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Pollution from lost, abandoned, or discarded fishing gear is recognized as a global nature conservation concern.
Longlining with hooks is a commonly applied fishing method in fisheries around the world. The longline gear
consists of a mainline with a number of baited hooks that are attached to it by thinner twine (snoods) which are
often made of plastic material such as polyamide (nylon) or polyester that degrades very slowly in the marine
environment. During longline fishing, some of the snoods are lost at sea contributing to marine macro- and
micro-plastic pollution. The extent of the snood loss is often unknown and can vary between different longline
fisheries and fishing grounds. In this study, we estimated and compared the risk for the biodegradable and nylon
snood loss in an Adriatic small scale longline fishery. Further, we compared the catch composition and estimated
catch efficiency between biodegradable and nylon snoods for capture of common pandora (Pagellus erythrinus),
two-banded seabream (Diplodus vulgaris) and axillary seabream (Pagellus acarne). The risk for nylon snood loss in
this longline fishery (3 % for each snood for each deployment), demonstrate that the use of more environ-
mentally friendly materials is necessary for nature conservation. No significant differences between the per-
formance of the two materials regarding snood loss rate, hook loss rate, catch efficiency and catch composition
were found during short-term usage in the fishery. Based on these results, future long-term testing is encouraged
to investigate whether this promising performance of the biodegradable snood material is persistent over longer
fishing periods.

1. Introduction

Marine debris comprise of different materials among which plastic is
considered as the most represented marine litter category due to its
resistance to degradation and thus the persistence in the environment
(Strafella, Fabi, Depalatovic, Cvitkovi¢, & Fortibuoni, 2019). At a global
level, it is estimated that 640 000 tons of fishing gear is lost, abandoned,
or discarded each year, contributing to the marine plastic pollution
(Macfadyen, Huntington, & Cappell, 2009). Abandoned, lost, or other-
wise discarded fishing gear (ALDFG) is recognized as a problem of global
concern due to increasing fishing effort and the use of non-degradable
materials for the fishing gear, primarily plastics. Such ALDFG has
negative ecological impacts on the marine environment due to macro-

* Corresponding author.
E-mail address: kristine.cerbule@uit.no (K. Cerbule).
1 Equal authorship.

https://doi.org/10.1016/j.jnc.2023.126438

and microplastic pollution (Gilman, 2015). Therefore, pollution result-
ing from fishing gear losses is now considered as an important threat to
the marine ecosystem (Strafella et al., 2019).

The rate of littering can vary greatly among regional areas depending
on the scale of fishing activities at the local level and on the specific
hydrological and geomorphological conditions (Pham, Ramirez-
Llondra, Alt, & Amaro, 2014; Moschino et al., 2019; Strafella et al.,
2019). In the Adriatic Sea, pollution resulting from lost, abandoned, or
discarded fishing gear (such as longlines and gillnets) and aquaculture
related debris accounts for half of the total plastic litter (Strafella et al.,
2019). Specifically, in a study conducted in the western part of the
Adriatic Sea, results showed that 78 % of the total marine debris con-
sisted of derelict fishing gear where longlines were the most abundant
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gear identified (61 %) (Consoli, Romeo, Angiolillo, Canese, & Esposito,
2019).

Longlines with hooks are commonly used fishing gears in the world
(He, Chopin, Suuronen, Ferro, & Lansley, 2021). One example of such
fishery is the small-scale coastal longline fishery in the Adriatic targeting
Sparidae species such as common pandora (Pagellus erythrinus) and two-
banded seabream (Diplodus vulgaris). Each longline consists of a main-
line and baited hooks that are connected to it by thinner twines called
snoods. In demersal longline fisheries, snoods are often lost at sea during
fishing because of, for example, snagging at the seafloor during the
deployment or when the fish break the snood material (Cerbule et al.,
2022). In many longline fisheries, the mainline and snoods are made
from monofilament or multifilament polyamide (nylon) or multifila-
ment polyester. Such plastic materials degrade slowly in the seawater in
case of being lost. The ALDFG resulting from longlines and snoods do not
represent a ghost fishing risk to the same extent as other fishing gear
types such as gillnets. However, they can cause considerable long-term
negative effects on the marine environment (Consoli et al., 2019) such
as macro- and micro-plastic pollution when the material from lost
snoods degrades into smaller plastic particles that can be ingested by
marine organisms.

To limit the pollution caused by ALDFG, new biodegradable plastic
materials are being tested in longline and gillnet fisheries (e.g., Kim
et al., 2014a; 2014b; Grimaldo et al., 2019; Grimaldo et al., 2020;
Cerbule et al., 2022; Cerbule et al., 2022). The aim of the biodegradable
material is to limit marine plastic pollution as the material degrades in a
shorter period when lost at sea compared to non-biodegradable mate-
rials such as nylon (Brakstad et al., 2022) and is aimed to degrade into
components that are not harmful to the marine environment (Lucas
et al., 2008).

Use of biodegradable materials such as polybutylene succinate-co-
adipate-co-terephthalate (PBSAT) to replace non-biodegradable mate-
rial (nylon) in snoods has earlier been tested in the Barents Sea fishery
targeting cod (Gadus morhua) and haddock (Melanogrammus aeglefinus)
for reducing the plastic pollution resulting from lost snoods in this
longline fishery (Cerbule et al., 2022). The results from these trials
showed no differences in the short-term performance between the new
and the traditionally used nylon material regarding capture efficiency
and the snood loss rate. Therefore, this biodegradable material may be
used to reduce the marine pollution resulting from the longline fisheries.
However, such experiments could potentially show differences when
testing the material performance in different fisheries and in different
regions such as the coastal demersal longline fishery in the Eastern
Adriatic. Specifically, the differences between environmental factors
such as temperature and salinity between the two regions can affect the
degradation of the biodegradable material and thus result in lower
performance of the material in this fishery.

