is considered 
the next best approach. Sorting grids and escape panels in the net have been trialed but with 
limited success to date (Itano et al. 2012). Methods to separate bycatch from tuna and to attract 
or repel bycatch out of the net while they are still in good condition (chumming, driving, 
physiological response to light or sound) are being trialed or developed. Once bycatch arrives on 
deck, the emphasis of the program has been on developing and educating the fishery on best 
practices for handling and release techniques to maximize survival and the determination of post-
release survival rates of sharks and rays using satellite tags. 
 

18 http://iss-foundation.org/2012/10/18/non-entangling-fads/ 
19 http://iss-foundation.org/ 
20 http://iss-foundation.org/tag/bycatch-2/ 
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1.1.3  Purse Seine: Onboard Handling of the Catch 

Onboard catch conservation 
Tropical tuna purse seine vessels have traditionally frozen catch whole in wells lined with coils 
cooled with ammonia refrigerant. Saline brine made from seawater and rock salt at -17° to -20° 
circulates through the well freezing the catch while remaining in a liquid state. Catch can be 
maintained in brine or the well can be dried to maintain the catch in a dry frozen state. Many fleets 
pump the brine wells dry to allow post-harvest sorting to take place. The entire contents of a well 
can then be sorted into other dry freeze holds according to size, species or condition, while 
bycatch and damaged tuna can be separated. Sorting and consolidating of catch allows a vessel 
to quickly offload and transship a known commodity and is more conducive to partial unloading 
at regional transshipment ports. However, this confounds accurate reporting of origin of catch 
useful for dock sampling and tag reporting and has implications to full retention policies by some 
RFMOs. 
The Japanese distant water purse seine fleet that targets tropical tuna species operates differently 
than other purse seine fleets that supply raw material for canneries. The existence of different 
markets in Japan enables Japanese vessels to freeze their catch at lower temperatures for higher-
grade products. Operational patterns enable vessels to deliver their catches directly to markets in 
Japan. A typical trip would require about one week to transit to the equatorial fishing grounds, two 
to four weeks of fishing and another seven to eight days to return to Japan to unload at major 
purse seine ports, such as Makurazaki, Yamagawa and Yaizu.  
All Japanese purse seine vessels are equipped to freeze a portion of catch at ULT temperatures 
below -35° to -40° C. The label PS-1 denotes high-grade skipjack from ULT purse seine vessels 
that supplies less expensive sashimi markets like kaiten sushi21restaurants and supermarkets and 
for katsuobushi production. Tataki, a popular seafood dish made from skipjack loins seared on 
the outside but raw on the inside is another important market for ULT conserved skipjack. Purse 
seine special, PSS, is yellowfin above 10 kg that have been frozen in the same manner as 
skipjack. Lower grade skipjack and yellowfin tuna from brine holds is typically marketed to 
domestic or overseas canneries. 
Recent developments in the tropical tuna purse seine fishery have seen more fleets devoting a 
portion of their storage capacity to ULT conservation of yellowfin tuna to supply the Japanese 
domestic market and emerging markets in Europe and the US. These trends are discussed more 
fully in Section 2 of this report.  
 
Catch unloading  
Any savings in time represents more time that can be devoted to fishing and this is true for the 
unloading process. Time spent unnecessarily in port is time that could be used for searching and 
fishing on the next trip. Older style vessels that use aluminum chutes and recirculating brine to 
load catch to wells employ a slow and labor intensive unloading process. The wells are pumped 
dry to be manually unloaded by a team of stevedores. Frozen tuna below the unloading hatches 
(bow and stern) are removed by unloading crews that fill large steel buckets or nets hoisted out 
with cranes. All the other wells have to be unloaded from the top until doors that connect adjacent 
wells can be opened and the fish removed through them to the bow and stern unloading hatches.  
Unloading times and labor have been significantly reduced by “floating” the catch out of the 
storage wells. Brine is pumped into a well that causes the fish to float up and out. A stainless steel 

21 Sushi restaurant where a rotating conveyor belt or moat moves sushi plates past seated patrons. 
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combing is bolted to the well rim, which allows the tuna to float up about 60 cm above the well 
combing (Figure 8). The tuna flow out of the well by gravity to a conveyor belt that moves the fish 
either forward or aft to the unloading hatch where the fish fall directly onto large cargo nets. The 
entire operation can be overseen by a few crewmen compared to scores that are required to 
unload the traditional way. However, the wells cannot be packed as tightly which results in a loss 
of total tonnage, but with an increase in quality and value. Many of the EU and some new purse 
seiner vessels of other fleets float their catch out during the unloading process. 
 

     Figure 8   Floating the Catch Out of a Brine Well 
             to a Conveyor Belt for Unloading 

 
        Photo:  D. Itano 
 
 
1.1.4   Purse Seine: Examples of Advanced Technology and Vertical Integration 

SAPMER, a French company based in La Reunion in the Indian Ocean with processing facilities 
in Mauritius, is a good example of an EU style vertically integrated tuna harvesting and processing 
firm that uses the latest technology to produce high quality ULT tuna products22. The company 
operates eight super seiners in the western Indian Ocean fishery equipped with state of the art 
fishing and onboard conservation technology. Their latest vessel, the 80 m Morn Seselwa was 
built in the Piriou shipyard in Vietnam23 and launched in 2014 (Figure 9). The vessel has a 
revolutionary inverted bow design, efficient diesel-electric propulsion with 1040 m3 of its 1530 m3 
fish hold space devoted to -40°ULT storage. The vessel is equipped with the latest electronics, a 
large rail roller, double conveyor belts for loading, unloading and bycatch transfer and all the gear 
necessary to locate, load and preserve large tuna catches at a high grade.  
 

         Figure 9   80m Purse Seiner Morn Seselwa  

22 www.sapmer.com/home.html 
23 www.piriou.com/en/the-sites/seas/36.htm 
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                                  Photo: Piriou Shipyard press release      
 
The entire SAPMER fleet is equipped with ULT capacity with plans to add additional vessels. 
SAPMER has expressed strong interest to enter the WCPO tuna fishery but currently operates 
only in the Indian Ocean. Whole ULT frozen tuna are processed in Mauritius to produce skinless, 
boneless loins, steaks or cubes that are vacuum packed and maintained at ULT levels to markets 
in China, Japan, North America and Europe.  
SAPMER is not unique in the EU fleet in their adoption of ULT technology and expansion into 
non-brine conserved product. Large Spanish seiners, such as those from the Echebastar and 
Albacora fleets are similarly equipped and compete in the Japanese market. Korean purse seiners 
also have ULT storage onboard for higher-grade products. This trend may increase as the cost 
of fishing under the vessel day scheme (VDS) and PNA arrangements continue to rise. However, 
SAPMER has recently moved its purse seine fleet to the Seychelles in an effort to base closer to 
the resource and improve catch rates24. It is not clear how much of their effort results in the 
production of ULT products but the impact of developing ULT capacity over the long term remains 
promising. 
Tri Marine (TMI) is another example of a highly diversified, globally distributed and integrated tuna 
supply and processing firm that operates 14 U.S. flag tuna purse seiners and five purse seine and 
four pole-and-line vessels operating under Solomon Island registry. The firm also contracts a 
number of other vessels and operates a fleet of large refrigerated carriers that re-supply catcher 
vessels close to the fishing grounds and deliver raw material to Tri Marine processing facilities 
located in countries with duty free access to end markets. Products and raw materials traded 
include light meat tuna, albacore, cooked loins, coastal pelagic products (sardine, mackerel, 
squid), raw material for katsuobushi production and a range of canned and packaged finished 
products. Tri Marine recently opened a new tuna processing plant in American Samoa that plans 
to produce canned, pouched and ULT frozen, vacuum packed products.  
F.C.F. Fishery Co., Ltd. is one of the largest privately owned marine products suppliers in the 
world and a major tuna catching and processing group in the WCPO. The company handles catch 
from ULT sashimi longline, tropical tuna purse seine and squid/mackerel fleets worldwide serviced 
by at-sea and port based bunkering and refrigerated carrier vessels. It has invested in processing 
facilities that produce cooked loins, canned product and ULT frozen products. F.C.F. has been 
very successful in securing fishing zone access through investment in land-based domestic 
processing facilities and the development of preferential markets for catch. 

