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Seasonal Variation in the Catch Composition of Gillnet Fisheries in the

Southwestern Waters off Taiwan

Yu-Kai Chen, Yan-Chi Lan” and Jinn-Shing Weng

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

This study investigated the catch composition and status of gillnet fisheries using landing data
collected from southwestern Taiwan between 2015 and 2019. In 2019, 136, 262, and 37 vessels with active
landing records were identified in Tainan, Kaohsiung, and Pingtung, respectively. A total of 229, 252, and
106 fish taxa were recorded across these regions. Overall, landings were lower from May to August and
peaked from October to February, a trend that coincided with the northeast monsoon during autumn and
winter. In Tainan, the top five species — Parastromateus niger, Trichiurus spp., Chrysochir aureus,
Eleutheronema rhadinum, and Saurida spp. — accounted for 37.1% of the total catch. In Kaohsiung, the
dominant species were Trichiurus spp., Portunus pelagicus, Atrobucca nibe, Portunus sanguinolentus, and
Sepia pharaonis(57.4% of total catch). In Pingtung, the top five species — Trichiurusspp., Parastromateus
niger, Pomadasys kaakan, Atrobucca nibe, and Leiognathus equulus — constituted 70.0% of the catch.
Hierarchical cluster analysis and non-metric multidimensional scaling (nMDS) revealed significant regional
differences in catch structure. Interannual variations from 2015 to 2019 were weak for Tainan and
Kaohsiung but significant for Pingtung. Furthermore, the catch composition exhibited strong seasonality in
all counties. In conclusion, the spatio-temporal dynamics of gillnet catches are distinct for each county in

southwestern Taiwan.

Key words: gillnet fisheries, catch composition, demersal fishes, seasonal variation

INTRODUCTION

Gillnets are an essential fishing gear for coastal
and offshore domestic fisheries in Taiwanese waters.
Their advantages include operational simplicity, low

cost, and the flexibility to change mesh sizes quickly

to target different species (Hovgard and Lassen, 2000).

Consequently, they are extensively used by small-
scale local fishing vessels in the waters off
southwestern Taiwan.

In the past, studies concerning gillnet use in
Taiwan primarily focused on mesh selectivity and
catch efficiency for specific target fish. Examples
include blackhead
(Acanthopagrus schlegelii) (Huang, 2004), rabbitfish

research  on seabream

*Correspondence: No. 6, Yugang N. 3rd Rd., Qianzhen
Dist., Kaohsiung City, Taiwan. TEL: (07) 821-8103 ext.
219; Fax: (07) 821-8205; E-mail: yclan@mail.tfrin.
gov.tw

(Sganus canaliculatus) (Huang, 2004), croaker
(Johnius distinctus) (Hsueh, 2006), and blue sea chub
(Kyphosus cinerascens and K. lembus) (Lai, 2002).
More recently, studies on the fish assemblage
structure of gillnet fisheries have been conducted in
areas such as the Chang-Yuen Rise (Lee, 2015), the
coastal waters of Tamsui (Lo et al., 2017), and waters
off northwestern Taiwan (Su et al., 2017).
Furthermore, Sung (2018) analyzed the overall spatio-
temporal characteristics of fishing operations for the
gillnet fishery in the waters surrounding Taiwan.
However, specific information on the catch
composition of gillnet fisheries in the southwestern
waters of Taiwan remains limited.

Fishery landing records have shown a
continuously decreasing trend in the coastal waters of
Taiwan in recent decades (Chou, 2006). Although most
gillnet fishing vessels are small-scale and local, they
make a substantial contribution to total fishery

production (Fisheries Agency, 2019). Therefore, this
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study aims to present detailed fishery information and
analyze the catch compositions of gillnet fisheries in
the southwestern waters of Taiwan. The results derived
from this study will establish baseline information on
coastal demersal fishes, providing baseline information

for fisheries management

MATERIALS AND METHODS

1. Fishery Data

The gillnet fishery landing data used in this study
were collected from the port sampling observer
program managed by the Fisheries Agency of Taiwan.
Daily landing records from 13 fishing ports in Tainan
City, Kaohsiung City, and Pingtung County between
2015 - 2019 were analyzed. These data include vessel
size category, trip duration (days), gear type, and
landing weight by species (kg) for each vessel. Vessel
size categories were based on the Taiwanese Gross
Register Tonnage (GRT) system: CTS for sampan,
CTR for fishing craft, CTO for <5 GRT, CT1 for 5 -
9 GRT, CT2 for 10 - 19 GRT, and CT3 for 20 - 49
GRT.

2. Catch Composition

In the southwestern waters of Taiwan, most
gillnet vessels operate as day-boats, returning to their
original port within 24 hours. Consequently, their
fishing grounds are primarily located in the coastal
and offshore waters adjacent to each county. This
criterion was applied to exclude data from vessels
operating outside their home county's waters.
Subsequently, we analyzed the number of active
vessels, landings by vessel size category, interannual
and monthly landing variations, catch composition,

and fishing seasons.
3. Assemblage Structures

The abundance index for each species or taxon
was standardized as the weight per vessel per day
(kg/vessel/day) on a monthly basis. Hierarchical
cluster analysis and non-metric multidimensional

scaling (nMDS) ordinations were employed to group

and visualize months with similar assemblage
compositions. Only the top 30 taxa by total landing
weight in each county were included in the analysis.
Abundance data were log(x+l) transformed to
normalize distributions and homogenize variances
before generating a Bray—Curtis similarity matrix
(Bray and Curtis, 1957). Group-average linking was
used to delineate clusters with distinct structures.
One-way analysis of similarity (ANOSIM) was
applied to test for significant differences between
assemblages. For pairwise comparisons, R-statistic
values were used to determine group dissimilarity,
where R values near 0 indicate similarity and values
near 1 indicate complete distinctness. Finally,
similarity percentage analysis (SIMPER) was
employed to identify the taxa contributing most to
group differences (Clarke, 1993). All analyses were
conducted using PRIMER v.6.0 (Clarke and Warwick,
2001).

RESULTS

1. Fishing Vessels and Operating Days

According to the Fisheries Satistical Yearbook
(2019), the number of registered gillnet vessels in
Tainan, Kaohsiung, and Pingtung was 889, 824, and
213, respectively. In this study, we examined landing
data from the port observer program and excluded
vessels without active operation records in 2019.
Furthermore, vessels with fewer than 20 landing days
per year were excluded from further analysis to ensure
the focus remained on active commercial operations.

Based on these criteria, 136 vessels in Tainan were
recorded with active landing records in 2019, of which
56.8% were CTR and 16.9% were CT2 vessels.
Ultimately, 86 vessels were identified as main fishing
vessels, averaging 88 days of operation per year. In
Kaohsiung, 262 vessels had active landing records (66.6%
CTR), with 169 main fishing vessels averaging 96 days
per year. Pingtung had 37 vessels with active records
(100% CTR), with 24 main fishing vessels averaging
83 days per year. The maximum annual operating days
for individual vessels were 225, 290, and 217 days for

Tainan, Kaohsiung, and Pingtung, respectively.
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Fig. 1 Mean daily landings (kg/vessel/day) of gillnet
fisheries across different vessel size categories in Tainan,
Kaohsiung, and Pingtung during 2015 - 2019. Vessel size
categories follow the Taiwanese classification system
based on gross register tonnage (GRT): CTS for sampan,
CTR (fishing craft), CTO (<5 GRT), CT1 (5 - 9 GRT), CT2
(10 - 19 GRT), and CT3 (20 - 49 GRT).

2. Average Landings by Size Category

For gillnet fisheries in Tainan, the mean catch per
unit effort (CPUE) during the study period for CT1,
CT2, and CT3 vessels was 40 kg/vessel/day (Fig. 1),
while CTR vessels averaged 20 kg/vessel/day. Annual
variations in Tainan were relatively minor. In
Kaohsiung, the mean CPUE ranged from 25 - 30

kg/vessel/day for CT2 and CT3 vessels and was 13
kg/vessel/day for CTR vessels. These values were
lower than those in Tainan and exhibited greater
interannual variation. In Pingtung, the mean CPUE for

CTR vessels was 34 kg/vessel/day.

3. Seasonal Variations of Landings

Monthly landings (Fig. 2) exhibited a distinct
seasonal pattern in the southwestern waters of Taiwan.
Overall, landings were lowest during the summer
months (May - August). In September, landings began
to increase following the end of the southwest monsoon.
The peak season lasted from October—February,
coinciding with the prevailing northeast monsoon and
differed

significantly between the low and high seasons, with

cooler water temperatures. Landings

the most pronounced variation observed in Pingtung.

4. Catch Composition

Landing data from 2019 recorded 229, 252, and 106
taxa in Tainan, Kaohsiung, and Pingtung, respectively.
Catch compositions were more diverse in Tainan and
Kaohsiung compared to Pingtung. In Tainan, the top five
species by weight were Parastromateus niger,
Trichiurus spp., Chrysochir aureus, Eleutheronema
rhadinum, and Saurida spp., accounting for 37.1% of the
total catch. In Kaohsiung, the dominant taxa were
Trichiurus spp., Portunus pelagicus, Atrobucca nibe,
Portunus sanguinolentus, and Sepia pharaonis (57.4%
of the total catch). In Pingtung, the top five species were
Trichiurus spp., Parastromateus niger, Pomadasys
kaakan, Atrobucca nibe, and Leiognathus equulus,
comprising 70.0% of the total catch.

5. Assemblage Structures of Fishes

(1) Spatial differences

Cluster analysis based on the monthly fish
composition for each county was performed.
Differences among Tainan, Kaohsiung, and Pingtung
were highly significant, as indicated by the high R-
statistics in the ANOSIM analysis (Global R= 0.93)
based on the a priori factor of county. Moreover, the
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Fig. 2 Comparison of monthly gillnet landings across three regions from 2015 to 2019.

nMDS ordination showed clear separation among
counties, with data points from the same location
clustering together (Fig. 3).