To be accepted commercially, the biodegradable snood loss should
not exceed the loss of snoods made of nylon. Furthermore, the fishing
gear performance of the biodegradable gear should be comparable to the
traditionally used gear regarding the catch efficiency of the targeted
species. Also, since the longline fishery in the Adriatic Sea addressed in
the present study targets several fish species, the effect on the entire
catch composition has to be investigated rather than focusing only on
the primary target species. Specifically, although the commonly
captured species are common pandora, two-banded seabream and
axillary seabream (Pagellus acarne), several other species with a com-
mercial value are caught in this fishery. Thus, the assessment of the
whole composition of the species diversity in the catches, captured with
both nylon and biodegradable snoods, would allow making a more ho-
listic evaluation of the performance of the longlines in this fishery and of
the effect of the gear on the full species community. Specifically, such
approach would enable evaluating the effect of the gear changes on the
full species community instead of focusing on a few target species.

Thus, the aims of this study were to address the following research
questions:
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e What is the risk of loss of conventional nylon snoods and snoods
constructed of biodegradable PBSAT material in the Adriatic longline
fishery?

o Is there any difference in catch efficiency of common pandora, two-
banded seabream and axillary seabream if the snood material is
changed from nylon to biodegradable PBSAT plastic material?

e What is the catch composition in small-scale longline fisheries in the
Eastern Adriatic, and can material properties of PBSAT snoods
change the catch composition in this fishery?

2. Materials and methods
2.1. Sea trials and experimental design

Sea trials were conducted with a small-scale fishing vessel (6.6 m
LOA, 25.6 kW) during October 2022 in Croatia. The fishing grounds
were located between N43°95854-44°12371 and E15°02750-15°18495
(Fig. 1a). The fishing depth varied between 33.0 and 64.7 m (Supple-
mentary material 1).

During each deployment day, eight separate mainlines with snoods
were deployed close together on a rocky substrate at the edge of a reef.
Therefore, the deployment pattern varied with some of the mainlines
being deployed parallel to each other while others were deployed in a
consecutive order (in a row) depending on the variations in the seabed
conditions. The mainlines were made of monofilament nylon with twine
diameter of 1 mm. Each mainline consisted of 25 biodegradable and 25
nylon snoods (50 snoods and hooks in total) with twine diameter of 0.44
mm. We used the same twine thickness in both biodegradable and nylon
snoods in this experiment to avoid differences in catch efficiency that
can potentially be caused by alternating snood diameter (Herrmann,
Sistiaga, Rindahl, & Tatone, 2017).

Biodegradable (B) and nylon (N) snoods were attached in an alter-
nated order on the mainline so that each material type was exposed to
the same spatial variability regarding fish availability: N-B-N-B-N-B-N-
(..) (Fig. 1b). The distance between each snood was ~ 6.4 m. Therefore,
the total length of each mainline was 314 m. In all longlines, same type
of hooks was used (J-hooks, VMC 9746S, no. 13). Prior to each
deployment, hooks on all longlines were baited manually using squid
and stored in tubs.

During retrieval of the longlines, catches were sorted and counted by
species and separated according to type of the snoods (biodegradable or
nylon). Further, all individuals of common pandora (minimum conser-
vation reference size (MCRS) = 15 cm), axillary seabream (MCRS = 18
cm) and two-banded seabream (MCRS = 17 c¢cm) were measured for the
total length to the closest 0.5 cm below.

After each fishing trip, the numbers of lost hooks and lost snoods
with hooks were recorded for each snood type (biodegradable and
nylon, respectively). Specifically, we separately recorded two situations
regarding hook and snood losses. First, the situation where the snood
was broken close to the hook resulting in a hook loss and need of
attachment of new hook on the existing snood. Second, a situation where
the snood was broken closer to the mainline, resulting in need for
replacement of snood and attachment of a new hook. Before new de-
ployments with the same mainlines, new hooks or snoods with hooks,
respectively, were attached where necessary so that the number of
snoods was identical for each longline deployment and consisted of 50
snoods on each mainline.

2.2. Estimating probabilities of hook and snood loss

To estimate probabilities for losing the hook or the hook together
with the snood k for mainline i, during deployment j, we recorded the
damage status of the specific nylon snood on the specific mainline and
specific deployment sNyy according to:
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Fig. 1. Map of the location where the experiments were conducted (a) and illustration of experimental setup (b) showing longline components.

0 : snood line and hook intact
SNy = { 1 hook lost but snood intact . 1

2 : hookand part or entire snood lost

For the biodegradable snoods, we used the same approach and
scored the status sByj as for the nylon snoods (Eq. (1)).

The probabilities for losing only the hook for nylon (phNy) and
biodegradable (phBj) snoods during one specific deployment j of
mainline i were estimated by:

1 m
PhN; = ZZk:lg (sNu)

1 m
Pth] = ;Zk:lg(SBiﬂ()

2
with
0V s=0
g(s) =
1V s>0

where m is the number of snoods on the mainline made of nylon or
biodegradable materials, respectively (m = 25).

For estimating the probability of losing both the hook and the snood
for nylon (pshN;) and biodegradable (pshBj) materials, respectively,
during one specific deployment j of mainline i, we used:

1 m
PShN; = ;Zk:l g (sN,-,-k)

1 m
pshB; = ;Zk:] g(sBy)

3
with
0V s<2
8(s) =
1V s=2

The uncertainties for probabilities of losing the hook or the snood
together with the hook during one deployment j for the specific mainline

i were estimated by bootstrapping for nylon and biodegradable snoods
separately by resampling (1000 bootstrap repetitions) the individual
snoods on the mainline and applying Eq. (1)-(3). Uncertainties were
given as Efron 95 % confidence intervals (CI) (Efron, 1982) similar as in
Cerbule et al. (2022).

For inferring the effect on probability for hook loss or snood and
hook loss by changing the snood material for one specific deployment j
of specific mainline i, we used:

Aphij = phBi/- — thU )
Apsh; = pshB;; — pshN ;"

The advantage of inferring the difference in probability for hook and
snood and hook loss between the two materials for the individual de-
ployments is that the two materials are exposed to the same varying
fishing conditions. This increases the power in inferring differences
regarding the material type used in snoods.

