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Abstract

Although noncommercial species are generally smaller in body size, they hold considerable ecological value. Because they are
often discarded at sea or cannot be collected, basic data on their biological features remain limited. In this study, we explored the
length—weight relationships of 17 noncommercial fish species sampled through bottom trawling (16 trawling hauls) in the waters
of southwestern Taiwan between 2019 and 2023. Sampling was performed using a bottom trawl with a net opening height of 2.5 m
and a width of 30 m; the codend mesh size was 2 x 2 cm. Fork length and body weight measurements were obtained from randomly
selected subsamples of the total catch. Twelve species exhibited isometric growth: Ariosoma dolichopterum Karmovskaya, 2015,
Crossorhombus kanekonis (Tanaka, 1918), Suezichthys gracilis (Steindachner et Doderlein, 1887), Jaydia truncata (Bleeker, 1855),
Lepidotrigla punctipectoralis Fowler, 1938, Ophidion asiro (Jordan et Fowler, 1902), Ostorhinchus kiensis (Jordan et Snyder,
1901), Parapercis sexfasciata (Temminck et Schlegel, 1843), Rogadius asper (Cuvier, 1829), Synodus binotatus Schultz, 1953,
Synodus fuscus Tanaka, 1917, and Synodus taiwanensis Chen, Ho et Shao, 2007. Four species exhibited positive allometry—Bleeke-
ria mitsukurii Jordan et Evermann, 1902, Gonorynchus abbreviatus Temminck et Schlegel, 1846, Synodus tectus Cressey, 1981,
and Trachinocephalus trachinus (Temminck et Schlegel, 1846), whereas one species exhibited negative allometry—Ratabulus
megacephalus (Tanaka, 1917). Overall, this study provides updated insights into the length—weight relationships of data-poor fish
species. Our findings may guide studies determining resource status and investigating ecological dynamics in marine ecosystems.
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Introduction

Taiwan is located in the western North Pacific Ocean,
characterized by a complex hydrological environment in-
fluenced by seasonal interactions among a diverse range
of water masses (Jan et al. 2002). The coastal waters of
western Taiwan feature flat, shallow, and sandy seabeds

(Lin 1996; Jan et al. 2002; Chen et al. 2022), forming
a major trawling area (Kuo and Shao 1999). Bottom
trawling hotspots are concentrated in the southwestern
waters, particularly around Penghu Islands and Taiwan
Banks (Lee et al. 2025). These areas are marked by topo-
graphically driven upwelling, low temperatures, and high
chlorophyll-a concentrations, which enhance primary
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productivity, thereby making them key fishing grounds
with abundant marine resources (Hong et al. 1991; Tang
et al. 2002; Lan et al. 2009; Hsieh et al. 2023).

Studies have focused on the primary target species of
commercial fisheries, which are typically large and com-
mercially valuable, because these specimens are relative-
ly easy to obtain. The remaining bycatch mainly consists
of noncommercial, small-bodied species. Even commer-
cially valuable taxa are often classified as noncommercial
because of their small sizes (Jawad 2021). Such fish are
frequently discarded at sea or used as trash fish for fish-
meal (Nagamatsu 2009). Because these specimens are
difficult to obtain, basic data on their biological features
remain limited (Walker et al. 2017).

Trawl nets exhibit low fishing selectivity, resulting in a
high proportion of bycatch fish, most of which are small-
sized species (Kumar and Deepthi 2006; Volvenko et al.
2020). Documenting noncommercial fish species caught
in trawl fisheries can enhance our understanding of fish
populations and provide basic data for future research.

Although noncommercial species are generally small-
er, they have considerable ecological value. Many non-
commercial and small-bodied species serve as prey for
commercially valuable fish and larger predators (Baran
2002; Dénhardt et al. 2011; Laptikhovsky et al. 2013;
Jawad 2021). These small species play a crucial role in
the ecosystem that they are a part of and can serve as
keystone species when abundant, given that their mid-tro-
phic position allows them to influence population sizes at
both lower and higher trophic levels (Coll and Libralato
2012; Pockberger et al. 2014). Information on the length—
weight relationships (LWRs) of fish can support assess-
ments of growth patterns, population dynamics, stock
status, ecosystem modeling, environmental change, and
management strategies (Jellyman et al. 2013; Pauly et al.
2014; Heymans et al. 2016; Shubhadeep et al. 2022; Dik-
ou 2023), particularly for data-poor species. The present
study sought to uncover the LWRs of 17 noncommercial
fish species caught through bottom trawling in the waters
of southwestern Taiwan.

