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Summary NETTAG+ Project 

NETTAG+ aims to provide a portfolio of three innovative smart and sustainable solutions to 

address the negative impacts of abandoned, lost or otherwise discarded fishing gear (ALDFG) 

on marine life and habitats. NETTAG+ will be based on synergistic activities between the 

fisheries industry, scientists and NGOs to develop three solutions to PREVENT, AVOID and 

MITIGATE the harmful impacts of ALDFG.  

NETTAG+ will PREVENT marine litter derived from fisheries activities, AVOID loss of fishing 

gears, and MITIGATE harmful impact by removing existing ALDFG. These three solutions will 

jointly contribute to reduce ALDFG and marine pollution, namely by: reducing the 

introduction of hazardous chemicals and microplastics originating from ALDFG; reducing 

ghost fishing, bycatch and entanglements of sensitive or endangered species on ALDFG; and 

improving mapping, tracking and recovery technologies to retrieve ALDFG.  

NETTAG+ aims to upgrade and upscale the integrative preventive approach that started in the 

previous NetTag project, and aims to replicate it in Mediterranean regions, providing the 

fisheries industry with three smart and environmentally-friendly solutions to reduce ALDFG 

and prevent the environmental impacts of fishing gears. The three solutions will be developed 

to maturity (TRL 7-8) by the end of the project, and will be tested, validated and demonstrated 

in real conditions in Atlantic and Mediterranean countries, namely Portugal (PT), United 

Kingdom (UK), Spain (SP), Italy (IT), Croatia (HR) and Malta (MT). NETTAG+’s ambition is to 

change the paradigm of the fisheries industry, aspiring to transform the societal perspectives 

about the role of fishers as Guardians and Cleaners of the Ocean. NETTAG+ will empower the 

sector to take effective actions to address marine pollution, promoting their role as key actors 

to tackle marine pollution. 
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Executive Summary 

This deliverable provides an overview of the scientific publications and other scientific outputs 

produced within the framework of the NETTAG+ project. At the time of reporting, NETTAG+ has 

produced eleven scientific publications, including ten peer-reviewed journal articles and one 

conference paper. In addition, one manuscript is currently under revision and at least seven 

further manuscripts are in preparation. The project has also supported advanced training 

through the completion of two PhD theses and two MSc theses, as well as the production of one 

additional non-peer reviewed publication. 
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1 Introduction 

This deliverable gathers the scientific publications and other scientific outputs produced within 

the framework of the NETTAG+ project. 

Scientific publications are an important component of the project dissemination and 

knowledge-sharing activities. Through peer-reviewed articles, conference papers, PhD and MSc 

thesis, NETTAG+ contributes to advancing scientific understanding of several topics related with 

the prevention, avoidance and mitigation of marine litter derived from fisheries, including 

abandoned, lost, or otherwise discarded fishing gear ALDFG. These outputs also ensure 

transparency, foster collaboration across research initiatives, and facilitate the uptake of project 

results by researchers, but also policymakers and practitioners. 

The dissemination of NETTAG+ results, including scientific outputs, followed the internal 

knowledge management framework detailed in the Data Management Plan (DMP) and Plan for 

Dissemination, Exploitation and Communication (PDEC) of the project. This framework includes 

a prior notice process and the completion of IP assessment forms to ensure the effective 

management, protection, and valorisation of knowledge and intellectual property generated 

within the NETTAG+ project.  

At the time of this report, the project has produced eleven scientific publications, including ten 

peer-reviewed journal articles and one conference paper. One manuscript has been submitted 

to a peer-reviewed journal and is currently under revision, while seven additional manuscripts 

are in preparation. In terms of advanced training, two PhD theses and two MSc theses have been 

completed within the framework of the NETTAG+ project. In addition, one non-peer reviewed 

publication has been produced. 

The following sections provide detailed information on the scientific publications and other 

scientific outputs within the NETTAG+ project, as well as on the advanced training activities 

completed. 
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2 Scientific Publications 

Within the framework of the NETTAG+ project, ten scientific publications have been produced 

to date and are published or in press. These include ten peer-reviewed journal articles and one 

conference paper. An additional manuscript is currently under revision. Table 1 summarises the 

publications that are published, in press or under revision. At least seven further manuscripts 

are currently in preparation, as presented in Table 2. The papers already published are described 

in greater detail in the following sections. 

Table 1. Scientific publications from the NETTAG+ project (published, in press or under revision). 

No. Publication  
Lead 
partner 

WP 
Open 
Access 

Associated 
dataset 

Status 

1 Guedes et al., 2024a. Multibeam Multi-
Frequency Characterization of Water 
Column Litter. OCEANS 2024 - Singapore, 
pp. 1-6. 
http://doi.org/10.1109/OCEANS51537.20
24.10682168  

INESCTEC WP4 No1 No Published 

2 Guedes et al., 2024b. Acoustic Imaging 
Learning-Based Approaches for Marine 
Litter Detection and Classification. 
Journal of Marine Science and 
Engineering, 12(11). 
https://doi.org/10.3390/jmse12111984 

INESCTEC WP4 Yes Yes 

https://doi.org/1
0.5281/zenodo.1
3759505  

Published 

3 Almeida et al., 2024. Potential of fishing 
nets for adsorption of inorganic (Cu and 
Pb) and organic (PAHs) pollutants. 
Marine Pollution Bulletin 209, 117291. 
https://doi.org/10.1016/j.marpolbul.202
4.117291  