Efron 95 % percentile Cls for Aph; and Apsh; were obtained based on
the two bootstrap populations of results (1000 bootstrap repetitions in
each). As they were obtained independently, a new bootstrap population
of results was created by (Herrmann, Krag, & Krafft, 2018):

Aph; = phB; —phN; q € [1---1000] =
Apshy = pshB; — pshN; g € [1---1000] ®)

where g denotes the bootstrap repetition index. As the bootstrap
resampling were independent for the two materials, it is valid to
generate the bootstrap population of results for the difference based on
Eq. (5) using the two independently generated bootstrap files (Herr-
mann et al., 2018; Cerbule et al., 2022). In case Aphijq or Apshijq do not

include the value 0.0 in the CIs, the hook or snood and hook loss
probability between biodegradable and nylon material would be
significantly different.

During each experimental fishing day j, the mainlines were deployed
on slightly different fishing grounds with some similarities in the con-
ditions the fishing took place. Therefore, it is relevant also to quantify
the mean values for hook and snood and hook loss probability based on
the results for individual mainlines deployed during the same day j.
Therefore, we used the following equation:
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l a
thj:;E iflthij
hN JE * pshN
PN =722 i PSY

1 a
phB; = ZZi:lphBif

©
1 a
pshB; = ;Zizl pshB;;

l a
Aph; = ;Zi:l Aph;;

l a
Apsh; = ;Zi:l Apsh;

where a is the number of mainlines fished during the specific
deployment day. In Eq. (6), we applied Eq. (2)-(4). Uncertainties for the
values estimated by Eq. (6) were obtained by bootstrapping by resam-
pling results for the a mainlines deployed for the specific day j. We used
Efron 95 % CIs which were obtained by using 1000 bootstrap
repetitions.

Further, to quantify the mean probabilities for hook loss and snood
and hook loss, respectively, for the complete fishing trials, we used Eq.
(6) in:

1 u
phN = ;E :_,ZIPhN,/
VA
ps - ;ijlps Nf

1 u
phB = ;Zj:lpth

(7)
I
pshB = ;Z/’:l pshB,;

1 u
Aph = ;Z/_ZIAphj

1 u
Apsh = ;ijl Apsh;

where u is the total number of deployment days. Uncertainties for the
values estimated by Eq. (7) were obtained by bootstrapping results for
the u deployment days. We used Efron 95 % CIs which were obtained by
using 1000 bootstrap repetitions.

2.3. Estimating the length-dependent catch efficiency between longlines
with different snood materials

Comparison of catch efficiency for the three target species (two-
banded seabream, axillary seabream and common pandora) between
biodegradable and nylon snoods was estimated by analysing the relative
catch efficiency between biodegradable and nylon snoods separately for
each species following procedure descried below. Specifically, we esti-
mated the length-dependent catch comparison rate CC(Lv) and catch
ratio CR(Lv) for deployment of all mainlines during all deployment days
to investigate potential differences in catch efficiency when using
biodegradable instead of nylon snoods (Herrmann et al., 2017; Cerbule
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et al., 2022). We assumed the same fish availability regarding the
abundance and size structure for both biodegradable and nylon snoods
since they were deployed in an alternated order on each mainline.
Therefore, we used paired catch comparison analysis for estimating the
catch efficiency (Lomeli et al., 2021). Specifically, we used the count
numbers of the three most frequently species caught with biodegradable
and nylon snoods, separately) to determine whether there was a sig-
nificant difference in the catch efficiency between the two snood types.

To assess the relative length dependent catch comparison rate (CCp)
of changing from nylon to biodegradable snoods, we used Eq. (8) (i.e.,
Lomeli et al., 2021):

CC = (®

S o {nBi + N}

In Eq. (8), nBy; and nNy; are the number (n) of fish of the selected
species with length [, caught in deployments j for mainlines i with the
biodegradable (B) and nylon (N) snoods, respectively. The functional
description of the catch comparison rate CC(L,v) that experimentally was
expressed by Eq. (8) was attained using maximum likelihood estimation
by minimizing the Expression (9) (Lomeli et al., 2021):

- Z iZ{nB,,-j x In[CC(L,v) ] +nNyln[1.0 — CC(1,v)] }. 9)

In Expression (9), v represents the parameters describing the catch
comparison curve defined by CC(Lv) (Lomeli et al., 2021). The experi-
mental CC; was modelled by the function CC(Lv) using the following
equation (Herrmann et al., 2017):

explf(l,vo, -, vi)]
D=5 epl v o] o

In Eq. (10), fis a polynomial of order k with coefficients vo-vk, such
thatv = (vy,...,v) (Lomeli et al., 2021). We considered f of up to an order
of 4. Leaving out one or more of the parameters vy...vy4, at a time resulted
in 31 additional candidate models for CC(L,v). Among these models, the
catch comparison rate was estimated using the multi-model inference to
obtain a combined model (Burnham & Anderson, 2002; Herrmann et al.,
2017). The ability of the combined model to describe the experimental
data was based on the p-value. The p-value is calculated based on the
model deviance and degrees of freedom (DOF) (Wileman, Ferro, Fon-
teyne, & Millar, 1996; Herrmann et al., 2017). Therefore, suitable fit
statistics for the combined model to describe the experimental data
sufficiently well should include a p-value > 0.05 (Lomeli et al., 2021). If
the p-value exceeded 0.05, the deviance and the DOF were assessed to
determine if the result was due to structural problems when modelling
the experimental data, or due to overdispersion. Further, to provide a
direct relative value of the catch efficiency between the two snood
materials, we used the following catch ratio CR(L,v) equation (Lomeli
et al., 2023):

cc(l,v)

CR:) = (= e,

an

We used a double bootstrapping method with 1000 bootstrap repe-
titions to estimate the Efron 95 % CIs for the catch comparison and catch
ratio (Efron, 1982). If the catch efficiency of the biodegradable and
nylon snoods is equal, the catch comparison rate is equal to 0.5 and the
catch ratio is 1.0 (Lomeli et al., 2023; Cerbule et al., 2022).

