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Fuel efficiency of trawlers per kilogram of landed catch: Insights for 
decarbonizing fisheries in Türkiye  
Trol teknelerinin karaya çıkarılan bir kilogram av başına akaryakıt 
verimliliği: Türkiye’de balıkçılığın karbonsuzlaştırılmasına yönelik 
çıkarımlar 
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Abstract: Demersal trawling is among the most energy-intensive fishing practices worldwide, primarily due to the drag and frictional force caused by their 
heavy components. This study aimed to estimate fuel use intensity (litres of fuel per kilogram of landed catch) and associated carbon dioxide emissions of 
Turkish trawl vessels, most of which still operate using traditional trawl nets equipped with heavy otter boards and lead ground gear, increasing towing 
resistance and consequently fuel consumption. Data from 129 commercial fishing trips conducted by 13 trawl vessels between 2021 and 2022 were analysed 
using Generalized Linear Models (GLMs). Overall, to catch one kg of landed marine product, the trawl vessels consumed approximately a median value of 
1.22 litres of fuel and emitted 3.21 kg of CO2 for the given period. Vessel length, engine power and the target species group were the main factors affecting 
the fuel use intensity. The results obtained from the study provide critical insights for implementing effective management measures to decarbonize fisheries, 
offering practical recommendations for decision makers. Expanding the dataset to encompass a broad range of vessels, regions, and fishing seasons would 
further enhance the generalizability and applicability across different fisheries. 
Keywords: Energy use, low-impact-fuel-efficient fishery, carbon footprint 

Öz: Dip trolleri, ağır bileşenlerinden kaynaklanan sürükleme direnci ve sürtünme kuvveti nedeniyle dünyanın en yoğun enerji tüketen balıkçılık yöntemlerinden 
biridir. Bu çalışma, çoğu hala çekme direncini ve yakıt tüketimini artıran ağır kapılar ve kurşun yakalarla donatılmış geleneksel trol ağlarıyla çalışan Türk trol 
teknelerinin yakıt kullanım yoğunluğunu (karaya çıkarılan bir kilogram av başına kullanılan yakıt) ve ilgili karbondioksit emisyonlarını tahmin etmeyi 
amaçlamıştır. 2021-2022 yıllarında 13 trol teknesiyle gerçekleştirilen 129 ticari balıkçılık seferinden elde edilen veriler Genelleştirilmiş Doğrusal Modeller 
kullanılarak analiz edilmiştir. Genel olarak, bir kilogram deniz ürünü avlamak için medyan değeri yaklaşık 1,22 litre yakıt tüketilmiş ve söz konusu dönemde 
3,21 kg CO2 salınmıştır. Tekne boyu, motor gücü ve hedeflenen tür grubu, yakıt kullanım yoğunluğunu etkileyen başlıca faktörler olarak belirlenmiştir. Mevcut 
çalışma, balıkçılık sektörünün karbonsuzlaştırılması için etkili yönetim önlemlerinin uygulanmasına yönelik kritik bilgiler sağlayarak karar alıcılar için pratik 
öneriler sunmaktadır. Daha geniş filo, farklı bölgeler ve balıkçılık sezonlarını kapsayacak şekilde veri setinin genişletilmesi, elde edilen sonuçların 
genellenebilirliğini ve farklı balıkçılıklarda uygulanabilirliğini daha da geliştirecektir. 
Anahtar kelimeler: Enerji kullanımı, düşük-etkili-yakıt-tasarruflu balıkçılık, karbon ayak izi 

INTRODUCTION 
The environmental impact of fuel consumption in the 

fishing industry has become a critical concern due to increasing 
consumer awareness and efforts to combat climate change. 
Bottom trawling, a widely used fishing method, is particularly 
scrutinized for its high fuel use, greenhouse gas (GHG) 
emissions, and potential disturbance of seabed sediments, 
which may release additional carbon into the ocean (Sala et 
al., 2021; Hilborn et al., 2023). While bottom trawls contribute 
to approximately 26% of global marine catches and support 
millions of livelihoods (Steadman et al., 2021), they are also 
recognized as one of the most fuel-intensive fishing methods 
due to the drag and friction caused by heavy gear components 
(Tyedmers, 2001; Suuronen et al., 2012; Sala et al., 2022). 
Such fishing practices naturally result in remarkably higher 
GHG emission (Winther et al., 2020; Ziegler et al., 2021). 

