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International Pole & Line Foundation

The International Pole & Line Foundation (IPNLF) works to develop, support and promote so-
cially and environmentally responsible pole-and-line, handline and troll tuna fisheries around
the world. IPNLF’s ambition is to contribute to thriving coastal fisheries, including the people,
communities, businesses and seas connected with them. As a hub for sustainably-minded organ-
isations, we use the influence of the market to forge change through practical fishery projects and
stakeholder cooperation. IPNLF membership is open to organisations involved in the one-by-one
caught tuna supply chain. Allied with our Members, IPNLF demonstrates the value of one-by-one
caught tuna to consumers, policymakers and throughout the supply chain. We work across science,
policy and the seafood sector, using an evidence-based, solutions-focused approach with guidance
from our Scientific & Technical Advisory Committee and Board of Trustees. IPNLF was officially
registered in the United Kingdom in 2012 (Charity 1145586), with branch offices in London and the

Maldives, and a staff presence in Indonesia, France, South Africa and the United States.

Marine Research Centre of the Maldives

The Marine Research Centre (MRC) of the Maldives, founded in 1984, is the research arm of the
Ministry of Fisheries and Agriculture (MoFA). MRC is mandated to undertake research on living
marine resources and to provide scientific advice on marine resource management and on the

state of the marine environment to the Ministry of Fisheries and Agriculture, Maldives.

Cover image: Pole-and-line fishing for tuna in the Maldives. By Kelsey Miller, © IPNLF
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Acronyms

Acronyms

aFAD  Anchored Fish Aggregating Device
dFAD  Drifting Fish Aggregating Device
EEZ Exclusive Economic Zone

FAD Fish Aggregating Device

FUI Fuel Use Intensity, litres of fuel burned per landed wet weight tonne
ft Foot/feet (1ft = 30.48¢cm)

GHG Greenhouse gas

HP Horsepower (1 HP = 746 watts)

IOTC  Indian Ocean Tuna Commission
IPNLF International Pole & Line Foundation
LOA Length overall

1/t

KFC
MFC
MIFCO
MoFA
MRC
MSC
MVR

nm

VMS

Litres of fuel used per metric tonne of fish landed
Kooddoo Fisheries Complex, Maldives

Maandhoo Fisheries Complex, Maldives

Maldives Industrial Fisheries Company Limited

Ministry of Fisheries and Agriculture, Maldives

Maldives Research Centre, Maldives

Marine Stewardship Council

Maldivian Rufiyaa (during this study MVR15.42 = US$1.00)
Nautical mile (inm = 1.852km)

Metric tonne (1t = 1000kg)

Vessel Monitoring System
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Executive Summary

Executive Summary

Marine fisheries supply much of the world’s animal protein, but most are dependent
on fossil fuels. Understanding the level of fuel use associated with capture fisheries
is critical for two reasons. First, the cost of fuel affects profitability, which conse-
quently may impact employment, food supply and food security. Secondly, fossil
fuel use has environmental impacts, which are increasingly being evaluated as part
of more comprehensive evaluations of sustainability. Fuel Use Intensity (FUI) is a
common metric used to evaluate the amount of fuel used in capture fisheries, and
is defined as litres of fuel burned per wet weight tonne of fish landed. So far, most
FUI studies have been on large industrial European fisheries, while fisheries that
are small-scale and/or in less developed countries have typically been overlooked

(Parker and Tyedmers 2015).

This study evaluates FUI for the pole-and-line tuna fishery in the Republic of Mal-
dives, a small archipelagic nation in the Indian Ocean. The fishery targets skipjack
(Katsuwonus pelamis) and accounts for roughly one-hfth (21%) of all pole-and-line
caught tuna in the world. Fuel use intensity for the Maldivian pole-and-line tuna

fishery was assessed using three separate data sources:

1. Fishery observer data (fuel used and fish caught per trip), recorded by Interna-
tional Pole & Line Foundation (IPNLF) and Marine Research Centre (MRC) ob-
servers in 2014-2015;

2. Fuel subsidy records (logbooks and receipts for fish sales and fuel purchases),
during 2012-2013 from the Ministry of Fisheries and Agriculture (MoFA); and

3. Fish processor receipts of landings and fuel sales from two of the largest fish
processors in the nation, Maandhoo Fisheries Complex (2010-2014) and Kooddoo
Fisheries Complex (2006 and 2010-2011).

Estimates of FUI from these three sources were: 328 litres of fuel per landed metric
ton (I/t) from observer data, 322 1/t from fuel subsidy data, and 197 1/t from proces-

sor data.

These values for Maldivian pole-and-line tuna fishery FUIs are between approxi-
mately 30-50% of the FUI average for all fisheries with fuel use records, which is
between 600 1/t and 639 1/t (Tyedmers et al. 2005; Parker and Tyedmers 2015).
Maldivian pole-and-line FUI is slightly lower than that for purse-seine-caught tuna,
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and roughly 80% less than the only previous estimate of FUI for another pole-and-
line tuna fishery, that for offshore albacore (Thunnus alalunga) and Atlantic bluefin
tuna (Thunnus thynnus) in the Atlantic (Parker and Tyedmers 2015).