2.4. Estimation of length-integrated average catch ratio

Based on the experimental catch data, length-integrated average
values for the catch ratio for target sized fish of each species above the
MCRS (CRayerage+) Were assessed utilizing the following equation (Eq.
(12) (Herrmann, Grimaldo, Br¢i¢, & Cerbule, 2021):
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u m B
Z/‘:lZi:l Z B
I>MLS
u m .
DD 2 N
I>MLS

In case the estimated CRgyerqee+ Value includes 100 % within the CIs,
this implies no significant differences in the length-integrated average
values between biodegradable and nylon snoods, while values signifi-
cantly higher than 100 % would mean that biodegradable snoods are
retaining significantly more target sized fish compared to gear with
nylon snoods (Herrmann et al., 2017). Contrary to the length-dependent
evaluation of CR(L,v), the CRayerqee+ is specific for the fish population
structure encountered during the fishing trials (Herrmann et al., 2017).
Therefore, it cannot be extrapolated to other scenarios in which the size
structure of the three fish species may be different.

CRuerager = 100 12

2.5. Quantification of species composition in longline catches

To quantify the species composition observed in longline catches
with biodegradable and nylon snoods, respectively, we used species
dominance estimation (Cerbule et al., 2022; Herrmann et al., 2022).
This estimate takes into consideration all observed species in the catch
and is measuring how much one or few species dominate among the
other species in the catches (Maurer & McGill, 2011). In this study, we
estimated the catch composition for each snood type (biodegradable and
nylon) separately by estimating the dominance patterns of species
observed in our samples averaged over snood deployments.

The species dominance patterns in catch composition retained by
biodegradable and nylon snoods were estimated separately, by using the
following equation (Cerbule et al., 2022; Herrmann et al., 2022):

d = i )
D e Zj:] > i Neij

In Eq. (13), ne;j is the count number of individuals of species e caught
in deployment j for mainline i with the specific snood material (biode-
gradable or nylon). t is the maximum species ID following the approach
for species ranking as outlined in Herrmann et al. (2022).

Further, we used cumulative dominance curves to represent species
dominance patterns by showing the cumulative proportional abun-
dances of the species plotted against the species rank (Warwick, Clarke,
& Somerfield, 2008). Cumulative dominance is estimated as follows (Eq.
(14) (Cerbule et al., 2022; Herrmann et al., 2022):

E u m

N

o Ze:]Zj:lZi:l i
DY

N

e=1 j=1 i=1 Y

with

Dg
14

1<EZt

In Eq. (14) E is the species ID summed up in the nominator (Cerbule
et al., 2022; Herrmann et al., 2022). Following the approach in Herr-
mann et al. (2022) and Cerbule et al. (2022), we kept a fixed species IDs
for species in all catches in the cumulative dominance curves to allow
comparison of the steepness of the cumulative dominance curves. This
approach allows obtaining an overview of how many species are
dominant and the distribution of their relative dominance in longline
catches with biodegradable and nylon snoods, respectively. The steeper
the resulting cumulative dominance curve is, the more dominated the
particular species is in the sample. On the contrary, the horizontal parts
in cumulative dominance curves would show that the particular species
are not abundant (Cerbule et al., 2022).

We applied the same approach for uncertainty estimation for the
observed catch compositions as in Herrmann et al. (2022) and Cerbule
et al. (2022). Specifically, we obtained Efron 95 % ClIs (Efron, 1982) for
dominance patterns following the procedure described in Herrmann
et al. (2022). This procedure enables estimation of the uncertainty
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around the dominance values induced by limited sample sizes for indi-
vidual deployments as well as for between deployment variation in
species dominance values.

The difference Ad in species dominance d in the nylon (N) and
biodegradable (B) snoods was estimated by (Cerbule et al., 2022;
Herrmann et al., 2022):

Ad, = dB, —dN, (15)

where dB, and dN, are obtained by using Eq. (13). CIs for Eq. (15)
were obtained based on separate bootstrap populations for dB, and dN,
similar as in Cerbule et al. (2022). When inferring for significance, we
inspected if the CIs for the difference contained the value 0.0. If 0.0
value was within the CIs, no significant difference was detected (Cerbule
et al., 2022; Herrmann et al., 2022). The analyses described above in
sections 2.3-2.5 were conducted using the software tool SELNET
(Herrmann, Sistiaga, Nielsen, & Larsen, 2012), software version date 27
March 2023.

3. Results
3.1. Risk of hook and snood loss

During the experiments, eight mainlines with 50 snoods each were
deployed during six fishing trips, resulting in 48 longline deployments.
Each deployment had 200 biodegradable and 200 nylon snoods. During
our trials, we observed both situations of loosing snoods together with
hooks (Fig. 2a) and loosing hooks without the snoods (Fig. 2b).

The total number of observed lost hooks over all deployments were
95 and 69 for the snoods with biodegradable and nylon material,
respectively. Of those, cases where the hook was lost together with part
of the snood was 53 for the biodegradable snoods and 36 for the nylon
snoods.

The estimated probabilities for losing a hook or a snood together
with hook during each deployment separately varied over the de-
ployments. However, the results did not show any significant differences
between the two materials (Fig. 3a and 4a) except of one instance during
deployment on day 4 where a higher loss of hooks from snoods of
biodegradable (phBj) material compared to nylon (phNy) was shown
(Fig. 3a). However, no other significant differences for hook or snood
and hook loss probabilities between the two materials during the de-
ployments were observed. Furthermore, these differences were not sig-
nificant either when compared for each deployment day based on the
results for the individual mainlines deployed (Fig. 3b and 4b), although
there was an indication that more snoods of biodegradable materials
were lost during each deployment day.