24www.undercurrentnews.com/2014/11/27/sapmer-transfers-tuna-fleet-to-seychelles-could-sell-two-
seiners/ 
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At the same time that improvements and changes in target markets take place in some purse 
seine fleets, demand for brine frozen raw material for canning will still need to be filled and many 
fleets will continue to supply raw material for canning from -20° brine wells. Competition will be 
high however and single vessel or small fleet companies will find it difficult to compete with the 
larger fleets for access and preferential markets. 
 
 

 
 
   
 

  

 Implications for PICs 
High levels of capacity in the region and increased costs of access may see a 
reduction of effort in the near term as vessels exit the fishery for a variety of reasons. 
Domestic purse seine fleets should upgrade vessels to efficient gear technology and 
expertise for FAD and free school fishing to take advantage of their access to the 
large skipjack resource available, as demonstrated by the record catch landed in 
2013. 
Upgrading older vessels to take advantage of markets for ULT yellowfin and/or 
skipjack in the future  is difficult, time consuming and expensive, arguing for the 
purchase of new vessels or development of joint venture relationships with modern 
vessels that have the ability to store some catch at higher value than brine frozen for 
canning. 
FAD numbers may decrease under future management or as a consequence of VDS 
and FAD charging costs, increasing the importance of making FADs more productive 
and harder to detect by other vessels  
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1.2  LONGLINE  

The WCPFC documented 3104 tuna longline vessels active in the WCPFC Statistical Area during 
201325.  Figure 10 indicates the historical numbers of longline vessels operating in the Western 
and Central Pacific Convention Area (WCP-CA) to 2013, divided into a domestic (non Pacific 
Island), domestic (Pacific Island) and foreign component (DWFN and offshore domestic). This 
number has fluctuated between 3,000 to 6,000 over the past 30 years26. 
 

Figure 10  Longline Vessels Operating in the WCP-CA 

 
                      Williams and Terawasi (2014) 
 
The fishery consists of two main components: (1) large distant water freezer boats targeting either 
bigeye and yellowfin in tropical waters for sashimi markets or albacore in sub-tropical waters for 
canneries; and (2) smaller domestically based vessels landing fresh chilled or frozen tropical tuna 
for local or export sashimi markets or albacore for canning. Specialized sub-tropical or temperate 
water fisheries target bigeye and swordfish at higher latitudes, such as the domestic fisheries of 
Australia, New Zealand, Japan and Hawaii. Distant water vessels from Japan and Taiwan fish 
albacore and swordfish in the north Pacific and a small group of Spanish swordfish boats operate 
in the international waters of the South Pacific.  
The total provisional catch estimate for 2013 of 230,073 mt consisted of an increase in albacore 
catch (100,666 mt – 47% of catch) and decreases in yellowfin and bigeye landings (30% and 29% 
of catch respectively). Figure 11 indicates the trend in WCPFC-CA longline catch since 1950 
(Williams and Terawasi 2014). 
 
 
 
 
 
 

25 WCPFC (2014) 
26 Williams and Terawasi (2014) 
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              Figure 11  Longline Catch of Main Tuna Species in the WCP-CA to 2013  

 
      Williams and Terawasi, 2014 

 
1.2.1  Longline: Searching and Fishing Technology 

One important operational area noted by industry sources queried for this report was increasing 
reliance on remote sensing data to plan setting strategy and fishing area, particularly in relation 
to thermal discontinuities and current structure27. This was noted to be very useful in sub-tropical 
and temperate regions but less so in the tropical fisheries. Similar to the use of purse seine echo 
sounder buoys, the acceptance and use of remote sensing data increases with accumulated 
experience and success in selecting areas of high productivity and catch rates. 
No single major innovation in tuna longline fishing gear or methodology was noted in discussion 
with industry sources. However, in a general sense, greater adoption of U.S. style monofilament 
longline systems by Asian fleets could be seen as the most important change in gear technology 
that has been occurring in the fishery in recent years.  
Monofilament mainline has a number of advantages over traditional Kuralon basket gear as the 
mainline drum serves as a hauler, storage device and deployment drum. The compact nature of 
the system is well suited to small and medium sized longline vessels of China and Taiwan (Figure 
12). The system was quickly adopted by the Hawaii-based bigeye targeting fleet and later adopted 
by some PIC domestic albacore fleets. Compared to the traditional tarred Kuralon, monofilament 
has lower initial and replacement costs, repairs easily, fishes effectively at depth when coupled 
with the appropriate line shooting gear for daytime bigeye and albacore setting, and can be 
managed with fewer crewmen. The system sets and hauls quickly allowing more hooks to be 
fished per set.  
An industry source indicated that some large Asian distant-water ULT sashimi longliners are 
switching to monofilament mainline gear, mounting two large spools to increase area covered and 
numbers of hooks set. Apparently, a heavier mainline to withstand the added hauling tension of 
deep-set bigeye gear requires more storage space, hence the need for double spools. In addition, 
two spools can provide some level of redundancy in case of mechanical problems. 
 

27 Interview, industry participant, February 2015 
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                 Figure 12  Placement of Monofilament Longline Reel 
                                  Manufactured in China Onboard Chinese 

                           Longliner, Suva, Fiji, February, 2015 

                            
        Photo: M. McCoy 
 
Monofilament longline systems were originally supplied by a single US firm28, and early attempts 
to duplicate these reels were prone to mechanical problems and main drum failure. However, 
reliable gear is now being produced by companies in Australia and China29 that are in use in the 
region. It was noted by one industry source that Chinese boats under government subsidy may 
be required to use the Chinese gear as a condition of their subsidization. 
Catch competition, and high operating costs for fuel, bait and crew encourage improvements in 
efficiency and vessel performance. PIC fleets are also in competition with subsidized fleets of 
distant water nations. Much of this translates into a desire to increase numbers of hooks set per 
day to maintain or increase catch rates. Some of the larger distant water freezer boats were 
reported to be setting and hauling 4500 hooks per day, presumably assisted by branchline 
haulers, conveyor systems and large crews. Operators and managers of smaller, domestically 
based vessels noted that maintaining a well trained, experienced crew was a critical factor in 
maintaining efficiency, hook deployment rates and catch.  
Taiwan has been producing more fuel efficient, small and medium ULT equipped longliners of 
fiberglass reinforced plastic (FRP) for more than a decade. The latest generation of Taiwanese 
vessels has significantly increased fish hold capacity while staying within the Taiwanese  tonnage 
licensing requirements.  
Some Chinese FRP vessels produced in the last decade were reported to have design and 
construction flaws, but the incorporation of Taiwanese expertise and designs has reportedly 
reduced such problems30 (see Figure 13). Newer longline vessels built in China are predominantly 
made from steel with renewed interest in the construction of new generation, efficient large 
vessels, some with onboard processing capabilities. 
 

28 www.lindgren-pitman.com/p-1-twin-super-spool-iii-40-x-80.aspx 
29 www.jessn.com/en/productsd.php?tid=133&proid=2244&ref=/en/products.php?tid=133 
30 Interview with Chinese vessel operator, Honiara, January 13, 2015.  
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Figure 13  New FRP longliner built in China preparing  
                 for first trip from Suva, Fiji, February 2015 

 
     Photo: M. McCoy 
 
 
1.2.2  Longline Bycatch Mitigation 

The impact of pelagic longline gear on seabirds and marine turtles has been a significant driver 
of bycatch mitigation efforts with substantial progress made on both fronts (Gilman 2011). 
Technical solutions to reducing seabird interaction rates with longline gear include the use of 
scare or tori lines, side setting, blue-dying bait, strategic offal discharge, branchline weighting and 
restricting the time of setting or areas fished. It is generally recognized that seabird interaction is 
not a problem with tropical longline fisheries. WCPFC Conservation and Management Measure 
CMM 2012-07 requires the use of seabird bycatch mitigation measures by longline vessels fishing 
south of 30°S, and north of 23°N. 

