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Fisheries globally are facing multiple sustainability challenges, including low ﬁsh stocks, overcapacity,
unintended bycatch and habitat alteration. Recently, fuel consumption has joined this list of challenges,
with increasing consumer demand for low-carbon food production and the implementation of carbon
pricing mechanisms. The environmental impetus for improving ﬁshery fuel performance is coupled with
economic beneﬁts of decreasing fuel expenditures as oil prices rise. Management options to improve the
fuel performance of ﬁsheries could satisfy multiple objectives by providing low-carbon ﬁsh products,
improving economic viability of the industry, and alleviating pressure on overﬁshed stocks. We explored
the association of fuel consumption and fuel costs in a wide range of Australian ﬁsheries, tracking trends
in consumption and expenditure over two decades, to determine if there is an economic impetus for
improving the fuel efﬁciency e and therefore carbon footprint e of the industry. In the years studied,
Australian ﬁsheries, particularly energy-intensive crustacean ﬁsheries, consumed large quantities of fuel
per kilogram of seafood product relative to global ﬁsheries. Many ﬁsheries improved their fuel consumption, particularly in response to increases in biomass and decreases in overcapacity. Those ﬁsheries
that improved their fuel consumption also saw a decrease in their relative fuel expenditure, partially
counteracted by rising oil prices. Reduction in fuel use in some Australian ﬁsheries has been substantial
and this has resulted not from technological or operational changes but indirectly through ﬁsheries
management. These changes have mainly resulted from management decisions targeting ecological and
economic objectives, so more explicit consideration of fuel use may help in extending these
improvements.
© 2014 Elsevier Ltd. All rights reserved.
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1. Introduction
1.1. Fuel use and carbon emissions in ﬁsheries
Fossil fuel consumption is the primary source of energy for
modern marine ﬁshing ﬂeets and plays a central role in both the
environmental and economic performance of ﬁsheries. Interest in
measuring, comparing and improving the energy performance of
food production systems, including ﬁsheries, ﬁrst arose after the oil
price shocks of the 1970s (Rawitscher, 1978; Tyedmers, 2004). The
issue is of increasing pertinence in recent years as a result of rapidly
increasing oil prices, concern over greenhouse gas (GHG) emissions
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and climate change, and implications for ﬁshing communities and
food security (Abernethy et al., 2010; Pelletier et al., 2014).
In the decade from 2002 to 2011, the price of Brent crude oil rose
more than 300%, increasing by an average of US$0.70 per month
(EIA, 2012). After peaking in 2008, global oil prices dropped during
the Global Financial Crisis, but have since increased to be consistently above US$100 per barrel. This increase in oil prices and the
resulting burden placed upon diesel-consuming ﬁsheries has easily
outpaced any increase in seafood prices, resulting in an overall
decrease in proﬁtability (Tveteras et al., 2012). The different trajectories of fuel and seafood prices have sparked concerns over the
impact of such energy costs on seafood consumers and ﬁshing
communities (Abernethy et al., 2010).
Tracking and improving energy performance is critical in
ensuring the long-term sustainability of food production, both
economically and environmentally. Changes to ﬁshery-sourced
food supply and seafood prices can have drastic socio-economic
impacts, particularly in poorer countries that rely heavily on ﬁsheries as a source of food and income (Pelletier et al., 2014). These
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potential impacts will likely become more apparent as oil prices
rise and as emissions-based regulations are put in place.
Wild harvest ﬁsheries are unique in that the industrial energy
inputs and GHG emissions of their operations, ranging from propulsion and ﬁshing to powering cooling systems and other ancillary
activities, are typically from direct fossil fuel consumption
(Tyedmers, 2004). In contrast, the energy inputs and GHG emissions of land-based food production systems are largely via inputs
to production of fertilizers and pesticides, soil nutrient loss and
methane emissions from ruminant livestock. Likewise, energy inputs and emissions in carnivorous aquaculture systems are often
dominated by upstream production of ﬁsh feeds (Pelletier et al.,
2011; Pimentel and Pimentel, 2003; Troell et al., 2004). Tyedmers
et al. (2005) estimated that, in the year 2000, the global ﬁshing
ﬂeet consumed 42.4 million tonnes of fuel and released over 130
million tonnes of carbon dioxide (CO2). Emissions from the burning
of fuel by ﬁshing vessels typically outweigh the combined emissions associated with processing, packaging and transporting seafood products (Parker, 2012; Sonesson et al., 2010). Exceptions to
this include instances where ﬁshery products are transported via
airfreight, for example, with live lobster exports (Boyd, 2008;
Farmery et al., 2014). In addition to carbon emissions, contributions
of ﬁsheries to a wide range of airborne emissions can, in large part,
be directly attributed to fuel, including sulphur dioxide (SO2),
photochemical smog particulates, and ozone-depleting substances
on, 2013; Parker and
(CFCs) (Pelletier et al., 2007; Avadí and Fre
Tyedmers, 2013).
In many ﬁshing operations throughout the world, fuel is the
second highest cost after wages to crew (Lam et al., 2011). Fuel
accounts for a rising portion of ﬁsheries operating costs (Parker and
Tyedmers, in press), and is a leading source of concern for the
economic viability of ﬁshing operations and ﬁshery-dependent
communities (Abernethy et al., 2010). This varies by region, with
the role of fuel generally greater in developing countries (FAO,
2007). Abernethy et al. (2010) surveyed UK ﬁshermen on their
observations and opinions related to the cost of fuel, and found
100% of respondents expected a “signiﬁcant reduction in ﬁshing
ﬂeet as a result of increasing fuel prices”, while 94% expressed
uncertainty about the future of the industry as a result. Many of the
world's ﬁsheries are already facing economic pressure from ﬂeet
overcapacity, declining ﬁsh stocks and highly variable ex-vessel
prices; rising fuel prices will serve to exacerbate these challenges.
Analyses over the past decade have measured the fuel use intensity (FUI) of ﬁshing ﬂeets, expressed in litres of fuel burned per
tonne of round weight landings (L/t). The FUI of many commercial
ﬁshing ﬂeets increased throughout the 1980s and 1990s (Tyedmers,
2001). Fuel prices during those years were low enough to allow for
production to occur that would not have been viable with higher
prices (e.g. use of intensive gear types), and modest increases in
costs could more easily be compensated for by technological and
operational changes. This trend may have reversed since the
beginning of the 21st century; European ﬂeets, for example, have
decreased their FUI since 2002 (Cheilari et al., 2013). In addition to
ﬁshery-speciﬁc assessments, broad analyses of ﬁsheries fuel consumption exist for North Atlantic ﬁsheries (Tyedmers, 2001), Norway (Schau et al., 2009), Denmark (Thrane, 2004), the European
Union (Cheilari et al., 2013), Japan (Watanabe and Okubo, 1989),
Taiwan (Hua and Wu, 2011) and global ﬁsheries targeting tunas
(Parker et al., in press). These analyses identiﬁed a number of
consistent patterns in fuel consumption. On a macro level, FUI
varied by species (related to biological measures such as biomass
levels and schooling behaviour), ﬁshing gear and location (Parker
and Tyedmers, in press). This variation is on a scale of several orders of magnitude, with some ﬁsheries for small pelagic species
requiring less than 50 L/t, while those for crustaceans such as
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lobsters may require several thousand L/t (Schau et al., 2009;
Tyedmers, 2001; Ziegler and Valentinsson, 2008). Similarly, ﬁsheries targeting related species but using different gears also varied
markedly in their fuel consumption; tuna ﬁsheries ﬁshing with
purse seine required far less fuel than those ﬁshing with longline
and pole-and-line gears (Parker et al., in press). On a micro level, FUI
was inﬂuenced by size of vessel, skipper behaviour, management
rules and ﬁshing technique, such as the use of ﬁsh aggregating devices or the choice of how far to travel to ﬁshing grounds and
whether to ﬁsh on days of poor weather (Farmery et al., 2014; Parker
et al., in press; Thrane, 2004; V
azquez-Rowe and Tyedmers, 2013).
1.2. Australian ﬁsheries
Australia has the third largest ﬁshing zone in the world, owing
to its geographic size, island status and territorial claims over
Antarctic waters. Despite this, the relatively low productivity of its
surrounding waters results in a contribution of only 0.2% to global
ﬁsheries landings. The high value of some of the main species
targeted makes Australian ﬁsheries some of the most valuable,
accounting for a disproportionately high 2% of global landing value
(Ridge Partners, 2010). The low-volume, high-price ﬁsheries that
drive the value of Australia's ﬁshing industry include those targeting rock lobsters (e.g., Jasus edwardsii, Panulirus cygnus), prawns
(e.g., Penaeus esculentus, Melicertus plebejus), tunas (e.g., Thunnus
maccoyii, Thunnus albacares), crabs (e.g., Portunus pelagicus) and
abalone (e.g., Haliotis laevigata, Haliotis rubra) (Fig. 1).
Total volume of Australian wild ﬁsheries production in 2010e11
was 163,000 tonnes, while the gross value of production (GVP) was
AUD$1.3 billion (Skirtun et al., 2012). Value of production has
decreased steadily since 2001 as the result of declining ex-vessel
prices in many of the most valuable ﬁsheries. Federally managed
ﬁsheries, generally located beyond the three nautical mile coastal
zone, make up 29% of landings and 24% of ﬁsheries value, while the
majority of catch is taken by state-managed ﬁsheries (Fig. 2).
Within three nautical miles of the coast, each state manages the
ﬁsheries within its jurisdiction, including those where a stock is
shared with other states (e.g. rock lobster ﬁsheries in South
Australia and Tasmania). Western Australia (22%) and South
Australia (15%) contribute most to national ﬁsheries GVP (Skirtun
et al., 2012). Australian ﬁsheries are heavily export-oriented: 20%
of production volume and 50% of production value is typically
exported, primarily to East Asian markets of Japan and China;
increased demand for live exports to Asia has shifted production
and marketing effort to these high-value ﬁsheries since the 1990s.
Fisheries export value, however, has also declined steadily over the
past decade as prices have dropped (Ridge Partners, 2010).
The effect of fuel costs on ﬁshing is of special interest for
Australian ﬁsheries and Oceania more widely because this region of
the world has the highest overall costs of ﬁshing, with fuel representing an estimated 20% of total costs on average (Lam et al., 2011).
In addition, the operating environment for ﬁsheries is changing
with concerns regarding the potential effects of carbon pricing
policies, if they are enacted by the federal government. Fisheries
and transport were exempt from the recent Australian carbon tax.
The ﬁshing industry remains concerned over the increased role fuel
plays in the economic performance of ﬁsheries, the effect of potential carbon management options, and the limited capacity of
ﬁsheries to respond to fuel costs through efﬁciency measures and
technological improvements (Madon, 2011; NSW Fishing Fleet.,
2009).
Understanding the fuel consumption and carbon footprint of
ﬁsheries is necessary for assessing the current and future environmental and economic performance of the industry. Energy analyses contribute to economic assessments of ﬁshing sectors, help
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Fig. 1. (a) Landings in 2012 and average ex-vessel price in 2005, for Australia and the top ten ﬁshery production countries by gross value; landings data from FAO's FishStatJ, exvessel price for all countries except Australia from Swartz et al., 2013. (b) Landings and ex-vessel prices for different species groups in Australia in 2012; data from ABARES Australian
Fisheries Statistics.

