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Abstract—The size–age structure, growth, and maturation of the spotted catfish Arius maculatus (Thunberg,
1792) from the Hau River estuary, Mekong Delta, Vietnam, were studied for the first time. A total of 460 fish
specimens collected from January to March 2019 were examined. The annuli on the otoliths were visualized;
their formation may be related with the alternation of the dry and rainy seasons. The male to female ratio in
the catches was 1 : 1.81. The proportion of males decreased in the older age groups. The maximum total body
length of the females was 21.9 cm; for the males, it was 23.7 cm. The maximum recorded age of females in
catches was 7+; for males it was 8+. No inter-gender differences in growth were detected. The parameters of
the von Bertalanffy equation for both sexes according to empirical data were as follows: L∞ = 28.3 cm; k =
0.15/yr; t0 = –1.03 yr; growth performance index, ϕ = 2.08. The coefficients of the relationship between mass
and length were as follows: a = 0.0054; b = 3.22. Maturation began at a body length of 13 cm at an age of 3 yr
and ended at a body length of 18 cm at an age of 6 yr; 50% of the individuals became mature at a body length
of 15 cm at an age of 4 yr. No inter-gender differences in the timing of maturation were found. A. maculatus
from the Mekong Delta is characterized by a low growth rate compared to other populations, which may be
associated with the labile habitat conditions in the estuary zone.
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INTRODUCTION

The Mekong is the largest river in Indochina, with
its length reaching almost 4500 km and a drainage
basin area of 810 000 km2. The Mekong River is char-
acterized by exceptionally high productivity and a bio-
diversity comparable to those of the Amazon River
basin [25]. Nevertheless, the Mekong River is exposed
over its length to extremely high anthropogenic pres-
sure associated with hydrological constructions, fish-
ing, ship traffic, and rapid development of aquacul-
ture, agriculture, and other industries in the Asia–
Pacific Region. The hydrological regime in the river
delta has drastically changed over the past 30 years due
to the intensification of agricultural activities includ-
ing, in particular, rice production [24]. The currently
ongoing climate change contributes to the rapid trans-
formation of the Mekong River ecosystem, which
poses a risk of partial or even complete loss of its com-
ponents. Therefore, studying these components is very
important for addressing conservation issues.

Interest in the ecosystem of the Mekong River
basin has increased significantly; the biological diver-
sity and structure of ichthyocenes are actively studied,
and inventory of fish fauna has been conducted [1, 7,
20]. However, the biology of some species receives
much less attention.

The spotted catfish Arius maculatus (Thunberg,
1792) is a demersal species that inhabits the coastal
waters of the Indo-West Pacific zoogeographic region
of the World Ocean. It is distributed along the western
and eastern coasts of India, Sri Lanka, Pakistan, Ban-
gladesh, and Myanmar to the Arafura Sea and the
Indo-Australian archipelago [18]. In the Mekong
River, the spotted catfish occurs in the lower reaches
[5, 17, 19], where it is a target species of local commer-
cial fisheries.

The biology of A. maculatus remains extremely
poorly studied. Some data on the growth, age struc-
ture, mortality rate, and weight-to-length relation-
ships are known for populations of this species off the
coasts of Taiwan [8, 9], Indonesia [21], and Malaysia
[15]. No data on the biology of A. maculatus in the
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Fig. 1. A schematic map of the study area (outlined by rectangle). Black circles indicate the sites of capture of the spotted catfish
Arius maculatus. 
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Mekong estuarine system are available in the litera-
ture.

The study of age and growth has both theoretical
and applied significance. The ecological and geo-
graphical variation in these parameters, which allows
identification of the major adaptation and morpho-
genesis patterns, is of particular interest. However, the
lack of knowledge of the biological characteristics of
the population makes it impossible to assess its condi-
tion and production capacities and, therefore, orga-
nize rational fishing and nature conservation mea-
sures. The goal of the present work is to study the dis-
tribution, age structure, and growth and maturation
characteristics of the spotted catfish A. maculatus in
the Mekong Delta.

MATERIALS AND METHODS

The study area included the Hau and Tien rivers,
which are the largest branches of the Mekong Delta
(Fig. 1). In January–March 2019, a total of 133 trawl
hauls were performed in this water area. A beam trawl
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 47 
(with a frame width of 4 m; height, 40 cm; mesh size
of the trawl bag, 10 mm) was used as fishing gear. The
salinity of the near-bottom water layer was measured
with a HM Digital TDS-3 portable total dissolved
solid meter at each station.