The SIMPER routine was applied to identify the
taxa characteristic of each assemblage and those most
responsible for differences between them. Results
showed that species compositions were particularly
between the

distinct Tainan/Kaohsiung and

Tainan/Pingtung  groups, with high average
dissimilarity values of 73.7% and 76.6%, respectively
(Table 1). The first ten taxa contributed to 62.95% and
57.98% of the measured dissimilarity for Tainan and
Kaohsiung, respectively. By comparison, the average
dissimilarity (63.8) was relatively lower for the

Kaohsiung/Pingtung group.

(2) Interannual differences

The nMDS ordination produced a poor
representation of the structure of fish assemblages
when grouped by year for each county (Fig. 4). For
Tainan, the overall interannual differences were minor,
as indicated by the low R-statistics (Global R=10.116;
Table 2a), and pairwise tests showed no significant
differences between years. For Kaohsiung, the overall
interannual differences were also weak (Global R =
0.226; Table 2a). In contrast, for Pingtung, the overall
differences among years were significant (Global R=
0.501; Table 2a). Pairwise tests indicated that
interannual differences were strong, while the
differences among 2016, 2017, and 2018 remained
weak (Table 2a).



Seasonal Catch of Gillnet Fisheries in Southwestern Taiwan 5

Table 1 Results of the similarity percentage (SIMPER) analysis showing the contribution of dominant taxa to the
dissimilarities in fish assemblage structures among Tainan, Kaohsiung, and Pingtung

Comparison / Taxa Average abundance Average dissimilarity ~ Cumulative contribution (%)
Tainan vs. Kaohsiung Tainan Kaohsiung (Total: 73.7%)

Chrysochir aureus 2.01 0 5.84 7.93
Pomadasys kaakan 2.16 0.22 5.68 15.64
Pampus argenteus 1.70 0 4.90 22.29
Ichthyscopus lebeck 1.65 0 4.79 28.79
Drepane punctata 1.60 0 4.71 35.19
Penaeus penicillatus 1.56 0 4.54 41.35
Saurida spp. 1.75 0.40 4.34 47.25
Trichiurus spp. 1.89 1.17 4.03 52.71
Scomberoides commersonnianus 1.35 0 3.86 57.95
Pomadasys argenteus 1.39 0.10 3.68 62.95
Tainan vs. Pingtung Tainan Pingtung (Total: 76.6%)

Chrysochir aureus 2.01 0 5.52 7.20
Portunus pelagicus 1.89 0 5.24 14.04
Pampus argenteus 1.70 0 4.63 20.09
Ichthyscopus pollicaris 1.65 0 4.52 25.99
Trichiurus spp. 1.89 2.37 4.32 31.63
Penaeus penicillatus 1.56 0 4.28 37.22
Sepia pharaonis 1.48 0 4.11 42.58
Portunus sanguinolentus 1.47 0 4.06 47.87
Drepane punctata 1.60 0.15 4.05 53.16
Saurida spp. 1.75 0.63 3.69 57.98
Kaohsiung vs. Pingtung Kaohsiung  Pingtung (Total: 63.8%)

Trichiurus spp. 1.17 2.37 11.77 18.67
Portunus pelagicus 1.07 0 8.19 31.65
Pomadasys kaakan 0.22 1.04 6.94 52.85
Portunus sanguinolentus 0.85 0 6.44 60.09
Atrobucca nibe 0.88 1.19 4.57 65.31
Saurida spp. 0.40 0.63 3.29 70.43
Johnius dussumieri 0.23 0.55 3.23 74.73
Sepia pharaonis 0.36 0 2.71 79.01
Megalaspis cordyla 0 0.40 2.70 83.24

Leiognathus equulus 0 0.40 2.67 87.02
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Table 2 Results of the one-way analysis of similarity (ANOSIM) for differences in fish assemblage structures in each
county off southwestern Taiwan during 2015 - 2019, based on the factors of (a) year and (b) season

Tainan Kaohsiung Pingtung
Comparison group R Signif. Level R Signif. level R Signif. level
(%) (%) (%)
(a) Year Global R: Global R: Global R:
0.116 0.226 0.501
2015, 2016 0.07 12.1 0.10 5.7 0.37 0.2
2015, 2017 0.22 0.7 0.43 0.1 0.64 0.1
2015, 2018 0.27 0.6 0.53 0.1 0.67 0.1
2015, 2019 0.30 0.2 0.57 0.1 0.83 0.1
2016, 2017 0.01 36.4 0.20 0.5 0.23 1.6
2016, 2018 0.09 9.4 0.16 2.7 0.34 0.3
2016, 2019 0.12 4.4 0.27 0.5 0.74 0.1
2017, 2018 0.03 22.1 0.03 24.6 0.18 1.1
2017, 2019 0.09 8.0 0.02 31.3 0.57 0.1
2018, 2019 -0.02 51.5 0.00 40.6 0.65 0.1
(b) Season Global R: Global R: Global R:
0.687 0.478 0.221
Winter, Spring 0.73 0.1 0.29 0.1 0.27 0.1
Winter, Summer 0.98 0.1 0.83 0.1 0.41 0.1
Winter, Autumn 0.60 0.1 0.38 0.1 0.17 0.1
Spring, Summer 0.62 0.1 0.40 0.1 0.08 9.2
Spring, Autumn 0.64 0.1 0.48 0.1 0.22 0.2
Summer, Autumn 0.62 0.1 0.52 0.1 0.19 0.3
2D Stress: 0.15
A County
A Tainan
A ¥ Kachsiung
A “ Pingtung
A A& A A Similarity
A A Aa _ 50 |
AATAA 4
i AL A
A A
v v : A At
A
v £ Al
w —
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Y
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Fig. 3 Non-metric multidimensional scaling (nMDS) ordination of the fish assemblage structure of gillnet fisheries
among Tainan, Kaohsiung, and Pingtung during 2015 - 2019. Each symbol represents an individual sampling month.
Data were log(x+1) transformed and analyzed based on Bray-Curtis similarity (2D stress = 0.15). Dashed lines indicate
50% similarity clusters determined by group-average cluster analysis.
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Fig. 5 Seasonal differences in the fish assemblage
structure of gillnet fisheries for each county during
2015 -2019. Each symbol represents an individual
sampling month. Seasons are defined as: Winter
(December - February), Spring (March - May), Summer
(June - August), and Autumn (September - November).
Data were log(x+1) transformed based on Bray-Curtis
similarity; 2D stress values are indicated on each
ordination plot.

(3) Seasonal differences

The nMDS ordinations derived from monthly fish
compositions showed significant seasonal structures
for Tainan and Kaohsiung (Fig. 5), supported by high
R-statistics in the ANOSIM analysis (Table 2b). The

seasonality of fish assemblages was strongest for
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Table 3 SIMPER results showing the dominant taxa contributing to the seasonal fish assemblage structures for each

county off southwestern Taiwan during 2015 - 2019

Season /

County Tainan Kaohsiung Pingtung
Sim. Percent. : 62.3% Sim. Percent. : 65.6% Sim. Percent. : 61.3%
Trichiurus spp. (12.2) Trichiurus spp. (19.6) Trichiurus spp. (34.1)
Winter Saurida spp. (8.5) Portunus pelagicus (12.3) Saurida spp. (10.8)
Eleutheronema rhadinum (6.5) Portunus sanguinolentus (11.5)  Atrobucca nibe (9.4)
Scomberomorus commerson (5.9)  Saurida spp. (9.3) Pomadasys kaakan (6.3)
Penaeus penicillatus (5.8) Atrobucca nibe (8.6) Leiognathus equulus (6.2)
Sim. Percent. : 58.8% Sim. Percent. : 56.3% Sim. Percent. : 50.9%
Pomadasys kaakan (8.7) Atrobucca nibe (19.4) Trichiurus spp. (29.9)
Spring Alepes djedaba (7.6) Trichiurus spp. (14.7) Atrobucca nibe (18.3)
Atrobucca nibe (5.4) Portunus pelagicus (13.7) Pomadasys kaakan (13.4)
Penaeus penicillatus (4.8) Portunus sanguinolentus (11.3) ~ Nemipterus bathybius (7.7)
Drepane punctata (4.6) Saurida spp. (5.3) Saurida spp. (7.1)
Sim. Percent. : 68.7 % Sim. Percent. : 63.5% Sim. Percent. : 54.5%
Ichthyscopus lebeck (8.9) Portunus pelagicus (21.2) Atrobucca nibe (23.4)
Summer Portunus pelagicus (8.0) Atrobucca nibe (14.5) Trichiurus spp. (20.7)
Chrysochir aureus (7.9) Portunus sanguinolentus (13.3) ~ Pomadasys kaakan (15.8)
Drepane punctata (7.5) Trichiurus spp. (7.3) Johnius dussumieri (9)
Pomadasys kaakan (7.3) Terapon jarbua (6.1) Saurida spp. (6.3)
Sim. Percent. : 65.7% Sim. Percent. : 65.3% Sim. Percent. : 56.3%
Portunus pelagicus (7.3) Trichiurus spp. (21.2) Trichiurus spp. (24.9)
Autumn Chrysochir aureus (6.4) Portunus pelagicus (19.4) Atrobucca nibe (16.3)

Sepia pharaonis (6.1)
Pomadasys kaakan (5.0)

Pomadasys argenteus (4.9)

Sepia pharaonis (10.2)
Portunus sanguinolentus (9.3)

Atrobucca nibe (8.8)

Pomadasys kaakan (9.8)
Megalaspis cordyla (5.7)
Saurida spp. (5.3)

Tainan (Global R= 0.687), with significant differences
among all seasons. For Kaohsiung, the Global R value
(0.478) also indicated strong seasonality (Table 2b).
The only insignificant pairwise test was between winter
and spring (R = 0.29; Table 2b). For Pingtung, no
seasonal structures were observed in the nMDS
diagram (Fig. 5), and the Global R value was low
(0.221).