These FUI values of between 197 I/t to 328 1/t suggest that the Maldivian pole-and-
line tuna fishery is relatively fuel-efficient. While FUT is only one facet of sustainabil-
ity, the Maldivian pole-and-line tuna fishery also has low levels of bycatch, minimal
impact on the marine environment and contributes towards social benefits, includ-

ing food security and rural employment.
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Introduction

Introduction

Marine capture fisheries are an essential source of animal protein worldwide, and are
particularly critical in Republic of Maldives, where the per capita consumption of sea-
food is the highest in the world (FAO 2014). Like most other fisheries in the world, Mal-
divian fisheries are dependent on fossil fuels. Understanding levels of fuel use in marine
capture fisheries is important for two reasons. First, fuel is typically among the largest
costs in fishing operations. Cost of fuel can affect the ability of fishers to catch fish, with
implications for fishery profitability and for food supply and security. Some have specu-
lated that the fuel cost as a percentage of revenue is increasing worldwide (Pelletier et al.
2014). The relative cost of fuel to other operating costs is typically higher in Africa, and
Central and South America (including the Caribbean) than in Europe, North America
and Oceania, largely due to the high labour costs in the more developed regions (Lam et
al. 2011). Under these circumstances, fuel prices and FUI are more closely linked to food
security in developing countries. Pelletier et al. (2014) found that fishery food security
risks were strongly associated with development status, and developing countries (such

as the Maldives) were the most vulnerable to fuel price changes.

Secondly, fossil fuel use has environmental impacts, and these are increasingly under
scrutiny across all sectors of food production (e.g. Weber and Matthews 2008). Consum-
ers are increasingly assessing the total environmental impacts of food sources (Madin
and Macreadie 2015), with evaluations in the seafood sector going beyond stock status,
bycatch and habitat impacts. In addition to inter-fishery fuel use comparisons, cumula-
tive emissions from marine capture fisheries worldwide have been compared against
other industries. Roughly one third (32%) of the world’s global energy consumption is
used in the food sector (Sims 2011). Marine capture fisheries used an estimated 42.4 mil-
lion tonnes of fuel in 2005, at a cost of $22.5 billion annually (Willman et al. 2009); this
equated to 1.2% of global fuel consumption (as of 2000), releasing 134 million tonnes of

carbon dioxide (Tyedmers et al. 2005).

In capture fisheries, relatively few studies have evaluated fuel use (Avadi and Fréon
2013), and those that have focussed primarily on large industrial fisheries in Europe
(Parker and Tyedmers 2015). In such fisheries, variation in fuel efficiency appears to be
closely related to gear type (Tyedmers et al. 2005; Schau et al. 2009; Avadi and Fréon
2013; Parker and Tyedmers 2015). Purse-seine fisheries for small pelagics (e.g. anchovy,
mackerel, sardine) are often more efficient than bottom trawl and trap fisheries (espe-

cially for crustaceans), or some longline or troll fisheries (Parker and Tyedmers 2015).
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Small-scale fisheries are frequently assumed to be more fuel efficient than larger scale
fisheries (e.g. Carvalho et al. 2011), but this generalisation does not take into account the
high variation between fisheries. To date, small-scale fisheries and those in less devel-
oped countries have largely been overlooked. As such, it was considered a priority to eval-
uate the fuel use of pole-and-line fishing in the Maldives for comparison to larger-scale
tuna fisheries (Parker and Tyedmers 2015). While Tyedmers and Parker (2012) provided
preliminary estimates of fuel use across several tuna fisheries, only one example of tuna
pole-and-line was represented in their study: the Atlantic albacore and bluefin fishery.
That fishery is quite different from the Maldivian skipjack fishery in terms of the relative
abundance of target species, distance travelled to catch fish and the value of landings.
Both albacore (Thunnus alalunga) and Atlantic bluefin (Thunnus thynnus) are less abun-
dant than skipjack but are more valuable; the high unit value of the catch allows the At-
lantic pole-and-line fishery to maintain profitability despite high fuel usage.

Fuel Use Intensity

Fuel Use Intensity (FUI) is a common metric for evaluating the amount of fuel used in
capture fisheries, and is defined as litres of fuel burned per landed wet weight tonne landed
(Tyedmers 2004). Several studies have shown that actual fishing activities are the most
energy-intensive step in seafood production (Ziegler et al. 2003; Thrane 2004). They are
typically responsible for approximately 75-90% of total energy use and greenhouse gas

emissions in the production of most sea-

food (Tyedmers 2001,2004; Ziegler et al. ol " ndia

2016). A notable exception is for those

fisheries which use post-harvest air- Sri Lanka
freight, which can account for over half

of carbon emissions (Farmery et al. 2014).

@Maandhoo

éKooddoo

©

The Republic of Maldives

The Republic of Maldives is an archi-
pelagic atoll chain in the central Indian
Ocean, running north-south along 73°E
from about 7°N to 1°S (Figure 1). There

are some 1,200 islands, grouped across 26,

natural atolls. The Maldives is tradition- 70 75 8

ally a tuna fishing nation, with the fishery
dating back at least 800 years (Anderson

Figure 1. Map of the Maldives, showing

exclusive economic zone (EEZ) boundary.
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et al. 1998; Adam 2006). The primary fishing method is livebait pole-and-line. Histori-
cally, ishing vessels were sail-powered, but most were motorized in the mid-1970s. The
Maldivian fishery accounts for roughly one-fifth (21%) of all pole-and-line caught tuna
in the world; Japan (37%) and Indonesia (14%) are the other major pole-and-line fishing
nations (Miyake et al. 2010; Gillett 2016). Approximately 80,000 t were landed in the
Maldives annually from 2010-2014 from pole-and-line, with the catch comprising rough-
ly 80% skipjack, 18% yellowfin and 2% other tunas (Ahusan et al. 2016).

The Maldives has the highest per capita fish consumption in the world (FAO 2014), and
much of the social fabric of the country, especially in its outer island communities, is
closely linked with tuna fish and fishing. Maldivian pole-and-line tuna fishing is typically
cited as environmentally friendly due to its highly selective nature, with virtually no by-
catch and essentially no habitat impact (Miller et al. 2016; Miller et al. 2017). In recogni-
tion of its environmental sustainability, the Maldives pole-and-line skipjack fishery was
certified by the Marine Stewardship Council (MSC) in 2012 (MSC 2016).

