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MOVING AWAY FROM SYNTHETIC MATERIALS USED AT FADS:
EVALUATING BIODEGRADABLE ROPES’ DEGRADATION

G. Moreno?, R. Jauhary?, S.M. Adam?and V. Restrepo!

SUMMARY

The present study summarizes the results of a project to test biodegradable ropes, to be used at
FADs, in a controlled environment. Three types of biodegradable ropes were tested following
their evolution for one year at sea: (i) twisted 100 % cotton rope; (ii) twisted 50% cotton and
50% sisal rope; and (iii) cotton, sisal and linen rope with loops. Samples were deployed in June
2016 in 2 different sites simultaneously, in offshore waters attached to a mooring rope, simulating
a FAD in oceanic waters and in a shallow lagoon close to the reef in Maniyafushi island,
simulating the arrival of a FAD to the coast. Results show different robustness of the ropes, being
the strongest the one made of sisal and cotton. Other considerations for the successful use of
biodegradable ropes at FADs are discussed.

RESUME

La présente étude résume les résultats d'un projet visant a tester les cordes biodégradables, a
utiliser sur des DCP, dans un environnement contrélé. Trois types de cordes biodégradables ont
été testés en suivant leur évolution pendant un an passé en mer: (i) corde torsadée 100 % coton;
(ii) corde torsadée 50% coton et 50% sisal; et (iii) corde a boucles en coton, sisal et lin. Des
échantillons ont été déployés en juin 2016 simultanément sur deux sites différents : au large, fixés
a une corde d’amarrage, pour simuler un DCP dans les eaux océaniques, et dans le lagon peu
profond, pres du récif de l'tle de Maniyafushi, pour simuler I’échouage d’'un DCP sur la cote.
Les résultats font apparaitre des différences de solidité des cordes, la plus résistante étant celle
composée de sisal et de coton. Le document aborde d’autres aspects de l'utilisation avec succes
de cordes biodégradables sur des DCP.

RESUMEN

Este estudio resume los resultados de un proyecto realizado para probar cuerdas
biodegradables, para utilizarlas en los DCP, en un entorno controlado. Se probaron tres tipos
de cuerdas biodegradables, haciendo un seguimiento de su evolucion durante un afio en el mar:
(i) cuerda de algodén 100% torcida, (ii) cuerda torcida de algodén 50% y de pita 50% vy (iii)
cuerda de algodon, pita'y lino con lazos. Las muestras se plantaron en junio de 2016 en dos sitios
diferentes a la vez, en aguas costeras unidas a una cuerda de amarre, simulando un DCP en
aguas oceanicas, y en una laguna poco profunda cercana al arrecife de la isla Maniyafushi,
simulando la llegada de un DCP a la costa. Los resultados muestran la diferente robustez de las
cuerdas, siendo la mas fuerte la de pita y algoddn. Se discuten también otras consideraciones
para el uso con éxito de cuerdas biodegradables en los DCP.
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1. Introduction

Nowadays FADs are made using as main components petroleum products as plastic, PVC, nylon nets, etc., that
degrade slowly, causing a growing accumulation of these products in coastal areas year on year. The impacts
associated to FAD beaching events are damages in coral reefs, marine pollution as well as ghost fishing (Maufroy
et al. 2015).

Scientists working on FAD research as well as fishing industry, well aware of the impacts that FAD beaching
events can cause in reefs and coastal ecosystems, have been working since 2007 to develop FAD structures that
minimize this impact (Franco et al. 2019; Goujon et al 2012; Lopez et al 2016; Moreno et al 2017). Among other
experiments, trials with FADs made of diverse materials from natural origin were conducted in real fishing
conditions. One of the main difficulties detected during the trials at sea was the lack of sufficient observations
during the life of experimental biodegradable FADs. Due to the complex fishing strategy with drifting FADs, a
high percentage of FADs deployed by a given vessel is usually fished and retrieved by other vessels, which makes
difficult to revisit and get information on how the biodegradable structure evolves as well as on its lifetime.

Due to the lack of data on the behavior of biodegradable materials when testing experimental FADs in real fishing
conditions this project aimed at evaluating the degradation in time of 3 different biodegradable ropes, under
controlled conditions. Specific objectives were (i) to select the most appropriate biodegradable materials and ropes
among those with potential to be used at FADs and (ii) to test them in controlled conditions.

2. Material and methods
2.1. Selected ropes for the tests

Many different materials from natural origin exist, as linen, cotton, hemp, sisal, coconut fiber, jute, etc. however,
in order to be useful at FADs the following criteria was taken into account for the selection:

- Accessible & Available in great quantities

- Cost

- They could be processed to make ropes

- 100% natural origin

- Rope diameter easy to handle onboard

- Available as close as possible to fishing grounds

Based on these criteria the following ropes were selected as the most suitable to be used at FADs (Figure 1):

1. Twisted 100 % cotton rope: 20 mm diameter, 4 strands

2. Twisted 50% cotton and 50% sisal rope: 20 mm diameter, 4 strands

3. Cotton, Sisal and linen rope with loops (similar to those used in mussel farming but made of natural
origin): 16 mm diameter core with loops

2.2. Study site and data collection

Maldivian waters were selected to monitor the evolution of biodegradable ropes in controlled conditions, on one
hand because light and water characteristics were similar to those of FAD fishing grounds in Indian Ocean and on
the other hand because FAD beaching events are very common in Maldivian waters and the time needed for a
FAD to degrade after it arrives at a reef, is of great interest in these islands. In addition, the facilities of Maldivian
Marine Research Center allowed a close monitoring of the ropes.