SIMPER analysis identified the top five taxa
contributing to within-group similarity for each season
(Table 3). For Tainan,
contributions to similarity were from Trichiurus spp.,
Pomadasys kaakan, |chthyscopus lebeck, and Portunus

the highest percentage

pelagicus for winter, spring, summer, and autumn,
respectively (Table 3). For Kaohsiung, Trichiurus spp.

was the primary contributor in both autumn and winter
and the second highest in spring. Additionally,
Atrobucca nibe was highest in spring and second in
summer. For Pingtung, Trichiurusspp. was the primary
contributor in winter, spring, and autumn, while
Atrobucca nibe was the highest contributing taxon in

summer.
6. Fishing Seasons

The fishing seasons of the aforementioned
dominant taxa for each county are summarized in
Fig. 6 and classified into three categories: main
fishing season, secondary fishing season, and non-
fishing season. Overall, fishes in Tainan exhibited the

most pronounced seasonality, while Pingtung also
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I ain I Secondary [ | Irregular

Tainan
Trichiurus spp.
Eleutheronema rhadinum
Sepia pharaonis
Portunus pelagicus
Pomadasys kaakan

Penaeus penicillatus

Farastromateus niger

Chrysochir aureus
Atrobucca nibe
Kaohsiung
Trichiurus spp.
Portunus pelagicus
Atrobucca nibe
Portunus sanguinolentus
Terapon jarbua
Sepia pharaonis
Saurida spp.
Nemipterus spp.
Pomadasys kaakan
Alepes dfedaba

Trichiurus spp.
Atrobucca nibe
Pomadasys kaakan

Johnius dussumieri
Megalaspis cordyla
Saurica spp.

Priacanthus macracanthus
Parastromateus niger
Leiognathus equulus
Nemipterus bathybius

| Off-season

Fig. 6 Fishing seasons of the dominant catch taxa in gillnet fisheries for each county off southwestern Taiwan during

2015-2019.

showed strong seasonal trends. In contrast, fishing
seasons for individual taxa were relatively stable in
Kaohsiung, where the majority of species were caught

year-round.

DISCUSSION

The port sampling observer program managed by
the Fisheries Agency aims to facilitate the Monitoring,
Control, and Surveillance (MCS) of coastal and
offshore fisheries in Taiwan. This observer system has
been implemented across major fishing ports since
2013 (Lee et al., 2021), and the intensity and coverage
of these landing records are more robust and reliable
than traditional data collection methods, such as

logbooks or fisher self-reports. Consequently, the data

provided by this program are sufficient to offer reliable
insights into the gillnet fisheries examined in this study.

The results indicate that gillnet fishery resources
exhibit significant regional differences in the
southwestern waters of Taiwan. Spatial variations in
fish assemblage structures among Tainan, Kaohsiung,
and Pingtung were highly significant. Interannual
differences in assemblage structures were weak for
Tainan and Kaohsiung but significant for Pingtung.
Regarding seasonal variations, gillnet landings
demonstrated strong seasonality throughout the
region. Overall, landings were lowest during the
summer months (May - August) and peaked from
October - February, coinciding with the prevailing
northeast monsoon and cooler water temperatures

during the autumn and winter.
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These distinct patterns may be attributed to
differences in seabed topography and the benthic
environments of the fishing grounds across counties.
Furthermore, many species migrate through the
coastal and offshore waters of the study area for
spawning or in response to ocean circulation. Such
species include the melon seed chin Psenopsis
anomala (Wu et al., 2012; Sun €t al., 2023), black
pomfret Parastromateus niger (Mondal et al., 2023),
and fourfinger threadfin Eleutheronema rhadinum
(Sihombing et al., 2024). These migrations result in
the observed spatio-temporal differences in species
Therefore,  the

composition of gillnet catches remains distinct for

distribution. spatio-temporal
each county.

Bottom trawling and gillnets are the primary
fishing methods for demersal fishes in southwestern
Taiwan. While both fisheries target a wide variety of
species, their catches frequently  overlap.
Consequently, future studies on the spatio-temporal
structure of demersal fish communities should

integrate data from both fisheries to achieve a more

comprehensive understanding of population dynamics.

Such an integrated approach will facilitate the
development of effective management measures to
reach sustainability goals in the southwestern waters

of Taiwan.
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ST - SHRERENLRL T H < BB LIE R H iR HE
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Fig. 1 A female shrimp scad (Alepes djedaba) (FL =
168.6 mm; BW = 73.8 g) collected from Keziliao
Harbor, southwestern Taiwan.
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Table 1 Specimens of Alepes djedaba collected from November 2022 to October 2023 in the southwestern waters
off Taiwan
Female Male
Year  Month Total
n Range of FL  Range of BW n Range of FL  Range of BW
2022 Nov. 43 151.1-221.7 48.9-185.6 33 154.5-227.6 55.6-199.3 76
Dec. 28 162.3-228.8 63.8-214.5 32 165.7-226.8 67.4-212.4 60
2023 Jan. 16 163.1-212.5 89.0-106.6 25 163.2-225.6 67.5-185.1 41
Feb. 50 157.1-218.1 52.0-155.1 70 157.3-221.7 55.0-161.7 120
Mar. 19 165.0-193.5 69.0-110.8 41 160.0-195.6 68.6-114.3 60
Apr. 24 178.3-218.3 85.6-149.7 16 178.0-202.1 86.1-125.6 40
May 6 210.1-229.3  154.4-214.9 9 210.0-238.3  140.5-235.6 15
Jun. 19 156.0-232.3 54.6-190.3 35 141.7-247.5 38.0-242.7 54
Jul. 42 156.1-229.7 56.9-202.2 54 141.4-237.6 43.8-208.5 96
Aug. 27 151.4-211.2 50.7-138.6 24 135.2-222.5 39.5-160.6 51
Sep. 9 214.8-230.0  154.3-192.3 7 205.7-217.2  151.0-172.3 16
Oct. 28 160.8-202.3 57.4-136.6 30 155.3-193.4 55.9-103.7 58
Total 311 151.1-232.3 48.9-214.9 376 135.2-247.5 38.0-242.7 687

Note: FL, fork length (mm); BW, body weight (g); n, number of specimens.

250 1 @)
BW = 4.8 x 10-6FL3-22
200 9 eo_.941, n = 311
_ 150 A
e
2 100 A
50 |
0 , . . . .
0 50 100 150 200 250
300 -
(b)
250 4 BW =3.9 x 10-6FL3-26
R2=0.953, n = 376
200 -
® 150
> _
o
100 A
50 |
0 . . .
0 100 200 300

FL (mm)

Fig. 2 Relationship between fork length (FL) and body
weight (BW) for female (a) and male (b) shrimp scad
(Alepes djedaba) collected from the southwestern
waters off Taiwan during November 2022 to October
2023.
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AR - ML AR RTERS REUR - 3 H
Ko 6 FE ~ ELEBIRREE =5 RORRAE LR B
FFEF (x?=6.15,p<0.05) » BEh IR 2 fAME
B -

= ~ DAl EE R RS R

245 (2003) ~ Lee et al. (2005) ~ Wu et al.
(2012) SEHFFRATHIRTERE - K5 SMMIL S E 5 T
H RS E -

1. 2EBERIZHF (chromatin-nucleolus stage,
Cn)

Skt )N - NHREEREIEE - SMUREEEP
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Table 2 Monthly sample sizes of female and male Alepes djedaba collected from the southwestern waters off Taiwan
between November 2022 and October 2023

Year Month Number of female Number of male Sex ratio (%) X p-value
2022 Nov. 43 33 56.58 1.32 ns
Dec. 28 32 46.67 0.27 ns
2023 Jan. 16 25 39.02 1.98 ns
Feb. 50 70 41.67 3.33 ns
Mar. 19 41 31.67 8.07 0.0045*
Apr. 24 16 60.00 1.60 ns
May 6 9 40.00 0.60 ns
Jun. 19 35 35.19 4.74 0.0296*
Jul. 42 54 43.75 1.50 ns
Aug. 27 24 52.94 0.18 ns
Sep. 9 7 56.25 0.25 ns
Oct. 28 30 48.28 0.07 ns
Total 311 376 45.27 6.15 0.0131*

Notes: Sex ratio (%) indicates the proportion of females in the monthly or total samples.
Asterisks (*) denote significant differences according to the chi-square (x?) test (p < 0.05).

(A)
Cn, chromatin-nucleolus stage; Pn, peri-nucleolus stage; (B) Yv, yolk vesicle stage; (C) Ys1, primary yolk stage; (D)
Ys2, secondary yolk stage; (E) Ys3, tertiary yolk stage; (F) Mn, migratory nucleus stage; (G) Re, ripe egg stage; (H) Pof,
post-ovulatory follicle.