Marine turtle interactions are normally rare events, but the life history characteristics and low stock 
status of many species of marine turtle encourage every effort to reduce interaction rates. Finding 
technical solutions has been more difficult than for seabirds as the interactions do not normally 
occur near the vessel during setting or hauling as for seabirds. Promising results have been found 
by requiring the use of circle hooks vs. J hooks, large circle hooks, the use of fish bait vs. squid 
and fishing deeper, but mitigation techniques need to be evaluated on a fishery by fishery basis 
(Gillman 2006). 
The greatest overall impact of tuna longline fisheries on the pelagic ecosystem has likely been on 
pelagic shark populations, particularly for those species characterized by slow growth and low 
fecundity such as the pelagic white tip. Shark avoidance options are limited as the animals will 
take baited hooks throughout the longline process, at the surface and at considerable depths. 
Depredation of catch is another issue that can also result in accidental hooking.  
Mitigating shark interactions are limited to the avoidance of shark hotspots, shifting areas, using 
fish vs. squid bait and setting the gear deeper (Gillman 2008). The use of shark repellents is a 
possibility but not yet proven. The importance of this issue is reflected in the adoption of WPCFC 
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Conservation and Management Measures (CMM) for non-retention of pelagic white tip31 and silky 
shark32 and specific gear measures to reduce shark hooking rates and the development of a 
national management plan for the rational exploitation and conservation of sharks33 
 
1.2.3  Longline: Freezing and Onboard Conservation of the Catch 

Minor improvements in fresh fish handling onboard longliners were noted, such as pre-chilling 
hatches for ice slurry to improve quality and icing. The most significant technological shift noted 
in the fishery is a change in catch preservation method with an increase in ULT equipped albacore 
and bigeye targeting vessels. A change from using ice to ULT freezers for the yellowfin and bigeye 
portion of the catch of albacore targeting vessels allows vessels greater autonomy and range as 
well as requiring changes in use of existing supply chains from fresh to frozen in order to reach 
appropriate markets.  
As the technology is becoming more space efficient, existing ice boats in some locations are being 
replaced by newly built ULT freezer equipped vessels in the smaller size classes. Larger 
Taiwanese vessels in the southern albacore fishery are also being fitted with ULT capacity which 
helps to maximize the value of their yellowfin and bigeye non-target catch and allow longer trips. 
New vessels are being constructed with larger fish holds at the same time that catch rates of 
south Pacific albacore decline, increasing the importance of being able to stay at sea longer, and 
encouraging the production of higher value products and new markets for ULT portions that may 
help to offset low catch rates. 
Taiwanese freezer boats that hold albacore at -35° are being upgraded or joined by new vessels 
that are capable of preserving catch at -60°. This is a significant development that allows these 
vessels to change to bigeye targeting and make longer trips. 
One problem with onboard ULT freezers is the higher level of engineering expertise required and 
related expense in personnel, parts and maintenance. This is particularly true for PIC domestic 
vessels where perhaps less qualified engineers on ice or RSW boats are already difficult to find 
given that more lucrative and comfortable employment can be found ashore. 
Longline vessels using ice and refrigerated seawater (RSW) will still be utilized in those locations 
such as Fiji and the Marshall Islands where there are tuna resources relatively close and available 
logistics enable access to high value fresh markets.  
 
1.2.4  Longline: Other Issues 

Observers and technical information on WCPO tuna fisheries  
A reasonable level of understanding of purse seine technology and fishing methods is available 
to managers and scientists due to 100 per cent purse seine observer coverage in the WCPO. 
Low levels of longline observer coverage contribute to a general lack of knowledge of many 
technical aspects of the fishery in general, let alone those of the many distinct longline fisheries 
and targeting sectors that occur throughout the region. Improving this situation will be important 
as the PNA and some PICs move toward a VDS for longline fisheries.  
A great deal of information is gathered by RFMOs on vessel and gear attributes linked to vessel 
registries, such as the WCPFC Record of Fishing Vessels and the FFA Regional Register of 

31 WCPFC CMM 2011-04 
32 WCPFC CMM 2013-08 
33 WCPFC CMM 2014-05  
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Fishing Vessels. Close examination of some data fields and responses during the preparation of 
this report indicated that problems exist that have led to incorrect or ambiguous responses, 
rendering the available information difficult or inappropriate for analysis.  
For example, data fields that describe onboard catch storage methods may list ice, refrigerated 
sea water (RSW), brine, air, dry. None of these response categories will indicate if the vessel is 
capable of ULT storage. Many vessels utilize a combination of storage methods and it is not 
possible to determine what proportion of each method is used. It would be very useful if the 
temperature that each storage method employed were also recorded. 
Data of this kind would promote the generation of reports and studies of a more useful nature with 
an improved understanding of which markets and products are potentially available to the vessels. 
In order to be of use in analysis, data contained in these registries need to be updated regularly 
and preferably verified by an outside source34. 
 
Operational notes on fishing technology 
Observation of some operational differences and different physical characteristics between 
Taiwanese and Chinese longline vessels based in or delivering to PICs highlight the different 
approaches to the fishery by these two fleets. Newer Taiwanese boats are mostly of FRP 
construction with those under about 24 meters all FRP. These versatile vessels are increasingly 
being employed in the distant water fishery as well as the southern albacore fishery. The design 
of Taiwanese vessels maximizes fish hold capacity, often at the expense of crew accommodation. 
Fuel is sometimes placed in fish holds as well as the ship’s fuel tanks at the beginning of the trip 
to increase autonomy at sea. In comparison, Chinese vessels are more often steel hulled, with 
purpose built fuel tanks and reported to have better crew quarters than Taiwanese vessels of 
similar capacity. 
During periods of low albacore catch during 2014, some domestic Fiji boats with access to 
archipelagic waters fished multiple short 400 hook sets to target yellowfin tuna close to 
seamounts. In Hawaii, a specialized longline fishery has developed around a productive 
seamount that sets multiple sections of “shortline” gear with a few hundred hooks per line for 
bigeye and yellowfin tuna and pomfrets.  
It was reported in Fiji that Chinese boats generally set 25-30 hooks between floats, Fijian boats 
set 30-40 hooks and Korean longline vessels set 30-35 hooks between floats. All fleets were 
reported to use 14/0 circle hooks with chemical light sticks and place monofilament branchlines 
into portable carts35.  
An innovative fishing strategy that was used experimentally involves the simultaneous setting and 
hauling of a monofilament deep and shallow set longline from the same vessel. The system was 
trialed on a 30 m vessel, setting a shallow line near the bow forecastle and a deep set line with 
line shooter amidships. Both lines share the same floatlines and buoys. The idea was to 
concentrate on deep set gear for bigeye and albacore while also harvesting non-target species 
like mahi mahi, wahoo, yellowfin tuna, etc. closer to the surface. 
 
 

34 An example of verification is the PNG requirement for an in port inspection for each vessel every time a 
new (annual) license is issued. Inspections such as these need to be made by trained and qualified 
personnel in order to provide verification.  
35 Interviews with Fiji Fisheries Department observers, February 20, 2015 
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Catch depredation 
Catch loss from depredation by marine mammals was discussed with industry representatives 
and seen as a problem common to many longline fisheries. Problems with pilot whales 
(Globicephala macrorhynchus) and the false killer whale (Pseudorca crassidens) were often cited. 
The Hawaii longline fishery is strictly regulated in relation to interaction rates with false killer 
whales. Regulatory measures include gear modifications and spatial management that can close 
large areas of the fishery on the basis of one or two confirmed interactions that are assessed to 
lead to serious injury or mortality36.  
Devices that mount on longline branchline gear designed to deter depredation of catch without 
harm to other species have been trialed37. Additional trials of similar devices have been proposed 
in the Hawaii fishery. Depredation by marine mammals was the subject of an international 
workshop in Apia, Samoa in 2002 that examined related issues and generated some general 
recommendations to reduce interaction rates38. The most common response to the presence of 
marine mammals is to pick up gear and steam to another area, an option that is not always 
practical for small domestic vessels. An effective, non-lethal deterrent system would be of great 
benefit to the fishery and trials of experimental gear should be supported. 
 