The growing interest worldwide in the overall sustainability of fisheries, including con-
trol of greenhouse gas (GHG) emissions resulting from harvest, highlights the need for
a close examination of how fuel is used in the Maldivian pole-and-line tuna fishery. In
2013, a socio-economic study of the tuna fisheries provided a rough estimate of FUI of
233-398 1/t, with variation based on vessel size (Hohne-Sparboth et al. 2013). However,
that study used average fuel and catch estimates from different years, and recognised
that a larger-scale study was required. This report examines fuel use throughout the Mal-
divian pole-and-line fishery using multiple data sources to estimate FUI, and to identify
patterns and key influencing factors. This information can provide direct feedback to as-
sess the environmental credentials of the fishery, to establish a baseline for comparison

with other tuna fisheries, and to highlight areas for improvements.

Fishery Description

The Maldivian tuna fisheries include pole-and-line, handline, troll and longline harvest
methods. Pole-and-line and handline are the most important fishing methods as they
contribute more than 90% of reported national tuna landings (MoFA unpublished data,
Ahusan et al. 2016) (Figure 2). The three most important species, in order of tonnage
landed are skipjack (Katsuwonus pelamis), yellowfin (Thunnus albacares) and bigeye
tuna (Thunnus obesus), with combined annual pole-and-line catches of about 80,000 t

(Adam et al. 2014a; Adam et al. 2014b; Ahusan et al. 2016). Bigeye tuna was not historically
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Figure 2: Maldivian skipjack and yellowfin tuna catches by gear for 2010-2016 (Source:
MoFA Statistics, unpublished data). PL = pole-and-line, HL = handline, LL = longline,
and TR = troll.

differentiated from yellowfin tuna in official records, and so few landings data are
available prior to 2015. Small quantities of kawakawa (Euthynnus affinis) and frigate
tuna (Auxis thazard) are also caught and landed, primarily by trolling and pole-and-

line.

Pole-and-line fishing includes two separate components: fishing for live baitfish and
fishing for tuna. Because these activities are generally conducted in the same trip,
fuel use data include fishing for both. The most common bait species is silver sprat
(Spratelloides gracilis) but blue sprat (S. delicatulus), several species of fusiliers (Cae-
sionidae), an anchovy (Encrasicholina heteroloba) and cardinalfishes (Apogonidae)

are also used (Anderson et al. 1998; Anderson 2009; Jauharee et al. 2015).

Tuna fishing occurs offshore, in the open ocean, typically within 20-130 km (10-70 nau-
tical miles) of the atolls (Adam et al. 2013). Fishers locate schools of tuna most frequent-
ly by the presence of seabirds or another fishing boat, or by association with a floating
object (natural logs, drifting fish aggregating devices [dFADs] or anchored fish aggre-
gating devices [aFADs]). The Maldivian Ministry of Fisheries and Agriculture (MoFA)
maintains a network of some 50 aFADs deployed all around the archipelago, mostly
within 22-28 km (12-15 nm) of the atolls (Adam et al. 2015). Approximately 50% of the
Maldivian pole-and-line tuna catch is currently taken from these aFADs (Jauharee and

Adam 2012), up from an estimated 44% in the early 1990s (Anderson et al. 1996).
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Roughly 60% of tuna landings are exported, either frozen, canned, pouched, fresh or
dried, with a total declared value of about US$160 million per year (Maldives Customs
Services 2016). The tuna fisheries directly employ about 15,000 people, of which all of
the fishers must be Maldivian, by law (MoFA 2013). Due to high fuel costs, fuel subsidies

were given to commercial fishers between 2008 and 2013.

Fishing Vessels

Maldivian pole-and-line fishing vessels (dhonis) are constructed locally. Currently, most
new fishing vessels have fibreglass hulls, although there are many vessels with wooden
hulls still in operation. Vessels are typically between 15-37 m (75-120 feet [ft]) length
overall (LOA), with an average of approximately 26 m (85 ft) LOA. Vessels have a low
deck, with bait wells and fish storage below deck. The low stern of the vessel allows for
easy angling of tuna while standing on the transom. Most vessels in this fishery have
inboard diesel engines ranging from about 370-750 kW (500-1000 horsepower [HP]),

although some have much smaller engines.
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Methods

Data Collection/Sources

Fisheries catch and fuel use data were evaluated and compiled from three separate sourc-
es: observer records, a government fuel subsidy program and private processing com-
pany records. Limitations of the data are described in the Discussion. Fuel use intensity
(FUI) was calculated as litres of fuel used in the catch of tuna and baitfish per metric ton
of tuna landed, excluding bycatch and byproduct, which observer data suggest are ap-
proximately equal to 0.65% of tuna landings (Miller et al. 2017).

Observer Data

Observer trips (n=105) were conducted by experienced observers, including the prima-
ry author (KM) and other experienced observers, Ibrahim Nadheeh and Riyaz Jauharee
(Miller et al. 2017). They collected information on fuel use and landings by individual fish-
ing trip from August 2014 to November 2015. Observed trips covered all regions of the
Maldives during both monsoon seasons, with most effort in the south where pole-and-line
fishing activities are concentrated. Vessels were chosen opportunistically and ranged from
16-35 m LOA, with 8-23 crew. Most fishing trips started in the late evening, included night
baitfishing, a full day searching and fishing for tuna offshore, and a return to shore in the

early evening (all but one trip included a single day of tuna fishing, one trip had two days).