Previous research on fuel consumption per kilogram of 
landed marine product has been instrumental in assessing the 

carbon footprint of the fisheries sector and providing insights 
into energy efficiency and sustainability (Ziegler and Hansson, 
2003; Thrane, 2004; Campos et al., 2011; Parker et al., 2017; 
Bastardie et al., 2022). According to those studies, fuel 
consumption in fisheries varies based on several factors, 
including vessel length, engine power, fishing gear type, target 
species, catch per unit effort, and operational characteristics 
such as distance travelled and towing speed (Davie et al., 
2014; Parker et al., 2017; Kristofersson et al., 2021). Using 
different methods, global studies have found that the amount 
of fuel used in fisheries ranges from 0.44 to 1.7 tFuel·tCatch−1 

(Tyedmers et al., 2005; Parker et al., 2018; Greer et al., 2019). 
Despite technological advancements aimed at improving 
energy efficiency—such as modifications to gear design and 
vessel operations—fuel consumption trends in some regions 
have increased over time(Hornborg et al., 2018). 

In Türkiye, bottom otter trawling is a key component of the 
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multispecies fishery, targeting high-value demersal species 
such as red mullet (Mullus barbatus), whiting (Merlangius 
merlangus), hake (Merluccius merluccius), and deep-water 
shrimps (Parapenaeus longirostris, Aristaeomorpha foliacea, 
Aristeus antennatus). However, studies on fuel consumption in 
the Turkish fishing fleet remain limited, despite the fleet's 
diverse fishing grounds and gear configurations. Most Turkish 
trawl vessels still operate using traditional Mediterranean trawl 
nets with heavy otter boards and lead ground gear, increasing 
towing resistance and fuel intensity. The impact of towing 
resistance created by such equipment during a fishing 
operation has significant implications for fuel use intensity, 
highlighting a significant knowledge gap. While some research 
has examined fuel use in purse seine and bottom trawl 
fisheries in specific regions (Demirci and Karaguzel, 2018; 
Sarica and Demir, 2021), a comprehensive assessment of fuel 
consumption and its determinants in Turkish bottom trawl 
fisheries is lacking. Nevertheless, recent studies have begun 
to shed light on different fishing gears, emphasizing their 
efficacy, such as utilizing artificial intelligence based models to 
predict the power of the main engine and the pollutants emitted 
by fishing vessels (Ozsari, 2023) or modifying beam trawls to 
improve fuel efficiency in the southern Black Sea sea snail 
(Rapana venosa) fishery (Kaykaç et al., 2017). 

This study investigates the key determinants of fuel use 
intensity in Turkish trawl vessels, focusing on vessel length, 
engine power, and target species. By providing estimates of 
fuel consumption and associated CO₂ emissions, this research 
aims to contribute to the optimization of fishing operations and 
support a more sustainable and energy-efficient trawl fishery. 
Specifically, the research questions addressed are as follows: 

• What are the key factors influencing fuel use intensity in 
Turkish bottom trawl fisheries? 

• How do vessel characteristics, such as length and engine 
power, impact fuel consumption? 

• What is the relationship between target species 
composition and fuel use efficiency in Turkish trawl 
fisheries? 

MATERIALS AND METHODS 
Collection of landed catch and fuel consumption data 
The landed catch and fuel use (litre per hour) data during 

the fishing operations were obtained from otter trawl vessel 
owners and/or captains who record their catch data 
systematically and precisely. To ensure accuracy, the catch 
and fuel consumption values were cross-checked against 
available fuel logs and, when possible, compared with the 
standardized questionnaires conducted by fisheries observers 
under the discards monitoring program. This study was based 
on 13 trawl vessels that were regularly monitored through 
phone call interviews during 2021 and 2022. The sample size 
was determined by data availability, operational constraints, 
and the willingness of vessel owners to participate. While this 
sample provides valuable insights into fuel use intensity in 

Turkish trawl fisheries, a larger dataset would enhance the 
generalizability of the findings. The commercial fishing trips 
were conducted in three different sub-geographical areas 
(GSAs); GSA 22 (Aegean Sea), GSA 24 (Levant Sea) and 
GSA 29 (Black Sea).  