 
 

36 www.nmfs.noaa.gov/pr/species/mammals/cetaceans/falsekillerwhale.htm 
37 www.marinemammals.gov.au/research-and-activities/science/depredation-project 
38 www.nmfs.noaa.gov/pr/pdfs/interactions/samoa2002.pdf 

Implications for PICs 
The shift to ULT can make longline fleets less dependent on port services. This is particularly 
the case for that portion of the albacore-targeting longline fleet that previously conserved the 
bigeye and yellowfin portion of the catch as fresh.  As port calls by ULT vessels become less 
frequent, those ports that are utilized will be required to supply higher volumes of bait and 
provisions per visit. PIC ports desiring to offer services to ULT fleets will require infrastructure 
that enables the handling of ULT container traffic and carriers, adequate dock space and 
secure container storage areas, reliable electric power, and the usual range of goods and 
services required of all longline fleets.  
The Japanese market for ULT tuna products is well developed while their longline fishery that 
has traditionally supplied that market is in contraction. Purse seiners in some fleets worldwide 
are making moves to fill the void, and if successful this may preclude PIC domestic fleets 
from participation in the future.  
More accurate, timely and accessible data on longline fisheries will be needed, especially as 
the PNA and other countries move toward a VDS for longline fisheries.   
The re-design and requirement for regular updating and verification of vessel and gear 
registries is one step towards improved information gathering and analyses. Implementation 
of electronic monitoring of longline vessels to alleviate the need for onboard observers may 
not completely satisfy this aspect of data and information acquisition. 
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1.3  IMPACTS OF ADVANCES IN FISHING TECHNOLOGY ON EFFICIENCY AND 
REQUIREMENTS OF THE CATCHING SECTOR 

Future scenarios of fleet dynamics and needs must be examined in consideration of current or 
potential management measures, such as: 

• Increasing cost of fishing within the purse seine VDS; 
• The development and cost to vessels of a longline VDS; 
• Differential VDS fees (higher) for a FAD fishing day vs. free school fishing; 
• More restrictive RFMO FAD measures; 
• Charging for individual FAD (GPS buoy) use; 
• Staged reductions in longline bigeye quota. 
• Increasing cost of license fees and access arrangements. 

 
The impact of improved efficiency, fishing technology and additional industry experience with new 
technologies will be even higher catch rates and competition within and between purse seine and 
longline sectors. Meanwhile, increased costs associated with a FAD fishing day will fuel a desire 
to make the most of every day by further increasing efficiency and possibly increasing daytime 
fishing effort (sets/day). Other factors that will increase competition and impact the viability of PIC 
domestic fisheries include: 

• Competition with nationally subsidized distant-water longline and purse seine fleets; 
• Low catch rates for some stocks despite high level of effort and fishing technology, i.e. 

south Pacific albacore; 
• Increased use of echo sounder FAD buoys and remote sensing services by the more 

technically advanced purse seine fleets. 
 
A consequence of increased competition, increased cost of purse seine fishing access and 
competition with subsidized fleets may be a reduction in participation in the WCPFC region as 
vessels go out of business or shift to other regions or fisheries. Less efficient vessels may be 
forced out of business, be sold on the international market or absorbed by other fleets in the 
WCPO. This should benefit the remaining harvesting sector but may reduce some benefits to 
support industries dependent on large number of vessels and resultant high volume of activity. 
Periods characterized by high fuel costs, low fish prices and low catch rates cause boats to tie up 
and/or leave the fishery. This occurred during 2013-2014 when catch rates of south Pacific 
albacore dropped along with prices causing longline boats to tie up in several locations, i.e. Fiji, 
American Samoa, and Cook Islands. Abandoned vessels can present a problem to local port 
authorities and city administrations, particularly if they sink at anchor or dockside. The disposal of 
abandoned or derelict vessels can become a costly and difficult issue as owners and companies 
dissolve and fail to take responsibility for their vessels.  
If domestic longline vessels exit the fishery some may migrate to other sectors with benefits to 
the local economy, depending on the economics of operating in those PICs and sectors. Many 
longline boats will be too large to shift fisheries but suitably sized and powered vessels could 
enter a variety of fisheries or activities. Business opportunities may develop in bottomfishing, long 
distance sport fishing, inter-island cargo, whale watching, sport diving and other marine tourism 
activities.  
The remaining participation in the fishery will favor the larger, vertically integrated fleets that have 
been able to secure access to productive fishing grounds and have developed access to 
preferential overseas markets (see section 1.1.4).  
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A shift from using ice to ULT freezers for the yellowfin/bigeye portion of albacore-targeting longline 
vessels that unload in PIC ports could result in a need to increase ULT transshipment and/or 
storage capacity in port. The option of those ULT vessels avoiding ports and transshipping at sea 
appears unlikely at present unless:  

• There is a significant rise in prices for albacore justifies the higher costs of that 
transshipment, and  

• High seas transshipment patterns adjust for carriers to deliver to albacore processing 
locations. 

 
1.4  ADVANCES IN ELECTRONIC REPORTING AND ELECTRONIC MONITORING 

Electronic technologies for the collection of fishery-dependent data are being developed rapidly 
in all oceans and by tuna regional fishery management organizations (tRFMO). Electronic 
logbooks, VMS, video cameras, and devices that can record hydraulic pressure and gear activity 
have promise to improve accuracy and timeliness of data while providing documentation for MCS 
violations and a check on observer conduct and onboard activity. Tablet computers that can be 
utilized with highly portable satellite communication devices provide observers with an 
independent means of communication and reporting, enhancing their security and safety at sea 
while relieving observers from potentially confrontational compliance situations.  
The SPC/OFP has developed two electronic reporting (ER) systems that are being trialed in the 
region: eTUNALOG for purse seine electronic logsheet data and eTUBS for E-Reporting of 
observer data39. The PNG/NFA iFIMS (Integrated Fisheries Information Management System 
developed by Quick Access Computing Ltd and the MARLIN e-Reporting system in the 
Philippines are also being tested40.  
The eTUNALOG system is designed to run on any Windows-based computer or tablet and allows 
purse seine officers to enter logsheet data for transmission by email attachment. The data files 
import directly into the SPC vessel logsheet database. In a related activity, the PNA has initiated 
trials of its electronic catch documentation system (eCDS) for the electronic recording and 
transmission of onboard observer data. This system is designed to integrate with the PNA Vessel 
Day Scheme (VDS) allowing near real time monitoring and management of the skipjack fishery41. 
The SPC hosted a coordinating meeting on E-Reporting issues with the FFA, PNG NFA, PNA 
and Quick Access Computing in November 201442. Participants agreed to avoid overlap in ER 
developments whenever possible. An example was an acknowledgement that SPC’s eTUNALOG 
would be adopted as an interim e-logsheet handler that would eventually be replaced by iFIMS 
or a commonly adopted system of similar data standards. Data flow protocols were adopted with 
data from all observer programs contributing to the WCPFC flowing into a consolidated regional 
observer database for scientific purposes at SPC. Data is to be stored in cloud based databases 
accessible by secure login. SPC was designated as primarily responsible for observer and 
logsheet data while FFA/PNA was given responsibility for MCS data. Rules and protocols for data 
sharing, dissemination, standards and formats need to be fully developed. 
Electronic monitoring (EM) of fishing activity uses video surveillance of the fishing deck and catch 
loading areas in combination with timed positioning and sensor data to record catch and effort 