P& <0.05mm: & H&E etttk » HE 2185 0.10 - 0.15 mm ;2 (Fig. 3B) -

iz REiETERE (Fig. 3A) - .
4. #)FRENEHA (primary yolk stage, Ys1)
2. BE{=HA (peri-nucleolus stage, Pn) 3
HHH e B Sk A e/ N IR A B B R - IR AE
ELAAZARIIEEL - SRR 0.06 - 0.09 mm > JR 0.15- 0.24 mm Z [ (Fig. 3C) -

ERgimE (Fig. 3A) - -
5. 2URENEER (secondary yolk stage, Ys2)

3. JNEIBER (yolk vesicle stage, Yv )
TR AL Jo R B - SV ER B - B

GRRIAEA - BRaHIER IR R Nl - IIERATRY €1t 0.18 - 0.28 mm (Fig. 3D) »
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Fig. 4 Relationship between percent
maturity and fork length (FL) for
female Alepes djedaba collected from
the southwestern waters off Taiwan.
The fork length at 50% maturity (Lmso)

Matured percentage (%)

is indicated by the intersection of the 0 1w
logistic curve and the dashed lines.
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Fig. 5 Monthly frequency distribution of oocyte diameters for female Alepes djedaba collected from November 2022

to October 2023 in the southwestern waters off Taiwan.
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Fig. 6 Monthly frequency distribution of GSI for female Alepes djedaba (n=311) collected from November 2022 to

October 2023 in the southwestern waters off Taiwan.
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Fig. 7 Monthly variations in the proportion of ovarian maturation stages for female Alepes djedaba (n=311) collected
from November 2022 to October 2023 in the southwestern waters off Taiwan.
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Reproductive Biology of the Shrimp Scad (Alepes djedaba) in the
Southwestern Waters off Taiwan

Yu-Kai Chen, Yi-Shu Wu, Yang-Chi Lan" and Jihn-Shing Weng

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

The shrimp scad (Alepes djedaba) is one of the commercially important species caught by gillnet and bottom
trawl fisheries in the southwestern waters off Taiwan. However, information on its reproductive biology remains
limited. This study aimed to estimate the reproductive parameters of A. djedaba to support stock assessment and
fishery management. From November 2022 to October 2023, a total of 687 specimens were collected from
Dongshi, Mituo, and Keziliao fishing harbors. Among them, 311 were females and 376 were males, with a female
proportion (sex ratio) of 0.45. Fork length (FL) and body weight (BW) ranged from 151.1 to 232.3 mm and 48.9
to 214.9 g for females, and 135.2 to 247.5 mm and 38.0 to 242.7 g for males, respectively. The length-weight
relationships were BW = 4.8 x 10°FL*2? for females and BW = 3.9 x 10°FL*2 for males, showing a significant
difference between sexes. Based on the fluctuation of the gonadosomatic index (GSI) and histological observations,
the spawning season extended from February to September, with a peak from April to July. Fecundity (F) ranged
from 30,430 to 212,033 oocytes, with an average of 119,508 oocytes. The estimated length at 50% maturity (Luso)

for females was 198.4 mm FL.

Key words: length at maturity, gonadosomatic index, spawning season, Alepes djedaba

*Correspondence: No. 6, Yugang N. 3" Rd., Cianjhen District, Kaohsiung 80672, Taiwan. TEL: (07) 8218103 ext. 219;
E-mail: yclan@mail.tfrin.gov.tw
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Fig. 1 Survey sites included Dawulun, Bat Cave (Bianfudong), and 82.5K (Northern Coastal Highway), all situated
between Dawulun and Bitou Cape. One location was selected as the primary experimental site and designated as Site

A to prevent illegal harvesting. Areas with documented seeding or aquaculture activities (e.g., Keelung Islet, Chaojing,

Longdong, and Ma’ao) were excluded from this study.

Table 1 Characteristics of the three microsatellite loci used in Haliotis diversicolor (all with an annealing temperature

Tn=165°C)
Locus Repeat motif Primer sequence (5'-3') GenBank accession number
GTs (TOn F: ACAAACTCACACGCCTTACACGGCCA
R: TGGGGTTGGATATAATGGCAATGTCG
F: AGGGAACCGAGCTAGCACCCTA N
GA24 (TONAON . GTTTCACTTCCTGAAACCTCCTGT PV796470
GAGO2 (TGAG)n F: AGTTCTAGCCCTCAGCCCAG PV796468*

R: TCCAGTGAACAGCATGAGCATC

*Registered in this study.

=~ EEE RS
(—) DFIRECEEIKIR

HE R B A R L AL B A L B
FE ST (Microsatellite DNA/SSR) » ASHHFE%F
€T 2007 22 2008 £Ff]5 [#EAK H HAMER L
L. (H. diversicolor) KEAZENT ELIRISCE » 1T SSR
RO - I AR T KBRS (AR EH H
AL F LR THERE - AR < 11
#H SSR HEEC S A T A= JLFURAS S i 1L 108
msr (C108) #EFTTHRAES - WiAmEL R E HAE
BRI ER Z 3 #H SSR KD - Wit — S MR L
PCR fEsaRsE Liee(: (Table 1) - 1 18 JH WA ~
22 JH WB B 34 i C108 i sh = USRI ARER
T (F3 & F4) (R REPA R 2 R B THE AL

IRIRHZE N LR A AT LS » C108 FHEASHIAZ BINL
EEH RS EARDTTEE 2019 4 (KE 108)
P RS FAEIEET A L FLER B LA LRERRTTI 2K » B —
AT F1 B H 2O AR — AR -
F2 > DUMAAHE -

(Z) B8EE#A DNA (gDNA) Z£HY

0% 0.1 g JUFLAHR > A 500 pL lysis buffer
Ef 25 uL Proteinase K » F/MESHRERR 55°C /KB
FEEITHM - TS 20 BRINASFEE
phenol/chloroform » FE5HEA#LL 13,000 x g ~ 4°C
AL 10 min > B EIEIIGCIIA 6 fEHeta itk ZERE
& i DNA J( - BN -80°C S EEK - ZEHDL
13,000 x g ~ 4°C #.[» 30 min [E]I} DNA 70 > JIA
70% ZPEpEEee FERHE L BEER FIEROITR 2= T
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K27 > PR DUHE R TE buffer 75 DNA - DNA JRIE
BRI UL HHIE A260/A280 LEAE - Sl A fE
FHECAES TR 1.8 - 2.0 (2 RIFHERERT DNA FETE R
B8 PCR b AT -

(=) REBEERE (PCR) REMEMSF

FHEA 94°C » 5min £ - U7 31 {EFEER - FHK
TEERIK P % (denature) 94°C » 45 sec 5 &
(annealing) 65°C > 45 sec ; #EF: (elongation) 72°C »
60 sec ; FARfA 72°C ZEff 10 min BEPEAISES -
WEEERI 4°C kb -

(@) BXREBEDITLLE

PCR & ¥ DL 8% B M M Bk N & B
(polyacrylamide gel) JEFTEEVKSTHE - Gt LIERSD
SCERR G IARECER - E T IRBIEARARE H AR
JUFLE Fe &R S E A e it ARG H AR Y &
i - i L1 GeneTools 22 15 73 T #K 8 (version
4.3.10.0, Syngene, UK) FII5E H AR W B fBers R
HR - 19oRIB g ERHERIFE IR - DIHARE
YR LRI R B I Fr vk B =R By B R AR TE
B WEOR I B AT — 30k - 2= 2R
FRC o B AFE R (Pompanon et al., 2005) > FIJ3H
AR IR (peak volume) f=EEHIRE 20%
DT R FE BRSO AR HRRR - Bt Folde
RESIE Fr vk BB ol N2 S R Fr Br RIS RS
Bl R - RS A R T AL R
KT EEfIE (allelic binning correction) @ — A%
HEFFIIERCER 1 bp M REHIE - PR ERRE
FryRRECHER + 2 bp s HEHEE - &R Rl — 0 e
P Fr B Ry [Rl— SR RE A -

il GenAlEx 6.5 (Peakall and Smouse, 2012)
HREIIAT 3 #H SSR ML EF A B L LAY
BESERE2E > BEFAERE (Number of
alleles per locus, Na) ~ HXUEEAZKE (Number of
effective alleles, Ne) ~ Bl I %t & & (observed
- HEHASE
heterozygosity, He) ~ JTAFEH (Fis) ~ BEMEIEE
(Fst) ~ BERIR (Nm) ~ BG5S (Hardy-Weinberg
equilibrium, HWE) £ 5fks p {H »

heterozygosity, Ho) (expected

Y ~ /NI RS AR IR
(—) BRIl

ARFFEHEH] C108 (F3 & F4) EFTEERSAET]
R 0 2023 I A/ NEER) 14.30+0.36 mm 5 2024
R 15.73 £0.47 mm - SRR R G E
AL EBIE R 2R I EERHERC (diet-tagged)
RN TE A B L B L F LA B - B AR
LDIA 7k sHeml/kim - NGB A HEFEZ R H i ire
RIS —E HEE R Rl R O 2R I B
EFLESEHESEL -

(D) N3LEXERFEM

R Y B ERTLFLIRA S, - BB i
BUKRBIKR GG E R IR
TREEREAS » M7 AR A HuEE BBk B/
LA LS A B HA 2 H AR AR A . (FRSCHITE
Tk ERIHIZR N EERR B N B R RS AR RN - KR 1%
REELFEH R GRESEILFLBERS) - TR SRS
] B AR RSl 2 ] - MR TR R AE UM
B HEME AU ARSI RE - 0w i g
BB RIS AL R RENEK S
HEFARRE AL TS IR L -

(=) BEREHE

AWFFEo IR 2023 £ 5 2024 £ 5 F 2 &RAE
C108 > FEREAERSRSAFOEF AT T - Mg H R MgH
BAE UL A —HH B /K B N 2 R A B o
BB HERERE g > SR TR AR AR L
L FEFTERAIRGRC SR A N B B R
AR LA LIRS

i S S
— ~ MERSE Bt R,

RS B K EE B R A
FFEDR S TS M RO AL
SR M P I W B R SIS
Yigtsh » T i LT e 2
FAFLISREAES - IR E AT E R
IR — TS LR » Bk R
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Fié. 2 Photos of wild small abalone (Haliotis diversicolor) and rock abalone (Haliotis sp.). (a-d) Wild small abalone

exhibiting various shell colors and patterns; (e - f) rock abalone residing in rock pits excavated by sea urchins.