CIIMAR WP4 Yes Yes  

https://doi.org/1
0.5281/zenodo.1
4047068  

Published 

4 Ramos et al., 2025. An Integrated 
Approach to Assessing the Potential of 
Plastic Fishing Gear to Release 
Microplastics. Water, 17(10), 1439. 
https://doi.org/10.3390/w17101439 

CIIMAR WP4 Yes Yes  

https://doi.org/1
0.5281/zenodo.1
5394706  

Published 

5 Perdigão et al., 2025. Microbial 
communities associated with plastic 
fishing nets: diversity, potentially 
pathogenic and hydrocarbon degrading 
bacteria. Scientific Reports, 15(1), 22877. 
https://doi.org/10.1038/s41598-025-
06033-6   

CIIMAR WP4 Yes Yes 

https://doi.org/1
0.5281/zenodo.1
5585631  

Published 

6 Guedes et al., 2025, Multibeam Acoustic 
Image based Detection and Tracking of 
Marine Litter in the Water Column. 
OCEANS 2025 Brest, BREST, France, 
pp. 1-6. 

https://doi.org/10.1109/OCEANS58557.2
025.11104332  

INESCTEC WP4 No1 No Published 

http://doi.org/10.1109/OCEANS51537.2024.10682168
http://doi.org/10.1109/OCEANS51537.2024.10682168
https://doi.org/10.3390/jmse12111984
https://doi.org/10.5281/zenodo.13759505
https://doi.org/10.5281/zenodo.13759505
https://doi.org/10.5281/zenodo.13759505
https://doi.org/10.1016/j.marpolbul.2024.117291
https://doi.org/10.1016/j.marpolbul.2024.117291
https://doi.org/10.5281/zenodo.14047068
https://doi.org/10.5281/zenodo.14047068
https://doi.org/10.5281/zenodo.14047068
https://doi.org/10.3390/w17101439
https://doi.org/10.5281/zenodo.15394706
https://doi.org/10.5281/zenodo.15394706
https://doi.org/10.5281/zenodo.15394706
https://doi.org/10.1038/s41598-025-06033-6
https://doi.org/10.1038/s41598-025-06033-6
https://doi.org/10.5281/zenodo.15585631
https://doi.org/10.5281/zenodo.15585631
https://doi.org/10.5281/zenodo.15585631
https://doi.org/10.1109/OCEANS58557.2025.11104332
https://doi.org/10.1109/OCEANS58557.2025.11104332
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No. Publication  
Lead 
partner 

WP 
Open 
Access 

Associated 
dataset 

Status 

7 Neasham et al., 2025 Low Energy, Real 
Time Passive Acoustic Detection of 
Dolphin Clicks and Whistles. 7th 
Experiment@ International Conference 
(exp.at'25), Horta, Portugal, pp. 163-167.  

https://doi.org/10.1109/exp.at2565440.
2025.11348486  

UNEW WP3 No2 No Published 

8 Pita et al, 2026. Challenges and 
recommendations for marine waste 
management in European fishing ports. 
Frontiers in Marine Science 13:1728784. 
https://doi.org/10.3389/fmars.2026.172
8784  

UAveiro WP2 Yes No Published 

9 Guedes et al., 2026a. Learning-Based 
Online Tracking Algorithms for Marine 
Litter in Multibeam Water Column 
Images. IEEE Access, vol. 14, pp. 47666-
47685. 
https://doi.org/10.1109/ACCESS.2026.36
77642   

INESCTEC WP4 Yes No Published 

10 Guedes et al., 2026b. Descriptor: 
Forward-Looking Multibeam - Marine 
Litter Detection and Tracking Dataset 
(FLM-MLDT). IEEE Data Descriptions. 

https://doi.org/10.1109/IEEEDATA.2026.
3683037   

INESCTEC WP4 Yes Yes 

https://doi.org/1
0.5281/zenodo.1
8235788  

Published 

11 Romualdo et al. Autonomous 
Underwater Vehicle Maneuvering for 
Precise Localization of Tagged Fishing 
Gear. IEEE Oceans 2026, Sanya, China 

INESCTEC WP3 No1 No In press 

12 Polechońska et al., Effects of time, aging 
level and water physicochemical 
properties on copper adsorption by 
polyethylene microplastics in natural 
waters 

CIIMAR WP4 - - Under 
revision 

1 Publication in the conference proceedings of IEEE OCEANS, a prestigious international conference dedicated to ocean science 
and technology, whose proceedings are typically published under restricted access by IEEE 

2 Publication in the conference proceedings of 7th Experiment@ International Conference (exp.at'25), a prestigious 
international conference dedicated to online experimentation and distributed sensing, whose proceedings are typically 
published under restricted access by IEEE.  

 

 

 

https://doi.org/10.1109/exp.at2565440.2025.11348486
https://doi.org/10.1109/exp.at2565440.2025.11348486
https://doi.org/10.3389/fmars.2026.1728784
https://doi.org/10.3389/fmars.2026.1728784
https://doi.org/10.1109/ACCESS.2026.3677642
https://doi.org/10.1109/ACCESS.2026.3677642
https://doi.org/10.1109/IEEEDATA.2026.3683037
https://doi.org/10.1109/IEEEDATA.2026.3683037
https://doi.org/10.5281/zenodo.18235788
https://doi.org/10.5281/zenodo.18235788
https://doi.org/10.5281/zenodo.18235788
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Table 2. Scientific publications from the NETTAG+ project in preparation. 

