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Abstract: Mixed fisheries refer to fishing activities that catch more than one species simultaneously,
and a species may be fished using different gear. A trawl fishery shares these features to exploit
multiple species simultaneously, with diverse fishing gear and strategies. The situation becomes
more complex when interactions among fleet dynamics, fishing activities, and fishery resources are
involved and influence each other. Information regarding the operational patterns may be hidden in
a set of long-term big data. This study aims to investigate the fishery structure and fleet dynamics of
trawl fisheries in Taiwan for spatial planning and management, based on a long-term dataset from a
management system that collects information by using voyage data recorders (VDR) and dockside
observers. We applied a two-step data mining process with a clustering algorithm to classify the
main groups of fishery resources and then identified 18 catch métiers based on catch composition.
The target species, operation pattern, and fishing season were determined for each métier, and
associated with the relevant fishery resources and the fishing gear used. Additionally, fishing effects
on target species were estimated using information on fishing grounds and trajectories from VDR.
The métier-based approach was successfully applied to define the six major fishery resources targeted
by trawlers. We examined the key features of fishing activity associated with catch composition and
spatial-temporal fishing metrics, which could be used to provide suggestions for the spatial planning
and management of the mixed trawl fishery in the offshore waters of Taiwan.

Keywords: mixed fisheries; multispecies; data mining; métier-based approaches; spatial planning
and management; voyage data recorder

1. Introduction

Coastal and offshore fisheries play an important role in providing a protein source and
economic development, particularly for countries that depend on marine resources [1,2].
However, these countries urgently need environmental conservation, because their fishery
resources are threatened by overfishing, pollution, and habitat destruction [3,4], which
emphasizes the need for suitable management measures and sustainable use of fishery
resources [5-7].

Located in the south of the East China Sea and on the edge of a continental shelf
(Figure 1), Taiwan has rich marine bio-resources and biodiversity in its surrounding waters,
with multiple types of habitats. More than 20 fishery sectors exist in this area, includ-
ing historical native fishing activities and new fishing methods introduced from Japan
and Europe [8]. As the second largest fishery in the coastal and offshore waters, the
Taiwanese trawl fishery operates mainly within exclusive economic zones (EEZs). This
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fishery provides marine food products stably for domestic consumption, accounting for
19.4% and 28.1% of the coastal and offshore fisheries over the last decade, respectively [9].
However, catches from coastal and offshore trawling have declined shapely over the past
30 years. The trawl fishery has always been argued to be damaging the benthic habitat and
overexploiting the fishery resources [10,11]. Therefore, to overcome this issue, a manage-
ment approach was implemented to reduce fishing and vessels during the 1990s and the
2000s [12-14].
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Figure 1. Map showing the study area and major currents surrounding Taiwan.

Another important management measurement for trawling is to restrict the operations
to within 3 nautical miles from the coast lines and also the use of rollers or rockhopper
gear in the trawling nets. Trawling vessels under 50 GRT are not allowed to fish in areas
between 3 and 12 nautical miles from the coast lines [15]. Both artisanal (small-scale) and
large-scale trawl fisheries present complex characteristics in their gear and harvest species,
which involve interactions among biology, fisheries, economy, and society, and result in the
complicated, mixed structure of the trawl fisheries [16-21]. The situation worsens when
diverse fishing types are developed, such as otter trawling, pair trawling, the pelagic pair
trawling of larval anchovy, and shrimp trawling, including sakura shrimp and the Taiwan
mauxia shrimp trawlers; moreover, there is a lack of information about the stakeholders,
fishery resources, and the fishing operations [22].