39 Hosken et al, 2014 
40 Ramsical et al. 2014 
41http://wwf.panda.org/what_we_do/footprint/smart_fishing/latest_fishing_news/?240410/Parties-to-the-
Nauru-Agreement--PNA-initiate-full-scale-trials-of-electronic-catch-documentation-system-for-observers 
42 FFA, SPC, PNG NFA and QAC Technical Meeting on collaboration with E-Reporting initiatives 
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data. EM needs to be tailored to a specific fishery and configurations of each vessel and can be 
useful to record catch composition, bycatch and discards and operational details of the fishing 
process. 
Electronic monitoring of longline fisheries has been investigated recently with 5 EM trials 
conducted on two Solomon Islands-based vessels in 201443. A comprehensive analysis of the 
EM and onboard observer data is being conducted following detailed review of the entire setting 
and hauling operations by senior observers. Further trials are to be conducted on a New 
Caledonia-based longline vessel.  
Much of the impetus for electronic monitoring of the tuna longline fishery comes from the poor 
observer coverage rates for almost all longline fleets in the WCPO. Difficult living and working 
conditions onboard as well as the potentially large number of vessels to be covered present 
significant challenges to government fisheries administrations in fully implementing observer 
programs.  
Electronic monitoring of purse seine fisheries has been evaluated and compared to data collected 
by onboard observers in the Atlantic Ocean tropical tuna fishery44. The SATLINK system used in 
the study mounted four video cameras on the working deck to monitor brailing and well loading 
activity. Comparative analysis of electronic and observer data examined set type, tuna catch, tuna 
species composition, tuna discards and bycatch species. In general, differences between 
observed and electronic data were small in magnitude with a slight under estimate of total catch 
by EM, which may have been due to camera placement. However, EM consistently under-
estimated shark bycatch and bigeye abundance in the total catch. 
Additional studies evaluated electronic monitoring in comparison to onboard observer data in the 
tropical tuna purse seine fisheries of the Indian Ocean45. Ruiz et al. (2014) compared information 
on fishing effort, set type, tuna catch and bycatch provided by EM and onboard observers in the 
Atlantic Ocean, Indian Ocean and western Pacific tropical tuna purse seine fisheries.  
The Archipelago EM ObserveTM system46 consists of four to eight video cameras, a GPS unit to 
determine vessel location and speed, a hydraulic pressure sensor that triggered video recording 
and in some cases a drum rotation sensor applied to the main purse winch, and a satellite modem 
that can provide an hourly data report to headquarters. 
The coverage of eight cameras was used in the Indian Ocean cruises and provided 4 views of 
the upper deck to monitor FAD towing, brailing and deck activity (Figure 14) and 4 views below 
deck to cover the two conveyor belts, the general wet deck area and a specific camera trained on 
a bycatch discard conveyor belt (Figure 15). The use of conveyor belts with length measurements 
marked on the side allowed detailed enumeration and measurement of tuna and bycatch species. 

 

43 Hoskin et al. (2014)  
44 Monteagudo et al. 2014 
45 Chavance et al. 2013 
46 http://www.archipelago.ca/fisheries-monitoring/electronic-monitoring/ 
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                  Figure 144   Upper Deck Camera Views of the Archipelago EM System                         

 
  Source: Ruiz et al., 2014 

 
Figure 15  Lower Deck Camera Views of the Archipelago EM System 

 
                    Source: Ruiz et al., 2014 
 
Results from the trials were consistent in validating EM as an accurate means to record purse 
seine fishing effort, set type, total tuna catch, and total catch of yellowfin and skipjack if each was 
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represented in good proportion to the total catch. Tuna species that were rare in the total catch 
such as bigeye tuna, albacore and frigate tuna (Auxis spp.) were not well detected by EM and 
were consistently under-reported when they were noted in a set.  
Large sharks and billfish that were separated from catch on the upper working deck were well 
documented by EM cameras but small sharks could be missed if the wells were loaded quickly. 
Vessels equipped with conveyor belts for loading catch and culling bycatch were able to 
enumerate and measure tuna and bycatch species in greater numbers than vessels that load 
catch in chutes where a large percentage of the catch is not visible to the cameras. Although not 
specifically mentioned in the paper, it is known that some vessels brail into a sorting hopper on 
deck where bycatch species can be culled and where the observer is usually stationed. A great 
advantage of EM is that the upper working deck and lower well loading deck can be monitored 
simultaneously. 
With respect to EM, the Ruiz study results highlight the importance of having enough cameras to 
cover major fish handling and sorting areas, proper camera placement and angle and the 
importance of factoring in the equipment and gear each vessel uses (brailing style, use of sorting 
hopper, conveyors or chutes, etc.). Finally, the importance of having observers or persons familiar 
with the species and operations review the video tapes must be recognized. 
These studies cited above lend support to the contention that EM should be developed as a 
complimentary tool to enhance observer programs and support some MCS goals, but cannot fully 
replace human observers. EM, if tailored properly to each vessel can be designed to collect 
unbiased data of a routine nature allowing observers to document other activities/data such as 
bigeye catch, discards, protected species interactions, vessel sightings, changes in freezing 
technology, fishing gear and methods, and socio-economic information. The downside is that 
running a region-wide EM program in conjunction with the Regional Observer Program has 
significant budgetary implications and trained manpower requirements to review and interpret 
video and record data. It appears that one of the initial tasks for the PICs will be to develop data 
sharing policies and domestic legislation to enable coordinated implementation of ER and EM 
systems on a region-wide basis. 
In new technology developments, the Calvo Group47 is developing a project (CALVOTUN48 49) in 
collaboration with electronics company Marexi for automated catch identification and 
enumeration. The system electronically scans catch as it passes on the conveyor, distinguishes 
species and estimates the weight of each fish. The company claims data recovery from 95% of 
the catch in normal conditions. Trials will be carried out in 2015 with proposed commercialization 
proposed for 2016.  
 
 
 
 
 
 
 
  

47 http://www.grupocalvo.com/en/marcas/calvo/ 
48 http://cincodias.com/cincodias/2014/12/20/empresas/1419034986_087014.html 
49 http://www.grupocalvo.com/en/video-calvotun/ 
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2   ADVANCES AND TRENDS IN FREEZING, COLD STORAGE, TUNA 
PROCESSING AND TRANSPORTATION   

The trends in freezing and cold storage of tuna onboard are aimed at maximizing catch value by 
aiming at discrete markets in Japan and increasingly other countries that can utilize ultra low 
temperature (ULT) tuna products. These markets outside Japan are often constrained by lack of 
cold chain development that can utilize ULT products and take advantage of their primary 
attribute: the ability to retain and display desirable visual and organoleptic when thawed at the 
various points of sale or consumption.  
 

2.1 THE JAPANESE ULT EXAMPLE  

Japanese distant water purse seine, longline and pole-and-line boats have long been equipped 
with ULT freezing capacity to supply raw material for a mixture of domestic markets and products 
with freezing temperatures ranging from -35° to -60° C. A brief overview of their ULT sources and 
products is provided here.  
Catch from the longline and pole and line sectors generally supply the highest grades of ULT for 
sashimi and material for katsuobushi and tataki production. ULT skipjack catch from Japanese 
purse seine vessels is a major source of raw material for katsuobushi, and also supplies skipjack 
and yellowfin for less expensive sushi restaurants, supermarkets and for products such as tataki 
(seared skipjack product).  
Portions of the ULT purse seine market are supplied by Taiwanese, EU and Korean purse seiners. 
Other fleets operating in the WCPO could technically enter the Japan PS grade market if 
upgraded to ULT capacity to a suitable standard, although the elasticity of the markets described 
has not been determined here. Japanese ULT tuna sources and products include: 

• Longline -40°: whole round tuna (albacore, bigeye, yellowfin), gilled/gutted, sashimi 
product to the Japanese domestic market, especially for shorter trips with catch delivered 
directly to Japan. 

• Longline -60°: whole round tuna (bigeye, bluefin, yellowfin), gilled/gutted, higher grade 
sashimi to Japanese domestic market, especially for longer trips or higher value bluefin. 