in understanding the relative role ﬁsheries play in food production
sustainability, and can indicate potential vulnerabilities to fuel
price changes and related management options. Here we report the
relative FUI and fuel costs of a range of Australian ﬁsheries, examine
how fuel consumption by Australian ﬁshing ﬂeets has changed over
time, and discuss the energy demands and carbon footprint of
Australian ﬁsheries relative to other ﬁsheries around the world and
other forms of protein production.
2. Materials and methods
Cost and revenue data for a range of Australian ﬁsheries were
sourced from survey-based economic assessments by (a) the
Australian Bureau of Agriculture and Resource Economics and Science (ABARES) for Commonwealth managed ﬁsheries; (b) EconSearch Pty Ltd. for South Australian and Tasmanian ﬁsheries, and (c)
Dominion Consulting Pty Ltd. for New South Wales ﬁsheries. Data
were gathered for a total of 20 ﬁsheries (Table 1). Assessed ﬁsheries
accounted for 53% of Australian ﬁsheries landings by volume in
2010/11 and 46% of gross landed value.
The structure of the Northern Prawn Fishery (NPF) on Australia's
northern coast allowed for further disaggregation to ﬁshing seasons targeting primarily banana prawns (primarily Fenneropenaeus
merguiensis) and seasons targeting primarily tiger prawns (primarily P. esculentus and Penaeus semisulcatus). This disaggregation
was based on season-speciﬁc effort and catch rates (Barwick, 2013).