Materials and methods

All specimens were collected seasonally from March
2019 to September 2023 across 16 trawling hauls. Due
to weather and sea conditions, sample collection may
not be possible in some seasons, such as the summers
of 2021 and 2022, and the winter of 2023. Trawling
was conducted in the waters of southwestern Taiwan
by using commercial vessels (Fig. 1). The primary
objectives of these surveys were to assess fish com-
position, diversity, and abundance and to obtain ad-
ditional biological information from the investigated
waters. Sampling was performed using a commer-
cial bottom trawl. The net had an opening vertical
height of approximately 2.5 m, a horizontal width of

approximately 30 m, a total opening area of approxi-
mately 75 m?, and a total length of 38 m. The codend
mesh size of the bottom trawl net was 2 x 2 cm. Trawl-
ing hauls were typically conducted at night for 2-4 h
(mean duration: 3 h) at a speed of 2.0-3.8 knots (mean
speed: 3.3-3.4 knots). Each randomly selected sample
weighed approximately one-third to one-seventh of the
total catch. All samples were frozen on board and sub-
sequently transported to our laboratory. After thawing,
the specimens were identified, photographed, fixed in
75% ethyl alcohol, and deposited in the laboratory.
Morphometric identification of the specimens was
performed to the species level, following the methods
described by Nakabo (2013). Given the large number of
specimens collected in this study, rapid determination
of basic biological information, such as body length and
weight, were required to ensure the integrity of all sam-
ples obtained. Furthermore, fish specimens collected by
bottom trawling were often damaged due to compres-
sion during capture, particularly at the posterior tip of
the caudal fin in species with forked tails. Using total
length (TL) in such cases could result in an underesti-
mation of body length. Therefore, fork length (FL) was
used for species with forked caudal fins, while TL was
measured for species with non-forked caudal fins in
this study. The method of measuring FL was measured
straight-line from the anterior end of the snout to the
caudal fork, and TL was measured to the posterior tip
of the caudal fin. For each individual, fork length and
wet body weight (BW) were measured to the nearest
0.01 mm and 0.01 g by using digital calipers and a digi-
tal balance, respectively. The LWR was evaluated using
the allometric equation developed by Le Cren (1951).

BW =al?

where BW represents total wet body weight [g], L rep-
resents FL or TL [cm], a is a coefficient related to body
shape, and b is an exponent indicating isometric growth.
To calculate the coefficients a and b, 95% confidence in-
tervals (CI), and coefficient of determination (R?) values,
statistical analyses and graph plotting were performed in
R software environment (version 4.5.1).

Results

A total of over 35 000 specimens, with a total weight of
684 kg, were randomly collected during the 16 trawl-
ing hauls. The collection included elasmobranchs, te-
leost fish, shrimp, mantis shrimp, crabs, cephalopods,
shells, and other benthic organisms. In this study, we
examined 231 bony fish species belonging to 74 fam-
ilies, accounting for approximately 82% of the total
catch weight. Of these species, 150 were classified as
noncommercial, representing 32% of the total catch
weight of these bony fish.
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Figure 1. Sampling areas (gray square) in the waters of southwestern Taiwan. TB = Taiwan Banks, PEH = Penghu Islands.

Although length and BW data were collected from
all 231 fish species, we focused on the 150 noncom-
mercial species in this study. Specimens with surface
damage or incomplete bodies, such as broken heads
or tails, were excluded from the analysis. Only intact
specimens were included. After data verification, we
excluded 112 species with small sample sizes (n < 15)
and 13 species with extensive records in FishBase
(Froese and Pauly 2025). From the remaining 25
species, the following six were excluded because of
abnormal b values (2.5 < b < 3.5): Apogonichthyoi-
des niger (Doderlein, 1883), Bregmaceros pescado-
rus Shen, 1960, Crossorhombus kobensis (Jordan et
Starks, 1906), Engyprosopon multisquama Amaoka,
1963, Onigocia spinosa (Temminck et Schlegel, 1843),
and Sunagocia arenicola (Schultz, 1966). In addition,
the following two species were excluded because of
low R? values (<0.8): Psettina tosana Amaoka, 1963
and Saurenchelys fierasfer (Jordan et Snyder, 1901).

Finally, this study included 17 species belonging to
11 families (Table 1): Ariosoma dolichopterum Kar-
movskaya, 2015, Bleekeria mitsukurii Jordan et Ev-
ermann, 1902, Gonorynchus abbreviatus Temminck
et Schlegel, 1846, Jaydia truncata (Bleeker, 1855),
Lepidotrigla punctipectoralis (Fowler, 1938), Ophid-
ion asiro (Jordan et Fowler, 1902), Ostorhinchus kien-
sis (Jordan et Snyder, 1901), Ratabulus megaceph-
alus (Tanaka, 1917), Synodus fuscus Tanaka, 1917,
Synodus taiwanensis Chen, Ho et Shao, 2007, Syno-
dus tectus Cressey, 1981, Crossorhombus kanekonis