Finally, for the whole fishing trials with biodegradable and nylon
snoods, the estimated probabilities for losing a hook attached to the
mainline by biodegradable (phB) or nylon (phN) snoods were 7.91 % (CI:
5.17-11.17 %) and 5.75 % (CI: 2.75-9.83 %), respectively. Similarly, as
when considering the snood loss for each deployment or deployment
day, the pairwise difference between the probabilities for hook losses
between the two material types (Aph;;) for the whole fishing trials did
not show any statistically significant differences (Fig. 3c). Further, the
pairwise difference between the probabilities for loss of snoods together
with hooks (Apsh;;) showed an indication that the probability of snood
and hook loss is higher for the biodegradable material. Specifically, the
estimated snood and hook loss for the whole fishing trials was 4.42 %
(CI: 2.58-6.50 %) for biodegradable snoods and 3.00 % (CI: 1.00-5.92
%) for snoods of nylon material (Fig. 4c).

3.2. Catch efficiency of biodegradable versus nylon snoods

In total, 347 common pandora, 167 axillary seabream and 87 in-
dividuals of two-banded seabream, were captured and included in the
analysis (Table 1). The fit statistics for the catch comparison analysis
showed that the modelled curve fitted the experimental data well for
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a Lostsnoods

Fig. 2. Examples of cases with snood (a) and hook (b) loss after longline retrieval.
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axillary seabream since the p-value was > 0.05 (Wileman et al., 1996). assumed to be due to overdispersion in the data.

For two-banded seabream and common pandora, the p-value was < 0.05 Both snood material types had similar patterns of capturing all three
(Table 1); however, the catch comparison curves represented the trends species regarding the fish length, with most individuals being above the
in experimental data well (Fig. 5), therefore, the low p-value was MCRS for all species (Fig. 5). Further, biodegradable snoods did not
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Table 1
Number of fish observed, fit statistics, and catch comparison results. Values in
brackets represent 95 % Efron confidence CIs. DOF denotes degrees of freedom.

Common Two-banded Axillary
pandora seabream seabream
Number of 169 50 83
individuals;
biodegradable
snoods
Number of 178 37 84
individuals; nylon
snoods
p-value 0.0020 0.0290 0.1481
Deviance 59.98 28.32 20.66
DOF 32 16 15
CRaverage+ (%) 96.08 108.33 96.08

(75.44-117.39) (81.81-138.09) (72.41-132.56)

show significant differences in catch efficiency for any of the three
species when compared to the nylon snoods (Fig. 5). Specifically, the
average catch ratio (CRaverage+) for target sized individuals (i.e., over
MCRS) of the three species did not show any significant differences
when using biodegradable instead of nylon snood material (Table 1).

3.3. Species dominance pattern in catch compositions

During the trials in this coastal longline fishery, a total of 338 and
347 individuals belonging to 21 species were captured by biodegradable
and nylon snoods, respectively (Table 2).

The species cumulative dominance patterns (Fig. 6) and species
dominance values (Supplementary material 2) showed that the longline
catch in this fishery is dominated by the three main target species, the
two-banded seabream, axillary seabream and common pandora. How-
ever, during our experiments, other species contributed to the catches to
a small extent as shown by the dominance curves for the cumulative
dominance values. Thus, some species were recorded in only few de-
ployments (Table 2). The species cumulative dominance patterns did not
differ significantly between catches using biodegradable or nylon snood
material (Fig. 6; Supplementary material 2). The pairwise difference in
cumulative dominance (delta) curves (Fig. 6) is used for inferring for
differences in catch composition between longline catches with snoods
of biodegradable and nylon materials. No significant differences be-
tween the two materials were detected regarding the catch composition
in species dominance as the results included 0.0 within the obtained CIs.

4. Discussion

In this study, we investigated whether biodegradable PBSAT mate-
rial can be used to reduce marine macro- and micro-plastic pollution
caused by lost snoods in the Adriatic small scale longline fishery. Spe-
cifically, we investigated the short term differences in performance be-
tween the materials by estimating the risk of hook and snood and hook
losses, catch efficiency, and catch composition in this fishery.

During this study, we differentiated between hook loss and snood
and hook loss probability. The hook loss alone implies an attachment of
new hook on an existing snood for the next deployment of the longline
which results in additional work and expenses for the fishers regarding
use of new hooks. However, the second situation when the hooks are lost
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Table 2

List of species and number of individuals sampled during the experiments with
biodegradable and nylon snood.

Species Species name Common name Number of individuals
D Biodegradable = Nylon
1 Pagellus erythrinus Common pandora 173 179
2 Pagellus acarne Axillary seabream 88 90
3 Diplodus vulgaris Common two- 50 37
banded seabream
4 Trachurus Atlantic horse 3 9
trachurus mackerel
5 Echelus myrus Painted eel 6 3
6 Sparus aurata Gilthead seabream 2 7
7 Conger conger European conger 4 3
8 Mustelus Blackspotted 2 4
punctulatus smooth-hound
9 Boops boops Bogue 2 1
10 Merluccius European hake 2 1
merluccius
11 Scorpaena notata Small red 1 2
scorpionfish
12 Diplodus annularis Annular seabream 0 2
13 Myliobatis aquila Common eagle ray 0 2
14 Scyliorhinus Nursehound 1 1
stellaris
15 Serranus hepatus Brown comber 1 1
16 Spondyliosoma Black seabream 0 2
cantharus
17 Squilla mantis Spottail mantis 0 2
squillid
18 Pagrus pagrus Red porgy 0 1
19 Raja miraletus Brown ray 1 0
20 Serranus scriba Painted comber 1 0
21 Spicara smaris Picarel 1 0