While data for the Tasmanian rock lobster ﬁshery were only
available for 2010/11, a multiple regression of fuel consumption
relative to vessel horsepower and effort allowed for an estimation
of the previous years' fuel use based on annual vessel and effort
data collected through compulsory logbooks of the ﬂeet.
Fuel consumption was assessed by translating fuel costs and
ﬁshing revenue to volume of fuel and round weight of landings.
Average vessel landings for each ﬁshery were estimated by
dividing vessel revenue from economic assessments by average
ex-vessel price per kg of landed product as reported by EconSearch and ABARES (Skirtun et al., 2012). Volume of fuel was
estimated by dividing vessel fuel expenditures from economic
assessments by average annual offroad (excluding subsidies)
diesel prices (ABARES, 2012). FUI estimates used to compare
ﬁsheries included only the three most recent years for which
data were available (see Table 1 for ﬁshery-speciﬁc years). Fuelrelated GHG emissions were calculated using 3.1 kg CO2 per litre
(Parker et al., in press), including direct emissions from burning
fuel as well as emissions from upstream mining, processing and
transport of fuel.
The economic role of fuel use in Australian ﬁsheries was estimated by comparing fuel costs to ﬁshing revenue, assuming that
fuel is more economically signiﬁcant to ﬁsheries which devote a
larger portion of their revenues to purchasing fuel. Further, fuel
costs were also compared to a subset of other ﬁshing expenditures,
including labour, vessel repairs and maintenance, and bait.
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Fig. 2. Relative landings (t) and value ($) of Australian ﬁsheries, showing breakdown by area for each state, as well as Commonwealth (federally managed) sectors. Note that
Commonwealth ﬁsheries are located around the country, including tropical rock lobster ﬁsheries in the northeast, prawn ﬁsheries on the northern coast, tuna ﬁsheries primarily in
the southeast and east, and ﬁnﬁsh ﬁsheries in the southeast.