Data analysis 

Each fishing trip was classified as fish or shrimp targeted 
depending on the main target species that were composed of 
mainly shrimp or fish. The amount of fuel consumed per kg of 
landed catch (FUI) was estimated in two steps. First the 
average fuel consumption per hour data was multiplied by total 
tow duration in each fishing trip by using Eq. (1): 

fTRIP = ℎ𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 [l] ×  𝑇𝑇𝑇𝑇𝑗𝑗  [h]       (1) 

where hFUEL is the fuel use (litre) per hour, which was 
obtained from fishers and TD represents the total tow duration 
in a single fishing trip j. 

Subsequently, the amount of fuel consumed for each 
fishing trip (fTRIP) that was obtained from Eq. (1) was divided 
by the total landed catch in each fishing trip by using Eq. (2): 

FUI = 𝑓𝑓𝑇𝑇𝑓𝑓𝑓𝑓𝑓𝑓𝑗𝑗  [𝑘𝑘𝑘𝑘] / 𝑇𝑇𝑇𝑇𝑗𝑗 [h]       (2) 

where TWj is the total weight of landed catch in a single fishing 
trip j.  

To calculate the carbon dioxide emission, the method 
applied by Sala et al. (2022) was employed, assuming that the 
total amount of CO2 released when burning one litre of diesel 
was reported as 2640 g. However, in this study, only the fuel 
consumption during active fishing (tow time) was considered, 
excluding time spent before and after capture. Using the fuel 
consumed per one kg of marine product, which was calculated 
by Eq. (2), the catch related CO2 emission was estimated by 
Eq. (3): 

cGHG�𝑘𝑘𝑘𝑘𝑔𝑔ℎ𝑔𝑔 𝑘𝑘𝑘𝑘𝑐𝑐⁄ � = FUI ×  2640𝑘𝑘 𝑙𝑙⁄ ×  10−3   (3) 

Generalized linear model 
A GLM was performed using the MASS package (Venables 

and Ripley, 2002). The goal of this analysis was to build a 
model that could explain the relationship between the fuel 
consumption per one kg of landed catch (response variable) 
and vessel length (explanatory variable), engine power 
(explanatory variable) and targeted group of species 
(explanatory variable), either fish or shrimp. Since there was 
no shrimp fishery in the Black Sea, the data obtained from GSA 
29 was not included in the model. To assess multicollinearity 
among the explanatory variables, a Variance Inflation Factor 
(VIF) test was performed. Any explanatory variable with a VIF 
value exceeding a threshold would indicate problematic 
collinearity. In such cases, the variable was excluded from the 
model to ensure that the relationships between the remaining 
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variables were not confounded. For the logistic regression 
model, family = Gamma distribution was employed as this 
distribution was suitable for variables having highly skewed 
positive values. The model with the lowest Akaike’s information 
criterion (AICc) was chosen (Akaike, 1974). DHARMa package 
containing quantile–quantile plot, residual investigation, and 
dispersion test was performed to assess whether the chosen 
model fits (Hartig, 2020; Araya-Schmidt et al., 2022). All 
statistical analyses and visualizations were performed in R (R 
Core Team, 2018). 

RESULTS  
Engine power and size of the trawl vessels investigated in 

the study were 316.2 kw and 17.0 m in length on average 
(Table 1). According to data provided by the trawlers, the 
average fuel consumed during a fishing operation provided by 
vessel owners was 30.3 l h-1 on average (Table 1). No 
correlation was detected between vessel lengths and engine 
powers (0.13, Figure 1). 
Table 1. Technical specifications and fuel consumption per hour of 

the investigated trawl vessels (Values in parentheses are 
the 95% CI) 

No. Trawl 
 Vessels 

LOA (m) Engine Power (kW) Fuel Consumption (l h-1) 
17.0 [14.7-19.4] 316.2 [272.5-359.8] 30.3 [24.87-35.75] 

1 16.8 320.8 45.0 
2 14.9 447.8 40.0 
3 17.3 368.9 40.0 
4 19.7 373.1 38.0 
5 20.8 335.8 35.0 
6 19.9 313.3 35.0 
7 14.9 298.5 25.0 
8 14.0 212.7 25.0 
9 12.2 186.5 22.0 

10 14.3 335.8 20.0 
11 18.2 335.8 20.0 
12 12.6 223.9 19.0 
13 26.2 358.1 30.0 

 
Figure 1. The relationship between vessel length and engine power 

The number of commercial fishing trips analyzed was 
broken down as 28 for GSA 22 (22 %), 57 for GSA 24 (44 %) 
and 44 for GSA 29 (34 %) across the sub-geographic areas, 
totaling 129 (Table 2). The average catch per hour was 19.11, 
24.12 and 45.77 kg for GSA 22, 24 and 29, respectively.  