(Tanaka, 1918), Parapercis sexfasciata (Temminck et
Schlegel, 1843), Rogadius asper (Cuvier, 1829), Su-
ezichthys gracilis (Steindachner et Ddderlein, 1887),
Synodus binotatus Schultz, 1953, and Trachinocepha-
lus trachinus (Temminck et Schlegel, 1846). Notably,
FishBase lacked data on the first 11 species and had
a few or no records of the last 5 species in the waters
surrounding Taiwan (Froese and Pauly 2025). Trachi-
nocephalus specimens found in the region were previ-
ously recognized as Trachinocephalus myops (Forster,
1801), but recent evidence suggests that 7. myops is an
Atlantic species and specimens from the Indo-West Pa-
cific Ocean should be identified as 7. trachinus (see Po-
lanco et al. 2016). Limited information is available for
this species, and no LWR data are available in FishBase.
Even LWR data for 7. myops are restricted to Brazil.
Our study appears to be the first to provide LWR data
for T. trachinus, a noncommercial species in Taiwan.

The FL, TL, BW, LWR, and R® values for the 17 spe-
cies are presented in Table 1 and Fig. 2. Samples for each
species were collected over multiple seasons and years;
therefore, the parameters a and b should be treated as
mean values. In this study, isometric growth (95%CI for
b including 3) was observed in 12 species, negative allo-
metric growth (b < 3; 95%CI not including 3) in one spe-
cies, and positive allometric growth (b > 3; 95%CI not
including 3) in four species (Bagenal and Tesch 1978).
LWRs were strongly correlated for the majority of spe-
cies (R? value > 0.95), with only three species exhibiting
lower correlations (0.83 < R? < 0.89).
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Table 1. Length—weight relationships of 17 noncommercial fish species sampled through trawling in the waters of southwestern Taiwan.

. . Fork / Total length Body weight LWR parameters 5
Family Species [em] le] b R
[95%CI] [95%CI]
Ammodytidae Bleekeria mitsukurii 401  6.75-15.99 (FL) 1.01-14.70 0.0018 3.288 0.9478
[0.0015-0.0022] [3.212-3.364]
Apogonidae Jaydia truncata 36 3.59-8.75(TL) 0.69-8.48 0.0115 3.058 0.9464
[0.0072-0.0185]  [2.804-3.311]
Ostorhinchus kiensis 41 2.65-7.69 (FL) 0.28-8.99 0.0176 2.829 0.8386
[0.0102-0.0303] [2.427-3.231]
Bothidae Crossorhombus kanekonis 72 3.83-13.01 (TL) 0.49-23.50 0.0097 3.016 0.9576
[0.0071-0.0133] [2.864-3.167]
Congridae Ariosoma dolichopterum 17 18374213 (TL)  4.77-78.66 0.0007 3.165 0.9588
[0.0002-0.0022]  [2.804-3.526]
Gonorynchidae Gonorynchus abbreviatus 180  8.37-17.96 (FL) 1.60-25.03 0.0017 3.327 0.96
[0.0013-0.0022] [3.226-3.427]
Labridae Suezichthys gracilis 78  6.54-12.51 (TL) 2.35-21.82 0.0051 3.267 0.8862
[0.0028-0.0094]  [2.999-3.534]
Ophidiidae Ophidion asiro 56  6.25-12.33 (TL) 0.78-6.84 0.0038 3.037 0.8728
[0.0019-0.0073] [2.721-3.354]
Pinguipedidae Parapercis sexfasciata 263 3.53-14.37(TL) 0.46-38.03 0.0133 3.0001 0.9673
[0.0116-0.0152] [2.933-3.067]
Platycephalidae  Ratabulus megacephalus 36 3.71-23.92(TL) 0.49-120.46 0.0153 2.845 0.9921
[0.0124-0.0188] [2.756-2.934]
Rogadius asper 85  3.56-21.33(TL) 0.34-79.10 0.0116 2.881 0.959
[0.0085-0.0159]  [2.751-3.011]
Synodontidae Synodus binotatus 40  8.41-14.17 (FL) 5.65-27.60 0.0075 3.138 0.9583
[0.0045-0.0125]  [2.923-3.353]
Synodus fuscus 193 3.16-23.33 (FL) 0.20-102.19 0.0058 3.022 0.958
[0.0047-0.0072]  [2.931-3.112]
Synodus taiwanensis 26  4.18-16.23 (FL) 0.42-27.04 0.0064 2.969 0.9882
[0.0046-0.0088]  [2.832-3.106]
Synodus tectus 29  5.56-14.12 (FL) 1.16-21.33 0.0048 3.225 0.9861
[0.0035-0.0065]  [3.073-3.376]
Trachinocephalus trachinus 162 4.51-35.70 (FL) 0.52-350.12 0.0043 3.251 0.989
[0.0038-0.0049]  [3.198-3.305]
Triglidae Lepidotrigla punctipectoralis 24 3.20-7.38 (FL) 0.39-5.90 0.0067 3.254 0.9572

[0.0041-0.0109]

[2.95-3.559]

The species are listed in alphabetical order by family.

n = sample size, FL = fork length, TL = total length, @ = body shape coefficient, b = allometric growth parameter, R> = coefficient of determination,

CI = confidence interval.