A subset of 14 ﬁsheries had sufﬁcient annual data to allow for
more detailed comparison of FUI. For these ﬁsheries, FUIs
throughout the entire period were compared using a one-way
analysis of variance (ANOVA) test. A posthoc Tukey test was used
to assess whether there were signiﬁcant differences in FUI between
ﬁsheries. Multiple regression analysis was used to assess the relative inﬂuence of FUI and diesel prices on the economic role of fuel
use (as % of revenue).
Trends were assessed for the same subset of ﬁsheries. Because of
varying trends in fuel prices, the study period was divided into
three equal periods, and trends were assessed within each period:
1993e1999, 1999e2005, and 2005e2011. These periods generally
line up with trends of increasing fuel prices: low and stable during
the ﬁrst period, rising steadily during the second period, and rising
more rapidly during the third period (ABARES, 2012). For each
ﬁshery, the average annual change in FUI and fuel costs relative to
revenue were calculated, and regression analyses were used to
determine if trends were statistically signiﬁcant.
3. Results
Rates of fuel consumption in Australian ﬁsheries ranged from
below 100 L/t to over 10,000 L/t (Table 2). The most fuel-efﬁcient
ﬁsheries included those targeting small pelagic species with
seines and trawls in South Australia and Tasmania, respectively.
The most fuel-intensive ﬁsheries were those targeting Tiger
prawns in the NPF and the Torres Strait, and those targeting
Southern rock lobster in South Australia. The Tiger prawn
season of the NPF in particular had average consumption of

over 10,000 L/t in three separate years: 2004/05, 2005/06 and
2007/08.
There was a clear pattern of ﬁsheries targeting crustaceans
consuming more fuel per tonne than those targeting other species
(Fig. 3). The eight most fuel intensive ﬁsheries assessed here all
targeted lobster and prawn species. Related to this, the pattern of
FUI between ﬁsheries reﬂected, in part, the relative value of ﬁshery
products. Hence, ﬁsheries for tuna and crustaceans were more fuel
intensive than those for ﬁnﬁsh, which in turn were more fuel
intensive than those for small pelagics. The molluscan dive ﬁshery
for abalone was an exception to this, as abalone has a much higher
price per kg than prawn and tuna ﬁsheries but a relatively lower
FUI.
Fisheries also varied in their FUI depending on gear used. The
small pelagic trawl ﬁshery in Tasmania, for example, was more fuel
intensive than the seine ﬁshery for sardines in South Australia.
Similarly, seining vessels in the Southeast ﬁnﬁsh ﬁshery consumed,
on average, a third the fuel per tonne as their trawling counterparts.
Very little difference in FUI was found between ﬁnﬁsh trawlers
operating in the inshore and offshore ﬁsheries (Table 2).
The proportion of revenue directed to the purchase of fuel in
Australian ﬁsheries also varied widely, with less than 3% of revenue
in abalone ﬁsheries used to purchase fuel, while over 40% of revenue in ﬁsheries for Tiger prawns was spent on fuel (Table 2).
Similarly, fuel accounted for between 3% and 51% of the subset of
variable ﬁshing expenditures assessed.
The proﬁtability of Australian ﬁsheries was tied to price of fuel
based on percentage of revenue devoted to purchasing fuel. The
relationship between the price of diesel and fuel costs was
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Table 1
Summary of Australian ﬁsheries included in the analysis and range of years for which data were available. Years refer to the ﬁnancial year-end.
Fishery

Primary species

Gears

Years

Australian sardine (SA)a
Southeast ﬁnﬁsh (CW)a

Australian sardine (Sardinops sagax)
Blue grenadier (Macruronus novazelandiae), Tiger ﬂathead (Platycephalus
richardsoni)
Banana prawn (Fenneropenaeus spp.), Tiger prawn (Penaeus esculentus,
Penaeus monodon)
Yellowﬁn (Thunnus albacares), swordﬁsh (Xiphias gladius)
Gummy shark (Mustelus antarcticus)
Mullet (Mugil cephalus), bream (Acanthopagrus australis)
Mixed prawns and ﬁnﬁsh
Blacklip abalone (Haliotis rubra), greenlip abalone (Haliotis laevigata)
King prawn (Melicertus spp.)
Snapper (Pagrus auratus), leatherjacket (Oligoplites saurus)
Southern rock lobster (Jasus edwardsii)
Southern rock lobster (Jasus edwardsii)
Greenlip abalone (Haliotis laevigata), blacklip abalone (Haliotis rubra)
Blue swimmer crab (Portunus pelagicus)
Tiger prawn (Penaeus monodon), endeavour prawn (Metapenaeus
endeavouri)
Mixed tunas and billﬁshes
Southern rock lobster (Jasus edwardsii)
King prawn (Melicertus spp.)
Blacklip abalone (Haliotis rubra)
Jack mackerel (Trachurus declivis), redbait (Emmelichthys nitidus)