Table 2. Characteristics of fishing trips, median value of FUI and 
associated CO2 emissions across the GSAs 

Parameters 
GSAs 

22 24 29 Overall 
No. of fishing trips 28 57 44 129 
Avg. trip duration (h)* 9.36 8.04 7.65 8.19 
FGSAFuel per trip (l) 374.29 205.05 282.31 268.14 
FUI (l) 2.28 1.15 0.82 1.22 
CO2/kg of landed (kg) 6.01 3.03 2.16 3.21 

*The average trip duration encompasses only the total time (hour) spent during the trawl 
operations. 

The amount of fuel consumed for each fishing trip was 
estimated at 268.14 l (95% CI: 247.23, 289.04) (Table 2). 
Based on that calculation, for the investigated demersal trawl 
vessels, the FUI and the associated CO2 emissions were 
estimated at a median amount of fuel of 1.22 l and 3.21 kg 
CO2/kg landed, respectively (Table 2). Figure 2 illustrates the 
variation in estimated FUI across the 13 trawl vessels included 
in the study, which ranged between 0.42 and 2.49 l/kg landed 
catch. The results show considerable differences in fuel 
consumption between vessels, of which, some (Vessel 2 and 
13) exhibits the highest variability and occasional extreme 
values. This suggests that operational factors such as engine 
power, vessel size, and fishing effort may significantly influence 
fuel consumption. Conversely, some of them (Vessel 4, 10 and 
12) show relatively low and stable fuel consumption patterns, 
likely due to more consistent operational efficiency. 

 
Figure 2. Box plot showing the fuel use intensity of each trawl vessel 

investigated 

The Figure 3 presents the distribution of FUI across the three 
geographical sub-areas (GSAs): GSA 22 (Aegean Sea), GSA 24 
(Levant Sea), and GSA 29 (Black Sea). The highest median FUI 
was observed in GSA 22, followed by GSA 24. In contrast, GSA 
29 exhibited the lowest FUI, likely due to differences in target 
species and fishing practices in the Black Sea, where the shrimp 
fishery is absent, and fish-targeted trips typically use less fuel. 
(Table 2, Figure 3).Trawl vessels consumed a median amount of 
fuel of 1.69 l to catch one kg of landed catch during shrimp 
targeted fishing trips whereas fuel consumption was calculated 
1.38 l for the fish targeted fishing trips (Figure 4, Table 3). 
According to the GLM results, the difference between these two 
types of fishing trips was also significant (Figure 4, Table 4). 
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Figure 3. FUI across the GSAs 

 
Figure 4. Violin plot showing the FUI for fish (green) and shrimp 

(orange) targeted fishing trips (GSA 29 region excluded)

Table 3. Comparison of published studies investigating FUI in different regions around the world 
FUI (l/kg) Differences in % Fishery type Region References 

3-5 77 %, 195 % Shrimp Skagerrak (Ziegler et al., 2016) 
2.6 88 % Patagonian Toothfish (Dissostichus eleginoides) Australia (Hornborg et al., 2018) 
0.2 -85 % Demersal fish Baltic and North Sea (Thrane, 2004) 
1.4 1 % Atlantic cod (Gadus morhua) Sweden (Ziegler & Hansson, 2003) 
4.2 185 % Mixed demersal species Strait of Sicily (Sala et al., 2022) 
11.4 568 % Shrimp Strait of Sicily (Sala et al., 2022) 
3.8 211 % Mixed demersal species Levant Sea (Demirci & Karaguzel, 2018) 
1.16 -31 % Nephrops Northern Ireland (Cappell et al., 2022) 
1.39 13 % Mixed demersal species Levant Sea (Sarica & Demir, 2021) 
1.22 - Mixed demersal species Turkish waters The present study 
1.69 - Shrimp targeted Turkish waters The present study 
1.38 - Fish targeted Turkish waters The present study 