Observers maintained detailed records of fishing activities. Effort data included vessel
details, number of fishers/hooks, and the amount/type of bait used. Position, school as-
sociation, sighting method and duration were recorded for each fishing event. Fishing
events were defined as periods of active fishing that were separated by more than 10 min-
utes. School association was recorded as one of six categories: aFAD, dFAD, natural log,
floating man-made object, seamount or free school. Schools were defined as associated if
the start of fishing was within roughly 1 nm (1.85 km) of any floating object, or within 5 nm
(9 km) of a seamount (following Amandg et al. 2008). However, because dFADs and other
floating objects are encountered randomly while searching for free schools or in transit,
the fishing school target as defined in this study was considered to be the location the
captain intended as the primary target, either aFAD, seamount, free school, or multiple, if
more than one was visited in a day. A detailed description of observer sampling protocol

is available in Miller et al. (2017).

Upon returning to shore, fuel purchases were typically used to verify the amount of fuel

used, as larger vessels frequently refuel every time they return to port. If a vessel did not
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purchase fuel between trips, the captain was asked to estimate the amount of fuel used (e.g.

by checking the fuel tank).

Fuel Subsidy Data

Fuel subsidies were given to commercial fishers during 2008-2010 and 2012-2013. It was re-
ported that MVR100 million, or US$6.5 million, in fuel subsidies was budgeted for fishers
in 2012 (Powell 2012). In 2012-2013, as part of this program, fishers were required to submit
fuel purchase receipts and copies of their landing forms and/or logbooks to MoFA either
biweekly or monthly in order to receive the subsidy. Thus, the data available include fuel
purchases and fish landings during this time period, which are used here to estimate FUL
Vessel-specific fuel purchase and fish landings data were accessed from MoFA. Additional
vessel data were accessed from MoFA to link the vessel name/registration number with

vessel length and engine size from national vessel registration listings.

Receipts, logbooks and landing forms were collected by MoFA at the time of the subsidy
program. These data were manually entered into Microsoft Excel by IPNLF and MRC
staff. Forms that were incomplete, missing pages, or contained obvious discrepancies (e.g.
pole-and-line fishery marked with only landings of yellowfin tuna) were excluded. Only

vessels that fished exclusively by pole-and-line during the trip period were included.

Processor Data

Pole-and-line tuna landings and fuel sales data were acquired from Kooddoo Fisheries
Complex (KFC) and Maandhoo Fisheries Complex (MFC) (Figure 1), two tuna processing
facilities in south-central Maldives. They are two of the three major purchasers of pole-and-
line caught tuna in the Maldives. KFC in Gaafu Alifu Atoll is part of the state-run Maldives
Industrial Fisheries Company Limited (MIFCO) and operates processing plants, collector
vessels, landing docks and fuel depots. Similarly, MFC in Laamu Atoll operates process-

ing plants, fishing vessels, collection vessels, landing docks and fuel depots.

Landings and associated fuel data from KFC were available in 2006, 2010 and 2011 only,
and represented roughly 2.1-6.8% of national landings of tuna during those years. Landings
and fuel purchase data from MFC were available for 2010-2014, and represented roughly
4.5%11.1% of the Maldives’ annual tuna landings. These data on tuna landings and fuel
sales, by month, from 2006 and 2010-2014 were analysed in this study, and for 2014 in-
cluded vessel registration numbers. These registration numbers were matched with the

MoFA database to determine vessel length and engine size for each vessel, which could
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then be linked with landings and fuel sales. MFC managers were confident that fishers
represented in their dataset rarely purchased fuel elsewhere or sold tuna to local markets
or consumers (Abdul Razzak, General Manager, pers. comm.,, 2016). MRC has confirmed
that there were no fuel depots other than the fish processing plants in Laamu or Gaafu
Alifu Atolls during this time, suggesting that the fuel purchased can be reliably linked to
the fish sold at MFC.

Data Analysis

Analyses were conducted in Microsoft Excel and R statistical software (R Core Team 2012).
Fuel use intensity (FUI) was calculated as fuel used in the catch of tuna and baitfish per
metric ton of tuna landed. Few baitfish are landed, and it is not feasible to separate the fuel
used to catch baitfish and the fuel used to catch tuna, as these were typically caught within
a single trip. When average FUI was calculated for multiple vessels or trips, this was done

using total fuel and total catch rather than averaging the FUI values for each vessel.
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Table 1: Main features of the three datasets considered in the study.

No. unique Time Length of Engine o
D 1
ataset vessels Period vessel (m) | size (HP) Coverage | Compilation
Observer 2014 - 2015  15.5-35.0 39 - 830 National Inilr‘i];(iual

Fuel
Subsidy

AT 2O, 2006, 2010-
Processor [ERbislistoaiset 251 5.9-355 5 - 830 South Aggregated
other years g

Observer Data

17
87 2012-2013  8.9- 345 22-720 National Aggregated

One hundred and five fishing trips were observed on 17 different vessels, with 106 ob-
served days (as one vessel stayed offshore overnight on one trip). These constituted 86
trips in which tuna fishing was conducted, on 87 days. On the other trips there was in-
sufficient livebait or schools of tuna could not be located. Fuel burned during these trips
where no tuna fishing occurred was included in our analysis, as non-productive trips are
still part of the fishery. A total of 147 t of fish was landed (for comparison, this was equiv-
alent to 0.17% of recorded national landings in 2014). During baitfishing and tuna fishing
combined, these vessels burned 47,855 litres of fuel, giving an average of 328 litres of fuel
per metric ton (I/t) of tuna landed. The 17 vessels observed ranged from 15.5-35 m in
length, with engine sizes of 29-619 kW (39-830 HP). On two of these vessels, insuffi-
cient bait was caught to go tuna fishing so only baitfishing was observed; data from
these vessels were removed from per vessel analyses for FUI, but the fuel that they

burned catching bait was included in total analyses (250 I).

400

FUI (/)
g

[\V)
o
]

100

aFAD Free school Seamount Multiple
Primary Tuna School Association

Figure 3. Fuel use intensity (FUI] for fishing on different school associations of tuna.
Derived from observer data, 2014-2015.
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Figure 4. Fuel use intensity (FUI) for 15 different sized fishing vessels, where each plot

represents an individual vessel. Derived from observer data, 2014-2015.