Purse seine
Midwater trawl, seine

2002e2011
1993e2011

Bottom trawl

1993e2010

Hooks and lines
Hooks and lines
Mixed
Trawl
Dive
Bottom trawl
Mixed
Pots
Pots
Dive
Pots
Bottom trawl

1993e2011
1993e2001
2002
2002
2012
1998e2009
2002
2003e2011
1998e2011
1998e2011
1998e2011
1993e2008

Hooks and lines
Pots
Bottom trawl
Dive
Midwater trawl

2002
1998e2011
1998e2009
2002
2004e2006

Northern prawn ﬁshery (CW)a
a

Eastern tuna (CW)
Southern Shark (CW)
Estuary General (NSW)
Ocean Trawl (NSW)
Abalone (TAS)
Spencer Gulf West Coast Prawn (SA)a
Ocean Trap and Line (NSW)
Southern rock lobster (TAS)a
Southern rock lobster, southern zone (SA)a
Abalone (SA)a
Blue Crab (SA)a
Torres Strait Prawn (CW)a
Southern/western Tuna (CW)
Southern rock lobster, northern zone (SA)a
Gulf of St Vincent Prawn (SA)a
Abalone (NSW)
Small Pelagic (TAS)

CW ¼ Commonwealth, SA ¼ South Australia, TAS ¼ Tasmania, NSW ¼ New South Wales.
a
Denotes ﬁsheries for which long-term data were available allowing for more detailed analyses.

signiﬁcant in all 14 ﬁsheries, while the relationship between FUI
and fuel costs was signiﬁcant in 13 of 14 ﬁsheries. For most ﬁsheries
(12 of 14), the price of diesel had more inﬂuence on the economic
role of fuel costs than fuel consumption rates, although both were
highly signiﬁcant.
Rates of fuel consumption and fuel costs as a percentage of
revenue were relatively consistent during the 1990s, but increased
in many ﬁsheries in the early years of the 21st century (Fig. 4).
Between 1999 and 2005, 9 of 14 ﬁsheries showed increasing rates
of fuel consumption while 12 of 14 ﬁsheries showed increasing
rates of fuel costs. Since 2005, the trend of increasing fuel use and
costs had reversed somewhat, with 9 of 12 ﬁsheries demonstrating
a decreasing trend in FUI and 7 of 14 ﬁsheries decreasing their fuel
costs. There was a relatively consistent coupling of FUI and fuel
costs relative to revenue, in that ﬁsheries with increasing FUI tended to have increasing fuel costs, and vice versa. The economic role
of fuel costs, however, tended to increase and decrease more
quickly than did actual consumption (Fig. 4).
While both FUI and fuel costs improved in recent years in many
ﬁsheries, most Australian ﬁsheries still currently spend more on
fuel relative to their revenue than they did in the 1990s and early
2000s. This was despite the trend of many Australian ﬁsheries
generally consuming similar amounts of fuel or decreasing their
fuel consumption over the same period. This lower consumption of
fuel in response to increasing fuel costs was most evident in fuel
intensive prawn ﬁsheries. Falling ex-vessel prices in certain ﬁsheries further exacerbated the rising cost of fuel relative to ﬁshing
revenue.
4. Discussion
4.1. Rates of fuel use in Australian ﬁsheries
The role played by fuel consumption in Australian ﬁsheries
varied signiﬁcantly between ﬁsheries, in terms of absolute consumption, related carbon footprint, and operational costs.
Furthermore, fuel consumption and the impact of fuel costs have
changed markedly since the 1990s, during a period when the price
of diesel to ﬁshers increased fourfold. This economic impact of fuel

costs was greatest across all ﬁsheries in the early years of the 21st
century. Interestingly, that impact has lessened somewhat in recent
years.
Fisheries examined here were substantially more fuel intensive than most ﬁsheries around the world. The globally averaged
FUI of ﬁsheries in 2000 was estimated at 620 L/t (Tyedmers et al.,
2005), while the median value of documented FUIs since 1990 is
a similar 625 L/t (Parker and Tyedmers, in press). All but four of
the assessed ﬁsheries here have a higher FUI than global averages. This is due to the large proportion of ﬁsheries in Australia
targeting fuel-intensive crustaceans. Even when compared on
the basis of similar species and gears, however, Australian ﬁsheries tend to demand more energy inputs. Trap ﬁsheries for
American lobster (Homarus americanus), and Norway lobster
(Nephrops norvegicus), consume around 1000 L/t (Boyd, 2008;
Driscoll, 2008) and 2200 L/t (Ziegler and Valentinsson, 2008),
respectively, compared to the Australian lobster FUI averages of
3600e6650 L/t found here. Similarly, European trawl ﬁsheries for
Atlantic cod (Gadus morhua) and other whiteﬁsh species generally consume 300e600 L/t, lower than Australia's ﬁnﬁsh ﬁsheries
(Tyedmers, 2001; Ziegler et al., 2003). Some of these differences
are likely explained by differences in local productivity and
biomass: Australian lobster ﬁsheries, for example, target species
with relatively lower biomass density than those in North
America.
The relationships found in Australian ﬁsheries between FUI,
target species and gear type reﬂect those found previously in other
regions. Fuel use intensity values documented in the North Atlantic
and Europe show a clear pattern of crustacean and demersal ﬁsheries consuming greater amounts of fuel than ﬁsheries targeting
pelagic ﬁnﬁsh and small pelagic species (Schau et al., 2009;
Tyedmers, 2001). These studies also found that trawl ﬁsheries
were more intensive than seine ﬁsheries targeting the same species, as was found for Australian whiteﬁsh and small pelagic
ﬁsheries.
An important relationship between fuel costs and ex-vessel
prices was apparent across the industry. Fisheries with higher
value products, such as lobster, were found to have higher rates of
fuel consumption. High prices allow for much higher rates of fuel
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Table 2
Fuel use intensity, fuel-related GHG emissions, and fuel costs relative to revenue and
ﬁshing costs in Australian ﬁsheries. Values calculated as the mean of the three most
recent years for which data were available.
Fishery