Comprehensive understanding of coastal trawl fisheries in Taiwan is extremely limited;
only analyses on a small spatial scale, a single type of fishing gear, or short time period are
currently available [2,12,20]. A métier-based approach has the ability to integrate the main
components of the fleet dynamics, fishing activities, and harvest, by providing a full picture
of the fishery structure, to achieve the sustainable development of fishery management.
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Numerous studies have demonstrated that métier characteristics, such as fleet dynamics,
catch composition, and fishing strategy, can be used to classify fishery structure [23-25].
For example, a fishing strategy was classified to determine the fleet capacity and the
fishing activities of a similar catch composition, in order to indicate targets [26-32]. This
is potentially useful in revealing the fishing strategy and the fishermen’s behavior by
integrating the social and economic variables, fishing patterns, and spatial and temporal
information [6,19,21,33-37]. A mixed fishery (such as the trawl fisheries) could be better
described by grouping similar features (i.e., métiers) through the exploration of the fishery
structure. Hence, the métier has been used to plan fishery policy and management measures
for mixed fisheries, particularly for coastal and offshore waters [38—42].

Coastal and offshore fisheries have been developed and well managed in Taiwan. This
provides a great opportunity to examine the fishery information and catch composition
from landing data, along with geo-information obtained from voyage data recorder (VDR)
trajectories for mixed complex trawl fisheries. For the development of an ecosystem-based
fishery management for the future, all the available information collected from trawl
fisheries should be integrated into a management system.

The objectives of this study were to understand the fishery structure and fleet dy-
namics of trawl fisheries in Taiwan, based on a long-term dataset (2013-2019) from a
management system that collects information by using VDRs and dockside observers. We
classified the fishermen’s behavior and fishing patterns, which changed by season, gear
type, and the captain’s experience. Through the development of a métier-based approach,
based on a data mining process, we identified the catch compositions and defined the catch
métier on the basis of the integrated data from the VDR trajectories, to infer the spatial
distribution of the fishing fleet and, thus, the fishery resources. The results from this study
could be used to suggest possible management units and measures for trawl fisheries in
coastal and offshore waters.

2. Materials and Methods
2.1. Data Used

The two datasets used in this study were obtained from the VDR system and a
port sampling observer program managed by the Fisheries Agency from 2010 and 2007,
respectively [2,12,15,22]. The VDR is a global position system (GPS)-based vessel trajectory
recording system that records operation dates, vessel positions, speeds, and heading
angles every 3 min, providing high-resolution tempo-spatial information of fishing vessel
operating distribution. In order to monitor the coastal fisheries and their catch compositions,
a dockside sampling observer program was launched at the main fishing ports around the
Taiwan, Penghu, and Xiaoliugiu islands. When the fishing vessels returned to port, this
program recorded the vessel’s registered number, vessel size category, days duration of
the trip, gear type, fishing set, and landing by species. The landing data and operating
information were classified by gear type, including otter trawl (OT), pair trawl (PT), pelagic
pair trawl of larval anchovy (LA), shrimp trawl (ST), sakura shrimp trawl (SKT), and
Taiwan mauxia shrimp trawl (TMT).

We matched the two datasets from the VDR system and the observer program accord-
ing to the vessel registration number and the date of leaving and returning to the fishing
ports. It was unreasonable to get to the fishing ground, operate, and come back to the
original port within 3 h, so this criterion was applied to exclude part of the data.

The catch for each trip was identified by species according to the Fisheries Statistical
Yearbook of the Fisheries Agency, Taiwan [9]. Harvests that were difficult to identify into
species were grouped; for example, several species of black sea bream were recorded as
“black sea bream”, and several species of hairtail were classified as “hairtail.” In summary,
the landing catch by the trawl fisheries operating in coastal and offshore Taiwan was
classified into 153 species, within 22 target groups (Table S1).

As demonstrated in numerous previous studies [12,43—45], the speed criterion was
used for identifying fishing activity or cruising in trawl fisheries. We then estimated
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the fishing process on the basis of the threshold of the vessel fishing speeds [22], with
auxiliary information from the VDR data (Table S2) for visualizing the footprint distribution.
The spatial distribution of the fishing process in an hour was presented in 0.1° x 0.1°
square grids.

