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Abstract The Basque country is one of the most important fishing regions in the
European Union. European hake (Merluccius merluccius) is one of the main
species fished by the Basque fishing fleet, representing around 6% of Basque
annual landings and 20% of the total economic value. In this study, the
environmental impacts linked to hake extraction have been analysed on a temporal
scale, in order to analyse the effect that varying landings may have on reporting
environmental burdens. Results suggest that the specific characteristics of
European hake, regarding its theoretical low abundance fluctuations, influence
the relative low impact of annual variations. Nevertheless to overcome this
variability,  moving average appears as suitable solution.

1 Introduction

Fishing in the Basque country has been a significant production sector from a
social and economic perspective for many centuries [1]. However, target fisheries
and species have varied considerably through time due to a set of environmental
issues, linked mainly to overexploitation [2], on the one hand, and to a set of
social and economic factors, on the other. Currently, one of the most important
fishing fleets in the Basque country is the offshore trawling fleet that targets
demersal species mainly in the Northern stock (ICES Divisions VIIIabd) and, to a
lesser extent, also in the Southern stock (ICES Division VIIIc). The main landed
species by this fishing fleet are European hake (Merluccius merluccius), megrim
(Lepidorhombus spp.) and sole (Solea solea), all of which are considered species
with a medium-high economic value (tab. 1).



Tab.1: Evolution of European hake (HKE) prices (€/kg) since 2001 to 2007.
2001 2002 2003 2004 2005 2006 2007

HKE 4.65 4.39 4.15 4.08 5.25 4.25 3.84

The mentioned fishery has been strongly influenced by the total allowable catches
(TACs) enforced by the European Union (EU), with the aim of ensuring the
sustainability of the different stocks in the area. In addition, European hake has a
specific regulation establishing measures for its recovery in the Southern stock [3].
In this context, Life Cycle Assessment (LCA) appears as an internationally
recognized methodology that aims at measuring environmental impacts linked to
fish extraction [4]. To date, fishery LCA studies have been based on short periods
of time - in most cases one season or year – [5 – 8], mainly due to the difficulty of
obtaining inventory data for a prolonged period of time. These one-season-LCA
publications have not taken into account the fluctuations that fisheries may suffer
due to a variety of factors, including stock abundance or management regulations
[9]. Nevertheless, Mattsson and Ziegler (2004) reported strong correlations
between catch rates and energy use in trawling fishing fleets [10].
Therefore, the main  objective of this study is to assess environmental impacts
associated to industrial activities in the Basque trawling fleet through an extended
period of time (2001 to 2007) with the aim of identifying possible environmental
time based variations.

2 Materials and methods

2.1 Goal and system definition

As mentioned above, the main aim of this LCA study is to assess the
environmental impacts related to European Hake (Merluccius merluccius,
Linnaeus 1758) extraction by the Basque trawling fleet in ICES Division VIIIabd
on a temporal basis, in order to analyze how a long period of time may affect the
environmental performance of fisheries reporting.
The selected functional unit (FU) for this particular research corresponded to 1 ton
of landed gutted European Hake in Basque ports by the regional trawling fleet.
The system under study was made up of the different operational stages performed
by the assessed vessels, including diesel and marine oil consumption, anti-fouling
and trawl net use and emissions linked to the refrigeration systems. The
construction and maintenance of the vessels were also included (Fig. 1). It is



important to  note that landing operations included in this study only take into
account those performed on board, while on land activities where excluded from
the system [5].

Fig.1: Diagram of the studied system

European Hake was identified as the main target species of the assessed fleet. In
fact, at least 80% of total landings were linked to this species during the studied
period, although a series of by-catch species such as Whiting (Merlangius
merlangus Linnaeus, 1758), Bib (Trisopterus luscus, Linnaeus, 1758) or Monkfish
(Lopgiidae spp.) may also be landed.

2.2 Data acquisition

The samples used for this study corresponded to a set of pair trawling vessels
obtained depending on the availability for the different years. The primary data for
fishing vessel operations were obtained mainly from a specific Basque register of
fish at first sale (AZTI 2010). Landings, vessel characteristics (beam, tonnage,
etc), fishing operations and fishing areas were the most relevant data obtained
from the register. Furthermore, a series of additional information, such as the
number of trawl nets used per vessel or the consumed ice were obtained from
bibliography [5]. Background data associated with the production of diesel fuel,
nets or anti-fouling and boat paint were obtained from the ecoinvent database [11].
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2.3 Life cycle inventory

Inventory data regarding this fleet were obtained from a range of 20 to 6 vessels
depending on the assessed year, representing roughly 60% of landed hake from
VIIIabd in Basque ports (Table 2 and Fig. 2).

Fig.2: Histogram of total HKE landings (ton); HKE landings (ton) in ICES Division
VIIIabd; and HKE landings (ton) of the sample.