Complete biological analysis of the material was
carried out by the standard methods [3]. The total
length (TL) of fish was measured to an accuracy of
0.1 cm, and body weight (W) to 0.01 g. The age of indi-
viduals was estimated using otoliths. An annual ring
(annulus) was considered as the boundary between the
inner edge of a wide opaque (light in reflected light)
zone (corresponding to a high growth rate) and the
outer edge of a narrow translucent (dark in reflected
light) zone (corresponding to a low growth rate). Oto-
liths were measured under 15× magnification. The
otolith length (OL) was measured as the maximum
distance between the rostral and caudal edges to an
accuracy of 0.01 mm (Fig. 2). The annulus length was
determined as the distance between the rostral and
caudal edges of a translucent zone. The size of the
studied sample was 460 specimens.
 No. 1  2021
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Fig. 2. An otolith of a female Arius maculatus aged 4+ yr in
incident light, TL = 166 mm. OL is the otolith length; dots
indicate annuli.

OL
The following statistical tests were used to describe
the size–age structure: the Fisher’s F-test to assess the
regression quality; the Shapiro–Wilk W-test to test for
normality of distribution; the Mann–Whitney U-test
to assess differences in length and weight between
samples of females and males in catches; and the chi-
squared (χ2) test to assess the sex ratio. Statistical anal-
ysis was carried out using the MS Excel and Statistica 12
software packages.

Back calculations were performed using the follow-
ing formula: Li = (Si(Lc – c)/Sc) + c, where Si is the
length of the annulus (mm) corresponding to the ith
age; Lc is the TL of fish at capture, cm; Sc is the otolith
length (OL, mm) at capture; and c is the free term of
the linear regression of TL from OL [14]. To analyze
the linear growth and weight increase, the following
von Bertalanffy equations were used [2, 4, 22]: L =
L∞(1 – ) and W = W∞(1 – )b, where
L∞ is the asymptotic length, cm; W∞ is the asymptotic
weight, g; k is a constant that characterizes the rate of
L approximation to L∞; t0 is the age of fish with the
length and weight in the considered model assumed to
be 0, yr; and b is the power index of an equation where
weight is a function of length (W = aLb). The growth
performance index for linear sizes and weight was cal-
culated as follows [16]: ϕ = logk + 2logL∞ and ϕ′ =
logk + (2logW∞)/3.

RESULTS
Distribution. Within the area of the Hau River

basin, the spotted catfish A. maculatus was found
mainly in the estuarine zone with a salinity of the
near-bottom water layer of 5‰ or higher. Single spec-
imens were recorded from the area off the cities of Can
Tho and Long Xuyen, where the water salinity was not
higher than 0.8‰. The major part of individuals were
caught from a depth of 5–15 m during trawling in the
main channel of the river. The spotted catfish was
found to tend to hard clayey sediments.

Age. Otoliths of A. maculatus had well-expressed
opaque and hyaline zones (Fig. 2). Significant differ-
ences in the length of conditional annuli were
observed in the first five groups (Fig. 3). The annuli
were characterized by regular formation associated
with the effect of cyclically varying environmental fac-
tors. The formation of the opaque zone, which corre-
sponds to a high growth rate is completed by the end of
the dry season. The slowdown of the otolith growth is
timed to the rainy season and is accompanied by the
formation of a narrow translucent zone in otoliths.

The sex ratio and size–age structure of catches. The
total male to female ratio in catches was 1 : 1.81, which
was statistically significantly different from the equal
sex ratio (χ2 = 16.4; df = 1; p < 0.001). As the age of the
fish increased, the sex ratio changed. In the first years
of life, it was close to 1 : 1; in the older age groups, the

− − 0( )k t te − − 0( )k t te
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proportion of males decreased. It should be noted that
the largest and “oldest” fish in the catches was a male
(TL = 23.7 cm; body weight 201 g; age 8+).

The linear sizes of A. maculatus females varied from
12.0 to 21.9 cm and those of males varied from 11.9 to
23.7 cm, with the mean TL values of 15.78 ± 0.18 and
14.85 ± 0.23 cm, respectively (Fig. 4a). In the catches,
the length–frequency distribution differed from the
normal one for both females and males (Shapiro–
Wilk W-test: nfemales = 127, p = 0.002; nmales = 71, p <
0.001). The inter-gender differences in mean TL were
statistically significant (Mann–Whitney U-test: nfemales =
127, nmales = 71, p < 0.001), which is associated with the
dominance of females in the older age groups. The
mean TL value of all mature individuals (n = 198) was
15.45 ± 0.15 cm.