GLM results indicated a significant relationship between 
fuel consumption, engine power, vessel length and the 
targeted group of species (Table 4). Table 4 shows the 
numerical output of the model that corresponds to the log-odds. 
The model with the lowest AIC included vessel length, engine 
power and targeted species as explanatory variables (Table 4). 
The GSA was removed from the predicters as there was no 
shrimp targeted fishery. Besides, its inclusion emerged higher 
AIC and caused multicollinearity during the analysis.  
Table 4. Estimated regression parameters 

Predictors Estimate SE t-value p(>t) 
Intercept -0.987 0.617 -1.600 0.113 
Vessel length (m) -0.028 0.011 -2.415 <0.05* 
Engine power (kw) 0.005 0.001 4.458 <0.001* 
Shrimp targeted fishing trips 0.412 0.117 3.519 <0.001* 

Standard errors (SE), t-values and p-values for the GLM with the lowest AIC (Akaike’s 
Information Criterion) model. *Statistically significant 

The GLM results suggest that engine power is the 
strongest predictor of fuel consumption intensity, with each 1 
kW increase in engine power resulting in a 0.5% increase in 
fuel use intensity, holding other variables constant. The 
coefficient of the engine power variable indicates that the log-
odds of fuel consumption to catch one kg of landed catch 
increases by a constant 0.005. This means for every kW 
increase in engine power the odds ratio of fuel consumption to 
catch one kg of landed catch increases on average by a 

constant factor of 1.005, assuming that fishing trip type and 
vessel length are held constant. 

Vessel length had a negative relationship with fuel 
consumption, where each meter increase in vessel length was 
associated with a 3% decrease in fuel use intensity. The 
coefficient of the vessel length variable has a numerical value 
of -0.028, which indicates that for every unit increase in vessel 
length, the log-odds of fuel consumption to catch one kg of 
landed catch decrease by -0.028. When exponentiated, for 
every meter increase in vessel length, the odds ratio of fuel 
consumption to catch one kg of landed catch decreases on 
average by a constant factor of 0.971 (or -3 %). 

Finally, shrimp-targeted fishing trips had significantly 
higher fuel consumption compared to fish-targeted fishing trips, 
with shrimp-targeted trips having approximately 1.5 times the 
fuel consumption odds of fish-targeted trips. The difference in 
the log-odds of fuel consumption between shrimp and fish 
targeted fishing trips was 0.412, indicating that the fuel 
consumption in shrimp targeted fishing trips is significantly 
higher than that of the fish targeted fishing trips. 

DISCUSSION 
The results obtained from this study provides important 

insights into the fuel use intensity of Turkish bottom trawl 
vessels. However, it is acknowledged that the data collection 
is based on data from 13 vessels. Although these vessels 
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represent a range of operational characteristics, a larger 
sample size would enhance the ability to generalize findings 
across the entire Turkish trawl fleet. Similar studies in other 
fisheries have also stressed the limited sample sizes (Parker 
et al., 2017), highlighting the challenge of obtaining 
comprehensive fuel consumption data.  

When converting the FUI value of 1.22, to catch one ton 
landed, demersal trawl vessels consume roughly between 1 
000 and 1 037 t fuel, considering that the diesel weighs 
between 0.82 and 0.85 kg per litre. The findings in this paper 
were comparable with an earlier study in which the average 
FUI for bottom trawlers were estimated at 1.39 (Sarica & 
Demir, 2021). Fisheries that are mainly characterized by active 
fishing gears such as demersal trawls have been known to 
consume remarkable quantities of fuel (Park et al., 2015; 
Bastardie et al., 2022). Tyedmers et al. (2005) quantified the 
global average fuel use intensity for all types of fishing 
practices by applying an average diesel fuel intensity of 0.85, 
which was 1.7 times lower than the results for the demersal 
trawls under investigation in this study.  