• B1 grade: Pole and line; whole round skipjack, no bleeding process onboard, ULT at  -
50°: sashimi product to Japanese domestic market, loins for tataki and katsuobushi 
production 

• S1 grade: Pole and line; same as B1 but bleeding process applied onboard to live skipjack, 
good grade sashimi product to Japanese domestic market 

• PS Special: Purse Seine; whole round yellowfin above 10 kg, no bleeding process 
onboard, ULT at -40° to -50°, sashimi product to Japanese domestic market 

• PS1: whole round skipjack, no bleeding process onboard, ULT at -40°, katsuobushi 
processors, tataki, sashimi 

In addition to the above, the Japanese market segregates landings  so that: 

• Lower quality yellowfin goes to canneries in Japan 
• Lower quality skipjack goes to domestic or overseas canneries 
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2.2   INCREASED UTILIZATION OF ULT BY LOCALLY-BASED LONGLINERS  

An ongoing trend in the handling, preservation and marketing of tuna products in the region is 
increased supplies of ULT catch by mid-size vessels outside of the Japanese fleet. The large 
longliners in the Taiwanese, Chinese and Korean high seas tuna longline fleets have for many 
years employed ULT technology for fish that is primarily transshipped at sea. More recently mid-
size and even small longline vessels, those under 30 meters, have been built equipped with ULT 
freezing capacity (Figure 16). In the Taiwanese fleet in particular, ULT freezing improves the 
versatility of smaller vessels and enables them to switch from targeting albacore where only 
bigeye and yellowfin incidental catch is frozen and held at ULT temperatures, to targeting bigeye 
and yellowfin catch where catches of those higher value species are proportionally larger than in 
the albacore fishery.  
 

Figure 15 Taiwan Longliner Equipped with  
 ULT Freezing Capacity 

 
  Photo: M. McCoy 

 
These classes of vessel will be able to take advantage of higher end markets as catch competition 
increases and provide a stable product to processors and exporters. ULT conservation has many 
advantages for companies moving tuna products from regional collection points to overseas 
markets. 

• The ability of processing and forwarding facilities to consolidate and supply a stable 
product in terms of volume and consistent quality. 

• Lower freight and packaging costs and higher volume of shipping for ULT ocean freight 
vs. fresh iced product via air cargo. 

• Fresh, iced product requires the same up front high freight cost charged by weight, 
irrespective of the quality of each piece.  

• ULT product maintains stable quality and pricing and can be packed tightly into ULT 
containers for ocean freight.  
 

As newly built fuel efficient ULT equipped longline vessels appear in PIC ports to replace ageing 
fleets, it is unlikely that older ice boats will be retro-fitted with ULT systems due to their age and 
mechanical condition. It should be noted that a trend towards more ULT “offshore” and domestic 
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vessels operating from PIC ports will produce longer trips with fewer port calls per year. Economic 
benefits to local economies will be reduced in the areas of government use fees for harbors and 
wharves as the number of trips reduce. Benefits from the supply of bait, fuel and provisions should 
continue to accrue as long as unloading remains in port and does not take place at sea. Some 
PICs such as Fiji have attempted to account for the changes in operational patterns by requiring 
that all Fiji flag and locally-based vessels under 40 meters in length land their catch in Fiji for local 
processing.  
It should be noted that upgrading to onboard ULT freezers may be inappropriate for many PIC 
domestic vessels, considering the cost of conversion and engineering personnel required to 
maintain the systems. Providing high quality fresh catch on ice or RSW for fresh export remains 
an option for smaller vessels if the right conditions exist: availability of air freight, short transit 
times to markets, and the existence of the required shore support facilities.  
The development of ULT cold storage and processing facilities to receive local fresh catch to be 
frozen at -35° to -40° may be another way to enter the ULT market, although time is a critical 
factor keeping in mind that fish quality depends on handling and degrades from the moment a 
fish dies.  
 

2.3  THE USE OF ULT BY PURSE SEINERS  

Purse seine fleets that deliver only brine frozen raw material for canning could add value to their 
catch by developing some ULT capacity, either to compete in the Japanese domestic markets or 
to supply processors that target other ULT markets for products such as for tuna loins, steaks, 
chunks and minced tuna.  
Japanese style offerings, like sashimi blocks and pre-cut tataki are other examples of new product 
development in the North American and European markets that are currently being filled primarily 
by the catch of longliners. Having options for higher value markets could become increasingly 
important if global cannery prices remain flat or fall below critical levels for profitable operation 
based on brine frozen values alone. As with longline, handling onboard is crucial to maintaining 
fish quality. It has been reported that some Korean purse seiners preserving large yellowfin at 
ULT temperatures have several designated crew whose only job is to handle the fish destined for 
ULT once landed onboard50. 
The EU fleets operating primarily in the Indian Ocean such as vessels from Spanish and French 
companies have well developed onboard ULT capacity that supply -40 C skipjack and yellowfin 
to Japanese and European markets,. A new purse seiner recently added to the Spanish and 
Seychelles flagged Echebaster fleet is reported to have four of 20 fish holds devoted to ULT 
preservation at temperatures as low as -60 C aimed at supplying the Japanese market51. The 
latest vessel added to the SAPMER group, the Morn Seselwa has devoted over two thirds of its 
1530 m3 refrigerated hold space to ULT storage.  
The advantage of onboard ULT capacity for many situations assumes that shoreside facilities 
exist to maintain the ULT supply chain at the required temperature. Autonomous ULT containers 
would seem to be a solution for locations without permanent facilities, but their availability in the 
Pacific islands region is limited and still requires shore based infrastructure and support.  

 

50 Interview of tuna industry participant, American Samoa, August, 2014 
51www.atuna.com/index.php/2-news/2287-new-innovative-aluminum-super-seiner-to-join-      echebastar-
fleet 
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2.4  TRENDS IN FREEZER CONTAINER FREIGHT FOR THE TUNA INDUSTRY 

Refrigerated container (“reefer”) ocean freight is playing an increasingly larger role in the 
transportation of longline-caught tuna. Multiple uses for reefer containers have resulted in growth 
in this segment of tuna transportation. The increases in this freight option are mainly due to the 
need for refrigerated freight for (1) frozen, cooked loins and (2) the capabilities of newer or retro-
fitted Asian longline vessels that target the ULT Japanese sashimi end-market. Reefer containers 
are also used in places such as Pohnpei and Majuro in the northern tropical bigeye/yellowfin 
fishery for the shipment of CO tuna loins to the US mainland as well as frozen longline bycatch to 
Taiwan and China.  
Refrigerated containers are of two standard sizes: 20 and 40 foot length. Ocean freight 
transportation costs for a 20 foot reefer is normally in the range of 60 to 75 percent of a 40 foot 
container. According to one major carrier, 40 foot containers are typically loaded with 
approximately 25 to 26 tons of frozen cooked loins, whereas 20 footers can carry around 16 to 17 
tons. Capacities of the containers for other products differ depending on commodity and loading 
characteristics52.  
The choice of container size is determined by cargo requirements, container availability, and 
handling capabilities of the loading port concerned. Another cost consideration is the inland 
transportation required to reach the processing destination. For example, it may be cost-effective 
to send a reefer container of loins to the Bumble Bee canning facility in California, but prohibitively 
expensive to send it to the Chicken of the Sea cannery on the US East coast53.  
The most common uses of container freight by longliners are for the –35° and –40° ULT tuna and 
–20° to –28° cannery grade albacore components of the catch of Chinese and Taiwanese 
longliners in the southern albacore fishery. Most fishing companies and exporters rely on shipping 
agents to procure and supply appropriate containers for the type of shipment required. In the 
northern tropical Pacific, Luenthai Fishing Venture owns 100 each of –35° and –60° containers 
through a sister company. Maersk Line claims to own or have access to 2.3 million containers 
worldwide, including an owned fleet of approximately 28,000 20-foot reefer containers.  

52 Maersk Line, www.maerskline.com   
53 The cost of inland freight is one of the reasons that co-packing, an arrangement where two companies 
produce each other’s products are entered into by competing firms. 