No. Title Authors 
Lead 
partner 

WP 

1 
Economic evaluations to reduce marine 
litter in European fisheries 

Astudillo-Pascua M., Ainsworth G., 
Villasante S., Dudouet B., Nahuel N. 

USC WP5 

2 

Fishers as cleaners of the ocean: 
feasibility of rewards programs for the 
collection of marine litter 

Ainsworth G., Villasante S., Astudillo-
Pascua M., Gatt MP., Bonnici K., 
Ivanković A., Giampaoletti E., Silva P., 
Gutierrez A., Pita C. 

USC WP2 

3 

Does technology help increase empathy 
and societal awareness regarding 
marine litter? 

Pita P., Ainsworth G., Villasante S., 
Astudillo-Pascual M., Gatt MP., Brian D., 
Bonnici K., Ivanković A., Campogianni S., 
Giampaoletti E. 

USC WP2 & 
WP6 

4 

The active role of fishers as Guardians 
and Cleaners of the Ocean: litter 
produced onboard versus passive fished 
waste 

Sousa, L, Espincho, F., Rodrigues, S., 
Campogianni S, Almeida, CMR, Ramos, S. 

CIIMAR WP2 

5 
Fishing gear as source of microplastics: 
plastic-based and biodegradable fishing 
gear 

Espincho, F., Rodrigues, S., Sousa, L,, 
Almeida, CMR, Ramos, S. 

CIIMAR WP4 

6 
Potential of plastic-based and 
biodegradable fishing gear to absorb 
contaminants 

Espincho, F., Rodrigues, S., Sousa, L,, 
Ramos, S, Almeida, CMR.  

CIIMAR WP4 

7 
Does microbiofouling varies between 
plastic and biodegradable fishing nets? 

Espincho, F., Rodrigues, S., Sousa, L,, 
Almeida, CMR, Ramos, S. 

CIIMAR WP4 

 

2.1 Peer-review articles 

2.1.1 Guedes et al. (2024a) 

Title: Multibeam Multi-Frequency Characterization of Water Column Litter 

Authors: Guedes P.A.a, Silva H.a, Wang S.b, Martins A.a c, Almeida J.M.a c, Silva E.a c 

Affiliation:  

a INESCTEC – Institute for Systems and Computer Engineering, Technology and Science 

b Imperial College London – Imperial College of Science, Technology and Medicine 

c ISEP – School of Engineering, Polytechnic Institute of Porto 

Published in: OCEANS 2024 - Singapore 

Published in: IEEE 

Year: 2024 
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URL: http://doi.org/10.1109/OCEANS51537.2024.10682168 

Link to repository: https://zenodo.org/records/19915384  

Abstract: 

This paper explores the potential use of acoustic imaging and the use of a multi-frequency 

multibeam-echosounder (MBES) for monitoring marine litter in the water column. The main goal 

is to perform a test and validation setup using a simulation and actual experimental setup to 

determine if the MBES data can detect marine litter in a water column image (WCI) and if using 

multi-frequency MBES data will allow to better distinguish and characterize marine litter debris 

in detection applications. Results using simulated HoloOcean Environment and actual marine 

litter data revealed the successful detection of objects commonly found in ocean litter hotspots 

at various ranges and frequencies, enabling the pursue of novel means of automatic detection 

and classification in MBES WCI data while using multi-frequency capabilities.  

Keywords: 

• Oceans 

• Acoustic imaging 

• Plastics 

• Monitoring  

Associated Dataset: N/A 

http://doi.org/10.1109/OCEANS51537.2024.10682168
https://zenodo.org/records/19915384
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Full article: http://doi.org/10.1109/OCEANS51537.2024.10682168 
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2.1.2 Guedes et al. (2024b) 

Title: Acoustic Imaging Learning-Based Approaches for Marine Litter Detection and 

Classification 

Authors: Guedes P.A.a, Silva H.M.a, Wang S.b, Martins A.a c, Almeida J.a c, Silva E.a c 

Affiliation:  

a INESCTEC—Institute for Systems and Computer Engineering, Technology and Science, Rua Dr. 

Roberto Frias, 4200-465 Porto, Portugal 

b Imperial College London, South Kensington Campus, London SW7 2AZ, UK 

c ISEP—School of Engineering, Polytechnic Institute of Porto, Rua Dr. António Bernardino de 

Almeida 431, 4249-015 Porto, Portugal 

Published in: Journal of Marine Science and Engineering 

Year: 2024 

URL: https://doi.org/10.3390/jmse12111984 

Link to repository: https://zenodo.org/records/14393061  

Abstract: 

This paper introduces an advanced acoustic imaging system leveraging multibeam water column 

data at various frequencies to detect and classify marine litter. This study encompasses (i) the 

acquisition of test tank data for diverse types of marine litter at multiple acoustic frequencies; 