Tab.2: Sample description.
2001 2002 2003 2004 2005 2006 2007

Nº of sampled vessels 16 20 17 19 16 13 9
% of sampled hake over
total

47 74 65 79 73 71 53

Average GRT (Gross
Register Tonnage)

234 233 227 218 245 232 241

A simplified inventory summary regarding the main inputs and outputs of the
studied system is shown in Table 3.

Tab 3: Inventory respect to the FU (1 ton of landed gutted European Hake in
Basque ports by trawling vessels) in 3 selected years of the studied period.



INPUTS
From the technosphere

Materials and fuels Units 2001 2004 2007
Diesel kg 2,776 2,625 2,007
Steel kg 23.48 21.61 15.11
Anti-fouling g 626 561 372
Boat paint g 126 113 74.2
Marine lubricant oil kg 7.04 6.66 5.09
Trawl kg 6.59 6.01 3.95

OUTPUTS
To the technosphere

Products Units 2001 2004 2007
European Hake t 1 1 1
Co-product: other landed fish t 0.509 0.144 0.242

To the environment
Emissions to the atmosphere
1.  CO2 kg 8,801 8,322 6,364
2.  CO kg 20.54 19.43 14.86
3.  NOx kg 200 189 145
4.  VOC g 6.66 6.30 4.82
5.  SOx g 27.76 26.25 20.08
6.  R22 g 618 564 370
Emissions to the ocean
1.  Xylene g 3.04 2.63 1.73
2.  Copper, ion g 130 116 77
3.  Zinc, ion g 58.7 52.5 34.9
4.  Nylon g 754 688 452
5.  Lead g 167 152 100

2.4 Allocation strategies and other assumptions

Mass allocation was the selected strategy for this particular study, given the
similar economic value of the species captured by this fleet. Additionally, the
landed species are all obtained from the same process, so the inputs and outputs
taken into account affect all targeted species in the same way [5].



2.5 Impact category selection

CML baseline 2000 method was selected as the computational framework for the
LCA analysis (Guinée et al. 2001). The impact categories that were included in
the assessment were: Abiotic Depletion Potential (ADP), Acidification Potential
(AP), Eutrophication Potential (EP), Global Warming Potential (GWP), Ozone
Layer Depletion Potential (ODP) and Marine aquatic Eco-Toxicity Potential
(METP). The software that was used for the computational implementation of the
inventories was Simapro 7.2 [12].

3 Results

As expected, diesel consumption is the main factor that contributes to the
environmental impact in all of selected impact categories analysed, except for
ODP, in which emissions from cooling agents have a remarkable relevance.
Regarding the impact variability between evaluated years, a series of differences
were found (Table 4). Nevertheless, the variability showed through the years for
five of the six impact categories selected has the same tendency due to the fact
that these impact categories are strongly influenced by diesel consumption related
burdens. For instance, these impact categories contributions variation ranged from
5% in 2004 to 35% in 2003 with respect to the year with maximum impact
potential (2001) around 35% from the máximum impact potential in year 2001 to
minimum in year 2003. Finally, ODP presented impact reduction from 39% in
2007 to 7% in 2004, also with respect to 2001.

Tab 4: Percentage of environmental impacts potentials for the average vessel per
FU.

I.C. Unit 2001 2002 2003 2004 2005 2006 2007
ADP % 100 68,28 64,65 94,55 72,37 73,24 72,25
AP % 100 68,29 64,60 94,56 72,34 73,25 72,30
EP % 100 68,29 64,62 94,55 72,36 73,24 72,28
GWP % 100 68,08 65,80 94,24 73,01 72,85 71,11
ODP % 100 66,25 76,32 91,44 78,88 69,33 60,67
METP % 100 67,50 69,02 92,73 74,98 71,12 67,53

When comparing the tendencies on variability for the impact categories with the
amount of fish landed per vessel, years with high landings (years 2002 or 2007)



appeared to have the lowest impact potential, and on the contrary, years with less
landings presented higher impact potential (fig. 3.).

Fig. 3: Histogram of total HKE landings (ton); HKE landings (ton) in ICES Division
VIIIabd; and HKE landings (ton) of the sample.

4 Discussion

Contrary to common industrial processes, extraction of wild resources presents
important variability regarding data over time. Therefore, this article proposes the
use of a time-line perspective analysis for fishing fleets, subject to varying
captures over time. Nevertheless, according to the results obtained in this
particular study, environmental impact potentials showed a variability of up to
30% over the studied years, which is a substantially lower variation than that
observed for pelagic fisheries in the Basque country where variations of up to
300% were observed between years [13].
However, regarding the impact potentials, results obtained for European Hake
fishing activity in the Basque Country show similar ranges to those observed in
previous studies that analyze hake fisheries [14].
Therefore, obtained results suggest that yearly results are relatively stable with
respect to other fishing fleets. Nevertheless, they also suggest that an increase in
the timeframe for fisheries LCA is an important improvement when it comes to
assessing the representativeness of the given values through time. Additionally, as
can be seen in Fig 4, a three year moving average is proposed when it comes to



reporting the environmental impacts of this fishery, in an attempt to attain a value
that reflects the state of the art of the fleet for a wider range of time [13, 15].