2.2. Analysis Based on Catch Meétier

Clustering analysis is a popular and widely used data mining technique for capturing
the common characteristics within data [46]. In fisheries science, this method helps to
understand and describe the characteristics of mixed fisheries on the basis of the métier
concept and analyze the catch composition and fishing patterns [21,25-29]. To examine
the operation pattern in trawl fisheries, we grouped the trips that were similar in catch
composition by using cluster analysis and then defined the catch métier. The proportion of
the landing by species was calculated for each trip and then used in the analysis [6,28,33].
For each group of catch métiers, a data matrix was presented to show the fishing trip (by
row) and the target group or landing by species (by column).

A two-step clustering approach was then applied to further reduce and illuminate the
complexity of catch species for the trawl fisheries in Taiwan. The first step was to cluster
the fishing trips by the target group from 22 categories with low-resolution information, to
reveal the specific fishery resources; the second step was to cluster the catch compositions
with high-resolution information at a species level. A hierarchical agglomerative cluster
(HAC) analysis was applied in this data mining process by using the “hclust” function,
based on the Euclidean distance and Ward’s grouping algorithm in the statistical software
R [47,48]. Optimal numbers of clusters were determined and combined using the Elbow
method and further tested statistically using ANOSIM [49], which measures the similarities
between and within clusters by using the “vegan” package in R.

3. Results
3.1. Fishery Structure

In total, 251,569 fishing trips were collected from 1,132 trawlers, as obtained from the
dataset that combined the two sources of data (Figure S1), with records of the vessel size
category indicating that mid-size vessels (10-99 GRT) accounted for 82% (Table 1). The
proportion of small-scale fishing craft (<10 GRT) and large-scale vessels was 12% and 6%,
respectively. As expected, large-scale fishing vessels were more productive than small-
scale ones. Otter trawling was widely used for six different trawl gears of the mid-scale
vessels. A part of the mid-scale vessels targeted shrimps or sakura shrimp (Lucensosergia
lucens) and Taiwan mauxia (Acetes intermedius). The small-scale fishing rafts targeted
miscellaneous shrimp. The pair trawl and pelagic pair trawl mid- and small-scale vessels
targeted larval anchovy.

Table 1. Summary of the sampled fishing vessels and catches by trawl fishing gear and vessel size.

.1 Fishing Gear (% of All Vessels) Number Catches
Vessel Size oT PT LA ST SKT TMT  of Vessel (ton)
CTR 0.8 11.9 10.5 9.5 - - 102 2720
Small CTO 0.5 - - 0.9 - - 11 8

CT1 0.8 - 13 19 0.8 0.8 22 173
CT2 5.9 8.6 36.8 4.9 3.0 6.4 114 5163

Middle CT3 53.6 50.3 50 6.8 80.9 84.8 530 58,393

CT4 30 28.1 13 3.2 12.7 6.4 286 21,402
Large CT5 6.5 1.1 - 0.1 2.5 1.6 52 4531
CTo6 19 - - - - - 15 2993

total 780 185 76 213 236 125 1132 95,384

! Size categories indicating the gross register tonnage (GRT) for the Taiwanese vessels: CTR for fishing craft, CTO for <5 GRT, CT1 for 5-9
GRT, CT2 for 10-19 GRT, CT3 for 20—49 GRT, CT4 for 50-99 GRT, CT5 for 100-199 GRT, and CT6 for 200-499 GRT.
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The structure of coastal and offshore trawl fisheries in Taiwan consisted of mid-scale
otter trawler. Diverse trawl gears were used in small-scale vessels. Fishermen changed
their fishing gear within the specified period, as observed in 31% of all sampled vessels
(351 vessels).

3.2. Catch Meétier

From the first step analysis results of HCA clustering, six target groups were deter-
mined by the dendrogram and the scree plot of the variance within the clusters (Figure 2
and Figure 52), as well as the ANOSIM test with the R statistic value of 0.555 (Figure S3a).
The determination of the number of clusters and the examination process are shown in
Table S3 and Figure S4. The main characteristics of each target group composition (Clus-
ters I-VI) are shown with boxplots in Figure 2 and Table 2. There was a variance in the
catch weight ratio of the target group of each cluster, indicating the difference among the
fishing trips.
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Figure 2. Hierarchical clustering dendrogram (a), and the six clusters (b), showing the main target group in catch

composition for the trawl fishery. The ratios in catch weight are shown in boxplots as inferred from the landing data for

each trip.
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Table 2. Composition characteristics classified from two-step clustering and into 18 defined catch métiers, which indicate
the different fishing patterns (gray block). The most frequent target species in each catch métier trips are presented, with
average catch weight in proportion.