RAEIEF L ILFLESER - ARTEHRERATRE LI LB E
B A AL ESER P o SR - R TRy
HrALTIHRET b BT AR 82.5 K il 10 m IS
KA =R RS UAL - SRR Z 2NV
A AL AR e T M EHAEANS
i CLfLEIESEE T RPIRERD - HAEREREA D
S AIEIARRES (Fig. 2a - d) > B OARIREHER
HHINEIETLAL - SEEFRIILERRERRA
THPR A E - (RIS LUt 2 2R H
K BERH B R B — BoR o At R — 20 - fEA
BiF9E E 2 nT REERH BT BRE B E S L AL St ket
SR TERER - IR BIFTIRE RS 2 H AL kR
RO AR E - MO ERES BRI E
B RE R RO (AR 2 R A B i A4
TR EEA LR SR PTREM: - SR R ERAE A
R AN B RS A 04T DU HA IR B R RS
53 ARWPFeit Rt e B E R A —
B SMBIERET A LALARIL (B R EUE R
BRI o AR Mg A RO R
fifl (Fig. 2¢ - f) - @G EMEREHRRN
EST A SRR E SR - AR S8 FUHEDR
BUR > AW E A L] RERS IR R R
W2 (H.varia) > REMMHZEEZEA  AIIRAE
RERF R RS TR TR - SRR

iREE ~ FrAL TR S A 82.5K R
10 m PAIsAE 3 sty 1 EstER, (BRILfLk
REHR > AR EERERMEELL A HEEUR
L) FRBESNE AL HEBEE AT
B/ IMERSER 14.22 mm » G AEREHT 84.37 mm »
IR B E R TR E VS A JUFLIRRE - HRZ R,
BAHEE B O A DA — Ak - WA
RERERKEEAT L - ALtk
M FIRFEEA LA O EEEAE R - B LU
LR ZARk T HURHTZER RS A ShRETT %
RIE/RIHE > HERZHER AR 22k LA
%’ REHEEY Ry AT e 25 RS -

T A HBERER A UL RO BRI A

BT A HiBL 2 - 10 m 7K EEPA T EEEge B
SOSREI AT TS (Ubva spp.) ~ B
AESE (Gelidium elegans) ~ S (Pterocladiella
capillacea) ~ /NG (Petalonia binghamiae) ~ %5
BARE (Sarcodia suae) ~ $ERZEIRSE (Eucheuma
perplexum) [ % 5 % R ¥ (Sargassum
ilicifolium) % - BRI REUR 2024 55 H 26
H AT g 3R 13.75% 6 H 29 H ) 24.79%>
RerEiEiaslok (7 H NUEBRERE) BIZGRE - 8
H 4 HRENG B SRR 1.51% HOH 1 H
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Fig. 3 Variations in seawater temperature, macroalgal coverage, and the abundance of wild small abalone (Haliotis

diversicolor) observed at Site A from May to September 2024.

&‘S Tetrapod
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/\1 Rocky reef

Fig. 4 Schematic diagram of the —_ Sandy substrate

underwater environment at Site A.

JRIREE 29°C » LM ZEAL > BERER
f# 0.88% (Fig. 3) - [AIFf 8 H 4 HK 9 H 1 HERL
FREK T BRI HRE MR R E - %
IR ERRERII  FRAR BHIEE » 5340 IRa
TR B} e iR B B R B AR AR S I 1B 0L -
A 2024 FFRYK N IERAR GE 4 Xid) L
19 FHEF A JufL (Fig. 3) > P9 4.75 F/R - (EISE
HIE  REReY R R 0 8 H 4 Hikm= 17
9 FEEFAEJLAL > REAENHREEE G 2R
o6 JR G - 3L FLBE A SRR IIE S - 5
HsERg s - A REn B E R s -
A HhELEREIER) 15,000 m? - FEIIEEHE
Rl B BRa i EIs, (Fig. 4) - 8% 5,000 m? »
DL 2024 /KT AAIHR L= 19 FEEF A ALE
H o BER 0.0038 FH/m® ; S8 HAMMIEEIB 7R
2024 FERBEERRE S 0 MMTEAE A HuBER T K
AT 1 ROVEFA LIRS W BT AR AL 3%

AL T RE R B A AL ER D SRR
LI - KR ARG 2023 - 2024 FEE K
AR - B AL R ST L AT
N5 BEEEE - 1 s R ] RE RN
orflEe - N ART e - AR A TLrLA ST =0
I EH 2R B A SO AE A SR Bk DA R Ca [ 5 Ml
sk o TR

=~ BAENABIREZ I LAL 108 g
SRIBEZ R B

ARFFE DL =41 SSR 43 47 B 4 JufL & B
(WAB = WA & WB) Bl 5 fLFL 108 S %
(C108) » DIFFAL AR 2 S 2 A1 R R e RS
(Table 2) « 3 HTHERBEUR » WAB (2 A7 B K
(Na = 24.66) B SN K B (Ne = 16.821)
EEEEA C108 (Na=22.667 ; Ne=14.685) » B/ -0F
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A TG R B e I S (R IR S B[R T A 5
B~ WO HIEAESIE (He) B —EGHE: -
WAB (13- He 1y 0.934 > Bg /> C108 2 0.929 »
HURRIRE IS B R e R 2 B0 - 2RI Bt
G (Ho) 1 WAB Hf# Ly 0.264 » FHE KL C108
& 0.532 » 3HE WAB B ERTZREL (Fis =
0.72) » B H R B P9 17 A8 W B A & AU ik 2%
(heterozygote deficiency) ¥H% » 1y C108 JNEHES
RBUGR K FOITBIE TR (Fis = 0.427)  SE— 34T
HWE - =i SSR R RIfFHE H B B fmifE HWE
(p <0.001) - FUREEEREHE ATREZIEFEREACAD ~ 1%
FEX RS B SR R 2 -

WAB [l He {BAK Ho HYEMEASHERIGE -
FZ e WAB fGEFHEEAEE LR - (HREAN A
RITUAH R B A S B 52 - A SR R i )
T AR 3% S B R R R  — 2 - SRR Ry )
M AR B ERGE VT RIR - B S ERE
W HREEASRE (fine-scale population structure) » 3
S BURBEAE R E - B4 S 8L EE B R R
(Huang et al., 2000) » [} » 5 GEFREARS AR NRE
ECERIHIRE T » I AT REIE IR R S I
RS SHE— PR B S AR (Rl (R )
FOBE LN - BB CAEH i AER bR
#EE - 5201 Hara and Kikuchi (1992) 7E#0
(H. discus hannai) Fiif5 HRBRREHPEEISEEH S
RURRERIB S - (R R < R 2 A —
e EEK b R BB R B RER 2 5 BEURRHh
fG A BRI R T B RS RS « T Huang et al.
(2000) S ATIEINEIEIFEE (H. rubra) IRFJRHE M
B [ e B B T 2 AN [R] A T R e FR e e P
KA > 55 HWE fREEEFES AR - A5
WAB JREFIFIEE Z G RIER A I 52 - HERH
BRI HUR A RE B AE B A RS AR TG
SURHESN IR AT RE SR EZ IR AR A B PSR |
CHBEES MR AREUR - BAREITRINE
T LS S (B B > R ] RE T RO S
BIET 35 (inbreeding depression) 2 i@ -

EfEREME AT » WA B WB /74 iR
[ Fst {B Ry 0.025 > /[NfA 0.05 - BE/RFIREC [ E
UL (Table 3) o [E]RF - RIE ZERIEE
KL (Nm) 3% 10.01 (Table 3) - BERRIRE . FHI5#E
R BRI AR - e s B PR AR R e 2 B

DS HE LAy T HE S R S B St 2 L B Rl B
SRR R W e B A SR - TR ]
BEREERREE - BB SR R S JERERY
MU=t (H. rubra) » Temby et al. (2007) LA SSR &
FCHETT TR > BUBEZEEEEEE 100 m HUERELZ
[ - JrT el R ERE b (Fs=0.021) »
MU fa s B i v B N BB RS R Ry
18 - ABHFE WA B2 WB 15 R EL S —2 - #E
TR St e T P E A AE R E L bl PR A A R A
AL 2RI BRI 85 A LA — SRR SRR
JBEJ7 » BUWA Jx WB HYRRABIE R 30 36 - 2047
fi e L AR TREARE - ARIFEFR T B AR
AL - A AR S BT i P BT B A AR
A o E— R RAC AR AL LR B RIEE AR
BPRT ~ HuPE A R B AR T A AP SRR 3R
AAEREE ML © 59 0t WAB B4R R
C108 ZIH et L SR H b SRR Fst 5 0.017
Nm Fy 15.12 (Table 3) - BERFIE M R R E
LB = FEREIRIAZIR  JELAS SRAEHIEL C108 AR
B 5 | AR A4 LA URASET TR
Bl » {5 B T TR BT A e o P DR B TS 7 i (S s -
PRI > R T ELE S () T R b 2 JH ik
FEZE AR AR ARURAS - BRI B 2 o B
AR O E PR R A E R -

ey Bt R o B JLfLIG R IR —ERE
JERIEEA SR E R - R S R - BRI
FEPI LN A s iR SE A B Mg bt s
SR SN RS R o REAUREHS FRA R R A
/NS A BERRE SR PR IR BE VIS - Ry Ji i
TR T RN TSR - TR — PR A
B o S3—TJ5 1 » B AR B T R L (7 F N
F o BEURASKHES TR RS HE B JE G T e A 1
AP A AR A M B RS - DURE SR T AE AR AT
GollAERFEY A R R AR -

e o R - AR EE
BB AR U AL » A A S B R e B R A e
EITEE ST - [l - S RGBSR
(P BOEATRREN ~ BB R IRTE - JBLF
SUBRHEE - 1B Ry ARSI BEES &Ml e L1 6 B FR B A
R LMK - RAE TR A BT E PN
HEZHBE A IMEH ZFE AT (Li et al., 2004;
Gaffney, 2006; Hara and Sekino, 2007; Araki et al.,



32 WU - EiEd

Table 2 Summary of genetic variability between WAB and C108 populations

Population (N) Parameter GT5 GA24 GAGO02 Mean
R 366 - 453 361 - 454 324 - 460 -
Na 35 22 17 24.66
WAB Ne 25.197 12.96 12.305 16.821
N =40 Ho 0.475 0.167 0.152 0.264
He 0.960 0.923 0.919 0.934
Fis 0.505 0.819 0.835 0.720%**
R 384 - 466 398 - 460 336 - 476 -
Na 26 20 22 22.667
C108 Ne 17.126 10.804 16.126 14.685
N =34 Ho 0.441 0.500 0.656 0.532
He 0.942 0.907 0.938 0.929
Fis 0.531 0.449 0.300 0.427%**

R: allelic size range; Na: number of alleles per locus; Ne: number of effective alleles; Ho: observed heterozygosity; He:
expected heterozygosity; Fis: fixation index; P: probability value of Hardy-Weinberg equilibrium (HWE). Asterisks (***)

indicate significant deviation from HWE (P < 0.001).