Fig. 4: Three years moving average for GWP impact category

It is remarkable the fact that for Atlantic Mackerel fishing activity, five-years
moving average was required to establish interannual variability, however for
European Hake fishing three-year moving average would be sufficient, due to the
low interannual variability of the potential impacts of the European Hake [13].
In conclusion, impact potential obtained in this study were according to previous
studies [14], and as expected fuel consumption and cooling agent emissions were
the most relevant factors which contributes to the selected impact categories.
Finally, it is also significant annual variability showed, and therefore the needed
for further timeline based analysis specially for fishing activities. Nevertheless, to
overcome this variability, moving averages appear as suitable solution.

5 References

[1] Iriondo A, Prellezo R, Santurtún M, García D, Quincoces I, Mugerza E, A
multivariate approach for metier definition: A case study of Basque
Country trawlers Revista de Investigación Marina . Vol. 1, No. 6, 2010,
139-148pp.



[2] Christensen V, Guenette S, Heymans JJ, Walters CJ, Watson R, Zeller D,
Pauly D, Hundred-year decline of North Atlantic predatory fish. Fish Fish
Vol. 4, No. 1, 2003, 1-24pp.

[3] Council Regulation (EC) No 2166/2005 of 20 December 2005 establishing
measures for the recovery of the Southern hake and Norway lobster stocks
in the Cantabrian Sea and Western Iberian peninsula and amending
Regulation (EC) No 850/98 for the conservation of fishery resources
through technical measures for the protection of juveniles of marine
organisms.

[4] Ramos S, Cebrián M, Zufia J, Simplified life cycle assessment of cod
fishing by Basque fleet. lcafood2010 – VII international conference on life
cycle assessment in the agri-food sector, Bari (Italia), 2010.

[5] Vázquez-Rowe I, Moreira MT, Feijoo G, Life cycle assessment of Horse
Mackerel fisheries in Galicia (NW Spain). Comparative analysis of two
major fishing methods. Fish Res, Vol. 106, 2010, 517-527pp.

[6] Ziegler F, Nilsson P, Mattsson B, Walther Y. Life Cycle Assessment of
Frozen Cod Fillets Including Fishery-Specific Environmental Impacts. Int
J Life Cycle Ass, Vol. 8, No. 1. 2003, 30-47pp.

[7] Ziegler F, Eichelsheim JL, Emanuelsson A, Flysjö A, Ndiaye V, Thrane M
(2009) Life cycle assessment of southern pink shrimp products from
Senegal. An environmental comparison between artisanal fisheries in the
Casamance region and am trawl fishery based in Dakar. FAO Fisheries and
Aquaculture Circular No. 1044. Rome.

[8] Pelletier NL, Ayer NW, Tyedmers PH, Kruse SA, Flysjo A, Robillard G,
Ziegler F, Scolz AJ, Sonesson U, Impact categories for Life Cycle
Assessment research of seafood production systems: Reviews and
prospectus. Int J Life Cycle Ass Vol. 12, No. 6. 2007. 414-421pp.

[9] Pet JS, van Densen WLT, Machiels MAM, Sukkel M, Setyohadi D,
Tumuljadi A (1997) Catch, effort and sampling strategies in the highly
variable sardine fisheries around East Java, Indonesia. Fish Res Vol. 31.
1997, 121-137pp.

[10] Mattsson B, Ziegler F, Environmental Assessment of Seafood Products
through LCA. Final report of a Nordic Network project. 2004. TemaNord
2004:546.

[11] Frischknecht R, Jungbluth N, Althaus HJ, Doka G, Heck T, Hellweg S,
Hischier R, Nemecek T, Rebitzer G, Spielmann M, Wernet G. Overview
and Methodology. Ecoinvent Report No. 1, Swiss Centre for Life Cycle
Inventories, Dübendorf, 2007,

[12] PRè-Product Ecology Consultants , SimaPro 7.2, PRè Consultants, The
Netherlands, 2008

[13] Ramos S, Vázquez-Rowe I, Artetxe I, Moreira MT, Feijoo G, Zufia J,
Environmental assessment of Atlantic mackerel (Scomber scombrus) in the
Basque Country. Increasing the time line delimitation in fishery LCA
studies. International Journal of Life Cycle Assessment 2010 (under
revision)



[14] Vázquez-Rowe, I., et al., Life Cycle Assessment of fresh hake fillets
captured by the Galician fleet in the Northern Stock. Fish. Res. 2011,
doi:10.1016/j.fishres.2011.03.022

[15] Hamilton J. Time series analysis. Princeton University Press, Princeton,
1994