Target Group | | no| o v \% VI

Cluster
Jacks and scads | 0.54 | 0.06 | 0.03 0.05 0.01 0.03
Seabreamaand | g | (49 | 0,03 0.15 0.02 0.04
snapper

Croakers | 0.03 | 0.04 | 0.04 0.13 0.03 0.02
Cephalopods | 0.05 | 0.51 | 0.02 0.06 0.02 0.04
Hairtails | 0.03 | 0.02 | 0.72 0.04 0.01 0.03

Shrimps | 0.03 | 0.03 | 0.02 0.05 0.69 0.16

Misc. | 0.15 | 0.16 | 0.09 0.16 0.15 0.64

Species

Neritic squid
Hairtails|

Larval anchovy|
Black croaker
Pacific rudderfish|
Red bigeye

Crabs|

Misc._1

Shrimps|
Thick-shell shrimp|
Spear shrimp
Taiwan mauxia shrimp|
Sakura shrimp
Sakura shrimp_2
Lizardfishes|
Misc._2

Misc._3]

Catch métier
Japanese jack
mackerel
Japanese scad | 0.04 - - - - - - - - - - - - - - - - -
Shrimp scad | 0.03 - - - - - -
Hairtails - - 0.72 - 0.05 0.06 0.06 - 0.04 - - - - 003|001 - - 003
Black pomfret | 0.04 - - - -
Red bigeye - - 0.02 - 0.05 0.07 029 -
White croaker - - 0.02 - - - -
Black croaker - - 0.02 - - 0.06 0.09 - - - - - - - - - - -
Pacific
rudderfish - - 0.02 - 006 045 0.12 - - - - - - - - - - -
Larval anchovy - - - -
Lizardfishes - 0.05 - - - - - - - - - - - - 017 005 -
Flatfish - - - - - - - 0.04 - 0.05 - 004 - - - - 008 -
Jarbua terapon - - - - - - - - 0.05 - - - - - - - - -
Porgies - - - - - - - - 0.04 - - - - - - - - -
Threadfin B ) ) B B B B B B B B ) } ) B 008 - B
breams
Neritic squid - 0.31 - - - - 0.04 - - - - - - - - 0.08 - -
Cuttlefish - 0.13 - - - - - 0.04 - - - - - - - - - -
Octopus - 0.03 - - - - - - - - - - - - - - - -
Blue swimming
crab
Three-spot
swimming crab
Tthk-sh ell - - - - - - - - - 0.04 0.15 - - - - - - -
shrimp
Red tail shrimp - - - - - - - - - 0.04 0.09 - - - - - - -
Sand shrimp - - - - - - - - - - 0.06 - - - - - - -
Spear shrimp - - - - - - - - - - - 055 - - - - - -
Taiwan mauxia
shrimp
Sakura shrimp - - - - - - - - - - - - - 074] 029 - - 0.03
Whiteleg - - - - - - - - - - , - - 006|001 - - -
shrimp
Other ]aCk and 0.05 _ _ - - - - - _ _ _ _ _ _ - 0.09 0.07 -
scad
Other fish - - - - 0.08 0.05 - 0.05 0.05 | 007 0.06 006 004 015| 064 0.07 0.16 0.61
Other shrimp - - - - - - - - - 044 007 005 - 002|002 - 005 004
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Clusters I, II, and III mainly targeted jacks and scads, cephalopods, and hairtails,
respectively. Their average catch proportion was more than 50%. In particular, the hairtails
in Cluster III reached 72%. Cluster V had a high average catch of shrimp (69%), but
captured other shrimp species in this group. Similar patterns were found in Clusters V and
VL. Given the huge number of trips in Clusters IV, V, and VI, and their unclear and hidden
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catch information in the profile, these clusters were then further examined in the second
step of the clustering analysis, with high-resolution data by species.