(ii) the creation of a comprehensive acoustic image dataset with meticulous labelling and 

formatting; (iii) the implementation of sophisticated classification algorithms, namely support 

vector machine (SVM) and convolutional neural network (CNN), alongside cutting-edge 

detection algorithms based on transfer learning, including single-shot multibox detector (SSD) 

and You Only Look once (YOLO), specifically YOLOv8. The findings reveal discrimination between 

different classes of marine litter across the implemented algorithms for both detection and 

classification. Furthermore, cross-frequency studies were conducted to assess model 

generalisation, evaluating the performance of models trained on one acoustic frequency when 

tested with acoustic images based on different frequencies. This approach underscores the 

potential of multibeam data in the detection and classification of marine litter in the water 

column, paving the way for developing novel research methods in real-life environments. 

https://doi.org/10.3390/jmse12111984
https://zenodo.org/records/14393061
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Keywords: 

• Multibeam echosounder 

• Water column data 

• Macroplastics 

• Classification  

• Detection 

• Convolutional neural networks 

• Machine learning 

• Marine litter 

• Support vector machines 

• YOLOv8 

Associated Dataset: 

Guedes, P. (2024). MBES M3 KONGSBERG HF MODEL TEST TANK MARINE DEBRIS DATASET. 

Zenodo. https://doi.org/10.5281/zenodo.13759505 

 

https://doi.org/10.5281/zenodo.13759505
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Full article: https://doi.org/10.3390/jmse12111984 

 

https://doi.org/10.3390/jmse12111984
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2.1.3 Almeida et al. (2024) 

Title: Potential of fishing nets for adsorption of inorganic (Cu and Pb) and organic (PAHs) 

pollutants 

Authors: Almeida C.MR.a b, Perdigão R.a c, Correia B.R.a b c, Gracht H.V.D.a b, Dias S.a b, 

Magalhães C.a d, Carvalho M.F.a c, Mucha A.P.a d, Espincho F.a, Ramos S.a d 

Affiliation:  

a Interdisciplinary Center of Marine and Environmental Research (CIIMAR), University of Porto, 

Terminal de Cruzeiros do Porto de Leixões, Av. General Norton de Matos s/n, P 4450-208 

Matosinhos, Portugal 

b Departamento de Química e Bioquímica, FCUP – Faculty of Sciences, University of Porto, Rua 

do Campo Alegre 687, 4169-007 Porto, Portugal 

c ICBAS – Institute of Biomedical Sciences Abel Salazar (ICBAS), University of Porto, Rua Jorge 

Viterbo Ferreira 228, 4050-313 Porto, Portugal 

d Departamento de Biologia, FCUP – Faculty of Sciences, University of Porto, Rua do Campo 

Alegre, 4169-007 Porto, Portugal 

Published in: Marine Pollution Bulletin 

Year: 2024 

URL: https://doi.org/10.1016/j.marpolbul.2024.117291 

Link to repository: https://zenodo.org/records/14197091  

Abstract: 

This study aimed to evaluate metals and polycyclic aromatic hydrocarbons (PAHs) adsorption on 

new plastic fishing nets in both laboratory and quasi-real scenario (nets submersed in marina 

seawater) experiments as well as in situ monitoring of these contaminants in water and 

sediments in lost fishing gears hotspots. The latter was inconclusive as environmental 

contaminants levels were very low. Laboratory experiments showed metals (copper and lead) 

and PAHs adsorption depended on the thickness and polymeric composition of the net, being 

lower in thinner nylon nets. Experiments in the marina, also showed significant contaminants 

adsorption, which increased over time, probably due to biofilm formation on net surface. This 

work showed the potential role of fishing gears as skins of pollutants, increasing organisms' 

exposition to contaminants present in the environment. So, initiatives to prevent the loss of 

https://doi.org/10.1016/j.marpolbul.2024.117291
https://zenodo.org/records/14197091
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fishing gear and to retrieve them are needed to reduce and/or eliminate their environmental 

impact. 

Highlights: 

• Cu and Pb adsorption to fishing net increased with time and varied with polymer and 

net thickness. 

• PAHs adsorption occurred for all nets and adsorption percentages increased with 

molecular weight. 

• Metals and PAHs adsorption influenced by biofilm formation in nets submerged on a 

seawater marina. 

• Metal retention in marina experiment was an order of magnitude higher than in 

laboratory experiment. 

• Fishing nets can adsorb pollutants and act like a pollutant sink. 

Associated Dataset: 

CIIMAR. (2024). NETTAG+ Data set on adsorption of inorganic (Cu and Pb) and organic (PAHs) 

pollutants in fishing nets [Data set]. In Marine Pollution Bulletin. 

Zenodo. https://doi.org/10.5281/zenodo.14047068 

 

 

 

https://doi.org/10.5281/zenodo.14047068
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Full article: https://doi.org/10.1016/j.marpolbul.2024.117291 

 

https://doi.org/10.1016/j.marpolbul.2024.117291
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2.1.4 Ramos et al. (2025) 

Title: An Integrated Approach to Assessing the Potential of Plastic Fishing Gear to Release 

Microplastics 

Authors: Ramos S.a b, Espincho F.a, Rodrigues S.M.a c, Pereira R.a c, Silva D.a c, Rivoira L.d , Perdigão 

R.a c, Almeida C.M.R.a e 

Affiliation:  

a CIIMAR—Interdisciplinary Centre of Marine and Environmental Research, University of Porto, 