together with whole or part of the snoods, would imply that the plastic
material of lost snoods stays in the marine environment. Therefore, in
longline fisheries this situation is more critical regarding the increase of
plastic pollution. In this longline fishery in the Adriatic Sea, the esti-
mated mean snood loss for the whole fishing trials reached 3.00 % (CI:
1.00-5.92 %) during a longline deployment when using traditional
nylon material. Taking into consideration that there are several vessels
operating in a relatively small area with regular longline deployments,
this amount implies a considerable source of plastic pollution. The
Adriatic Sea is one of the areas highly affected by benthic litter (Pas-
quini, Ronchi, Strafella, Scarcella, & Fortibuoni, 2016). Microplastic
pollution in the Adriatic Sea has been demonstrated in the marine
environment, including surface waters, sediments, and biota (Schmid,
Cozzarini, & Zambello, 2021). In longline fisheries, the amount of snood
loss can vary over the fishing grounds and the way how the longlines are
being operated. For example, in earlier study estimating the snood loss
in a coastal longline fishery in the Barents Sea, the fraction of lost nylon
monofilament snoods was close to 5 % during each longline deployment
(Cerbule et al., 2022). However, Lomeli et al. (2023), reported an
observation of hook damage and snood loss (e.g., due to breaking of
snood) to be around 1.3 % in the fishery targeting Pacific halibut (Hip-
poglossus stenolepis) when using hard-lay twine (Powers #72 braided
nylon cover with a Dyneema® polyester core).

In this study, the estimated loss of snoods when using the biode-
gradable material did not differ significantly when compared to nylon
and was 4.42 % (CI: 2.58-6.50 %). This difference was neither signifi-
cant when considered over deployment days or single longline de-
ployments. Furthermore, there were no significant differences between
biodegradable and nylon snoods except for only one instance when the
hook loss probability for a single mainline in a single deployment be-
tween the two materials was significant. However, since no significant
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differences in hook loss between snoods of the two materials were
observed in any of the remaining 47 longline deployments, this differ-
ence can be coincidental. Therefore, the results of this study are in line
with the earlier study in the Barents Sea where no significant differences
in snood losses were observed in initial trials comparing nylon and
biodegradable PBSAT plastic snoods during the initial trials (Cerbule
et al., 2022).

For the three most frequently captured species (common pandora,
two-banded seabream and axillary seabream), no significant differences
in catch efficiency were observed when comparing the two snood ma-
terials for initial use. Specifically, snoods of both materials showed
similar efficiency at capturing individuals of the three species of all sizes
observed. The average catch efficiency for target sized individuals
(CRaverage+) did not show any significant difference between the snood
materials for any of the species.

Our obtained results showed no initial significant differences in
performance between biodegradable and nylon snoods in line with re-
sults from a Norwegian longline fishery (Cerbule et al., 2022) which
showed no significant differences between snoods of nylon and PBSAT
materials. The degradation of the PBSAT is taking place faster compared

Journal for Nature Conservation 74 (2023) 126438

to nylon (Brakstad et al., 2022), which would imply that snoods of such
material would degrade faster compared to nylon snoods if exposed to
the marine environment in case of being lost. Furthermore, due to
biodegradation by naturally occurring microorganisms (Tokiwa, Cala-
bia, Ugwu, & Aiba, 2009), this material is aimed at degrading into
substances that would not affect marine environment negatively even if
the snoods are lost at similar quantities as when using traditional non-
biodegradable materials (Cerbule et al., 2022). However, the produc-
tion of PBSAT is currently limited due to further material development.
Therefore, the costs of it are higher when compared to nylon (Standal
et al., 2020). Despite that, a reduction in costs of this material could take
place when the production of the biodegradable material is scaled up
and put in mass production (Cerbule et al., 2022).

Performing and reporting preliminary results as done in this study
are important for investigating whether the biodegradable plastic ma-
terial has potential to be developed to commercial use thereby avoiding
unsuccessful research and development work in further comprehensive
studies and select the materials that have the potential to be used in
further experiments (Thabane et al., 2016). However, these short-term
positive results should further be followed up by studies estimating
material performance over long-term use. Differences in material
properties such as tensile strength of the biodegradable PBSAT material
compared to nylon are estimated to increase over time (i.e., Grimaldo
et al., 2020) due to faster material degradation and reduced breaking
strength of the biodegradable material (Brakstad et al., 2022). This has
previously shown to affect the material performance when used in
gillnet fishery (Grimaldo et al., 2020; Cerbule et al., 2022). Therefore,
such degradation process might also have an effect on material perfor-
mance in the longline fishery when tested over several deployments
regarding loss of the snoods and the fishing performance of the gear.

The results from the Adriatic Sea showed potential for the biode-
gradable materials to be used to reduce the marine plastic pollution from
the longline fishery and thus contribute to the nature conservation.
Therefore, this should further be investigated by a follow-up study
assessing long-term performance of the material before a final conclu-
sion can be made regarding whether the biodegradable materials can
solve the plastic pollution problem created by the longline fishery.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
Data will be made available on request.

Acknowledgments

This project was financed by the Norwegian Research Council (grant
number: RCN300008 Centre for Research-based Innovation Dsolve). We
are grateful to the editor and reviewers for their valuable comments,
which we feel have improved our manuscript.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jnc.2023.126438.

References

Brakstad, O. G., Sgrensen, L., Hakvag, S., Fgre, H. M., Su, B., Aas, M., et al. (2022). The
fate of conventional and potentially degradable gillnets in a seawater-sediment
system. Marine Pollution Bulletin, 180, Article 113759. https://doi.org/10.1016/j.
marpolbul.2022.113759


https://doi.org/10.1016/j.jnc.2023.126438
https://doi.org/10.1016/j.jnc.2023.126438
https://doi.org/10.1016/j.marpolbul.2022.113759
https://doi.org/10.1016/j.marpolbul.2022.113759

K. Cerbule et al.

Burnham, K. P., & Anderson, D. R. (2002). Model Selection and Multimodel Inference: A
Practical Information-Theoretic Approach (2nd ed.). New York: Springer.