A comparison of Fuel Use Intensity (FUI) across different 
fisheries worldwide (Table 3) reveals substantial variation, 
ranging from -85% to 568%, depending on the fishery type. 
Variability in reported FUI values may arise from differences in 
data collection methods (Coello et al., 2015) and whether 
estimates include fuel use associated with illegal, unreported, 
and unregulated (IUU) fishing (FAO, 2014; Dağtekin et al., 
2022). Additionally, factors such as catch per unit effort 
(CPUE), vessel characteristics (engine power and vessel 
length) (Parker et al., 2017) and post-fishing processing and 
transport activities (Sala et al., 2022) can result in regional 
variations in fuel use intensity (Parker et al., 2015). Compared 
to other regions, the FUI in Turkish trawl fisheries falls within 
the mid-range of reported values. The shrimp-targeted trawl 
fishery in Türkiye (1.69 l/kg) shows more energy efficiency than 
some other shrimp fisheries (e.g., Strait of Sicily, 11.4 l/kg), 
likely due lower towing speed and hourly fuel consumption of 
the main engine measured or reported by skippers. 
Additionally, estimation of Sala et al. (2022) was higher than 
what is found in this study due to the energy audit applied to 
calculate FUI as well as inclusion of post-fishing processing.  

The present study is based on self-reported fuel 
consumption data from fishers, which may introduce reporting 
biases. However, despite having shortcomings, questionnaires 
and surveys are one of the most used methodologies in data 
collection on fuel consumption (Ziegler et al., 2016; Parker et 
al., 2017; Cappell et al., 2022). The reason for variations in 
individual vessel fuel use could be explained by operational 
and technological factors as some of them continue to operate 
decades old engines, which may adversely affect the engine 
efficiency over time (Greer et al., 2019). It must be noted that 
future research should incorporate direct fuel monitoring for 
validation. 

Using real-world emission data from fishing vessels, CO2 

emission for the year 2000 was calculated as approximately 
134 million t with an average rate of 1.7 t of CO2 per ton of live 
weight landed marine product (Tyedmers et al., 2005). Based 
on that and the other two global GHG estimations reported by 
Parker et al. (2018) (179 million tons of CO2) and Greer et al. 
(2019) (207 million tons), the average CO2 amount generated 
by the Turkish demersal trawl fleet represented about 0.04 % 
(see Conclusion). Sala et al. (2022) demonstrated how GHG 
emissions might differ even between the typical Mediterranean 
trawl fisheries. The authors remarked that the Italian bottom 
otter trawls were substantially more fuel-intensive than most 
fisheries around the world, with an emission of 10.7 kg CO2/kg, 
which was more than twice what was found in this paper (3.21 
kg CO2/kg). 

The results also indicated that the fishery occurring in GSA 
29 was the most efficient one in terms of FUI. The main target 
species of the Black Sea bottom trawling is whiting, which is 
the most abundantly landed demersal fish in Turkish waters 
(TURKSTAT, 2022). Another reason for this variation could be 
due to the lower discard ratio in the region (G. Gökçe, personal 
communication, March 15, 2024), leading to a cleaner catch 
composition (Emecan et al., 2023) and yielding a higher profit 
margin relative to fuel utilized. In other words, as catch 
increases, emissions per unit decrease, which was also 
demonstrated for the Icelandic demersal fishery by 
Kristofersson et al. (2021). Besides, overall trawl designs 
based on what Black Sea trawlers target could make 
remarkable differences in terms of frictional force and 
associated fuel consumption in comparison with the trawl 
fisheries performed in other regions (McHugh et al., 2015; 
Grimaldo et al., 2015). The highest median fuel consumption 
was recorded in GSA 22, exhibiting a broader range of values 
than the other regions. This variation is likely influenced by 
differences in vessel size and fishing operations within the 
Aegean Sea. In contrast, GSA 24 displayed a more consistent 
fuel consumption pattern, suggesting greater standardization 
in deep-water shrimp-targeted fishing activities, which 
generally require higher fuel use due to extended towing 
durations. 