Communications with captains suggested that fishing for baitfish used approx-
imately 15%-20% of the amount of fuel consumed on a fishing trip, although this
could be highly variable. A lower FUI was estimated for the days fished on free
schools (FUI=199 I/t, n=15) than on days identified as fished on aFADs (FUI=369 l/t,
n=55), seamounts (FUI=528 1/t, n=5), or multiple targets (FUI=575 l/t, n=12) (Figure 3).
Overall, smaller vessels had the lowest FUI; however, large vessels can also have a
low FUI (Figure 4).

Fuel Subsidy Data

MoFA fuel subsidy data are of rather poor quality, with many data gaps and
obvious errors. A subset of these data, for the period November 2012 to July
2013, was compiled, checked and analysed. Data forms with data missing or
obvious mistakes were excluded from analysis. Of the usable data, 87 vessels
reported both the fishing method of pole-and-line and also reported landing
primarily skipjack in landings data and/or logsheets. Pole-and-line landings eval-
uated here amounted to 2,515 t (equivalent to 2.7% of the national pole-and-line
landings in 2013). Associated with these tuna landings, 809,560 | of fuel were pur-
chased.

The fuel subsidy data demonstrate that vessels used an average of 322 1/t (although
this applies only to tuna landings, not catches of non-tuna species). The short time
frame of the subsidy did not allow for investigations into temporal variation. The
relationship between FUI and engine power (Figure 5) is unclear. However, smaller

vessels appeared to have a lower FUI than larger vessels (Figure 6).
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n=17

n=14

FUI (/1)

Engine Power (HP)

Figure 5. Fuel use intensity (FUI) of Maldivian pole-and-line vessels of different engine

sizes. Data derived from government fuel subsidy program, 2012-2013.
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Figure 6. Fuel use intensity (FUI) of Maldivian pole-and-line vessels of different lengths.

Data derived from government fuel subsidy program, 2012-2013.

Processor Data

MFC processor data included records of 28,202 t of tuna caught between 2010 and
2014. Fuel purchases at this site amounted to 6,014,000 | during this time period. At
KFC, 12,809 t were purchased in 2006, 2010 and 2011, with fuel sales of 2,074,455 L.
Only pole-and-line caught skipjack, yellowfin, and bigeye are purchased at either
site; no handline caught tuna were purchased. In 2014 at MFC, the only year in
which individual vessel data were available, larger vessels tended to have a higher

FUI than smaller vessels (Figure 7).

Analysis of fuel purchases and fish sales data from fishing vessels landing pole-and-
line caught tuna at MFC from 2010-2014 show that vessels used an average of 213 1/t,
which varied by year (Table 2). At KFC, the average FUI was 162 1/t for 2006, 2010
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Figure 7. Fuel use intensity (FUI) of Maldivian pole-and-line vessels of different lengths.

Data derived from processor data sources, 2014.

and 2011. For 2010 and 2011, the FUIs calculated at each location were within 10% of each

other. By far the lowest FUI was in 2006, with an FUI less than half of any other year.

With the exception of 2006, FUI varied only slightly between years. Within each year,

there was high variability of FUI, but a suggestion of higher FUI during the height of

the two monsoons (in February and August) (Figure 8). In southern Maldives, highest

catch rates (i.e. lowest FUIs) have been observed during the inter-monsoons (March-

May and October-November) (Anderson et al. 1998).

Table 2. Fuel use intensity (FUI) for vessels that landed pole-and-line caught tuna at

Kooddoo Fisheries Complex and Maandhoo Fisheries Complex from 2010-2014 and

percent of represented catch of the total national pole-and-line tuna landings (by weight).

2006 (KFC)
2010 (KFC)
2010 (MFC)
2011 (KFC)
2011 (MFC)
2012 (MFC)
2013 (MFC)
2014 (MFC)

Total

290,237
902,277
889,248
881,941
537,446
867,703
2,417,847
1,301,763

8,088,462

3,432,102
4,952,293
4,469,453
4,425,244
2,968,812
4,310,991
10,324,183
6,128,423

41,011,501

182

199

199

181

201

234

212

197

2.1%
5.6%
5.0%
6.8%
4.5%
6.8%
11.1%

7.0%
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Figure 8. Monthly Fuel use intensity (FUI) of the Maldivian pole-and-line tuna fishery, de-

rived from MFC processor data sources.
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Discussion

The FUIs estimated from the three separate data sources range from 197-328 1/t (Ta-
ble 3). These estimates represent the best available data in the Maldives at present.
The FUI derived from fuel subsidy and the observer data were 50% higher than those
derived from processor data, and the processor data was found to be statistically dif-
ferent (Subsidy v Processor Z = 6.47, p < 0.00001, Observer v Processor Z = -2.26, p <
0.024). As these were different, and the data were collected and compiled in different
ways, these were not combined for a single FUI estimate. Several reasons may help
explain the differences between estimates. The datasets may show differences that
exist within the fleet (e.g. vessel size, region, temporal variation) or may be an artefact
of small or irregular samples. For example, the processor dataset included smaller
vessels, which use less fuel (34% were under 20 m, compared to 23% and 22% in the
fuel subsidy dataset and the observer dataset, respectively). As well, for the processor
dataset, non-tuna landings were excluded, and it is possible that some tuna landings
were also excluded in the reporting due to poor quality, smaller size, or sub-optimal
quantity for selling to processor. For the observer dataset, the percentage of vessels
over 25 m was 56% compared to 46% for both the processor and fuel subsidy data-
sets. However, as these three independent sources of data and calculations showed a
similar estimate of FUI in this study, it is assumed that the true value of FUI for the

Maldivian pole-and-line tuna fishery falls within the range of values estimated here.