FUI
(L/t)

CO2
Fuel costs
Fuel costs
(% revenue) (% costsd)
emissions
(kg CO2/kg)

Tiger prawn, NPF (CW)a
Rock lobster, southern zone (SA)
Rock lobster, northern zone (SA)
Torres Strait prawn (CW)
Ocean prawn ﬁshery (NSW)
Tasmanian rock lobster (TAS)
All prawns, NPF (CW)
Spencer Gulf West Coast prawn
(SA)
Southern/western tuna (CW)
Banana prawn, NPF (CW)a
Gulf St. Vincent prawn (SA)
Ocean trap and line ﬁshery (NSW)
Abalone (NSW)
SE ﬁnﬁsh, offshore trawl (CW)b
SE ﬁnﬁsh, inshore trawl (CW)b
Eastern tuna (CW)
Blue crab (SA)
SE ﬁnﬁsh, all trawl (CW)b
Abalone (TAS)
Southern shark (CW)
Abalone (SA)
SE ﬁnﬁsh, all gears (CW)b
Estuary general ﬁshery (NSW)
SE ﬁnﬁsh, Danish seine (CW)
Small pelagics (TAS)c
Sardines (SA)

9685
6650
5742
5300
4147
3608
3465
2092

30.0
20.6
17.8
16.4
12.9
11.2
10.7
6.5

45.1
9.3
9.7
46.0
15.8
5.8
26.1
11.1

1986
1610
1503
1319
1203
1091
1088
1023
1000
907
878
873
809
788
549
316
164
92

6.2
5.0
4.7
4.1
3.7
3.4
3.4
3.2
3.1
2.8
2.7
2.7
2.5
2.4
1.7
1.0
0.5
0.3

11.9
14.7
9.8
11.1
1.4
21.5
21.5
14.2
10.1
20.0
2.3
8.2
1.8
17.4
6.2
6.9

19.8
16.6
3.4
31.1
29.2
23.0
21.7
33.0
14.6
12.7
5.6
29.5
6.3
13.1

12.0

22.3

19.7
18.7
51.1
29.3
18.7
39.7
20.8
18.7

CW ¼ Commonwealth, SA ¼ South Australia, TAS ¼ Tasmania, NSW ¼ New South
Wales.
a
Expenditure data could not be divided between ﬁshing seasons.
b
ABARES survey results differentiated between inshore and offshore trawl until
2002. Total trawl and total SE whiteﬁsh values here are for 2008e09 to 2010e11,
while inshore and offshore values are for 1999e00 to 2001e02.
c
Revenue calculated based on beach price of Australian sardine ﬁshery, assuming
similar value.
d
Fuel costs as a percentage of a subset of variable ﬁshing costs, including labour,
repairs and maintenance, and bait.

