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Abstract — Regional fisheries management organizations are mandated to reduce impacts of commercial
fishing activities on non-target species. This is particularly important because fishing associated with natural
drifting objects and artificial fish-aggregating devices across the oceans poses adverse impacts on non-target
species, including juveniles of tuna species. In the Indian Ocean off Sri Lanka, deep-sea fishing boats are
engaged in fishing with gillnets, longlines, and encircling nets associated with natural floating objects. The
present study aimed at investigating whether target species and bycatch species in the catches of fishing
methods can be differentiated to introduce effective management to the fisheries and to perceive driving
forces in terms of the nature of fishing strategies with a view to recognizing appropriate management
measures. From the boats operated from four fishery harbors of southern Sri Lanka from February 2018 to
December 2020, species compositions of landings of 1915 fishing operations consisting of gillnetting,
longlining, flotsam-associated ring netting, and a combination of ring netting with gillnetting and longlining
were analyzed separately for each fishing method. Also, cost components of individual fishing operations
and corresponding net revenues, gleaned from logbook records of boats, were scrutinized. This analysis
underscored that there was a noticeable difference in species caught in the five types of fishing boats,
consisting of large tuna and tuna-like species in the landings of longlines and drift gillnets. Landings of
flotsam-associated ring netting were dominated by shade-loving species and juvenile tunas. As fuel cost is
considerably lower in ring net fisheries than in gillnet and longline fisheries due to shorter trip duration and
as there is higher net revenue from the fishing operations, there is an increasing trend of ring netting
associated with floating objects. Under the existing legal framework, this fishery can be restricted by
introducing high seas licenses.
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1 Introduction

Globally, in tuna fisheries, management and conservation
efforts are directed toward fisheries for large pelagic species of
major economic interest, and attention toward minor taxa and
non-target species is restricted to the mandate of some

*Corresponding author: zoousa@kln.ac.lk

Regional Fisheries Management Organizations (RFMOs),
producing an incomplete representation of the true picture of
pelagic fisheries (Vierros et al., 2016; Coulter et al., 2020).
However, there is an indisputable claim that fishing activities
are one of the stressors causing serious damage to marine
biodiversity (Rousseau et al., 2019). Part of these damages
comes from bycatch defined as unintentional catch either
having commercial value or corresponding to non-commercial
species likely treated as discards (Hilborn et al., 2023).
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The provisions of the FAO Code of Conduct for
Responsible Fisheries (FAO, 1995) and of the United Nations
Fish Stocks Agreement (United Nations, 2025) provide a
mandate to reduce impacts on non-target species or bycatch
species for RFMOs, which are responsible for the management
of highly migratory fish stocks such as tunas. In many oceans,
pelagic fish species aggregate around natural drifting objects,
such as logs and tree branches, and to exploit this fish
aggregative behavior fish aggregative devices (FADs;
Dempster and Taquet, 2004) are artificially constructed.
However, Dagorn et al. (2013) mentioned that the FADs pose
adverse impacts on tuna stocks and threats to the biodiversity
of tropical pelagic ecosystems. According to Davies et al.
(2014), who reviewed the past and present use of FADs in the
Indian Ocean tropical tuna purse seine fishery, an increase in
the use of FADs during the recent past has necessitated
unambiguous management of the fisheries associated with
FADs to ensure their future sustainability.

Semi-industrial mechanized boats operating from Sri
Lankan harbors are engaged in fishing in high seas and
generally spend 5 to 30 days, depending on the limited ice
storage facility and deck space (Hewapathirana et al., 2015).
These boats, therefore, are referred to as “multiday boats”.
Fishing activities are carried out by crews of 3—10 fishers in
each boat. A mandatory requirement is that every multiday
boat must provide log sheets of fishing operations.