Table 3 Summary of genetic differentiation and gene flow between population pairs

Population comparison Parameters GT5 CA24 GAGO02 Mean
Fst 0.021 0.023 0.03 0.025
WA compared with WB
Nm 11.5 10.52 8.02 10.01
Fst 0.013 0.019 0.017 0.017
WAB compared with C108
Nm 18.63 12.69 14.04 15.12

Fst: fixation index among populations; Nm: gene flow estimated from Fst = 0.25 (1-Fst) / Fst

2009; An et al., 2011; Habtemariam et al., 2015;
Dimond et al., 2022; Chang et al., 2024) » &1
A0 B TR AT e LA I B 2 e o Ty e e )
R EJeER R AGEEE BRI E TR - &
P iR AU AT HARRIRE TS - 9k
I T R S e i AN B 8 38 AR A (R 22 (B Y 1]
S o SRS R AR TR T I R R E ERE
JIIRGE VA e

VY ~ DAFEFAJLFL 108 S R TS FE /7
%

AWFFERGETEE LB THI 2 2023 £ 5 H 12
HAE A HiBG (B0 2 R/ B G ik
ikt Iurl) INREREAERT 200 FH C108 JLfl
(GRS R 2Rk ) BUEBURATEE T 10%580C

o BT 180 F8) - BT I 2023 45 H
25H-6H20H-7H19H -8 18 HE 9 H
15 HHHETT 5 BRI SRR EERE 1 -
2 FH C108 Jufl (Fig. 5) - MfleHe e R i
AT - SR ERIERT i ELA &
» [EIRFRT R A B R R BN — R B (A EE
o O RE R R MR R E N 23R 3
AL EHE RIS TR R RRIKEE (Fig. 5) - ifi
A AR RN B ~ ALReN ~ R5F ~ #RhL O
SERE R AL 5 fERe RS BRI > (lalff T 7§85 C108
JUFL > [EUKRAT 3.9% » BE R AERSE (1988) LR
AT B TIALBORE R 0.5% [ElffisR (2%
RO - R LB R 2 2 T
PEALRR S 2 -

ATRHIE 2024 4F- 5 H 26 HFERR A HiBkHE
IS - HORAY 558 H C108 (FERUR
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Fig. 5 Monthly photographic records of the recapture of small abalone (C108, Haliotis diversicolor) outplanted on
12 May 2023 at Site A. (a) Recaptured on 25 May; shell with visible color mark, length not measurable. (b) Recaptured
on 20 June; original shell 14.8 mm (green), 5.9 mm new growth (red). (c) Recaptured on 19 July; original shell 14.8

mm (green), 8.3 mm new growth (red). (d) Recaptured on 19 July; original shell 13.7 mm (green), 10.1 mm new growth

(red). (e) Recaptured on 18 August; original shell 15.3 mm (left, green) and 15.9 mm (right, green) with 10.9 mm and

8.9 mm new growth (red), respectively. (f) Recaptured on 15 September; original shell 12.0 mm (green), 16.0 mm new

growth (red).

ATECHE T 10% SRR - SUEBIGRA 502 #) - #%
R HAETTHE 3 ZGBHE - R 6 H 29 HEH 2 FH
C108 (Fig. 6) » [HHH=REHKT 0.4% > HEHIEIH=R T
TR - e 7 Himlegl KRR A - 8 H
e 9 HESECEREI/K N ERBEEE e Kb 3
JBEE RS INVE R EIRHEAIR ~ SRR S HZE -
DUSCBER BB S K R AR » BRI RS2 5]
e B » B 2023 ARPERS 5 RMEEGEIEIRITIK T
FEE AR - T 9 HIERK 10 A N SERE
EE B RE LIPE 5l S RS R RE - RER AL A
T BiREHEEERS R -

AW FERTSAE 1% P R LA LS B B S R
S AR T - HEER A B RITERT
JSET LRy FEI ] - LRSS SR B Tarr (1995) Jeig el
21 (1988) L H it d & 4 Y i B A I sy 5
FRAELL o Tarr (1995) HIFIRMEAETT 3 FAYHGR
BBEER > B 47% 190 R b
B HEZEUMEBRIEARN S A o BUREEE
B4 E B - 53— /51 » Tegner and Butler
(1985) BB i fa F TG 7R B i i £,

B RST IEAERE - 2RI » AIHFEHY 2023 425 H 12 H
BEHIRS HEAS R TR O C108 JLAL > SPETRREIER
14.30+0.36 mm- Hrfr 1 FERSFEE R E A 12 mm>
HREA 9 H 15 HIEHHRFTHHY 16 mm AYRLE
axfe (Fig. Sf,Fig. 7) < thoh - B IIRIFERS S {fie
JRI B - e R R R TG B 1 - 2
TR e - BUREHERR U 2 — € fEiERE
NEIE#EE S o 3% Musuda and Tsukamoto
(1998) WFERIR - ffa & HEry e e R EFE i
AIEREEAEM LTI E) - BRI R RS NE S
RIS LA LS R e S O RSP Y B — [
THRE - Goodsell et al. (2006) RIZEEy » FHEHAK
RO TR B VAT A RE TR - DA/ NI S e
FREGI H AR IGRE 3 ) SR S i B A B RUR B
BT A A RBKHE I R - 1T H AR S sa il bt 2 Al
FIRBORIE B R B /K 8] (carrying capacity)
WA B (Hamasaki and Kitada, 2008) ©

#EEC /5L JT1H » Dixon et al. (2006) FIJFH i
T3 ZURF BN R B it i 22 ST TR A MRS - ARIEAE
BEAEE AL STE RS R - Hooper et al.
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Fig. 6 The underwater conditions at Site A following the outplanting of cultured small abalone (C108, Haliotis

diversicolor), illustrating the impact of a severe typhoon in July 2024. (a) Recaptured individual on 29 June 2024. (b)
Tracking of Severe Typhoon Gaemi, which hit Taiwan in July 2024. (c) Habitat environment severely damaged by the
typhoon (photographed on 4 August 2024). (d) Habitat environment covered with sediment and debris (photographed

on 1 September 2024). (e) Subsequent typhoons continued to impact the coastal environment of Site A.
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Fig. 7 Shell length composition of recaptured C108 individuals after outplanting (12 May 2023). Recapture durations
are indicated above each bar.

(2011) R PRI F IR IE S35 DOEAE R Fa o R 52
fEfEr  REEE At B TR &
B > WTSEAE RN S R B A e
FESE M BRI E R - Z it
LRI R PO MR T B S 2l P A T4k -
ATk B RHMRRD (diet-tagged) HUREEAEY

Jufl - BIER R B Rt 2 22k (0 HA4Y)
TR AU E - BRI RATBHE S - 6
B REE BV BUR - BPES  FFEEIMAZE
A (Bell et al, 2005; Goodsell et al., 2006;
Hamasaki and Kitada, 2008; Lebata-Ramos et al.,
2013) -



FALAE AL B IR DGR MBS RAE HPERT 5T 35

LB SLFL A1 0 Dixon et al. (2006)
Chick (2010) ~ Dimond et al. (2022) ~ Lebata-Ramos
et al. (2013) SERFZEL A HI/KEWGEBORAT LR -
D/ MU et fiom s B ga - HARE
PRI B R B S AR BE AT, TAHHSERR
B P B BIBRAGBE I B - BRATFF S TLALRIEE
IR AE R B R A - SRR LALE
EHEBIFRY FLF S B ltva 1865 - SRS Eh 52 2]
HEVREETEE > PLAL > HERORESE A RSP LR ZEA
AYRECERE ] - KRR L FLICT T R Rl R
FIRRFRE - B A AL R ORI & P L
Fr AT BV K ECEALGRAYERRT » DU T
BNARALENERSE » LT RS IRA GG R
BEITH - HORAET S AR I B AR R 7K
T ELGi B R R BB A RE AR B -

TR ) B B 2 SRS A O B
BRI - AIHFCAERBAE L ALY B AR B S Bl
Tk B RF—E BRRER D FU s P B A  (RT R L
FLH B BUE 55T - Dixon et al. (2006) FARFZEHI]
Hedm H —E B B A RS SR R - Al RERR
KN EA B R TEL > Shepherd (1998) AIFEEs
W e PN RS R B S B R - Ry 1
R R RO ARSI SR - A0fAT i Bh it ke
A /NS » Dixon et al. (2006) ~ Dimond et al.
(2022) ~ Lebata-Ramos et al. (2013) AHIFE » B2
PV 7K B8 A i S A8 - S B 2
Vi A/ O R RRR AR A BRI » DIEE 5
B H L A stk AR R A BER - RIS IR A R
BIJFET 3R » Dixon et al. (2006) MITFRET—
HHIE LT BB 1 R 2 JEIE - $RTEkEil
ZEMIEHERARNE AR REREDR 2 EiEaiEs
AREAITEER 1 JEHIRERCS R BRI i fany
AAF o] R BRI e ORERRS  ESA R
A B A Y B At R R E -