Implications for PICs 
PICs may be undervaluing their resources by not taking into account 
the ULT portions of purse seine catches. 
More precise technical descriptions of onboard freezing and storage 
systems are required for vessel registers, as well as greater attention 
by observers to catch freezing and disposition.  
The advantages of onboard ULT storage in developing a local 
component in the tuna longline fishery cannot be taken advantage of 
without the appropriate onshore facilities. 
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The containers used for cannery-grade (and longline bycatch such as marlin) are usually available 
in major ports, with –28° containers becoming more prevalent. The major port used for 
containerized transshipment in the southern albacore longline fishery is Suva, Fiji where 20 foot 
containers are used exclusively for shipments to/from the loining plant/cannery in Levuka. Noro 
in Solomon Islands is also used for albacore, but 40 foot lengths are more common for export of 
loins and frozen fish.  
Containers for –35° to –40° are somewhat harder to quickly obtain than those for cannery grade, 
but are nonetheless accessible in ports such as Suva where significant transshipment takes place 
as long as arrangements are made in a timely manner. Containers for the ULT longliners that 
hold cargo at –60° are the most difficult to obtain and require a month or more lead time to deliver 
to transshipment ports such as Suva. These are occasionally used by smaller ULT longliners 
under around 24 meter length; most large ULT longliners usually transship to carriers at sea.  
The increased need for and use of refrigerated containers has spurred development of products 
that compliment this mode of transport. Maersk, a company that rightly describes itself the world 
leader in refrigerated transport has developed several products applicable to the tuna industry. It 
has developed self-contained –60° ULT freezing containers that will freeze product for placement 
in storage containers at the same temperature, unique fish-loading conveyors that reduce the 
time to load containers, and specialized top-loading containers that have an air tight membrane 
to reduce heat gains when loading an attached storage container.  
With respect to utilization of reefer transport in the PICs, several points are worth noting: 

• Ocean freight opportunities are limited to ports with regular liner services and sufficient 
support equipment/facilities.  

• Unlike air freight, carriers can be induced to a port by a sufficient amount of cargo.  In 
practical terms inducement is not often used due to the constant requirements in the 
supply chain.   

• Port efficiency is important to the development of freezer container services. It is 
particularly critical in ports with limited or no non-fisheries container shipment activity to 
help contain shipping costs.  

• Some ports are restricted to 20 foot containers due to their size and/or a lack of container 
handling equipment for large containers. Most of these ports are secondary sites such as 
Lorengau and Vanimo in PNG that rely on domestic shipping and are not served by 
international liner service. Levuka in Fiji has been able to overcome this restriction due to 
its proximity to Suva and its high level of international shipping. 

 
The availability of ULT containers in any given port can contribute to development of an export-
oriented fishery however costs of demurrage and transport can negate some or all of the benefits 
derived from their use. Greater availability of ULT containers could allow greater expansion of the 
range of ULT equipped small and medium size “offshore” longline vessels from Taiwan, China 
and PIC domestic fleets, subject to the items listed above.   
Although technical advances have been made in the loading of containers for cannery-grade fish 
that can considerably reduce container stuffing and loading times, refrigerated fish carriers are 
likely to remain a more efficient mode of transportation for the regular transshipment of purse 
seine-caught fish for several reasons. Volumes transshipped by purse seiners are an important 
consideration: it is far easier logistically and more efficient to pre-position a 2,000 ton refrigerated 
fish carrier than the number of freezer containers required for a similar load. Similarly, with 
transshipment locations shifting among ports as a response to shifting fishing grounds, 
refrigerated fish carriers are in a much better position to respond to such shifts.   
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Exceptions to the use of fish carriers is most likely at processing plants where frozen fish from 
unloading fishing vessels is stored in cold stores for onward shipment later.  
 

 
 
 

2.5 TRENDS IN THE GLOBAL AIRFREIGHT INDUSTRY  

Air freighting of fresh tuna from the Pacific islands to existing markets (primarily Japan, Hawaii, 
US mainland, Australia, New Zealand and to a much lesser extent, Europe) is undertaken by a 
combination of direct dedicated cargo flights or as cargo on passenger flights. Both modes can 
serve end markets directly or via connections with wide-body passenger service at regional 
transport hubs and onward to major fresh markets.  
Several factors work against significant improvements in the air freight situation for cargo from 
the Pacific islands destined for overseas markets: 

• Worldwide, there are fewer cargo planes in operation, with more cargo being carried in 
passenger planes, so-called “belly freight”. 

• The global demand for air freight in volume terms, which handles 35 percent of the value 
of global trade, is slowing. Part of this reduction has been ascribed to the miniaturization 
of consumer electronics that have comprised about one-third of air cargo carried54.  

• Globally, dedicated freight moves through hubs as the most economical and efficient way 
of moving cargo. The availability of passenger flights to/from the Pacific islands is 
determined primarily by the demands of tourism (main driver) and business travelers, with 
the intention of providing the most direct flights as possible. Those flights may or may not 
coincide with the freight hubs. 

• Pacific island fresh tuna exports are insufficient to drive aircraft usage or choice of routes 
by passenger services. 

• The existence of available air freight space on aircraft does not guarantee an opportunity 
for expansion into a particular market. In the case of Fiji, the domestic airline’s decision to 

54 Johnsson, J. (2014) 

Implications for PICs 
With refrigerated ocean freight becoming a more crucial link in several aspects of 
tuna fisheries, future development will require governments to pay attention to 
improving port services and equipment to meet the needs of the fishing industry.  
These needs can be the same as or different from usual port usage. For example, 
an adequate number of electrical power points are required for the maximum cargo 
volume anticipated. Where shore power is unreliable, there is a need for installed 
auxiliary power.  
Improved efficiencies that minimize or eliminate delays can help contain rises in 
freight costs. Utilizing the appropriate container handling equipment (cranes, 
container side-lifters, large forklifts, etc.) and guaranteeing berthing space for arriving 
vessels intending to load refrigerated ocean freight are two important elements in 
controlling freight costs.  
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replace its Boeing 747 fleet with Airbus A330s resulted in an effective reduction of potential 
air freight capacity by 50 percent, from 30 mt to 15 mt55.  

• Space for potential fish cargo loads on desirable passenger routes can be lost to several 
factors, including competing shippers. Fresh fish exporters can be at a disadvantage when 
competing with other commodities for space onboard available flights. Some shippers of 
less perishable goods or goods with more predictable volumes and schedules are 
sometimes able to book far in advance. At later dates when flights are at or near weight 
limits last minute bookings can sell at higher per-ton rates in some markets56.  

• Fresh fish cargo requires product to be packed a short time prior to shipping or held in 
chilled cargo facilities at the initial export location or intermediate stops that may not be 
available or limited in capacity.  

 
The vulnerability of air freight links for fish from the Pacific islands to destination markets has been 
known since at least 2001 when FFA commissioned a sashimi air freight study. The conclusions 
of that report suggested that “sustainable and durable air freight services are unlikely to be 
sustained ‘naturally’ at freight rates acceptable to fresh fish exporters’57. The report pointed out 
that without “external intervention” the air freight link in the supply chain would remain high risk 
and subject to persistent disruption, making investment in the fresh bigeye and yellowfin fishery 
risky.  
In the Pacific islands there are currently a few exceptions to the scenario described. FSM and the 
Marshall Islands are served by a dedicated freight carrier operated by Asia Pacific Airlines (APA) 
that operates between Guam and Hawaii via Majuro and Pohnpei. Highest quality fish for the 
Japan market is taken west to Guam for transshipment onto passenger flights. Fish for Hawaii 
and mainland markets move eastward, with transshipment in Honolulu to the US mainland. The 
company carries freight other than fish, and has a mail contract to carry parcels to and from 
Micronesian destinations.  
The activities of the tourism sector in some countries provide an opportunity for belly freight. It 
can be less reliable however, subject to seasonal fluctuations, changes in tourist markets, airline 
policies, and levels of government support.  
Exporters in Fiji are able to take advantage of belly freight on direct wide-body flights to Los 
Angeles, a major seafood distribution hub that is home to many fish wholesalers in the mainland 
US. Fiji can do this because flights exist due to the strong marketing activities of the Fiji tourism 
and airline sector in the US and the demand such activities create. Direct flights to Honolulu from 
Fiji offer much less opportunity, since the aircraft employed (737-800) carries less freight. 
Likewise, Samoa is able to access the New Zealand market because of increased direct flights 
that serve a growing tourist market in Samoa.   