In the Sri Lankan fishing fleet targeting tuna and tuna-like
fish, gear used is either drift gillnets (GN) or longlines (LL).
Some fishing boats carry encircling nets, locally termed as ring
nets (RN), together with drift gillnets and longlines to operate
whenever they encounter natural floating objects such as
drifting dead trees, targeting fish schools aggregated
under these objects (Ariyarathna and Amarasinghe, 2012;
Chathurika and Dissanayake, 2016; Gunawardane et al.,
2023). Consequently, multiday boats can be categorized as
those operating RN, GN, LL, and combinations of them
(RN+GN and RN+LL). Whenever a boat encounters a
floating object, its ownership is defined by fixing a flag, and
when the fishers are satisfied that sufficient fish are aggregated
beneath the floating object, the fish schools are encircled using
a surrounding net (Ariyatathna and Amarasinghe, 2012). From
encountering a floating object to the commencement of fishing
(which generally lasts for 3—10 days), to save fuel costs, the
skipper turns off the engine and allows the boat to drift
passively along the water current. Characteristics of longlines,
gillnets, and ring nets are given in Appendix I.

Among fisheries authorities of Sri Lanka, there are concerns
about the proliferation of ring net fishing mainly because juvenile
tunas are caught. It is apparent that for the multiday fisheries off
Sri Lanka, the fisheries management efforts are insufficient. In
the present study, an attempt is made to investigate whether target
and bycatch species in the catches can be differentiated among
fishing methods to introduce effective monitoring, control, and
surveillance (MCS) to the fisheries and to diagnose driving forces
in terms of the nature of fishing strategies with a view to
recognizing appropriate management measures.

2 Materials and methods

Multiday boats from the harbors of Beruwala, Galle,
Gandara, and Tangalle (Fig. 1), using RN alone or in

combination with longline (RN+LL) or gillnet (RN+GN)
between February 2018 and December 2020. From February
2018 to December 2019 gillneters (GN) and longliners (LL)
were also examined. Fishery data were gleaned from the log-
book records of multiday boats. Data of 74 longline operations,
151 gillnet operations, 995 ring net operations, 343 ring net
plus gillnet operations, and 352 ring net plus longline
operations were used in the analysis (Fig. 1). In each month,
there were 16-52 RN fishing operations during the study
period. For RN+GN, there were 2-20 operations, and for
RN+LL, 1-23 operations per month. Longliners recorded 2—7
fishing operations per month, and gillnetters performed 4-10
operations per month during the study period.

From the logbook data of each multiday boat, fishing
duration, fishing methods and locations, and species-wise
landings by weight were recorded. Also, from the records of
boat owners, expenditure incurred for each fishing operation
separately for the cost components of food, fuel, and ice was
recorded. The net revenue from each fishing trip, which was
available in the records of boat owners, was registered as the
total value of catch minus total expenditure. The number of
fishing trips of multiday boats during 2021-2024, reported by
the Department of Fisheries and Aquatic Resources (DFAR,
2025), was also obtained to illustrate the trend in multiday
fishing.

As bycatch species are known to be caught in ring netters
(RN) and combinations with gillnetters (RN+GN) and
longliners (RN+LL), to investigate the patterns of the
landings of RN, RN+GN, and RN+LL in relation to monsoon
patterns, a self-organizing map (SOM), an unsupervised
algorithm of artificial neural networks (ANNs), which is also
known as the Kohonen map (Kohonen, 2001), was used. SOM
is an approach where similar items in a multidimensional
dataset are reduced to fewer dimensions (Kohonen, 2014),
displaying the output neurons as a hexagonal lattice (Vatanen
et al., 2015). For this analysis, monthly averages of species-
wise landings of RN, RN+GN, and RN+LL were estimated.
Here, catch per fishing operation of each species was
considered as catch per unit effort (CPUE), assuming catch
efficiencies of individual boats of a given fishing method are
more or less similar. As CPUE is known to be log-normally
distributed (Gulland, 1983), CPUE data of each species/
species group were In(CPUE + 1) transformed to reduce the
distribution skewness of data. Each sampling month was
assigned to one of the four monsoonal seasons [i.e., north-east
(NE), intermonsoon 1 (IM1), south-west (SW) and inter-
monsoon 2 (IM2); Ross and Savada, 1990]. Monsoon season-
wise CPUE was then coded. For example, the code
RNGNO318IM1 represents the mean CPUE of different
species caught in ring netters and gillnetters in March 2018
during IM1.