In all, we defined 18 catch métiers with the two-step data mining approach shown in
Figure S5, and the pertinent statistic test results showed significance (R: 0.937, Figure S3b).
In the first step, three métiers confirmed that fishing trips definitely targeted a similar
taxonomic group of species (Clusters I-III), and the rest of the 15 métiers were classified
from the second step processed on Clusters IV-VI. The results shown in Table 2 present
one major species accompanied by some associated species in each catch métier, which can
be observed from the composition profiles according to the average weight of catch per
species and defined by the target species tendency for every métier.

The fishing patterns in Clusters I-III were dominant, and could thus be classified with
low-resolution data. The trips in Cluster I mainly targeted the Carangidae species and were
most abundant in Japanese jack mackerel (Trachurus japonicus); major targets of Cluster II
were neritic squids (Uroteuthis spp.) and cuttlefish (Sepiidae); Cluster III was principally
composed of hairtails (Trichiurus spp.).

The target group in Cluster IV was consistent, and six sub-clusters were identified from
the second step of the clustering, namely larval anchovy, black croaker, Pacific rudderfish,
red bigeye, crabs, and a miscellaneous composition (Misc._1). The catch métier of larval
anchovy was composed of the larval stage of Japanese anchovy (Engraulis japonicus), oceanic
anchovy (Encrasicholina punctifer), and short-head anchovy (Encrasicholina heteroloba). This
is a traditional fishing pattern in Taiwan, so a large number of trips were distinguished.

The thick-shell shrimp (Metapenaeopsis barbata) and spear shrimp (Parapenaeus spp.)
are common species in coastal and offshore waters; sakura shrimp (Lucensosergia lucens)
and Taiwan mauxia shrimp (Acetes intermedius) are pelagic species and generally caught
by specific trawl gear in Taiwan. There were 5 catch métier, separated in Cluster V, that
target miscellaneous Shrimps, thick-shell shrimp, spear shrimp, Taiwan mauxia shrimp
and sakura shrimp, showing the dominant shrimp resources in Taiwan.

Cluster VI, with a miscellaneous composition, identified a relatively high-frequency
catch of lizardfishes (Synodontidae) and sakura shrimp. The catch métier of sakura
shrimp_2 is most abundant catch, with a relative high percentage of sakura shrimp. This
represents a specific fishing pattern that targets sakura shrimp. The rest of Cluster VI was
identified as having no specific targeting of sub-clusters (Misc._2 and Misc._3).

3.3. Fishing Performance among Catch Métiers

The major target species revealed in each catch métier showed the trends of the
fishery resources exploited in the trawl fisheries in Taiwan, with the main species being
cephalopod, fish, crab, and shrimp. The number of trips within a specific catch métier and
the gear used in each trip are shown in Table 3.

Neritic squids were the main harvest in summer (June to September), but the target
of this cluster included hairtails, Japanese jack mackerel, black croaker, pacific rudderfish,
and red bigeye, which showed peak catch in autumn and winter (October—February).
The Japanese jack mackerel, black croaker, and red bigeye continued to be captured until
spring (March-May). The fishing period of larval anchovy showed a peak during spring to
autumn, while the lizardfishes were dominant in summer and autumn (June-October) and
crabs in autumn.

Shrimps could be harvested the whole year (catch métier of shrimps and thick-shell
shrimp), with specific seasons for certain species, depending on the targeting. For example,
the catches of spear shrimp and sukura shrimp increased in winter and spring (November—
May), and the Taiwan mauxia shrimp appeared in summer and autumn (July-November).