Terminal de Cruzeiros do Porto de Leixões, Avenida General Norton de Matos, s/n, 4450-208 

Matosinhos, Portugal 

b Department of Biology, FCUP—Faculty of Sciences, University of Porto, Rua do Campo Alegre, 

687, 4169-007 Porto, Portugal 

c ICBAS—Institute of Biomedical Sciences Abel Salazar, Porto University, Rua de Jorge Viterbo 

Ferreira nº 228, 4050-313 Porto, Portugal 

d Department of Chemistry, University of Torino, Via Pietro Giuria 7, 10125 Torino, Italy 

e Department of Chemistry and Biochemistry, FCUP—Faculty of Sciences, University of Porto, 

Rua do Campo Alegre 687, 4169-007 Porto, Portugal 

Published in: Water 

Year: 2025 

URL: https://doi.org/10.3390/w17101439  

Link to repository: https://zenodo.org/records/15394457  

Abstract: 

Abandoned, lost, or discarded fishing gear (ALDFG) poses significant environmental threats, 

namely contributing to microplastic (MP) pollution. However, the release of MPs from ALDFG 

remains poorly studied, despite its crucial role in understanding plastic pollution in marine 

ecosystems. This study is, to the best of our knowledge, the first to assess the environmental 

impact of ALDFG as a source of MPs, using an integrated approach combining laboratory 

experiments, in situ field trials, and environmental surveys. Laboratory tests showed that in the 

presence of light and sediment, braided polyethylene net released 1 fibre after incubation, 

demonstrating that the studied plastic fishing nets had the potential to release MPs. In situ 

https://doi.org/10.3390/w17101439
https://zenodo.org/records/15394457
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experiments in a semi-enclosed marine environment did not show a clear influence of 

submerged fishing nets on water MPs, due to the high MP contamination in the selected location 

(5322 ± 4936 MP m−3). Nonetheless, at ALDFG hotspots off northwest Portugal, an increased 

presence of MPs in water samples compared to locations without ALDFG suggested potential 

MP release. These findings demonstrate the potential of ALDFG to act as a source of MPs and 

showcase the need for further studies, in order to comprehensively investigate the degradation 

of different plastic fishing nets in the field. Reducing ALDFG pollution is critical to mitigating its 

environmental impact and preserving marine ecosystems. 

Keywords: 

• Microplastics 

• Fishing nets 

• ALDFG 

Associated Dataset: 

Ramos, S., Espincho, F., Rodrigues Magalhães, S., Pereira, R., Silva, D., Rivoira, L., Perdigão 

Mendes, R., & Almeida, C. M. (2025). NETTAG+ data set on microplastics released by ALDFG 

[Data set]. Zenodo. https://doi.org/10.5281/zenodo.15394706 

https://doi.org/10.5281/zenodo.15394706
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Full article: https://doi.org/10.3390/w17101439 
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2.1.5 Perdigão et al. (2025) 

Title: Microbial communities associated with plastic fishing nets: diversity, potentially 

pathogenic and hydrocarbon degrading bacteria 

Authors: Perdigão R.a b, Tavares A.S.a b c, Carvalho M.F.a b, Magalhães C.a c, Ramos S.a c, Almeida 

C.M.R.a c, Mucha A.P.a c 

Affiliation:  

a CIIMAR/CIMAR LA, Interdisciplinary Centre of Marine and Environmental Research, University 

of Porto. Terminal de Cruzeiros do Porto de Leixões, Avenida General Norton de Matos, S/N, 

Matosinhos, 4450-208, Portugal 

b ICBAS - School of Medicine and Biomedical Sciences, University of Porto, Rua de Jorge Viterbo 

Ferreira, 228, Porto, 4050-313, Portugal 

c Faculty of Sciences, University of Porto, Rua do Campo Alegre 790, Porto, 4150-171, Portugal 

Published in: Scientific Reports 

Year: 2025 

URL: https://doi.org/10.1038/s41598-025-06033-6   

Link to repository: https://zenodo.org/records/15807044  

Abstract: 

Abandoned, lost or otherwise discarded fishing gear (ALDFG) represent a major source of marine 

plastic litter pollution. Similar to other plastic litter, these items can provide a new surface for 

the growth of biofilms harboring distinct microbial communities, containing potential 

opportunistic pathogens or pollutant-degrading microorganisms. While knowledge is increasing 

for marine plastic litter and microplastic-associated biofilms, there is a gap on the plastisphere 

research for fishing gear. This study aimed to comprehend the structure and dynamics of the 

microbial communities attached to plastic fishing nets, mimicking a scenario when lost at sea, 

but also to assess if polymer type can influence these communities. For that, a one-year in situ 

experiment was employed inside a recreational marina (port of Leixões, Portugal), using 3 types 

of plastic fishing nets (Braided Polyethylene (PE), Braided Nylon and Thin Nylon) submersed in 

the seawater. Seasonal samplings of nets and surrounding seawater were performed for 

microbial community analysis by 16 S rRNA metabarcoding. One month-old-nets samples were 

additionally collected for cultivation of bacterial strains in the laboratory. In general, microbial 

https://doi.org/10.1038/s41598-025-06033-6
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communities found in the biofilms attached to fishing nets were taxonomically distinct and more 

diverse, when compared to the surrounding seawater. Biofilm communities were not shaped by 

the polymer type, instead, they displayed a succession pattern over time. Biofilm communities 

were predominantly composed of the phyla Proteobacteria, Bacteroidetes and 

Verrucomicrobiota. Additionally, the families Sphingomonadaceae, Rubritaleaceae, 

Rhizobiaceae and Saprospiraceae were specifically associated with fishing net biofilms. From the 