In the analysis, classification of sample vectors (SVs) was
accomplished into neighboring cells having similarities in In
(CPUE + 1) and those that are dissimilar into cells that could
be distant from each other (Lek and Guégan, 2000). According
to Vesanto (2005), the SOM size (i.e., number of neurons in the
output layer) was approximated using the formula: C=5x/n,
where C is the number of cells and # is the number of sample
vectors. The similarities and dissimilarities of the SVs were
identified by hierarchical cluster analysis (i.e., Euclidean
distance). Two evaluation criteria, i.e., a quantization error and
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Fig. 1. Fishing locations of boats of (A) gillnetting; (B) longlining; (C) ring netting; (D) ring netting plus gillnetting; and (E) ring netting and
longlining, operated from four fishery harbors of Sri Lanka (BW: Beruwala; GL: Galle; GN: Gandara; TN: Tangalle) in the present analysis.

a topographic error, an indicator of the accuracy of the
mapping in the preserving topology (Kivilnoto, 1996;
Kohonen, 2001; Park et al., 2003), and the quantization error,
the average distance between each data vector (Kohonen,
2001), were used to determine the SOM quality.

In the SOM analysis, the probability of occurrence of each
species/species group in each cluster could also be determined

(Lek and Guégan, 2000; Park et al., 2005). This analysis
was performed using the SOM software package (SOM
Toolbox v2.1; https://github.com/ilarinieminen/SOM-Toolbox)
(Alhoniemi et al., 1999; Vesanto et al., 2000; Vatanen etal., 2015).

The total operational cost of each fishing operation of the
five fishing methods and their net revenue was compared
separately, employing the Kruskal-Wallis test, followed by
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Table 1. Species caught (kg per fishing operation) in boats of different fishing operations. Values in parentheses are number of fishing
operations. —Abbrevitions of species/species groups: LL—, longlining; GN—, gillnetting; RN—, ring netting. S—, small individuals; L—, large

individuals.

Species Abbr. LL (74) GN (151) LL+RN (352) GN+RN (343) RN (995)
Decapterus russelli Dr - - 1561.72 + 42.98 1629.11 + 49.59 1993.86 + 33.95
(Riippell, 1830)

Elegatis bipinnulata Eb - - 313.81 £ 16.24 349.84 + 17.47 389.84 +12.92
(Quoy & Gaimard, 1825)

Canthidermis maculata Cm - - 180.74 + 6.92 216.31 + 8.48 192.88 + 5.94
(Bloch, 1786)

Coryphaena hippurus Ch - - 83.89 £ 5.54 82.08 + 5.44 134.81 +£3.24
Linnaues, 1758

Auxis thezard At - - 315.28 £ 14.48 296.34 £ 15.07 454.52 + 15.00
(Lacepede, 1800)

Auxis rochie (Risso, 1810)  Ar - - 171.67 = 11.17 213.86 + 14.57 24526 + 13.33
Euthynnus affinis Ea - - 193.11 £ 10.29 193.29 + 10.49 281.38 £9.12
(Cantor, 1849) (S)

Katsuwonus pelamis KpS - - 611.58 +£27.41 603.55 +£31.34 1019.53 + 24.75
(Linnaeus, 1758) (S)

Thunnus albacares TaS - - 112.82 £ 9.09 92.01 £9.37 181.32 + 8.42
(Bonnaterre, 1788) (S)

Thunnis obesus ToS - - 82.51 £ 8.92 76.29 + 8.06 170.74 + 9.75
(Lowe, 1839) (S)

Istiophorus spp (S) SfS - - 51.69 + 2.34 50.93 £2.35 52.56 £ 1.33
Xiphias gladius SwS - - 15.31 £ 1.34 15.19 £ 1.39 1.33 £ 0.77
(Linnaeus, 1758) (S)

Other carangids oC - - 16.74 £ 0.88 16.01 £ 0.89 21.68 £0.52
Seerfish (Scombridae) SF - - 97.72 + 4.07 80.85 +3.45 113.31 £2.23
Sharks (S) ShS - - 23.33 + 1.69 25.36 = 1.69 34.55 £0.99
Skates Sk - - 27.07 + 1.41 29.53 £ 1.43 30.32 = 0.82
K. pelamis (L) KpL - 3215.96 + 65.82 - 3274.48 + 46.23 -