Cerbule, K., Grimaldo, E., Herrmann, B., Larsen, R. B., Br¢i¢, J., & Vollstad, J. (2022).
Can biodegradable materials reduce plastic pollution without decreasing catch
efficiency in longline fishery? Marine Pollution Bulletin, 178, Article 113577. https://
doi.org/10.1016/j.marpolbul.2022.113577

Cerbule, K., Savina, E., Herrmann, B., Larsen, R. B., Feekings, J. P., Krag, L. A., et al.
(2022). Quantification of catch composition in fisheries: A methodology and its
application to compare biodegradable and nylon gillnets. Journal for Nature
Conservation, 70, Article 126298. https://doi.org/10.1016/j.jnc.2022.126298

Cerbule, K., Herrmann, B., Grimaldo, E., Larsen, R. B., Savina, E., & Vollstad, J. (2022).
Comparison of the efficiency and modes of capture of biodegradable versus nylon
gillnets in the Northeast Atlantic cod (Gadus morhua) fishery. Marine Pollution
Bulletin, 178, Article 113618. https://doi.org/10.1016/j.marpolbul.2022.113618

Consoli, P., Romeo, T., Angiolillo, M., Canese, S., Esposito, V., et al. (2019). Marine litter
from fishery activities in the Western Mediterranean Sea: The impact of
entanglement on marine animal forests. Environmental Pollution, 249, 472-481.
https://doi.org/10.1016/j.envpol.2019.03.072

Efron, B. (1982). The jackknife, the bootstrap and other resampling plans. SIAM Monograph
No. 38, CBSM-NSF Regional conference series in applied mathematics, Philadelphia,
978-0-89871-179-0.

Gilman, E. (2015). Status of international monitoring and management of abandoned,
lost and discarded fishing gear and ghost fishing. Marine Policy, 60, 225-239.

Grimaldo, E., Herrmann, B., Su, B., Moe Fgre, H., Vollstad, J., Olsen, L., et al. (2019).
Comparison of fishing efficiency between biodegradable gillnets and conventional
nylon gillnets. Fisheries Research, 213, 67-74. https://doi.org/10.1016/j.
fishres.2019.01.003

Grimaldo, E., Herrmann, B., Jacques, N., Kubowicz, S., Cerbule, K., Su, B., et al. (2020).
The effect of long-term use on the catch efficiency of biodegradable gillnets. Marine
Pollution Bulletin, 161(B), Article 111823. https://doi.org/10.1016/j.
marpolbul.2020.111823

He, P., Chopin, F., Suuronen, P., Ferro, R. S. T., & Lansley, J. (2021). Classification and
illustrated definition of fishing gears. In FAO Fisheries and Aquaculture Technical
Paper No. 672. Rome: FOA. https://doi.org/10.4060/cb4966e.

Herrmann, B., Sistiaga, M., Nielsen, K. N., & Larsen, R. B. (2012). Understanding the size
selectivity of redfish (Sebastes spp.) in North Atlantic trawl codends. Journal of
Northwest Atlantic Fishery Science, 44, 1-13. https://doi.org/10.2960/J.v44.m680

Herrmann, B., Sistiaga, M., Rindahl, L., & Tatone, I. (2017). Estimation of the effect of
gear design changes on catch efficiency: Methodology and a case study for a Spanish
longline fishery targeting hake (Merluccius merluccius). Fisheries Research, 185,
153-160. https://doi.org/10.1016/j.fishres.2016.09.013

Herrmann, B., Krag, L. A., & Krafft, B. A. (2018). Size selection of Antarctic krill
(Euphausia superba) in a commercial codend and trawl body. Fisheries Research, 207,
49-54, https://doi.org/10.1016/j.fishres.2018.05.028

Herrmann, B., Grimaldo, E., Br¢i¢, J., & Cerbule, K. (2021). Modelling the effect of mesh
size and opening angle on size selection and capture pattern in a snow crab
(Chionoecetes opilio) pot fishery. Ocean & Coastal Management, 201, Article 105495.
https://doi.org/10.1016/j.ocecoaman.2020.105495

Herrmann, B., Cerbule, K., Br¢i¢, J., Grimaldo, E., Geoffroy, M., Daase, M., et al. (2022).
Accounting for uncertainties in biodiversity estimations: A new methodology and its
application to the mesopelagic sound scattering layer of the high Arctic. Frontiers in
Ecology and Evolution, 10. https://doi.org/10.3389/fev0.2022.775759

10

Journal for Nature Conservation 74 (2023) 126438

Kim, S., Park, S., & Lee, K. (2014a). Fishing performance of an Octopus minor net pole
made of biodegradable twines. Turkish Journal of Fisheries and Aquatic Sciences, 14,
21-30. https://doi.org/10.4194/1303-2712-v14_1_03

Kim, S., Park, S., & Lee, K. (2014b). Fishing performance of environmentally friendly
tubular pots made of biodegradable resin (PBS/PBAT) for catching conger eel Conger
myriaster. Fisheries Science, 80, 887-895.

Lomeli, M. J. M., Wakefield, W. W., Herrmann, B., Dykstra, C. L., Simeon, A.,

Rudy, D. M., et al. (2021). Use of artificial illumination to reduce Pacific halibut
bycatch in a U.S. West Coast groundfish Bottom trawl. Fisheries Research, 233, Article
105737. https://doi.org/10.1016/j.fishres.2020.105737

Lomeli, M. J. M., Wakefield, W. W., Abele, M., Dykstra, C. L., Herrmann, B., Stewart, . J.,
et al. (2023). Testing of hook sizes and appendages to reduce yelloweye rockfish
bycatch in a Pacific halibut longline fishery. Ocean & Coastal Management, 241,
Article 106664. https://doi.org/10.1016/j.0cecoaman.2023.106664

Lucas, N., Bienaime, C., Belloy, C., Queneudec, M., Silvestre, F., & Nava-Saucedo, J.-E.
(2008). Polymer biodegradation: Mechanisms and estimation techniques — A review.
Chemosphere, 73(4), 429-442. https://doi.org/10.1016/j.chemosphere.2008.06.064

Macfadyen, G., Huntington, T., & Cappell R. (2009). Abandoned, lost or otherwise
discarded fishing gear. UNEP Regional Seas Reports and Studies, 185. FAO Fisheries
and Aquaculture Technical Paper 523. ISBN: 978-92-5-106196-1.