High proportions of hairtails and larval anchovy were observed in the catch for the PT
(77.0%) and larval anchovy in the LA (97.2%). Crabs were mainly harvested by the ST and
the SKT, while the Taiwan mauxia shrimp was caught by middle-water trawl gear. The
thick-shell shrimp and spear shrimp showed a similar probability of being captured by the
OT and the ST.
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Table 3. Catch métier characteristics by fishing season and the main fishing gear, from the results of two-step clustering

analysis. The fishing season is presented as the frequency of the trips in each catch métier. The trip percentage (%) indicates

the main fishing gear used for the trawl fishery.

Fishing G
Cluster and Fishing Season (Month) IST 1.ng o/ear
Catch Métier (Trips %)
Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep. Oct. Nov. Dec. OT PT LA ST SKT TMT
Cluster I

Japanese Jack Mackerel
Cluster I1

Neritic Squid
Cluster I1I
Hairtails

Cluster IV

Larval Anchovy
Black Croaker
Pacific Rudderfish
Red Bigeye

Crabs

Misc._1

Cluster V

Shrimps
Thick-Shell Shrimp
Spear Shrimp
Taiwan Mauxia Shrimp
Sakura Shrimp
Cluster VI

Sakura Shrimp_2
Lizardfishes
Misc._2

Misc._3

85.2 140 0.6 0.2 - -

880 24 - 96 0.1 -

212 770 06 02 038 0.1
59.9 114 16.7 119 0.0 -

03 25 972 - - -
99.1 07 - 02 0.1 -
935 63 - 02 - -
97.6 23 - 0.1 - -
127 04 - 869 - -
713 189 04 94 - -
311 1.0 - 337 220 125
485 08 - 48.0 26 0.2
325 26 - 594 55 -
534 0.1 - 46.6 - -
30 11 - - 0.1 95.9
47 01 - - 9.2 01
549 92 01 72 283 0.1
133 52 - - 815 -

883 63 05 48 0.1 0.1
55.6 158 0.3 27.7 05 0.2
702 99 - 34 162 02

3.4. Fishery Resources

According to the catch amount and catch proportion (Table 4), hairtails were the main
harvest species, accounting for 15.7% of the catch of the trawl fisheries. As the second
species in the trawl fisheries, the Japanese jack mackerel contributed 10.5% of the total
catches. In summary, hairtails, Japanese jack mackerel, sakura shrimp, neritic squids,
Taiwan mauxia shrimp, and larval anchovy were the main exploited fishery resources, and
accounted for 55% of the total catch in Taiwanese coastal and offshore trawl fisheries.

The estimated fishing maps from the VDR trajectory data for the catch métier are
shown in Figure 3. Most of the fishing process for the trawl fisheries was distributed in
waters off northeastern to western Taiwan. The hairtail fishing grounds were located in
Yilan Bay off north-eastern Taiwan and the coastal waters off western Taiwan from 24.5°N
(Figure 3a). The Japanese jack mackerel were caught in the waters off northern Taiwan, as
part of the resources in the southern part of the East China Sea (Figure 3b).

The fishing grounds for neritic squids were spread widely, with hot spots in the
northern and west-central waters in the Taiwan Strait and the southwestern waters off
Taiwan (Figure 3c). The sakura shrimp, Taiwan mauxia shrimp, and larval anchovy were
distributed close to the coast of southern Taiwan (Kaohsiung and Pingtung; Figure 3d—f).
Sakura shrimp and larval anchovy indicated the hot-spot fishing grounds in Yilan Bay
(Figure 3e,f).
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Table 4. Summary of the major harvest species caught in the trawl fishery from 2013-2019. Cumulative
percentages are shown for total catch of the top six species, which accounted for more than 55%.