T albacares (L) TaL 884.19 + 15.58 129.63 + 8.83 887.06 + 8.71 7597 +£1.82 -

T. obesus (L) ToL 196.96 + 9.36 78.15 £ 6.19 561.90 + 11.22 70.07 £ 1.91 -

E. affinis (L) EaL - 146.21 + 10.70 - 75.91 £ 2.09 -

Istiophorus spp (L) SfL 226.42+11.64 93.35 £ 6.04 92.35 +£2.08 83.78 +£2.38 -

Xiphias gladius (L) SwL 276.62 + 12.26 80.45 + 5.65 225.33 £ 4.11 81.64 £2.13 -

Sharks (L) ShL - 37.58 £3.84 - 83.11 +3.19 -

Dunn’s post-hoc multiple comparison (adjusted by the
Bonferroni method; Dunn, 1964). Also, the revenue/expendi-
ture ratio of each fishing operation of the five fishing methods
was compared employing the same statistical test. R software
(R Core Team, 2022) was used for these analyses.

3 Results

Species composition of fish (Tab. 1 and Fig. 2) shows
differences among the five types of fishing boats (RN, LL, GN,
RN+GN, and RN+LL). In longline fisheries, landings are
dominated by large pelagic fish species, most notably Thunnus
albacares and Thunnus obesus. Sailfish (Istiophorus spp.) and
swordfish (Xiphias gladius). Apart from these species, in the
boats operating drift gillnetting, skipjack (Katsuwonus
pelamis) and kawakawa (Euthynnus affinis) were also caught
in significant amounts. The landings of ring netters were
dominated by Decapterus russelli and juvenile K. pelamis. The
other dominant species in the landings were Elegatis

bipinnulata, small tuna species (E. affinis, Auxis thezard,
and Auxi. rochie), and Canthidermis maculata. The species
compositions of boats using two types of gear (RN+LL and
RN+GN) were essentially equal to the combination of
individual species compositions (Tab. 1 and Fig. 2).

As there were 101 samples in the RN, RN+GN, and
RN+LL data, the map size of 50 was chosen. In the SOM
process, the cluster structure of the map could be visualized
from the unified distance matrix (U-matrix; Fig. 3A), and by
means of the K-means algorithm (Park et al., 2003; Lek et al.,
2005), 50 map units were partitioned into four clusters
(Fig. 3B). In the output layer of the SOM, there were 50
neurons arranged into a 5-column x 10-row hexagonal lattice
(Fig. 3C). The four clusters classified by hierarchical clustering
(Fig. 3D) showed close similarities between clusters I and IV
and between clusters I and I1I. Authentication of the analysis
was confirmed by low quantization error (0.358) and
topographical error (0.000) of the SOM (Park et al., 2003,
2006). In cluster I, sample vectors (SVs) were prominently
those of ring netters. Cluster II consisted of a few SVs of
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Fig. 2. Species composition for longliners (LL), drift gillnetters (GN), ring netters (RN), and their combinations (RN+GN, RN+LL). Total
weights landed from the fishing operations observed from sampled boats are also given here. The number of fishing operations from each fishing

method is as given in Table 1. L, large fish; S, small fish.

RN+GN, whereas Clusters III and IV were dominated by SVs
of RN-+GN and RN+LL, respectively. Most notably, there was
no clear-cut separation of SVs according to monsoonal
seasons, but catch efficiencies of fishing strategies.

The probabilities of occurrence of species/species groups
(Fig. 4) illustrated that in all four clusters, target species of ring
netters and their bycatch species had more or less similar
occurrences. In cluster I, where the majority of sample vectors
consisted of ring netters, probabilities of occurrence of large
pelagic species were essentially reflected by a few SVs of
RN+LL. Both clusters II and III exhibited somewhat higher
probabilities of occurrence that were caught in gillnetters
(Fig. 2). In cluster IV, the majority of SVs were RN+LL, and
as such, probabilities of occurrence of species that were caught
in longliners (i.e., large pelagic species/species groups; Fig. 2)
registered higher values. Gradient analysis of species/species
groups, based on the probabilities of occurrence (Appendix II),
also confirms that those of target species and bycatch species
reflect catch efficiencies of fishing strategies.