ERJLFLB 81T )% » Schiel and Welden
(1987) BRI BRI E Rz %
IRF > A AR £ T DUHGHERE RS B » T ARbIT
FEARIE K T $m A JLFLIR R S 2 B AR e RE RS )
SRR A Fr RS A R 22 JE L AL - T AR R B
(1988) 1A 1988 4F- ALk B S AL FRRHE B T ILFLIR
HEEL TR AIBIRR S B S - H AR e
JiCBE— BRIRFL - SRS B 5 g - [l

B AR U LE IS LRl - B g
e RMERBULA S CRERIRE K — - Kt
VIS MBI LA LAEAT B 2GR E M A R B E IR
ST o [HE FTRER M N AN A LA LB RS R
T B RAE R R RERT A TEIHAY S LAl 22 2 ik
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Pilot Study on the Status of Wild Small Abalone (Haliotis diversicolor)
Resources and Habitat Outplantation in Northeastern Taiwan

Ying-Yueh Chin" and Fu-Shen Tseng

Aquaculture Division, Fisheries Research Institute

ABSTRACT

This preliminary study aimed to establish baseline ecological and genetic information for wild small abalone
(Haliotis diversicolor) populations in northeastern Taiwan and to test the feasibility of habitat translocation
methods as a foundation for subsequent research and restoration strategies. Underwater surveys were conducted
within 10 meters of depth at three coastal sites - Dawulun (Keelung City), Bat Cave (New Taipei City), and the
82.5K point of the Coastal Highway - during summer 2022 and spring 2023. One of the sites (Site A) was selected
as the experimental area. A combination of belt transects and quadrat sampling was applied to estimate macroalgal
coverage, while concentric search surveys were used to assess wild abalone abundance. Results showed that
macroalgal coverage at Site A averaged 10.22% during the study period, with fluctuations influenced by typhoons
and elevated seawater temperatures. The mean number of wild small abalones recorded per survey was 4.75
individuals, corresponding to a density of approximately 0.0038 individuals/m?. Genetic analysis based on three
microsatellite loci revealed that the wild population (WAB) exhibited higher allelic richness (Na) and effective
allele numbers (Ne), with a relatively high level of genetic diversity (mean expected heterozygosity He = 0.934),
slightly higher than that of the cultured C108 strain (He = 0.929). However, a pronounced heterozygote deficiency
was observed in WAB (Fis = 0.72), greater than that of C108 (Fis = 0.43), suggesting potential effects of a
population bottleneck and genetic drift under small population size. In addition, the benthic habitat, short pelagic
larval duration, and limited larval dispersal of H. diversicolor may restrict gene flow within wild populations,
ultimately resulting in increased genetic homogeneity and a loss of evolutionary resilience, which may pose a risk
to long-term population stability. Genetic differentiation analysis showed low divergence between the two wild
sampling sites (WA vs. WB: Fst = 0.025, Nm = 10.01), and similarly low differentiation between the wild
population and the cultured strain (WAB vs. C108: Fst = 0.017, Nm = 15.12), likely reflecting the incorporation
of wild broodstock during the development of the C108 strain. Furthermore, small-scale habitat transplantation
trials were conducted at Site A in 2023 and 2024, establishing operational procedures for pre- and post-
translocation monitoring. Despite five typhoon events during the study period, a recapture rate of 3.9% was
recorded in 2023. Growth patterns could be identified based on newly formed shell pigmentation. This study
provides preliminary information on the ecological resources and genetic status of the wild small abalone at Site
A, and establishes practical field procedures for habitat transplantation, thereby laying the groundwork for future

research, long-term monitoring, and resource restoration.

Key words: wild small abalone, resource survey, molecular markers, habitat transplantation
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Fig. 1 Sampling locations of blue swimmer crab Portunus pelagicus in the present study (cross-hatched areas).

Fig. 2 Measurement of carapace width (CW) and carapace length (CL) of male (A) and female (B) blue swimmer

crab Portunus pelagicus.
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Fig. 3 Carapace width-frequency distribution of the blue swimmer crab, Portunus pelagicus, in the waters off Penghu.

Table 1 Monthly variation in sex ratio (female:male) and the results of Chi-square test for Portunus pelagicus sampled
in Shili, Penghu (March 2023 - February 2024)
Year Month Female (n) Male (n) Sex ratio (F / N) v p-value df
2023 March 12 15 0.44 0.33 ns 1
April 24 12 0.67 4.00 0.05* 1
May 18 21 0.46 0.23 ns 1
June 15 15 0.50 0 ns 1
July 17 18 0.49 0.03 ns 1
August 9 12 0.43 0.43 ns 1
September 21 21 0.50 0 ns 1
October 15 16 0.48 0.03 ns 1
November 13 17 0.43 0.53 ns 1
December 16 17 0.48 0.03 ns 1
2024 January 15 8 0.65 2.13 ns 1
February 13 12 0.52 0.04 ns 1
Total 188 184 0.51 0.04 ns 1

*Denotes a significant difference (p < 0.05). Sex ratio is calculated as the proportion of females relative to the total number

of individuals (F / N).

RTE 8 SR I BRI I RS 2% - FLER H 10 B A
FEAEARITEL 1 2 1 AE (=0.043 > p>0.05) -

() PREBIZIEL

MLl CW 10 mm FeffER5rRE O EHH!
(Fig. 3) » RTMUERERBURSHAHIEMELLEL 12 12
MRS 725 (p>0.05) (Table 2) » fE7E CW /N>
130 mm #H 51 R A RE B i I S 2 -

= FHEYE (CW) HiBEE (BW) ZRIf%

IR AZREI TIRRR R (Fig. 4) > 1521
CW & BW BT

HESE © BW=1.01x10“*CW?2%"

1t : BW=1.72x10*CW?2827

A R B AL g G A SRR i T R B A B
FF2F (p<0.05) > AIfE CW MFITENL | - HEEA
WEN BW > iR R PR flET -



Table 2 Numbers of female and male Portunus pelagicus grouped by 10-mm carapace width (CW) intervals, with

the results of Chi-square tests for deviation from a 1:1 sex ratio

CW (mm) Female (n) Male (n) Sex ratio (F / N) v p-value df
<120 4 7 0.36 0.82 ns 1
120-129 12 18 0.40 1.2 ns 1
130-139 44 43 0.51 0.01 ns 1
140-149 54 52 0.51 0.04 ns 1
150-159 42 35 0.55 0.64 ns 1
160-169 19 16 0.54 0.26 ns 1
170-179 10 12 0.45 0.18 ns 1
180-189 2 1 0.67 0.33 ns 1
2190 1 0 1 1 ns 1
Total 188 184 0.51 0.04 ns 1

500+

400+

0 300+

~

200+

Fig. 4 Relationship between body weight
(BW) and carapace width (CW) for male (blue

line) and female (red line) Portunus pelagicus.

Equations: Male, BW=1.72 x 10*CW827;
Female, BW=1.01x10*CW?290%7,
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Fig. 5 Ovarian maturation stages of
Portunus pelagicus based on external
morphology: (A) immature, (B) early-
development, (C) mid-development,
(D) late-development, and (E) ripe.

Fig. 6 Histological development of the ovary in
Portunus pelagicus (Penghu coastal area). Stages: (A)
Immature, (B) Early-development, (C) Mid-development,
(D) Late-development, (E) Ripe. OG: oogonia; PR:
previtellogenic oocytes; EVO: early vitellogenic oocytes;
LVO: late vitellogenic oocytes; NO: nearly mature
oocyte; MO: mature oocyte; GZ: germinal zone; GN:
germinal nest. Scale bars = 500 pm.
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Fig. 7 Monthly variations in the gonadosomatic index (GSl) for (A) female and (B) male blue swimmer crabs (Portunus

pelagicus) in the Penghu coastal area. Boxplots represent the distribution of data; red and blue dotted lines indicate

the monthly mean GSI for females and males, respectively.
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Fig. 8 Monthly variations in the proportion of ovarian maturation stages for female Portunus pelagicus in the Penghu

coastal area.
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Fig. 9 Relationship between carapace width (CW) and
fecundity for ovigerous females of Portunus pelagicus.
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Fig. 10 Boxplot of egg diameter across different size classes of ovigerous Portunus pelagicus.
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Fig. 11 Box plot of larval survival rates from three

different size classes of female Portunus pelagicus.
Means within a group that do not share a letter are
significantly different (p < 0.05).
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Table 3 Results of Holm post-hoc test for Portunus pelagicus in the medium size class (200-300 g)

Group Sample 210 Sample 212 Sample 256 Sample 258
Sample 212 5.379% — — —
Sample 256 0.635 (ns) -4.744* — —
Sample 258 -1.704 (ns) -7.083* -2.339 (ns) —
Sample 287 -0.122 (ns) -5.502* -0.758 (ns) 1.581 (ns)

Note: Values are expressed as test statistics. Asterisk indicates significant difference: * p < 0.05. "ns" denotes non-significant.