 

55 R. Dunham, pers. comm., May, 2014 
56 Blake, T. (2010) 
57 Centre for Asia Pacific Aviation (2001) 
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2.6   INNOVATIONS IN FREEZING TECHNOLOGY  

Mayekawa Manufacturing is a leader in freezing and compression technologies with a particular 
interest in the use of the five natural refrigerants, CO2, ammonia, hydrocarbons, water and air. 
Their Pascal Air system is an interesting development that uses ordinary air to cool air to -100° C 
for freezing of tuna and other products at -80° C58. This revolutionary process needs no other 
refrigerant, prompting the company to claim environmental benefits and cost savings. The system 
is based on a cycle of compression, cooling and expansion of air with high efficiency claims as 
energy from the expansion process is used to drive the compressor. Significant savings in 
electricity usage have also been claimed. 
Additional benefits are the lack of frost accumulation meaning no need to defrost warehouses, 
which helps to maintain constant, low temperatures. The system is relatively compact but 
apparently not yet applied to onboard fishing or carrier vessels. Rapid cooling tunnel freezers 
produced by the company may also prove useful in the future for onboard ULT conservation of 
tuna on larger purse seine vessels. The process has been on the market since late 2008 and has 
been applied to shore based cold storage facilities for tuna in Japan59. It is not known how 
widespread its use is at this time. 
 

2.7   ADVANCES IN TUNA PROCESSING TECHNOLOGY 

An important component of improving efficiency in tuna processing (loining or canning) is the 
sorting of catch prior to commencing processing operations. Currently, purse seine catch is 
unloaded from catcher or transshipment vessels in a frozen condition with all species either mixed 
or roughly sorted between skipjack and yellowfin+bigeye. Final sorting for raw material for canning 
runs is conducted manually for species, depending on the sorting criteria applied at each plant. 
Size discrimination is done manually or by computerized conveyor systems that sort to size 
categories once the workers have sorted by species and rejects due to crushing or deformation. 
The process is time consuming and subject to problems of human error, fatigue and subjectivity.  

58 www.mayekawausa.com/products/coolingsystems/pascalair.html 
59 www.ejarn.com/news.asp?ID=12962 
  www.r744.com/articles/6121/pascal_air_environmentally_friendly_ultra_low_temperature_storage 

Implications for PICs 
 
The air freight situation for cargo from the Pacific islands destined for overseas 
markets is unlikely to see significant improvements, except in locations with an 
expanding tourism sector that results in the availability of greater amounts of 
passenger aircraft usage. Even with expanded tourism, the type of aircraft in use 
will determine the practicality of using air freight.  
Difficult and expensive lessons have been learned by PICs in the development 
of locally-based longline industries. The concept of minimal shore based 
investment based on an export scenario of a “fish in a box”  seeking airline links 
to markets is a high risk undertaking.  

 50 

                                                



Recognition of these shortcomings has led to the development of an automated tuna identification 
and sorting system by Spain’s Marexi Marine Technology60. Their TUNASCAN61 product is 
advertised as an automatic frozen tuna fish classification machine. 
The TUNASCAN system claims highly accurate sorting by weight and species discrimination of 
frozen skipjack, yellowfin and bigeye tuna, recognizing that morphological characteristics for 
discriminating yellowfin from bigeye tuna change with size. The general operation of the system 
integrates with the sorting areas commonly seen in tuna canning operations with the addition of 
an automated scanning and identification module prior to the weight sorting conveyor belt (see 
video62).  
Frozen tuna are loaded into the system and passed through the identification module to be 
individually scanned with laser technology to produce a 3D image for species discrimination. The 
system also identifies deformed or damaged individuals for culling. After leaving the scanning and 
identification module, fish enter the final conveyor belt where automated gates divert fish into bins 
according to size and species. A large display panel shows the contents of each sorting bin in 
real time during the sorting process (Figure 17). The system integrates the results of sorting to a 
report generator that is customized to user needs.  
 

                  Figure 17  TUNASCAN Display Module Indicating Species and Weights 
                                    of Sorted Tuna 

 
  Source: Marexi Marine Technology 

 
The computerized technology to determine size and species of frozen tuna passed through a 
conveyor system forms the basis of the CALVOTUN development noted earlier in Section 1.4. 
The advantages of the automation are many but its application in the region will have to be 
weighed against costs and benefits in relation to relatively inexpensive sorting systems currently 
in place. A great advantage of TUNASCAN would be its ability to operate around the clock with a 
small amount of human oversight.  

60 www.marexi.com/MUSE/index.html 
61 www.marexi.com/empresa_htm_files/Tunascan_0614.pdf 
62 www.marexi.com/MUSE/tunascan_video.html 
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Mayekawa Manufacturing Co. of Japan is a leader in the manufacture of food service robotics, 
including the development of an experimental device for the live bleeding of skipjack tuna prior to 
ULT storage (Figure 18). The process involves the application of electric shock to reduce 
struggling, cutting of major circulatory vessels at head and tail with bleeding assisted by heart 
action, bleed-out in 15° C seawater, brine freezing at -17° to -20° with dry storage at -40° to -50°. 
 

Figure 18  Device for Automated Live  
                 Bleeding of Skipjack Tuna  

 
                                                   Source: Mayekawa Mfg Co. 

 
Sophisticated food processing robots that debone pork, chicken and turkey leg are already in 
widespread use63. The seafood industry has advanced rapidly due to the development of efficient 
devices that head, gut, fillet and skin a wide variety of farmed and wild caught fish. The farmed 
Atlantic salmon industry was advanced by the development of automated pin bone extractors. A 
huge variety of fish processing equipment exists for many species. A notable exception is the lack 
of sophisticated machinery for processing whole tuna for canning. Tuna loins are almost 
universally hand-picked and cleaned by lines of women in canneries in a process that has not 
essentially changed in over 60 years. (There may be some justification for the use of women in 
these tasks, as recent anthropological research suggests that the human male hand may have 
evolved as a striking weapon while the female hand evolved to maximize dexterity)64. 
Given the dexterity and attention to detail that is required to cleanly remove tuna skin from cooked 
loins, it is apparently not of interest by the industry to replace women with stainless steel robots 
as long as labor costs remain low and issues of low productivity, absenteeism and labor 
availability can be adequately managed. Considering the variety of cleaning and filleting machines 
available for many species of fish, it would seem that similar machines for tuna could be 

63 www.mayekawausa.com/products/robotics.html 
64 Adler (2014)  
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developed if parties were interested. It appears that the social benefits of employment and 
community goodwill outweigh any desires for automation and the associated issues of cleaning, 
maintenance and repair of machines and stocking of parts inventories. 
Proximity to the resource can be a significant benefit to a processing facility when transshipping 
and freight costs can be eliminated; but low labor efficiency and other factors have been cited as 
justifications for relocating to Southeast Asia or other locations. Increasing productivity of the work 
force and retaining and advancing experience are important goals of the processors. The newest 
tuna processing facility in the region, Tri Marine International’s facility at its Samoa Tuna 
Processors plant in American Samoa offers the latest in tuna processing technology and 
considers the work environment as well. According to the company, workers on the fish cleaning 
and packing line as well as workers in the freight unloading area will enjoy a clean, air conditioned 
work environment65.   
 
 

 
 
 
 
  

65 http://pidp.eastwestcenter.org/pireport/2014/February/02-05-09.htm 

Implications for PICs 
It is unlikely that tuna processing plants (loining, canning) will become highly 
automated in the near to medium future. The desire of PICs to have tuna 
processing facilities provide the maximum amount of employment and the 
conservatism of the tuna industry in resisting automation as long as cheap sources 
of labor are available have meant that little research and development has been 
expended on automation of the most labor-intensive tasks.  
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