Of the three major components of operational cost (i.e.,
food, fuel, and ice), fuel cost is the major operational
expenditure of all five fishing operations (Fig. 5). It can also be
seen that the ring netters (Fig. 5) had lower fuel costs for
individual fishing operations compared with the other four
categories (GN, LL, RN+GN, and RN+LL). As fuel cost is the
major cost component, the overall cost per fishing operation
was the lowest in the ring net boats and the highest in longline
boats (Fig. 6A). The median values of operational costs of
fishing operations of 5 categories (Fig. 6A) were significantly
different (Kruskal-Wallis test; H = 1173, df = 4; P < 0.001),
registering the lowest value in ring netters. The net revenue of
each fishing operation (= total value of catch — operational
cost) was greater in the ring netters and those of the
combination with gillnetters and longliners (RN+GN and

RN+LL), compared with GN and LL (Fig. 6B). The Kruskal—
Wallis test indicated that the median values of net revenues of
fishing operations of 5 categories were significantly different
(H=967.9; df=4; P < 0.001). However, the median values of
revenue were not significantly different between ring netters
and longliners, possibly due to the reason that longliners target
high-valued tuna species such as 7. albacares and T. obesus.

Although of low market value, fish species caught by RN,
RN+GN, or RN+LL, most notably D. russelli and juvenile
K. pelamis, overall net revenues in these fishing operations
were evidently higher. Mean fishing duration reflects search
time or time spent reaching the fishing location. This was
appreciably lower in RN boats than those of other boats
(Fig. 7). The ratio of net revenue per expenditure (Fig. 8)
indicates that higher ratios were reported in ring netters
and those used combination (RN+GN and RN+LL), and
the median values of the five categories of fishing were
significantly different (Kruskal-Wallis test; H = 603.4, df = 4,
P < 0.001) with the highest ratio in ring netters.

The trends in fishing operations (Fig. 9) show that although
boats of all three fishing methods (ring netting, gillnetting, and
longlining) increased, prominent trends are seen for boats of
ring netting and those operated together with gillnetting and
longlining.

4 Discussion

The species caught in flotsam-associated ring net fisheries
are essentially those associated with FADs, and in various open
sea areas of the Indian Ocean, major species caught in fisheries
associated with FADs are identical (Amand¢ et al., 2008;
Noranarttragoon et al., 2013). Hence, species such as
D. russelli, E. bipinnulata, and C. maculata can be considered
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Fig. 3. The output neurons of SOM with 101 sample vectors. (A) The U-matrix with a shading intensity of the level of activation;
(B) Partitioning of the 50 hexagons into 4 clusters by the K-means algorithm; (C) SOM classification based on the similarity of CPUE of fish
species/species groups; and (D) Hierarchical clustering (Euclidean distance on the vertical axis), based on the similarity between SOM neurons.

as shade-loving species. The dolphinfish, Coryphaena
hippurus, is also caught in the ring net fishery, possibly due
to the reason that this voracious predatory fish is attracted to
fish aggregations for feeding. Interestingly, the species
assemblages in the fisheries that combine ring nets with
longlines or gill nets are similar to those that are caught when
the three fishing methods are operated separately (Tab. 1 and
Fig. 2). As shown by patterns of the landings of RN, RN+GN,
and RN+LL using the SOM approach, the influence of

monsoon seasons was not evident, but fishing strategies were.
Due to the clear-cut difference in catch composition of the
multiday boats operated by the three fishing methods and those
with a combination of fishing methods, individual boats can be
introduced to fishing licenses for MCS of high seas fishing.
The RFMO, Indian Ocean Tuna Commission (IOTC),
advocates MCS for high seas fishing.

The recent development of flotsam-associated ring netting
underlines the need for management given that, as evidenced
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by the present analysis and by Punyadewa et al. (2025),
juvenile tuna species such as K. pelamis, T. albacares, and
E. affinis are also caught in significant numbers. It has been
reported that in many areas of the Indian Ocean, such as the
Gulf of Thailand (Noranarttragoon et al., 2013), Panay Gulf,
off the Philippines (Mitsunaga et al., 2013), and elsewhere
(Dupaix et al., 2024), in the fisheries associated with natural or

artificial fish aggregating devices (FADs), juvenile tunas are
caught.