Discussion

The LWR is a common parameter in fisheries management
and fisheries biology. A b value of 3 indicates isometric
growth, where fish increase in length and BW proportion-
ally. A b value of < 3 indicates negative allometric growth,
with larger specimens increasing more in length than in
BW. Finally, a b value of > 3 indicates positive allometric
growth, with larger specimens increasing more in BW
than in length (Bagenal and Tesch 1978; Froese 2006).
In this study, six species were excluded from the re-
sults due to abnormal b values at first. Among them, four
species had b values higher than 3.5, while two species
had b values lower than 2.5. Strong allometric trends
(b>3.50or b <2.5) are generally rare in fish, likely as a re-
sult of incomplete sampling, in which certain size classes
are overrepresented in the sample (Carlander 1977). Most
fishes in our study had body sizes ranging from 4 to 8 cm,
which may be attributable to the trawl net used. Although
trawls can capture smaller-bodied samples, they often

fail to capture species capable of attaining larger sizes.
Similarly, limitations in how fine the mesh could be con-
strained the collection of very small specimens.

Only Ratabulus megacephalus exhibited negative al-
lometric growth. Fish typically grow in body size more
rapidly in earlier stages of development (Fulton 1904),
resulting in b values of < 3. Our samples for R. megaceph-
alus were mostly 4-8 and 14-18 cm in TL, substantial-
ly smaller than the species’ typical maximum length of
30 cm (Knapp 1999), which may explain this result. In
the future, larger specimens should be collected to up-
date the LWR data. Four species exhibited positive allo-
metric growth patterns, characterized as elongated. Other
elongated species, such as Synodus binotatus and Para-
percis sexfasciata, exhibited isometric growth. Sampling
across multiple seasons and years suggests that the re-
ported b values represent long-term averages. Although
factors such as body size range, growth, spawning sea-
son, feeding, body shape, and environmental conditions
can influence the b value (Le Cren 1951; Sparre 1992;
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Figure 2. Fork length-body weight relationships of 17 noncommercial fish species. Black dots represent the actual measured
values, red lines represent estimated trend lines, and shaded areas represent 95% confidence intervals. (A) Bleekeria mitsukurii,
(B) Jaydia truncata, (C) Ostorhinchus kiensis, (D) Crossorhombus kanekonis, (E) Ariosoma dolichopterum, (F) Gonorynchus
abbreviatus, (G) Suezichthys gracilis, (H) Ophidion asiro, (1) Parapercis sexfasciata, (J) Ratabulus megacephalus, (K) Rogadius
asper, (L) Synodus binotatus, (M) Synodus fuscus, (N) Synodus taiwanensis, (0) Synodus tectus, (P) Trachinocephalus trachinus,

and (Q) Lepidotrigla punctipectoralis.
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Froese 2006; Kuriakose 2017; Jisr et al. 2018; Lopez-
Pérez et al. 2020), our results are most likely attributable
to specimen body size. Many of the four specimens ap-
proached or exceeded the maximum FL values reported
in FishBase (Froese and Pauly 2025). At sexual maturity
and near maximum body size, these fish typically increase
in BW more rapidly than in length (Ilhan et al. 2010; Jisr
et al. 2018; Rodriguez-Garcia et al. 2023), consistent with
the observed b values of > 3.

In this study, five species—Crossorhombus kanekonis,
Suezichthys gracilis, Parapercis sexfasciata, Rogadius as-
per, and Synodus binotatus — have only one or two records
of LWR available in FishBase (Froese and Pauly 2025).
The study areas of these records are far from the present
study area or do not specify the study area. Comparing the
b values in this study with those reported in Fishbase, the
results for R. asper differ significantly, with the previous
study’s b = 3.355 being higher than ours (b = 2.881). The
results for the remaining four species were not significantly
different. For C. kanekonis and P. sexfasciata, the previ-
ous study’s b = 3.111 and 3.138 were higher than ours (b
=3.016 and 3.0001); for S. gracilis and S. binotatus, the
presently reported study’s (b =3.267 and 3.38) were higher
than the previous study results (b = 3, 3). The deviation
may be caused by various environmental, biological, and
human sampling factors, including sample numbers, body
size range, seasonal differences, gonad maturity, growth,
and feeding (Le Cren 1951; Sparre 1992; Froese 2006;
Kuriakose 2017; Jisr et al. 2018; Lopez-Pérez et al. 2020).
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