3 nets, a total of 123 bacterial strains from 46 bacterial genera were recovered. The genera 

Acinetobacter, Bacillus, Rhodococcus, Shewanella, Streptomyces and Vibrio were common to all 

nets. Commonly associated hydrocarbon and plastic - degrading taxa were highly abundant in 

the biofilm communities (> 2% abundance) and some were even possible to cultivate in 

laboratory. In addition, biofilm communities presented as well, potentially pathogenic genera, 

such as Clostridium and Mycobacterium, but in low abundances (< 1%). With this work, a deeper 

knowledge on the plastisphere associated with different plastic fishing gear was obtained, along 

with the isolation of bacterial strains with potential for future exploration of plastic 

biodegradation. 

Keywords: 

• Fishing nets 

• Microbial communities 

• Plastic 

• Polyethylene 

• Nylon 

• Pathogens 

• Hydrocarbon degraders 

• Maritime port 

Associated Dataset: 

Perdigão Mendes, R. (2025). NETTAG+ data set on microbial communities and bacterial strains 

from an in situ experiment [Data set]. Zenodo. https://doi.org/10.5281/zenodo.15585631  
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2.1.6 Guedes et al. (2025) 

Title: Multibeam Acoustic Image based Detection and Tracking of Marine Litter in the Water 

Column 

Authors: Guedes P.A.a, Silva H.a, Wang S.b, Martins A.a c, Almeida J.M.a c 

Affiliation:  

a INESCTEC – Institute for Systems and Computer Engineering, Technology and Science 

b Imperial College London – Imperial College of Science, Technology and Medicine 

c ISEP – School of Engineering, Polytechnic Institute of Porto 

Published in: OCEANS 2025 Brest 

Published in: IEEE 

Year: 2025 

URL: https://doi.org/10.1109/OCEANS58557.2025.11104332 

Link to repository: https://zenodo.org/records/19893231  

Abstract: 

This paper presents the development and implementation of learning-based detection and 

tracking methods using multibeam data to detect marine litter in the water column. The 

presented work encompasses (i) the creation of acoustic videos and the application of multiple 

post-processing techniques; (ii) the training of multiple You Only Look Once (YOLO) detection 

models, specifically YOLOv8, across different variants, acoustic frequencies, and input types 

(both raw and post-processed); (iii) and the development of a marine litter tracking system 

based on DeepSORT. The results include a multibeam multi-frequency data study demonstrating 

the potential of acoustic image sensing for detecting and tracking marine litter materials in the 

water column.  

Keywords: 

• YOLO 

• Training 

• Echo sounders 

• Oceans 

• Acoustic imaging 
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• Acoustics 

• Data models 

• Sensors 

• Object tracking 

• Videos  

Associated Dataset: N/A 
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2.1.7 Pita et al. (2026) 

Title: Challenges and recommendations for marine waste management in European fishing 

ports 

Authors: Pita C.a b, Ainsworth G.B.c, Astudillo-Pascual M.c, Silva P.M.b, Gutierrez A.b, Villasante S.c  

Affiliation:  

a  MARSOCIAL, Institute of Marine Research (IIM-CSIC), Vigo, Spain 

b CESAM - Centre for Environmental and Marine Studies, Department of Environment and 

Planning, University of Aveiro, Aveiro, Portugal 

c EqualSea Lab – CRETUS, Department of Applied Economics, University of Santiago de 

Compostela, A Coruña, Spain 

Published in: Frontiers in Marine Science 

Year: 2026 

URL: https://doi.org/10.3389/fmars.2026.1728784  

Link to repository: https://zenodo.org/records/19631125  

Abstract: 

The fishing sector plays a crucial role in the effective management of marine litter, emphasising 

the importance of facilitating waste collection for fishers and ensuring its subsequent 

management in port reception facilities (PRFs). EU Directive 2019/883/EU provides a unified 

sector-specific legal framework for managing ship-generated waste within EU ports, but 

harmonising PRFs and waste management remains challenging across Member States. Key areas 

for improving waste management include streamlining the regulatory framework (policies and 

processes), enhancing economic viability, fostering partnerships, promoting knowledge sharing, 

improving infrastructure, and increasing stakeholder awareness. The measures taken should 

consider the context, including port characteristics and the country in which it operates. 

Keywords: 

• Croatia 

• Italy 

• Malta 

• Marine litter 
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• Port reception facilities 

• Portugal 

• Spain 

Associated Dataset: 

N/A 
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2.1.8 Guedes et al. (2026a) 

Title: Learning-Based Online Tracking Algorithms for Marine Litter in Multibeam Water Column 

Images 

Authors: Guedes P.A.a, Silva H.M.a, Wang S.b 

Affiliation:  

a Institute for Systems and Computer Engineering, Technology and Science (INESC TEC), 4200-

465 Porto, Portugal 

b Imperial College London, Imperial College of Science, Technology and Medicine, South 

Kensington, SW7 2AZ London, U.K. 