The FUI values estimated here are similar to previous estimates of the Maldives
(Héhne-Sparboth et al. (2013). However, those estimates were made using landings
and fuel expenses based on different years (catch and fishing effort 2004/2005-2010,
fuel consumption and price 2011). Interestingly, Hohne-Sparboth et al. (2013) also
estimated vessels less than 13.7 m to have the lowest FUI (233 1/t), with vessels in
the 19.8-25.9 m size range to have the highest (398 1/t), with moderate (13.7-19.8 m)
and largest (>25.9 m) having FUIs in between (318 1/t and 354 1/t, respectively. This
shows a similar trend as observed in the present study. While there is a two-fold
difference among the values observed in this study, and other estimates of the Mal-
dives (197-398 1/1), these differences are still relatively small compared to the differ-
ences between major fishery types (roughly 300 1/t compared to over 1,000 1/t for

longline or pole-and-line caught albacore or Atlantic bluefin).

One global review found the median FUIT of all fisheries that had fuel use records since

1990 to be 639 1/t (Parker and Tyedmers 2015), while the FUI of all worldwide fisheries
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Table 3. Fuel use intensity (FUI) from different tuna fisheries by location and gear type

PL = pole-and-line, PS = purse seine, and TR = troll.

Maldives 201019, PL Skipjack 197 This study,
2010-2014 processor data
. . This study, fuel
Maldives 2012-2013 PL Skipjack 322 subsidy data
Maldives 2014-2015 PL Skipjack 328 it simesy
observer data
. . Héhne-Sparboth
Maldives 2004-2011 PL Skipjack 233-398 ot al. (2013)
Solomon Islands 2011 PL Skipjack 588 Gillett (2011)
Palau 2011 PL Skipjack 504 Gillett (2011)
Atlantic, Indian, Skipjack, Tyedmers and
Pacific Oceans 2009 PS yellowfin 368 Parker (2012)
Atlantic, Indian, Tyedmers and
Pacific Oceans e LL Ll 1069 Parker (2012)
) Tyedmers and
Atlantic Ocean 2009 TR Albacore 1107 R —
Atlantic Ocean 2009 PL Albacore, 1485 Tyedmers and

Atlantic bluefin Parker (2012)

combined in 2000 was 600 1/t (Tyedmers et al. 2005). Globally, the lowest FUIs (less
than 100 1/t) were found in large-scale fisheries that target small pelagic fishes, such
Peruvian anchovy and Icelandic herring, while the highest FUIs were typically found
in bottom trawl fisheries, such as those for Australian tiger prawns and Norwegian lob-

ster, with FUTs over 11,000 1/t and 17,000 1/t respectively (Parker and Tyedmers 2015).

The FUI values from the Maldives pole-and-line tuna fishery reported here are be-
tween approximately one-third to one-half of the FUI average of all marine capture
fisheries (Parker and Tyedmers 2015). They are slightly lower than the world average
for purse-seine tuna fisheries (Parker and Tyedmers 2015). They are also less than pre-

vious estimates from other pole-and-line tuna fisheries.
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All three FUI estimates for Maldivian pole-and-line fishing vessels in this study are
less than a quarter of that reported by Tyedmers and Parker (2012) for the European
offshore pole-and-line albacore and bluefin tuna fishery. That North Atlantic fishery
targets high value species (Macfadyen and Defaux 2016), and therefore can be prof-
itable with higher FUI This is not the case with most skipjack pole-and-line fisheries,
which provide tuna to processors for canning. This is a lower-value product, and lower
FUI contributes to the overall viability of operations. Previous studies of pole-and-line
tuna fisheries estimate an FUI of 588 1/t in the Solomon Islands and approximately 504
1/t in Palau (Gillett 2011), suggesting that pole-and-line fisheries targeting skipjack

may generally have FUIs lower than those fisheries that target higher value species.

Factors Influencing Fuel Use Intensity

Stock Abundance /Annual Variation

Within the Maldivian pole-and-line fishery, several factors may affect FUI, for example,
changes in stock abundance and catchability. The highest catches of pole-and-line tuna
in the Maldives were recorded in 2006, with landings of 166,000 t (Adam et al. 2015). Be-
tween 2006 and 2010, nominal catch rates halved from 800 kg/trip to less than 400 kg/
trip (Jauharee and Adam 2012). Data from KFC for 2006 suggest a FUI of 85 1/t, while the
FUI for 2010-2011 was roughly double that (182 and 199 1/t, respectively).

In Swedish trawl fisheries, Ziegler and Hornborg (2014) found stock size was highly in-
versely correlated with FUL In Norway, Schau et al. (2009) also found inverse relation-
ships between fuel consumption and annual catch rates. If catchability was to increase
in the Indian Ocean, perhaps as a result of increased population abundance, then FUI
would likely decrease. As such, working towards improved stock management and
rebuilding of heavily exploited stocks should contribute towards reducing fuel usage
in the Maldivian pole-and-line tuna fisheries. The Indian Ocean skipjack tuna stock,
which is the primary target of the Maldivian pole-and-line fishery, is currently con-
sidered to be healthy. However, the Indian Ocean yellowfin tuna stock is considered
overfished and subject to overfishing at present. The yellowfin tuna is not the primary
target in the pole-and-line fishery but makes up approximately 25% of these landings,

leaving room for improvement.

Fishery Target
The FUIs estimated here for the Maldivian skipjack pole-and-line fishery are much
closer to the FUIs estimated for Western Pacific skipjack pole-and-line fisheries
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(Gillett 2011) than for an Atlantic albacore and bluefin pole-and-line fishery (Parker and
Tyedmers 2015). This illustrates the importance of target species on FUIL Factors that
influence species-specific catchability (e.g. biomass, schooling behaviour, depth in the
water column, and size of schools) can dramatically affect landings and thus FUL In a
review of FUIs in global fisheries, Parker and Tyedmers (2015) found strong patterns re-

lated to species class.