use than would otherwise be viable. Furthermore, if ex-vessel prices increase faster than the price of fuel, then some Australian
ﬁsheries that are currently limited by fuel costs will become viable
and could increase production.
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4.2. Decreased FUI in response to biomass and capacity changes
Observed improvements in ﬁshery fuel use could be related to
changes in management, stock levels, ﬁshing behaviour, or technology. The relative impact of each of these factors varies. While
much work has been done regarding the potential fuel beneﬁts of
new technologies and vessel designs, these changes often improve
rates of fuel use by only a small fraction. Options such as optimizing
propeller diameter, installing fuel meters, and implementing minor
gear improvements, while often suggested as ways to decrease fuel
consumption, typically only result in less than a 10% improvement
(OECD, 2012). Operational changes, notably decreasing vessel
speed, have been shown to be more effective, and can be a relatively quick adaptation to higher prices (Abernethy et al., 2010).
However, the largest changes in fuel performance have often been
attributed to management decisions, particularly those that affect
levels of biomass or ﬁshing capacity (OECD, 2012; Parker and
Tyedmers, in press). Decreases in the FUI of the Banana prawn
ﬁshery in Australia, for example, coincided with a government
buyout of vessels to rapidly reduce overcapacity since 2005 (Pascoe
et al., 2012). Fuel use in the South Australian southern zone ﬁshery
for Southern rock lobster, meanwhile, closely correlate with
noticeable changes in catch per unit effort: both fell prior to 2005,
increased from 2006 to 2010, and fell again in 2011 (Linnane et al.,
2012).
Observed changes in energy performance in accordance with
changes in biomass and ﬁshing capacity have been reﬂected in
other ﬁsheries around the world. Swedish ﬁsheries for lobster (N.
norvegicus) and cod (G. morhua) underwent noticeable improvements in FUI as a result of reductions in capacity and increased
biomass, respectively (Ziegler and Hornborg, 2014). Poor management and stock decline, meanwhile, may explain increased FUI in
Indian Ocean tuna ﬁsheries in recent years (Parker et al., in press).
Fisheries elsewhere are also experiencing similar economic impacts
from rising fuel prices: European ﬁsheries are dedicating consistently larger portions of their revenue to purchasing fuel while
their FUI remains steady or improves (Anderson and Guillen, 2011;
Parker and Tyedmers, in press). Findings here complement evidence from Europe and North America suggesting that changes in
biomass and capacity have a greater impact on fuel use than
technological or operational changes (Mitchell and Cleveland,
1993; Parker and Tyedmers, in press; Ziegler and Hornborg, 2014).

Fig. 3. Fuel use intensities of selected Australian ﬁsheries, showing mean and standard error. Common letters indicate ﬁsheries with FUIs which are not signiﬁcantly different. Note
the difference in y-axis values between less and more energy intensive ﬁsheries. 1 South Australia; 2 Commonwealth-managed; 3 Tasmania; 4 Different seasons of the Northern
Prawn Fishery (Federal).
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Fig. 4. Average annual change in FUI and fuel costs relative to revenue in Australian ﬁsheries over three time periods: 1993e1999, 1999e2005, and 2005e2011. Asterisks represent
signiﬁcant trends based on regression slope of fuel use and costs against year. Fishery jurisdictions are indicated by superscript: 1 South Australia, 2 Federal, 3 Tasmania, 4 Northern
Prawn Fishery (Federal).

4.3. Carbon footprints and carbon taxes
Measurements of the carbon footprint of ﬁsheries and other
production systems increasingly call for a life cycle assessment
(LCA), where energy and material ﬂows are measured from “from
cradle to grave” including upstream and downstream activities (e.g.
processing, transport) (BSI, 2012; Pelletier and Tyedmers, 2008). A
range of LCA studies have been conducted on seafood products,
although applications in Australia have taken place only very
recently, while most work has been undertaken in Europe (Parker,
zquez-Rowe et al., 2012; Avadí and Fre
on, 2013). While the
2012; Va
characteristics of these ﬁsheries vary substantially, from highvolume, low-value ﬁsheries for small pelagic species (e.g. Almeida
et al., 2014; Avadí et al., 2013), to low-volume, high-value ﬁsheries for crustaceans (e.g. Ziegler and Valentinsson, 2008; Farmery