Higher fuel consumption in shrimp targeted fishing trips 
compared to the fish targeted fishing trips is also worth 
discussing from operational point of view. The deep-water rose 
shrimp, giant red shrimp, and blue and red shrimp are the main 
three component of the shrimp targeted fisheries in GSA 22 
and GSA 24 where the depth ranged between 400 and 700 m 
(Deval, 2020). One possible explanation could be that the fish 
targeted fishery occurs in shallower waters while shrimp 
targeted mostly takes place in deep waters, which requires 
relatively better equipped larger vessels, much more effort and 
considerable time during the steel warp releasing, hauling and 
settlement of the trawl net. Another possible reason could be 
that such species with relatively lower abundance encourages 
trawlers to tow longer periods and use heavier gear 
components to catch (Ziegler and Hansson, 2003). In the 
northeast Atlantic demersal trawl fishery, fishing trips targeting 
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shrimps were shown to be significantly more fuel intensive than 
those targeting fish (Groen et al., 2013). Our results were also 
consistent with the findings of Ziegler and Hornborg, (2014), 
Parker et al. (2015) and Bastardie et al. (2022) but not with of 
Thrane (2004). Fuel consumption was also quantified and 
categorized as high for the northern shrimp (Pandalus borealis 
L.) stock shared by Sweden, Norway, and Denmark in the 
Skagerrak (Ziegler et al., 2016). 

The GLM output indicated that the trawl vessels with lower 
power engines were more fuel efficient which confirmed earlier 
studies (Davie et al., 2014). However, fuel use intensity was 
negatively correlated with the vessel size. Ziegler et al. (2016) 
found the same tendency in Denmark fisheries, with larger 
vessels being more fuel efficient than smaller ones, unlike 
Sweden and Norway fisheries. This could be attributable to 
what earlier studies (Ziegler and Hornborg, 2014; Parker et al., 
2017) have pointed out; rather than technical capacity of the 
vessels, target species and gear type might have influenced 
much more fuel consumption. Indeed, the larger vessels could 
be more efficient due to the fact that they are capable of 
utilizing on their greater dimensions, thereby obtaining higher 
catch rates from a wider variety of locations over extended 
durations. 

With the present study, engine power was identified as the 
strongest predictor of fuel consumption, with higher engine 
power leading to increased fuel use intensity. Additionally, 
vessel length and the type of targeted species (shrimp vs. fish) 
were significant factors. These results have direct implications 
for fisheries management and policy, suggesting the following 
practical recommendations: 

• Given the significant impact of engine power on fuel 
consumption, modifying vessels with more efficient 
engines or implementing engine efficiency upgrades 
could substantially reduce fuel use and associated 
greenhouse gas emissions. 

• The inverse correlation between vessel length and fuel 
consumption suggests that design alterations—such as 
optimizing vessel dimensions and enhancing gear 
configurations to minimize towing resistance—may 
improve fuel efficiency. 

• The adoption of gear with reduced drag characteristics 
may decrease the overall energy required during fishing 
operations, particularly in shrimp-targeted fisheries where 
fuel consumption is higher. 

• Targeted policies and incentives aimed at promoting 
technological improvements and operational 
modifications can encourage the adoption of fuel-efficient 
practices and innovative gear designs, thereby supporting 
sustainable fisheries management and reducing the 
sector's environmental footprint. 

CONCLUSION 
For the years 2021 and 2022, Turkish demersal trawl 

fisheries achieved a total landing of approximately 17 667 tons 
(G. Gökçe, personal communication, March 15, 2024). Based 
on product-specific calculations, the entire trawl fleet's fuel use 
was estimated at around 18 million tons, resulting in roughly 56 
711 tons of CO₂ emissions. Notably, these capture-related 
CO₂ emissions accounted for only 0.08 % of the total 
emissions from Turkey’s agriculture sector in 2021 
(TURKSTAT, 2022). Although this study examines fuel use and 
emissions from 129 fishing trips conducted by 13 trawl vessels, 
these estimates provide valuable insights into the 
environmental impact of the Mediterranean trawl fleet. 

However, future research should expand the dataset to 
include a broader range of vessels across different regions and 
fishing seasons to improve the robustness and generalizability 
of the findings. Additionally, incorporating emissions from the 
entire fishing process—including post-landing activities, 
cruising time, and transportation—would better guide fisheries 
managers in transitioning toward more fuel-efficient and 
environmentally sustainable fishing practices. Furthermore, 
considering climate change is a fundamental concern in the 
General Fisheries Commission for the Mediterranean (GFCM) 
2030 Strategy, fisheries policymakers must take a proactive 
approach by prioritizing fuel-saving technologies and lowering 
emissions associated with fishing operations in alignment with 
the goals outlined in the Paris Agreement. 
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