Common Name Catch (ton) Catch % 2 Cumulative % 2
Hairtails 9335 15.7 15.7
Japanese Jack Mackerel 6271 10.5 26.2
Sakura Shrimp 5410 9.1 35.3
Neritic Squid 4691 79 43.2
Taiwan Mauxia Shrimp 4245 7.1 50.3
Larval Anchovy 3433 5.8 56.1
Thick-Shell Shrimp 1771 3.0 59.1
Pacific Rudderfish 1630 2.7 61.8
Silver Croaker 1523 2.6 64.4
Spear Shrimp 1485 2.5 66.9
Other 124 Species 19,715 33.1 100.0
134 Species Catches 59,509 - -
19 Unclassified Species Catches 35,875 - -
Total 95,384 - -

2 Only calculated with 134-species catches that excluded 19 catches of unclassified species.

Latitude (°N)

Longitude (°E)

Figure 3. Fishing distributions, as estimated using data from VDR for trips in specific catch métier; results are shown for (a)
hairtails, (b) Japanese jack mackerel, (c) neritic squid, (d) sakura shrimp, (e) Taiwan mauxia shrimp, and (f) larval anchovy
fishing grounds for the Taiwanese offshore and coastal trawl fishery.
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4. Discussion

Trawler operations are widely spread along the shelf of the southern East China Sea
and Taiwan Strait (TS). However, considerable fishing efforts are concentrated in specific
waters where oceanographic conditions are complex and associated with a high primary
production [50,51]. At the edge of the continental shelf, northeast of Taiwan (25-26° N;
Figure 1), the Kuroshio Current, Taiwan Strait Warm Current, and Mainland China Coastal
Current (CCC) are encountered seasonally, leading to high fishing exploitation of the
neritic squid [4,52] and pelagic species (e.g., Japanese jack mackerel), as observed in this
study. Similar patterns were found in the water of TS, particularly the Kaopin Submarine
Canyon [53-55], resulting in diverse fishing patterns and multiple fishing strategies in the
coastal and offshore trawl fisheries of Taiwan.

The data obtained from commercial fishery-dependent surveys were explored in this
study. High-resolution and extensive spatial and temporal information could be used
as the fundamental basis for implementation in fishery management [1,2,56]. The two
main fishery monitoring and surveillance systems developed in Taiwan, namely the VDR
system and the port sampling observer program, were demonstrated to be able to provide
a high quality of information from the monitoring system, which covered more than 70%
of the trips during the last decade. This set of big data, with long-term series information,
integrated information regarding target species, gear type, fishing activities, and the spatial
distribution of fishery resources, covering a large area of the fishing ground for trawl
fisheries. This study was the first to interpret the structure of a mixed trawl fishery, with
all of the available fishery information, and using a catch métier approach to illustrate the
hot-spot distributions for the target groups.

In the present study, a two-step approach was sued to deal with the set of big data
of the landings per trip. The clustering could gathered similar characteristics (catch com-
position) among the fishing trips and provided insights into the resources exploited. The
hierarchical clustering performed well and efficiently, providing a robust interpretation of
the fishery structure of the trawl fisheries; to the best of our knowledge, similar analysis
was conducted in previous studies [6,7,19,20,23,25-34,40]. This approach to defining the
fleet structure and catch métier in mixed fisheries was applied successfully. Differently
from the traditional clustering approach, this hierarchical clustering framework provided a
novel choice for classifying the relationship of the catch métiers [57].

Moreover, we used a two-step approach to solve the issue of different data resolutions
and classify the appropriate clusters, which represented the catch compositions of the
trawl fisheries well. The initial data mining procedure could gather information within
the cluster by similar features. However, similar species compositions from large clusters
might result from diverse fishing strategies, without an obvious tendency towards the
target group; for example, six sub-clusters were separated from Cluster IV in the second
step of clustering based on high-resolution data (species). This was because the information
of the specific catch tendencies (target group) was insufficient to be used to identify the
trips in the first step of clustering. The shrimp resources in Cluster V were a dominant
fishery component in the trawlers in Taiwan, but diverse fishing strategies existed in the
trawl fisheries in this study. This could be expected, and it further demonstrated that the
catch métiers consisted of five target shrimp species in these fisheries.