Table 4 Results of Holm post-hoc test for Portunus pelagicus categorized into three size classes

Group S174 S183 S187 5188 S210 S$212 S$256 S$258 S287
S183  1.131 (ns) — — — — — — — —
$187  1.400 (ns) 0.269 (ns) — — — — — — —
S188  0.909 (ns) -0.222 (ns) -0.491 (ns) — — — — — —
S§210 -2.338(ns)  -3.469* -3.738* -3.247* — — — — —
S$212 3.121* 1.989 (ns) 1.720(ns) 2.211 (ns) 5.458** — — — —
S$256  -1.685 (ns) -2.816(ns) -3.085* -2.594 (ns) 0.653 (ns) -4.805** — — —
5258 -3.754* -4.885%* -5.154%* -4.663**  -1.416 (ns) -6.874** -2.069 (ns) — —
S287 -2.388(ns) -3.519*% -3.788* -3.297*  -0.050 (ns) -5.508** -0.703 (ns) 1.366 (ns) —
S$306 -6.264** -7.395%* -7.664%* -7.173%* -3.926%  -9.384**  -4.579** -2.510 (ns) -3.876*

Note: Values are expressed as test statistics. Asterisks indicate significant differences: * p < 0.05; ** p < 0.001. "ns" denotes

non-significant.
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Fig. 12 Tukey’s HSD post-hoc test results for pairwise comparisons of Portunus pelagicus larval survival rates across

three maternal size classes. Results are categorized by developmental stages: (A) 4 days post-hatching (dph), (B) 8 dph,

and (C) 12 dph. The horizontal bars represent the 95% family-wise confidence intervals. A comparison is considered

statistically significant (p < 0.05) when its confidence interval does not cross the vertical dashed line at zero.
Differences to the left of the zero line indicate that the first group in the pair has a significantly lower survival rate than

the second.

Table 5 Survival rate (%) of Portunus pelagicus larvae from three maternal size classes at 4, 8, and 12 days post-

hatching (dph)

Small (<200g) Medium (200-300g) Large (>300g)
Number
4 dph 8 dph 12 dph 4 dph 8 dph 12 dph 4 dph 8 dph 12 dph

1 79 4 0 81 15 9 81 23 10
2 64 1 0 98 19 6 91 42 15
3 57 1 0 88 6 1 90 40 9
4 80 3 0 84 25 8 93 43 6
5 70 2 0 80 11 3 86 39 10
6 62 1 0 92 28 13 89 43 7
Mean 68.67 2 0 87.17 17.33 6.67 88.33 38.33 9.5
SD 9.37 1.26 0 6.94 8.36 4.32 4.27 7.69 3.15
cv 0.14 0.63 0 0.08 0.48 0.65 0.05 0.20 0.33

Note: Numbers 1 — 6 represent individual replicates (n = 6). SD: standard deviation; CV: coefficient of variation.
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Reproductive Characteristics of the Blue Swimmer Crab,
Portunus pelagicus, in the Waters off Penghu

Yen-Kai Chen, You-Yu Liou", Tung-Pen Chen, Yu-Meng Tsao, Wei-Yi Cheng
and Hernyi Justin Hsieh

Penghu Fishery Research Center, Fisheries Research Institute

ABSTRACT

The blue swimmer crab, Portunus pelagicus, is one of the most significant fishery resources in Taiwan. A
total of 372 specimens (188 females and 184 males) were collected from the coastal waters of Penghu between
March 2023 and February 2024. Chi-square tests indicated a sex ratio of 0.51, which does not significantly deviate
from the expected 0.5 (p> 0.05). The carapace width (CW) and body weight (BW) of female samples ranged from
110 to 191 mm and 80.5 to 463 g, respectively; for males, the ranges were 111 to 188 mm in CW and 83.3 to 480
g in BW. The relationship between CW and BW for both sexes was determined using the following regression
equations: BW=1.01x10*CW?>%"(females); BW=1.72x 10*CW?%2%"(males). Maximum likelihood ratio tests
revealed significant differences between these equations (p < 0.05), justifying the use of sex-specific regression
models. Monthly trends in the gonadosomatic index (GSI) and the proportion of ripe-stage gonads suggest that the
spawning season extends from December to July, with peaks occurring in March and April. Monthly diving
surveys confirmed the presence of ovigerous females year-round. Consequently, P. pelagicus in Penghu waters
reproduces throughout the year, peaking in spring. Batch fecundity ranged from 315,420 to 1,302,070 eggs, with
a mean value of 792,076. Furthermore, a comparison of early larval survival rates among three maternal size

classes (<200 g, 200-300 g, and > 300 g) showed significantly higher survival rates in crabs exceeding 200 g.

Key words: Portunus pelagicus, reproductive biology, gonadosomatic index (GSI), Penghu waters
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Fig. 1 Annual production trends of the giant freshwater prawn (Macrobrachium rosenbergii) in Taiwan from 1984

to 2024.
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Table 1

Dimension / Key issue

Key industrial issues faced by giant river prawn (Macrobrachium rosenbergii) farmers in Taiwan

Description of challenges

Dimension A: Broodstock and Disease

Lack of genetic diversity and inbreeding have led to genetic narrowing, resulting

A1. Broodstock and seed quality | in unstable seed quality. Low fertilization and survival rates further constrain
production
The culture period has extended from 4-6 months to 7—10 months. Early sexual
A2. Farming difficulties maturity results in smaller body sizes and higher Feed Conversion Ratios (FCR),
forcing farmers to reduce stocking densities to mitigate risks
. High-density farming and extreme weather contribute to frequent disease
A3. Prawn diseases : ; ;
outbreaks. A lack of cost-effective control measures results in low survival rate
Dimension B: Environment and Technology
. . Extreme weather intensifies environmental stress. Pond bottom degradation and
B1. Climate and environment o I . . )
traditional fertilizers (e.g., chicken manure) increase pathogen risks
. - Rising global prices of raw materials (soybean, corn) and unstable supply chains
B2. Feed quality variations NSINg & P ( oY ’ ) bply
increase costs and affect feed formulations
B3. Power infrastructure Occgsmnal.po.vt/er outages in Pingtung County cause phasg loss in motors,
leading to significant damage to aeration and aquaculture equipment
Implementing strict disinfection and bird netting is challenging due to
B4. Biosecurity measures operational efficiency concerns. A "one-pond, one-net" strategy is used to isolate
infections
. Due to cumulative stressors, the average survival rate remains low, at
B5. Low survival rates . o
approximately 20-30%
Dimension C: Marketing and Management
C1. Marketing systems Distribution is domlrlated by w.holesglers catering to prawn flshln.g ponds. énd
restaurants. Pandemic-related disruptions led to oversupply and price volatility.
C Farmers face bottlenecks in transitioning to frozen products due to inadequate
C2. Processing limitations . L .
processing technology, limited variety, and low market acceptance.
. Inflation and rising costs of feed, electricity, labor, and materials have
C3. Operational expenses L . ! .
significantly increased overall operational expenditures.
. Cognitive gaps between older farmers (relying on tradition) and younger farmers
C4. Generational gaps 5 &ap ) . (relying . ) youns
(open to new technology) hinder industry transformation.
Dimension D: Policy and Guidance
S . Cumbersome registration and land-use issues result in low registration rates (25%
D1. Administrative barriers . ) . . 5
in Pingtung), barring farmers from disaster relief and subsidies.
D2. Technical support A gap exists bgtwgen resgar.ch and gppllgat|on. There is an urgent need for
systematic training in probiotics and financial support for young farmers.
D3. Infrastructure Aging ponds lack |ndepeﬁdent water inlet/outlet systems. Neighboring livestock
wastewater further complicates environmental management.
. mpetition from the "fishery-photovoltaic symbiosis" policy has incr lan
D4. Land use conflicts Competition from the "fishery-photovoltaic symbiosis" policy has increased land

rents and reduced farming areas, leading to distrust among fishermen.
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Fig. 4 Geometric means and ROC ranking of industrial key issues considered by giant freshwater prawn farmers in
Taiwan. (A1: Broodstock and seed quality; A2: Farming difficulties; A3: Prawn diseases; B1: Environmental and
extreme weather; B2: Feed quality variations; B3: Power outages; B4: Poor biosecurity; B5: Low survival rates; C1:
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Fig. 5 Comparison of geometric means and ROC ranking of industrial key issues among giant freshwater prawn
farmers, government officials, and researchers in Taiwan. (A1: Broodstock and seed quality; A2: Farming difficulties;
A3: Prawn diseases; B1: Environmental and extreme weather; B2: Feed quality variations; B3: Power outages; B4: Poor
biosecurity; B5: Low survival rates; C1: Production and marketing systems; C2: Processing options; C3: Operational
expenses; C4: Generational gaps; D1: Information blocking; D2: Technical support; D3: Infrastructure; D4: Land-use

conflicts).
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An Analysis of Farmers' Perspectives on Key Industrial Issues of
Giant Freshwater Prawn (Macrobrachium rosenbergii) in Taiwan

Ching-Min Yang

Aquaculture Division, Fisheries Research Institute

ABSTRACT

Macrobrachium rosenbergii, widely known as the giant freshwater prawn, is a cornerstone of Taiwan’s
aquaculture industry. This sector typically yields two harvests annually, primarily supplying the domestic live
market for recreational fishing venues and contributing significantly to the tourism and leisure sectors. Despite
being one of Taiwan’s top ten aquaculture species, the Giant Prawn industry faced severe disruptions from 2020
t0 2023 due to the COVID-19 pandemic, which hampered logistics and suppressed domestic demand. Furthermore,
recent challenges, including extreme weather events and disease outbreaks, have placed intense operational
pressure on farmers.

To identify critical industrial bottlenecks and explore potential solutions, this study utilized field interviews
and questionnaire surveys to analyze and prioritize farmers' perspectives. The results reveal that Taiwanese farmers
consistently rank the five most critical challenges in the following order: (A1) broodstock and seed quality, (A3)
prawn diseases, (A2) difficulties in prawn farming, (B1) environmental and extreme weather conditions, and (B5)
low survival rates. Addressing these challenges requires a strategic focus on securing high-quality broodstock,
implementing robust biosecurity measures, and enhancing prawn immunity to strengthen industry resilience.
These findings reflect the current state of the industry in Taiwan, providing valuable insights based on localized
needs and practical experience. This research serves as a vital reference for industry, government, and academia

in developing risk-mitigation strategies to ensure stable profitability and sustainable development in the sector.

Key words: giant freshwater prawn (Macrobrachium rosenbergii), prawn farmers, industrial status,
perspective analysis, industrial issues
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