Vessel Size

A positive relationship between vessel size 300

and FUI was seen across all datasets, with veo

larger vessels typically having higher FUL

This relationship is most evident when all 200

three datasets were combined (Figure 9). é:\jmo

Vessels with small engines use less fuel,and 2

can maintain a low FUI with smaller catches 100

of fish. Although large vessels that caught

large quantities of fish while using high >

amounts of fuel had low FUI, they tended o e > o9 ps
to be less fuel efficient overall. When fish- 3 o

ing is poor, captains of smaller vessels with
lower fuel consumption, are more inclined
to go out looking for tuna due to their low-
er overheads, which can benefit employ-
ment and food security, but at the cost of in-

creased FUL Conversely, larger vessels are

Vessel Length (m)

Figure 9. Fuel use intensity (FUI) of Mal-
divian pole-and-line vessels of different
lengths. Data derived from observer pro-
gram, 2014-2015; government fuel sub-
sidy program, 2012-2013; and processor

more likely to go out only when fishing is  sources, 2014.

known to be good. These biases may tend to

weaken the relationship between FUI and vessel length. In recent years, there has been a
trend towards building larger Maldivian fishing vessels, which have higher construction,
maintenance and operating costs (Jauharee 2013). Many large vessels were constructed
following the peak of tuna catches in 2006, however, due to declining catch rates, these
vessels may be uneconomical to operate, and are frequently tied up at the dock, aban-
doned, or switched to other fishing activities (Jauharee 2013). For example, some of these
larger vessels have switched to handlining for large yellowfin tuna. It would be worth
investigating the potential economic benefits of government-imposed size restrictions

for pole-and-line vessels.



Discussion

In other fisheries, findings have been mixed. Ziegler and Hornborg (2014) found minimal
differences in FUI between different sized vessels in Swedish trawl fisheries. However,
data other from fisheries indicated that larger vessels have a higher FUI compared to
smaller vessels (Thrane 2004). Similarly, the weight of a vessel could also affect FUT; this

was not investigated in this study as weight estimates for vessels were not available.

FADs

Pole-and-line fishers in the Maldives employ two main fishing strategies: fishing on aF-
ADs and fishing on free schools of tuna. Fishing on aFADs tends to yield smaller catches
of tuna than fishing on free schools, but aFAD catches are more reliable because search-
ing for free schools is not always successful (Miller et al. 2017). Thus, fishing on aFADs
can reduce the amount of fuel used searching for tuna, and in addition fishers relying on
aFADs do not need fast vessels (with large engines) to compete. In contrast, fishing on
free schools can yield larger catches of tuna (Miller et al. 2017), but is less reliable, since
fishers are not always able to locate schools. Vessels fishing on free schools should there-
fore have greater variability in FUI between trips than vessels fishing on aFADs, and this
trend is seen in the observer dataset, but a larger sample size would be needed for stron-
ger conclusions. Furthermore, fishers searching for free schools believe that they need
larger engines to cover more area and to chase down any schools seen. The limited data
tend to suggest that fishing on free schools is more fuel efficient than fishing on aFADs
(Fig.3), because catches can be high when schools are found. However, no definitive
conclusions about the impacts of different fishing strategies on FUI could be deduced,
mainly due to small sample sizes, and potential confounding of variables, and further
research should be conducted. In purse seine fisheries, one study suggested that fishing
on drifting FADs may be less fuel efficient than fishing on free schools, but again more
research was recommended (Tyedmers and Parker 2012; Parker and Tyedmers 2015). In
contrast, in Indonesia, the introduction of aFADs (known locally as rumpon) in the 1980s
decreased fuel consumption by almost 50% (Monintja and Mathews 2000). In the Mal-
dives, larger vessels are more likely than small vessels to fish on free schools, and more so
when fishing is good; the relationship between fishing strategy and fuel use is therefore

likely to be complex.

Other Factors
No obvious relationship was found between month of the year or seasonality and FUL
Fishers may be less likely to go fishing and risk wasting fuel during times of relatively low

fish availability, and may fish less intensely when they know fishing is poor. Availability
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of baitfish may also play a role, as fishers sometimes must travel long distances to catch
baitfish. The cost of fuel can also influence fisher behaviour. Schau et al. (2009) found
an inverse correlation between fuel consumption and oil prices in Norwegian fisheries.
The distance to the fishing grounds is also a factor in FUI as much of each trip is spent
steaming to/from the fishing grounds. If schools can be found close to the port of depar-
ture, then FUI will be lower. In general, aFADs tend to be closer, with small, but reliable
catches. The main seamounts fished in the Maldives are relatively far offshore, but could
contribute towards low FUT if catches are high enough. In addition, the age and condition
of the vessel and engine, as well as speed at which the vessel is driven, can also influence
fuel use. If the vessel or engine are not maintained, they will be less efficient. High travel
speeds will also increase FUL In general, Maldivian vessels are not optimised for fuel

efficiency.

Limitations

Observer Data

The observer dataset was limited in scope, being based on relatively few vessels, which
may have reduced accuracy of FUI estimation. On the other hand, these data were likely
the most accurate due to direct quantification of fuel used and fish landed. The observed
vessels were chosen opportunistically, but selection was biased towards larger vessels
that were more willing to take observers; this may have resulted in a bias towards a higher

estimate of FUL

Some vessels did target non-tuna species as well, which would not be included in the FUI

analyses, and would show a higher FUI than if all species were included.