Multiday boats rely on conventional means of finding
productive fishing grounds through their experience, such as
various landmarks, the behavior of sea birds, inter-vessel
communication, etc. Although fisheries authorities regularly
provide multiday boats with fishing ground forecasting
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ring netting; and RN+LL: combination of longlining and ring netting.

information based on satellite remote sensing approaches
using sea surface temperature, wave height, chlorophyll
distribution, etc., fishers do not rely on them as this information
is believed to be unrealistic (Gunawardane et al., 2023). For
more accurate forecasting of productive fishing grounds, an
operational information system, which requires significant
investment and ongoing maintenance (Sun et al., 2022), is
difficult to be implemented in the immediate future. This
ad hoc nature of finding fishing grounds invariably results in
increased “searching time”, having longer trip duration.

Longer trip duration invariably increases fuel cost.
Although the cost of food for crew members and the cost of
ice are more or less similar in multiday boats irrespective
of fishing methods employed (Fig. 5), the variations of
operational cost appear to be due to fuel cost. Compared with
gillnetters and longliners, fishing duration, which reflects
search time or time spend to reach the fishing location, was
much lower in boats engaged in ring netters (Fig. 7). Hence, the
lowest operational cost of ring net fishing (Fig. 6A) and higher
revenue per fishing operation, which were statistically
significant, might possibly be due to shorter trip duration
and due to the reason that the skipper of the boat turns off the
engine to save fuel cost and allows the boat to drift passively
along the water current.

Although species caught in ring nets are of low value
compared with those caught in longlines and drift gillnets, due
to higher catch per fishing operation and lower operational
cost, net revenue in each fishing operation is higher in boats
operating ring nets and a combination of fishing gear (Fig. 6B).
This is further substantiated by revenue per expenditure ratios
of fishing methods having significantly higher ratios in boats
operating ring nets and combinations of fishing gear (Fig. 8).
From this evidence, it is understandable that in the deep-sea
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were not significantly different.

sector of Sri Lankan marine fisheries, the driving force for
motivating fishers to adopt ring netting is attributed to higher
financial benefits compared with gillnetting and longlining.
It is well-accepted that the profitability of the fishing fleets
is very sensitive to fuel price variations (Sumaila et al., 2008;
Cheilari et al., 2013). Balanced relationships between fish
resources and fishing effort may improve prospects of coping
with higher fuel prices. The present study highlighted that
fishers tend to switch to more profit-oriented fishing strategies
due to the absence of effective and accurate forecasting
mechanisms. This aspect deserves further investigation
because increasing trends of ring netting, from which tuna
juveniles are noticeably caught, require special attention in
terms of important management implications. The provision of
fuel subsidies as an alternative means is not advisable even as

capacity-enhancing subsidies for gillnet and longline fisheries
targeting tuna stocks. This is particularly so because the global
trend is that albeit with some struggles in many situations,
efforts are in place to eliminate fisheries subsidies, including
fuel subsidies, which contribute to overfishing (Sumaila et al.,
2019). Also, with the prospects of establishing FADs to
enhance fish stocks off Sri Lanka (Ministry of Fisheries, 2022),
sound scientific investigations are required to understand their
real potential impact on pelagic fish stocks and that many
shade-loving fish species and juveniles of tuna species are
caught by ring net fisheries. It is also worthwhile perceiving
that there are opinions that catching juvenile tuna around
floating objects does not necessarily result in overfishing of
stocks (Dagorn et al., 2013). However, actual management
concern is what proportion of juvenile tuna is caught. Hence,
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with the current increase in fishing with FADs, fisheries
authorities must impose restrictions on the fishery through the
existing legal framework to introduce high seas license (HSL)
systems for the fisheries associated with floating objects.
Presently, under the marine fisheries regulations of the country,
obtaining an HSL is mandatory only for fishing in the
international waters outside the EEZ of Sri Lanka.