Samples were deployed in June 2016 in 2 different sites simultaneously (Figure 2), in offshore waters attached to
a mooring rope, simulating a FAD in oceanic waters, and in a shallow lagoon close to the reef in Maniyafushi
island, simulating the arrival of a FAD to the coast. These 2 different environments allowed monitoring the
behavior of the ropes simulating a FAD while in oceanic waters as well as when a beaching event occurs,
monitoring the time that the rope remains in the reef.
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Samples of the 3 twines were deployed at sea for one year to measure degradation in time. Once every 2 months,
samples were retrieved from the 2 sites and the breaking strength in kg (defined as the weight at which the strings
break) for the 3 different ropes was measured using a dynamometer. Breaking strength (Kg) of the strands was
measured from month 6 to month 12. The amount of biofouling adhered was also assessed and the weight of the
ropes with time at sea measured.

3. Results

Results on the breaking strength of the strings clearly showed that the most resistant rope in terms of breaking
strength was the cotton and sisal twisted rope, followed by the 100% cotton rope that had similar performance
with time at sea (Figure 3). The weaker rope appeared to be the looped rope, as it suffered a step drop with time,
showing poor performance and very weak after 6 months at sea.

Once the strings were too weak to test the breaking strength, measurements were conducted using strands (months
6 to 12) (Figure 4). Measurements with the strands comparing 100 % cotton rope with mixed cotton and sisal
ropes, showed clearly the robustness of the sisal and cotton rope compared to the one made of 100% cotton. Type
3, looped rope was too weak after 6 months to test its breaking strength.

The breaking strength measurements for both, samples in the lagoon as well as for samples anchored offshore
showed similar results (Figure 3 and 4).

4, Discussion

Breaking strength measurements showed that mixed cotton and sisal rope was the strongest rope after one year at
sea. However, taking into account that the idea of using biodegradable components at FADs is having a successful
FAD for fishing during a given time and that degrades as fast as possible after this time, not only robustness should
be taken into account. For instance, being easy to handle, ductile rope, cost and that degradation occurs after being
useful for fishing are important features identified by fishers.

Taking into account the results of this project on breaking strength as well as the features mentioned above, the
100% cotton rope seems to better fulfil needed characteristics to be used at FADs. Its breaking strength is not as
strong as the mixed sisal and cotton rope however, is ductile and its useful lifetime matches that suggested by
fishers for FADs i.e. around 1 year. From our results it appeared that the mixed, sisal and cotton rope would remain
strong after 1 year.

The rope with the loops (type 3) would allow bio-fouling (as used in mussel farming) however it seems that won't
be strong enough to last a year. Some fishers suggested the importance of having a rope that easily develops bio-
fouling to aggregate non-tuna and tuna species (that is why the loops were added to this rope), while other fishers’
opinion was that bio-fouling was not necessary for a FAD to be productive.

The fact that bio-fouling strengthens the aggregation of non-tuna and then tuna species has not been scientifically
proven and while some fishers support this hypothesis others think that bio-fouling makes the FAD weaker due to
gaining weight, eventually making the FAD sink or the ropes break.

A good compromise would be using the 100% cotton rope to support the main structure of the FAD, so that bio-
fouling would not affect the weight of the main structure and thus buoyancy, and using the rope with the loops
just to provide some volume to the FAD close to the surface, hanging them from the raft in small pieces.

Other projects working with biodegradable twines have shown that variations in manufacturing processes, or
possibly variations in cotton blends, appear to have a significant effect on degradation rate (Winger et al. 2015). So
that, not all cotton ropes with the same specifications (diameter, number of strings and strands etc.) are expected
to behave the same but it appears dependent on the manufacturing process and the quality of the cotton used. So
that the results of this project on the degradation of cotton ropes could change for ropes made by other
manufacturers.
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Finally, it should be noted that the ropes in this project were not used in real drifting FADs, thus breaking strength
and lifetime of the ropes could be different in real fishing conditions. However, our results provide a reference
comparing the robustness of the 3 types of ropes and have been used to select the most appropriate ropes to be
tested in drifting FADs during real fishing conditions. A pilot project with the collaboration of the fleet in Indian
Ocean will be developed from the results of this study.
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Figure 1. Biodegradable ropes selected for the tests (a) 100 % Cotton rope b) 50% cotton and 50% sisal rope c)
Cotton, sisal and linen rope with loops.
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Figure 2. Biodegradable ropes deployment sites. a) anchored in offshore waters b) within the lagoon.
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Figure 3. Biodegradable ropes’ strings degradation with time. For those anchored in offshore waters (top) and
within the lagoon (bottom).
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Figure 4. Biodegradable ropes”strands degradation with time. For those anchored in offshore waters (bottom) and
within the lagoon (top).
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