The catch métiers defined in this study performed well in terms of identifying the
target groups by specific trawl gear, as shown in Table 3. Larval anchovy, Taiwan mauxia
shrimp, and sakura shrimp were indicated as the main target species in midwater trawl
fisheries, according to the specific fishing strategies for trawler fishing in Taiwan [8]. We
also interviewed the observers at the fishing ports with the largest production of hairtails
and confirmed that the pair trawlers targeted hairtails during the fishing season by using a
specific trawl net, as shown and suggested by the catch métier of hairtails. The estimated
fishing process distributions corresponded well with the actual trawl fishing grounds for
the trips of the sakura shrimp and Taiwan mauxia shrimp métier (Figure 3d,e). Moreover,
the hot spots located on the northeastern and southwestern coast of Taiwan confirmed



J. Mar. Sci. Eng. 2021, 9, 480

110f 14

the high production and prosperous fishing in these counties. The results from this study
could be used to infer and trace back the fishing grounds and operation patterns associated
with diverse fishing strategies and complex landing species [21,28,58-60].

We summarized the targeting groups for highly exploited fishery resources in Taiwan
used by the trawl fisheries on the basis of long-term data and the catch métier approach
(Table 3). The fishermen targeted species depending on their experience, by season, and by
area in advance, and shifted their fishing activity and tendencies accordingly [58,61-64].
The trip with the catch métier could be used as a proxy for monitoring coastal and off-
shore fishery resources [7]. Moreover, the fishing footprints obtained using VDR in high-
resolution data tracking, such as automatic identification systems (AIS) and vessel mon-
itoring systems (VMS), could be used to assess the data coverage and fleet dynamics of
fishing activity [65-67]. In this study, we found that fishing strategies and tactics varied
by season, vessel size, gear type, and spatial ground in coastal waters, particularly in the
case of small-scale vessels [18,20]. In addition, we aimed to illustrate the successful use
of developing catch profiles or components according to a “métier unit,” which would
be useful to understand specific fishing strategies and correlate the relationships among
tempo-spatial metrics of fishery structure, with social and economic variables in a next step.

5. Conclusions

A management schema of multispecies and mixed fisheries could be based on the
single-stock assessments combined with the knowledge about the associated species com-
position. For the sustainable development of coastal and offshore trawl fisheries, we
suggest that the fishery resources of hairtails, Japanese jack mackerel, larval anchovy,
sakura shrimp, Taiwan mauxia shrimp, and neritic squid in trawl fisheries be managed
appropriately with this catch métier-based approach, in order to maintain the production.
In response to the requirements for monitoring, control, and surveillance (MCS) of fishery
activities, the amount of information regarding fishing activity has increased notably and
rapidly in recent years. It would be a challenge to uncover the fishing activity using con-
ventional approaches, which emphasizes the need to develop novel analytic approaches to
handle the information from the fishing activity process more effectively and efficiently.
Nevertheless, the monitoring of the exploitation status, as indicated by the catch métier
defined in this study, could help to improve the stock assessment and fishery management
measures for ecosystem consideration.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jmse9050480/s1, Figure S1: The percentage of landing data that match with the VDR records
for trips by fishing gear in the study period, Figure S2: The scree plot of within cluster distances sum
of squares, Figure S3: ANOSIM plot of the (a) 6 target group clusters and (b) 18 catch métiers with
statistic R and p-value based on catch composition in landing data, Figure S4: The diagram of change
of target group composition profiles from different cluster numbers. The 6 clusters were determined
to clearly separate the trips that main target Cephalopods (code 15) and Miscellaneous (code 22),
Figure S5: The diagram of the two-step clustering process. We determined 6 clusters interpreted
the group of trips to target homogenous fishery resources (low-resolution data of target group) in
the first step. Given the huge number of trips and fuzzy hidden catch information in Clusters IV,
V, and VI, cluster analysis was conducted using species composition in the second step, Table S1:
The species for the target group of the trawl fishery in coastal and offshore water off Taiwan. Target
groups aggregated homogeneous species according to taxonomy (target group code 1-21). Species
with low economic value but frequently caught are shown in the miscellaneous group (code 22).
Main fishery resources are presented for the trawl fishery, Table S2: Fishing speed criterion by gear
type for the trawl fishery in Taiwan, Table S3: The total sum of square within the groups and the
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