5 Conclusion

The multiday fishing boats operating from the fishery
harbors of Sri Lanka in the Indian Ocean primarily target tuna
species using drift gillnets and longlines. The recent
development of using ring nets in many boats to exploit
pelagic fish aggregated around natural floating objects such as
drifting logs has resulted in dramatic change in species
composition of the landings of multiday boats because many
species caught in flotsam-associating ring net fisheries are
shade-loving species such as D. russelli, E. bipinnulata, and
C. maculata. However, there are concerns regarding manage-
ment perspectives because juvenile tunas are also attached
to natural floating objects. However, due to prominent

differences in species composition of landings of longlining,
drift gillnetting, and flotsam-associated ring netting as well as
in the combination of ring netting with longlining and
gillnetting, there are ample opportunities for fisheries
authorities to effectively implement MCS procedures for the
fisheries of multiday fishing fleets.

The increasing trend of ring net fishing associated with
flotsam off Sri Lanka appears to be due to higher net revenue
than in other fishing methods coupled with lower trip duration
and higher catch per fishing operation. This ensues despite
lower-valued species caught in ring netting compared with
high-valued tuna and tuna-like fish species in drift gillnetting
and longlining. In the absence of a reliable means to provide
fishers with productive fishing ground forecasting information,
fishers of the boats operating longlining and gillnetting are
compelled to spend longer trip durations to reach fishing
grounds, determined in an ad hoc manner based on
conventional clues such as wave height, behavior of seabirds,
etc. As the profitability of the fishing fleets is very sensitive to
fuel price variations, fishers tend to switch to more profit-
oriented fishing strategies due to the absence of effective and
accurate fishing ground forecasting mechanisms. The MCS
directed toward managing flotsam-associated ring net fishing
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is imperative because an uncontrolled increase of its fishing
effort might pose threats to the sustainability of tuna stocks as
their juveniles are caught in high magnitudes. It is also
recommended that fisheries authorities impose restrictions on
the fishery through the existing legal framework to introduce
HSL for the fisheries associated with floating objects.
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Fishing gear characteristics used in the multiday boats operated from Sri Lankan fishery harbors.

Fishing gear/attribute

Values

Drift gillnet

Stretched mesh size (range) in cm
Number of net pieces per boat (range)

Length of net (range) m
Height of net (range) m
Float line

Sink line (lead line)

Hanging ratio range
Longline
Length of main line (range) m

Length of branch line (range) m
Number of hooks per set

Hook type

Hook spacing (range) m

Float line length (range) m
Ring net

Length (range)

Height (range)

Head rope

Lead line

Number of buoys attached to the head rope using a separate nylon rope

Interval of floats in the head rope
Interval of floats in the bund area

Cylindrical lead weights attached to the lead rope§

Thickness of net bridle

Purse rings

Stretched mesh size (bunt)*
Stretched mesh size (body)**
Twine thickness

16.0 (15.4-16.5)

80 (45-105)

2000-2500 (often divided into several panels)

6-15 m

Upper rope with floats spaced 1-2 m apart (plastic or PVC
floats)

Weighted rope or leaded twine at the bottom to keep the net
vertical in the water column

0.50-0.70

10,000-30 000 (depending on vessel size, fishing depth, and
target species)

10-30

800-2000 hooks

Tuna hooks/circle hooks (sizes 3.5-5.0)

40-60 apart along the mainline

2040

185-498 m
28-74 m

8 mm O nylon
8 mm @ kuralon
120-130

50 cm

20-25 cm

20 mm @ and 60 mm length (attached to the middle area of the
rope, about 50 m from either end of the net, at intervals of 4 m)

12 mm @ kuralon

100 mm © brass, and each weight ranges from 300-900 g
2.5 cm

3.7 cm

18-21 ply (bunt)9 ply (body)

$Two cement sinkers of about 2.5-3 kg are also attached to each end of the net.
" The “bunt” is the section of the net where the catch is typically gathered.
" The “body” refers to the central part of the net, which is the vertical wall of netting used to surround a school of fish.
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Appendix Il

Gradient analysis of fish species/species groups in the landings of RN, RN+GN, and RN+LL. Color
bands (and in the neurons) for individual species/species groups indicate probabilities of occurrence.
Abbreviations of species and species groups are as give in Table 1.
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