Fuel Subsidy Data

As some of the data used in this analysis drew upon self-submitted logbooks and receipts,
there was room for error in the data. Many receipts and logbooks had varying thorough-
ness, perhaps related to the modification of the logbook system (during 2011-2012). Data
on fuel used per trip were not available, therefore the amount of fuel and fish purchased
during a period of time was used (i.e. two week period or month). In addition, individual
vessel records did not cover the entire time period of the subsidy, with many only includ-
ing one or two records of two weeks each. This would also not provide much precision
for these vessels. If fishers purchased fuel and caught fish in different time periods, this
could give either a positive or negative bias. Fishers, because of their reduced incentive to

conserve fuel, may have burned more fuel (e.g. using different fishing strategies that burn
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more fuel or traveling further to sell fish) than when subsidies were not in place, thereby
inflating FUL

Processor Data

This dataset also links the purchases of fuel and fish sales during a set period of time,
rather than directly linking the fuel used to catch the fish. Because of the large size of
the dataset and its relatively long temporal duration, there is the highest precision with
this dataset; however, it may not be the most accurate. Fishing vessels can travel between
atolls, and can sell fish (including non-tuna species not purchased by processors) to local
people or resorts directly, or potentially buy fuel from other facilities. The latter is unlikely
to be a significant component, as fuel is more expensive in other locations, and few places
can sell large volumes of diesel to fishing vessels. Many fishers consume some fish on
board, bring home catch to their families, and sell directly to their local islands, although
this is typically small amounts, often including damaged, small, or species not accepted
by the processors. This would cause an overestimation of FUI in this report. Similarly,
if fishers purchased fuel in other areas, this would lower the estimation of FUI in this
report. During this study, fish were observed to be sold to local islands, but fuel was not

purchased in other areas.

Another potential issue could be that vessels with low or no catch would be the least like-
ly to visit processing plants, and therefore the most likely to refill elsewhere. During this

study, this was not observed, but the possibility cannot be completely removed.

This dataset only included fishing in the southern parts of the country, and is the only
dataset that is not country-wide. As well, landings in the south are much higher than
in the central or northern regions; if this is related to catchability, FUI may also show
regional differences and this estimate may be artificially low. MFC and KFC also have
purchasing facilities on numerous islands. This may lead to shorter distances from fish-
ing grounds to where the fishers sell fish, lowering fuel use. Overall, this dataset may be

biased in such a way as to underestimate FUL

Opportunities for Improvement

Pole-and-line fishing vessels in the Maldives may be able to improve their fuel efficiency,
and this report provides a baseline for measuring such improvements. The Government
of Maldives has discontinued the fuel subsidy program, which should encourage fish-

ers to reduce fuel use. Fuel subsidies lower the cost of fuel, and thereby reduce fishers’
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motivation to conserve fuel. Methods for improving vessel-level fuel efficiency have been
investigated in many countries, although this has not been widely studied in the Mal-
dives. Few boat-building guides are available, and fishers typically select large engines
to travel fast without regard to fuel efficiency or optimal size for their vessels. Further
research into the relationship of vessel design and fishing strategy to fuel use may illumi-

nate further opportunities to improve fuel efficiency, and reduce long-term running costs.

Tuna catchability might be increased (thus reducing FUI) through the use of technol-
ogies that assist in locating fish. This practice is commonplace in purse seine fisheries
using electronically-monitored dFADs. However, in the Maldives, where aFAD locations
are common knowledge to fishers, most vessels already visit their nearest aFAD as part of
their initial search strategy. Another strategy to enhance tuna catchability is the dissem-
ination of information on potential fishery zones (PFZ). PFZs are identified by integrat-
ing biological and physical oceanographic data with remotely sensed ocean-colour data
and catch information from fishers. Information on PFZs in near-real time could reduce
FUI in the Maldives, and a limited service is currently being provided by the Maldives
Fishermen’s Association for south-central Maldives. An expanded service is likely to be
introduced by the government under their plans for upgrading vessel monitoring sys-
tem (VMS) service platforms. As an alternative approach, at the time of writing, IPNLF
and Furuno USA are conducting a pilot study with bird radar to help fishers detect tuna

schools more easily and efficiently.

Fuel Use in Context

Fuel use intensity during harvest gives a first impression of the carbon footprint of fish-
eries products, but this does not take account of fuel use or carbon footprints from stor-
age, processing or transport, nor ancillary activities such as boat construction. In the
Maldives, a substantial proportion of tuna goes to local markets, with small transport
and processing footprints. Nevertheless, roughly 60% of the tuna catch is exported, with
higher carbon footprints associated with processing and transport. Globally, interest in
incorporating fuel use and carbon footprints into seafood sustainability assessments is
growing (Pelletier and Tyedmers 2008; Madin and Macreadie 2015). More broadly, fuel
consumption and associated carbon footprint is only one component of environmental
sustainability, albeit a key one, but assessment of FUI should be incorporated into a more
holistic evaluation of fishery sustainability. At the same time, it is important to recognise
also impacts on fish stocks, bycatch, marine habitats, as well as to evaluate the social im-

pact on livelihoods, food security, and human rights.
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Conclusions

Conclusions

Fuel use evaluations are essential to enhance understanding of fishery responses to
fuel costs and the associated environmental impact from fuel combustion. In this
study of the Maldivian pole-and-line tuna fishery, FUI was found to be between 197-
328 litres of fuel per tonne of landed tuna. This is in the same order of magnitude as,
but slightly lower than, purse seine tuna and roughly 30-80% less than estimates of
FUI from other pole-and-line tuna fisheries. The FUI of the Maldivian pole-and-line
tuna fishery is between one-third and one-half of the average FUI for global fishing
fleets and as such can be considered to be relatively efficient. In combination with the
low levels of bycatch, minimal impacts on the marine environment, and the strong so-
cial contribution, this study further demonstrates the relative merits of the Maldivian

pole-and-line tuna fishery.
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