Published in: IEEE Access 

Year: 2026 

URL: https://doi.org/10.1109/ACCESS.2026.3677642  

Link to repository: https://zenodo.org/records/19825905  

Abstract: 

Marine litter is a growing environmental threat, with severe ecological and socio-economic 

impacts. Most monitoring strategies rely on optical sensors to detect surface pollution, however 

these approaches fail to capture submerged plastics dispersed throughout the water column. 

Multibeam acoustic imaging offers a complementary solution, but the scarcity of annotated 

sonar datasets and the high noise levels of acoustic imagery make automated detection and 

tracking particularly challenging. This study presents a comparative evaluation of deep learning 

based multi-object tracking (MOT) algorithms applied to water column acoustic data. Pre-

trained YOLOv8 detectors were integrated with tracking-by-detection frameworks including 

BoT-SORT, OC-SORT, ByteTrack, and DeepOC-SORT. Performance was assessed across acoustic 

frequencies and preprocessing strategies using standard MOT metrics. Results show that 

adaptive Gaussian thresholding and opening morphology improved robustness at lower 

frequencies ( 950 kHz and 1200 kHz ), while unprocessed inputs proved more resilient to severe 

clutter at 1400 kHz . BoostTrack and ByteTrack achieved the most consistent tracking, effectively 

managing intermittent detections to maximise MOTA and IDF1. In contrast, OC-SORT 

underperformed, struggling with fragmented sonar trajectories. Furthermore, while efficient 

Nano models dominated at lower frequencies, Medium models were required under higher 

https://doi.org/10.1109/ACCESS.2026.3677642
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noise. These findings demonstrate the feasibility of applying MOT methods to sonar-based litter 

monitoring. Future work will explore unsupervised learning approaches to leverage intrinsic 

sonar data structure, reduce annotation needs, and enable scalable marine litter tracking. 

Associated Dataset: 

N/A 
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2.1.9 Guedes et al. (2026b) 

Title: Descriptor: Forward-Looking Multibeam - Marine Litter Detection and Tracking Dataset 

(FLM-MLDT) 

Authors: Guedes P.A.a, Lysak M.a, Amaral G.a, Martins P.a, Almeida C.a, Silva H.M. a, Martins A.a b, 

Wand S.c, Almeida J.M.a b,  

Affiliation:  

a Institute for Systems and Computer Engineering, Technology and Science (INESC TEC), R. Dr. 

Roberto Frias, Porto, Portugal 

b School of Engineering, Polytechnic Institute of Porto, R. Dr. António Bernardino de Almeida 

431, Porto, Portugal 

c Imperial College London ‐ Imperial College of Science, Technology and Medicine, Exhibition Rd, 

South Kensington, London, United Kingdom 

Published in: IEEE Data Descriptions 

Year: 2026 

URL: https://doi.org/10.1109/IEEEDATA.2026.3683037  

Link to repository: The paper will be made available on the NETTAG+ Zenodo community once 

it is fully published, as it is currently available only in early access. 

Abstract: 

Institute for Systems and Computer Engineering, Technology and Science (INESC TEC) aims to 

make a significant contribution to the advancement of marine robotics and environmental 

monitoring by providing a novel dataset: the Forward-Looking Multibeam - Marine Litter 

Detection and Tracking Dataset (FLM-MLDT). Addressing the critical scarcity of labelled 

underwater data, this work presents 8,156 acoustic images acquired using the Kongsberg M3 

High-Frequency Multibeam Echosounder with a forward-looking configuration installed in the 

PORTUS Unmanned Surface Vehicle (USV). Collected in the manoeuvring basin of Leixões; 

harbour, this dataset offers information on 10 distinct types of marine debris. It provides input 

for developing deep learning algorithms, refining sonar signal processing, and enhancing the 

perception capabilities of different platforms for data extraction and environmental interaction. 

To ensure immediate utility and reliability, the dataset provides baseline metrics established 

using the You Only Look Once version 8 (YOLOv8) detector. By making this dataset publicly 
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available, INESC TEC seeks to drive further innovation in underwater computer vision and 

automated clean-up solutions, fostering a cleaner and more sustainable ocean environment. 

Keywords: 

• Acoustic imaging 

• Marine litter 

• Multibeam echosounder 

• Perception 

• Sonar 

• Sustainability 

• Underwater 

• Unmanned surface vehicle (USV) 

• Water column data 

Associated Dataset: 

Guedes, P. (2026). Forward-Looking Multibeam - Marine Litter Detection and Tracking Dataset 

(FLM-MLDT) [Data set]. Zenodo. https://doi.org/10.5281/zenodo.18235788  
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2.2 Conference proceeding articles 

2.2.1 Neasham et al. (2025) 

Title: Low Energy, Real Time Passive Acoustic Detection of Dolphin Clicks and Whistles 

Authors: Neasham J.a, Burnett R.a, Lowes G.a, Sherlock B.a, Berggren P.b, Dickson S.b 

Affiliation:  

a School of Engineering, Newcastle University, Newcastle upon Tyne, UK 

b School of Natural & Env. Sciences, Newcastle University, Newcastle upon Tyne, UK 

Published in: 7th Experiment@ International Conference (exp.at'25) 

Year: 2025 

URL: https://doi.org/10.1109/exp.at2565440.2025.11348486  

Link to repository: https://zenodo.org/records/19894493  

Abstract: 

This paper describes the development of software algorithms and hardware for real time passive 

acoustic detection of dolphin clicks and whistles, with strong emphasis on low power 

implementation to allow long term deployment with a small alkaline battery pack. The objective 

is to produce an affordable and practical technology for live reporting of dolphin presence, via 

underwater acoustic communication or terrestrial/satellite radio link, to support mitigation of 

impact of offshore construction and fishing activity, as well as data for marine science. Highly 

computationally efficient algorithms were developed and validated by offline processing of 

acoustic recordings from the UK waters, annotated by expert bioacousticians. Accuracy of 98.3% 

and 99.7% was achieved for click and whistle detection respectively, with zero false positives. 