et al., 2014), fuel is consistently found to account for a large portion,
and often the vast majority, of life cycle GHG emissions. Fuel consumption can generally be used as a proxy for ﬁshery carbon
footprints, allowing for reasonable estimates without the time and
effort required for a full LCA study (Parker and Tyedmers, in press).
For many ﬁsheries assessed in this study, fuel is likely the primary driver of life cycle emissions, however, there are upstream
and downstream sources of emissions likely to signiﬁcantly affect
the carbon footprint in some cases. Fisheries for rock lobster require
bait and their products are often transported by air, which accounts
for a signiﬁcant portion of the life cycle emissions of crustacean
products (Boyd, 2008; Driscoll, 2008; Parker, 2012). Air transport is
especially signiﬁcant, and approximately doubles the carbon footprint, of exported Australian lobster (Farmery et al., 2014). Other
potential sources of GHG emissions in ﬁsheries-derived products
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include energy-intensive processing (Parker and Tyedmers, 2013),
addition of energy-intensive ingredients such as oil in canned ﬁsh
(Buchspies et al., 2011), and product loss and waste along the
supply chain (Thrane et al., 2009).
The Australian government enacted a carbon tax in 2012, which
was subsequently repealed in 2014. Transport and agriculture
sectors, including ﬁsheries, were exempted from the tax. In fact,
Australian ﬁsheries, like those in many countries, beneﬁt from
rebate of a fuel excise, which is otherwise used to fund the national
highway system. This reduces the cost of fuel relative to many other
industries. Very few countries have an effective carbon control
mechanism that includes ﬁsheries. Most policies, such as those in
the European Union, Japan, and Australia, exempt ﬁsheries from
carbon taxes. New Zealand put a carbon trading scheme in place in
2008 and amended it in 2010 to include ﬁsheries, while Norway has
a relatively modest carbon tax on ﬁshers of 50 kr (US$8.40) per
tonne of GHG.
The potential effects of a carbon tax or other carbon control
mechanism on ﬁsheries could have both desirable and undesirable
consequences. In one respect, the increased fuel cost associated
with such a policy could spur efﬁciency improvements, force
removal of inefﬁcient vessels from ﬁshing ﬂeets, and provide a
competitive advantage to those ﬁsheries with better energy performance. This potential improvement is similar to that modelled
in European ﬁsheries over the long term in response to increased
oil prices (Arnason, 2007), and the results here suggest that at least
some Australian ﬁsheries do have the capability to respond to
increased costs by decreasing fuel consumption.
There is, however, a possible negative side effect of the use of a
carbon price to reduce fuel consumption in ﬁsheries. Most ﬁshery
products globally, particularly non-crustacean products, are less
carbon-intensive than land-based protein products (Pelletier et al.,
2011; Pimentel and Pimentel, 2003; Tyedmers et al., 2005).
Ruminant-based agriculture in particular tends to have comparatively higher GHG emissions from feed production and methane
emissions (Sonesson et al., 2010). Production of ﬁsheries in many
countries is sensitive to costs of fuel, such as where they are
managed for maximum economic yield or where they are
marginally proﬁtable because of low prices. If carbon pricing
resulted in higher fuel costs, and therefore decreased ﬁsheries
production, a shift towards more carbon intensive land-based
sources would raise overall GHG emissions. Further, while many
more intensive ﬁsheries have some room for improvement as
demonstrated here, the less fuel-intensive ﬁsheries e particularly
some lower value ﬁnﬁsh and small pelagic ﬁsheries that have very
low GHG emissions e may actually be more impacted by the
increased cost. Hence, carbon pricing could have the inverse effect
of that intended.
4.4. Applications to other regions
It is important to consider the extent to which ﬁndings here can
be applied to diverse ﬁsheries around the world, particularly in
regions where ﬁsheries contribute substantially to food security or
economic activity. Compared to many regions, Australian ﬁsheries
are unique in their relatively high average beach price, high rates of
investment to technology, research and management, and strict
quota-based management systems. High prices and management
funding place Australia in a position of ﬂexibility to, for example,
develop and adopt new technologies or transition to more effective
regulatory measures, compared to poorer countries or countries
ﬁshing less valuable species.
High seafood prices also place Australian ﬁsheries in an interesting situation where the price is often high enough to compensate for rising costs. This translates to a weaker incentive to
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improve fuel performance at times when prices are high.
Conversely, in regions where beach prices are generally much
lower, and particularly in developing countries where fuel accounts
for a large percentage of variable ﬁshing costs, the economic beneﬁts of improving performance are likely to be greater and more
necessary as oil prices rise.
The economic incentive for management decisions that
contribute to fuel use reductions is likely to be greatest in areas
where catch per unit effort is low due to depressed stocks or
overcapacity. Arnason (2007) modelled how economic performance of ﬁsheries in these regions would beneﬁt in the long term
from high oil prices driving down capacity and ﬁshing activity in
the short term, allowing for stocks to rebound and removing the
least efﬁcient vessels from the ﬂeet. Regulatory controls such as
those undertaken in some Australian ﬁsheries can be expected to
have the same long-term impact, building industry resilience to oil
price increases rather than responding to them.
5. Conclusions
Fisheries are facing a wide range of sustainability challenges,
and diverse management efforts are developing globally to address
them. Fuel consumption and the associated carbon footprint of
ﬁsheries is a relatively new addition to this suite of challenges, and
is yet to be formally incorporated into ﬁshery policies and regulations. There is, however, interest on the part of industry groups,
NGOs, and other stakeholders to address the challenge by
measuring, characterizing and improving fuel use (Parker and
Tyedmers, in press).
Globally, ﬁsheries perform favourably to many other forms of
protein production. Crustacean ﬁsheries are the least efﬁcient, and
have similar carbon emissions during production to beef. Finﬁsh
ﬁsheries, and especially small pelagics, on the other hand, are often
associated with lower emissions during production than chicken,
pork or farmed salmon (Parker and Tyedmers, in press). Measuring
and improving the carbon footprint of ﬁsheries, then, could be a
market advantage for ﬁsheries products, provided that those ﬁsheries also meet other sustainability standards.
Demonstrating the economic beneﬁts of management decisions
via improved variable ﬁshing costs and resilience to oil prices can
be a valuable tool for encouraging implementation of ﬁsheries
management decisions. Australian examples provided here illustrate the extent to which management-driven changes in biomass
and capacity can effectively improve fuel consumption, carbon
footprint, and ﬁshing costs. It is important that the issue of fuel
performance be considered by ﬁshing industries now, as improving
performance before further increases in prices is likely to increase
resilience. In these efforts, it does more to focus on management
efforts to decrease overcapacity and rebuild stocks, than to rely on
technology improvements.
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