Maurer, B. A., & McGill, B. J. (2011). Measurement of species diversity. In
A. E. Magurran, & B. J. McGill (Eds.), Biological Diversity: Frontiers in measurement and
assessment (p. 368). Oxford University Press.

Moschino, V., Riccato, F., Fiorin, R., Nesto, N., Picone, M., Boldrin, A., et al. (2019). Is
derelict fishing gear impacting the biodiversity of the Northern Adriatic Sea? An
answer from unique biogenic reefs. Science of the Total Environment, 663, 387-399.
https://doi.org/10.1016/j.scitotenv.2019.01.363

Pasquini, G., Ronchi, F., Strafella, P., Scarcella, G., & Fortibuoni, T. (2016). Seabed litter
composition, distribution and sources in the Northern and Central Adriatic Sea
(Mediterranean). Waste Management, 58, 41-51. https://doi.org/10.1016/].
wasman.2016.08.038

Pham, C. K., Ramirez-Llondra, E., Alt, C. H. S., Amaro, T., et al. (2014). Marine litter
distribution and density in European seas, from the shelves to deep basins. PLoS
ONE, 9, e95839.

Schmid, C., Cozzarini, L., & Zambello, E. (2021). A critical review on marine litter in the
Adriatic Sea: Focus on plastic pollution. Environmental Pollution, 273, Article 116430.
https://doi.org/10.1016/j.envpol.2021.116430

Strafella, P., Fabi, G., Depalatovic, M., Cvitkovi¢, 1., Fortibuoni, T., et al. (2019).
Assessment of seabed litter in the Northern and Central Adriatic Sea (Mediterranean)
over six years. Marine Pollution Bulletin, 141, 24-35. https://doi.org/10.1016/j.
marpolbul.2018.12.054

Thabane, L., Hopewell, S., Lancaster, G. A., Bond, C. M., Coleman, C. L., Campbell, M. J.,
et al. (2016). Methods and processes for development of a CONSORT extension for
reporting pilot randomized controlled trials. Pilot and Feasibility Studies, 2, 25.
https://doi.org/10.1186/540814-016-0065-z

Tokiwa, Y., Calabia, B. P., Ugwu, C. U., & Aiba, S. (2009). Biodegradability of plastics.
International Journal of Molecular Sciences, 10(9), 3722-3742. https://doi.org/
10.3390/ijms10093722

Warwick, R. M., Clarke, K. R., & Somerfield, P. J. (2008). k-Dominance Curve. In
S. E. Jgrgensen, & B. D. Fath (Eds.), Encyclopedia of Ecology (pp. 2055-2057). Oxford:
Academic Press.

Wileman, D.A., Ferro, R.S.T., Fonteyne, R., & Millar, R.B. (Eds.) (1996). Manual of
methods of measuring the selectivity of towed fishing gears. ICES Coop. Res. Rep. No.
215, ICES, Copenhagen, Denmark.


http://refhub.elsevier.com/S1617-1381(23)00109-7/h0010
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0010
https://doi.org/10.1016/j.marpolbul.2022.113577
https://doi.org/10.1016/j.marpolbul.2022.113577
https://doi.org/10.1016/j.jnc.2022.126298
https://doi.org/10.1016/j.marpolbul.2022.113618
https://doi.org/10.1016/j.envpol.2019.03.072
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0040
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0040
https://doi.org/10.1016/j.fishres.2019.01.003
https://doi.org/10.1016/j.fishres.2019.01.003
https://doi.org/10.1016/j.marpolbul.2020.111823
https://doi.org/10.1016/j.marpolbul.2020.111823
https://doi.org/10.4060/cb4966e
https://doi.org/10.2960/J.v44.m680
https://doi.org/10.1016/j.fishres.2016.09.013
https://doi.org/10.1016/j.fishres.2018.05.028
https://doi.org/10.1016/j.ocecoaman.2020.105495
https://doi.org/10.3389/fevo.2022.775759
https://doi.org/10.4194/1303-2712-v14_1_03
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0090
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0090
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0090
https://doi.org/10.1016/j.fishres.2020.105737
https://doi.org/10.1016/j.ocecoaman.2023.106664
https://doi.org/10.1016/j.chemosphere.2008.06.064
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0115
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0115
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0115
https://doi.org/10.1016/j.scitotenv.2019.01.363
https://doi.org/10.1016/j.wasman.2016.08.038
https://doi.org/10.1016/j.wasman.2016.08.038
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0130
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0130
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0130
https://doi.org/10.1016/j.envpol.2021.116430
https://doi.org/10.1016/j.marpolbul.2018.12.054
https://doi.org/10.1016/j.marpolbul.2018.12.054
https://doi.org/10.1186/s40814-016-0065-z
https://doi.org/10.3390/ijms10093722
https://doi.org/10.3390/ijms10093722
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0155
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0155
http://refhub.elsevier.com/S1617-1381(23)00109-7/h0155

	Use of biodegradable materials to reduce marine plastic pollution in small scale coastal longline fisheries
	1 Introduction
	2 Materials and methods
	2.1 Sea trials and experimental design
	2.2 Estimating probabilities of hook and snood loss
	2.3 Estimating the length-dependent catch efficiency between longlines with different snood materials
	2.4 Estimation of length-integrated average catch ratio
	2.5 Quantification of species composition in longline catches

	3 Results
	3.1 Risk of hook and snood loss
	3.2 Catch efficiency of biodegradable versus nylon snoods
	3.3 Species dominance pattern in catch compositions

	4 Discussion
	Declaration of Competing Interest
	Data availability
	Acknowledgments
	Appendix A Supplementary material
	References