These algorithms have been successfully ported onto a proven ARM Cortex M4 based embedded 

processor platform, with a mean power consumption of only 12 mW, and tested by playback of 

the above recorded data. This has proven the feasibility of this approach and a full prototype 

system is being prepared for deployment in the sea trials at the time of writing. 

Keywords: 

• Passive acoustic detection 

• Underwater acoustics 

• Bioacoustics 
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• Wireless sensor networks 

• Cetaceans 

• Low-power 

Associated Dataset: 

N/A  
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3 Advanced Training 

Within the framework of the NETTAG+ project, two PhD theses and two MSc theses have been 

completed (Table 3), as detailed in following sections. 

Table 3. PhD and MSc theses associated with the NETTAG+ project. 

No. Publication Lead 

partner 

WP Repository 

1 Oliveira R., 2024. Acoustic 

Characterization and Detection of lost 

fishing gear. Universidade do Porto. 

INESCTEC WP4 http://hdl.handle.net/10400.22/26844  

2 Silva C., 2024. AUV navigation 

simulation for detecting ghost nets 

through deep learning. Universidade 

do Porto. 

INESCTEC WP4 http://hdl.handle.net/10400.22/26489  

3 Magalhães S., 2025. Bioavailability and 

effects of microplastics in estuarine 

and coastal larval fish assemblages. 

Universidade do Porto. 

CIIMAR WP4 https://hdl.handle.net/10216/167824   

Embargoed Access (end date: 25-06-

2026) 

4 Perdigão R., 2026. Exploring native 

microorganisms for bioremediation of 

oils and other pollutants inside ports. 

Universidade do Porto. 

CIIMAR WP4 https://hdl.handle.net/10216/173719  

Embargoed Access (end date: 24-02-

2027) 

 

1.1. PhD thesis 

1.1.1. Sabrina Magalhães (2025) 

Title: Bioavailability and effects of microplastics in estuarine and coastal larval fish assemblages 

Name: Sabrina Rodrigues Magalhães 

Institution: Universidade do Porto 

Supervisors: Sandra Ramos, Marisa Almeida, Michael Elliott 

Year: 2025 

URI: https://hdl.handle.net/10216/167824  

Access type: Embargoed Access (end date: 25-06-2026) 

http://hdl.handle.net/10400.22/26844
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1.1.2. Rafaela Mendes (2026) 

Title: Exploring native microorganisms for bioremediation of oils and other pollutants inside 

ports 

Name: Rafaela Alexandra Perdigão Mendes 

Institution: Universidade do Porto 

Supervisors: Ana Paula Mucha, Marisa Almeida, Maria de Fátima Carvalho, Catarina Magalhães 

Year: 2026 

URI: https://hdl.handle.net/10216/173719 

Access type: Embargoed Access (end date: 24-02-2027) 

 

1.2. MSc thesis 

1.2.1. Rui Oliveira (2024) 

Title: Acoustic Characterization and Detection of lost fishing gear 

Name: Rui Filipe Martins de Oliveira 

Institution: Universidade do Porto 

Supervisors: Eduardo Silva, Alfredo Martins 

Year: 2024 

URI: http://hdl.handle.net/10400.22/26844  

Access type: Open Access 

 

1.2.2. Carlos Silva (2024) 

Title: AUV navigation simulation for detecting ghost nets through deep learning 

Name: Carlos Miguel Mendonça e Silva 

Institution: Universidade do Porto 

Supervisors: Eduardo Silva, Alfredo Martins 

https://hdl.handle.net/10216/173719
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Year: 2024 

URI: http://hdl.handle.net/10400.22/26489  

Access type: Open Access 
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4 Other Scientific Outputs 

4.1 Ramos et al. (2026) 

Title: Smart acoustic tagging and robotic recovery systems for ghost gear pollution 

Authors: Ramos S.a, Almeida M.a, Sousa L.a, Neasham J.b, Martins A.c, NETTAG+ consortium 

Affiliation:  

a CIIMAR—Interdisciplinary Centre of Marine and Environmental Research, University of Porto, 

Terminal de Cruzeiros do Porto de Leixões, Avenida General Norton de Matos, s/n, 4450-208 

Matosinhos, Portugal 

b School of Engineering, Newcastle University, Newcastle upon Tyne, UK 

c Institute for Systems and Computer Engineering, Technology and Science (INESC TEC), R. Dr. 

Roberto Frias, Porto, Portugal 

Published in: Open Access Government 

Year: 2026 

URL: https://doi.org/10.56367/OAG-050-12543  

Abstract: 

N/A 

Keywords: 

N/A 

Associated Dataset: 

N/A 
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