The body weight of females varied within a range of
16.0–117.4 g and that of males varied within 14.1–
201.2 g, with the mean values of 41.6 ± 1.8 and 35.3 ±
2.8 g, respectively (Fig. 4b). The body weight–fre-
quency distribution of both females and males also
differed from the normal one (Shapiro–Wilk W-test:
nfemales = 127, nmales = 71, p < 0.001). The differences in
mean body weight between the sexes were significant
(Mann–Whitney U-test: nfemales = 127, nmales = 71, p <
0.05) due to the predominance of older females. The
mean body weight of all mature individuals (n = 198)
was 39.3 ± 1.51 g.

It should be noted that immature individuals dom-
inated the catches (51%) due to the specifics of the
fishing gear; the proportion of young-of-the-year was
29%. The age–frequency distribution of the mature
part of A. maculatus catches is shown in Fig. 4c. The
maximum age of females was 7 yr; for males, it was 8+.
The proportion of males aged 4+ was almost two times
lower than that of males aged 3+. Unlike females,
males at ages of 6+ and 7+ were not found in catches;
therefore, the capture of a male at age 8+ is considered
a single successful case.
NAL OF MARINE BIOLOGY  Vol. 47  No. 1  2021
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Fig. 3. The annulus length in Arius maculatus from the Hau River estuary. 
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An age–length key was compiled for the spotted
catfish using the results of age estimation of 206 spec-
imens (Table 1); on the basis of the key, the ages of
another 254 individuals of mainly the younger age
groups (0+ and 1+) were also determined.

The relationship of TL (cm) and otolith length OL
(mm) in A. maculatus is approximated by a linear
regression as follows: TL = 2.28OL + 2.12 with R2 =
0.95 (n = 214). The relationship is statistically signifi-
cant (F-test, p < 0.05).

 Since the equation allows calculating the length of
only an averaged individual, we used an approach that
takes into account the individual OL and TL values, on the
one hand, and the free term in the regression equation, on
the other (see the Materials and Methods section).
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 47 

Table 1. An age–length key for both sexes of Arius maculatus

TL, cm
Age

0+ 1+ 2+ 3+ 4+

4.1–6.0 13
6.1–8.0 20
8.1–10.0 17 10

10.1–12.0 24 6 2
12.1–14.0 3 22 7 1
14.1–16.0 3 32 15
16.1–18.0 1 1 12
18.1–20.0
20.1–22.0
22.1–24.0
According to the empirical data, the growth of
A. maculates can be provisionally divided into two
stages (Table 2). The stage of rapid growth occurs in
the first three years of life until the onset of matura-
tion. The latter occurs when fish reach 3 years of age
(at a body length of 13 cm and a body weight of 21 g),
which marks the onset of the second stage. This stage
is characterized by linearly decreasing growth and an
allometric weight increase (in the equation of body
weight to length relationship, b = 3.19 in females and
b = 3.12 in males). The maturation of females and
males ends at a body length of 18 cm and at age 6 yr.

The Ford–Walford plot [23] of the observed length
values for both sexes has the following form: L(t+1) =
0.79L(t) + 4.75 (regression is statistically significant:
F-test, p < 0.05). Its value at the intersection with the
straight line L(t+1) = Lt is close to the estimated L∞ and
 No. 1  2021
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, yr
Total, fish

5+ 6+ 7+ 8+

13
20
27
32
33

1 1 52
5 19
4 2 6
1 1 1 3

1 1
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Fig. 4. The linear size (a), weight (b), and age (c) in the mature part of Arius maculatus catches from the Hau River estuary. 
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is 22.58 cm, which indicates the high significance of
the approximation of the empirical growth curve by
the von Bertalanffy equation (Table 3).

According to the coefficients of the von Bertalanffy
equation, by an age of 8–9 yr, both males and females
reach 80% of the maximum length. According to the
empirical rule [16], the mean maximum length is 95%
of L∞, i.e., 24 cm for females and 22 cm for males,
while the limit age for both sexes is 15 years. The mean
RUSSIAN JOUR
values of the calculated lengths for the age groups were
slightly lower than the empirical ones (Fig. 5); the dis-
crepancy in the models is explained by the effect of the
Lee’s phenomenon [4]. In both cases the growth per-
formance index ϕ almost did not differ.

DISCUSSION
An analysis of the distribution of the spotted catfish

A. maculatus in the study region has shown that it is an
NAL OF MARINE BIOLOGY  Vol. 47  No. 1  2021
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Table 2. The linear size and weight of certain age groups of Arius maculatus from the Hau River estuary according to the
obtained data

TL, total length; W, body weight; n, number of specimens; “–”, no data.

Age, yr
Males Females

TL ± SE, cm W ± SE, g n TL ± SE, cm W ± SE, g n

2 11.09 ± 0.13 12.68 ± 0.51 79 11.05 ± 0.13 12.99 ± 0.43 71
3 13.03 ± 0.14 21.24 ± 0.88 49 12.99 ± 0.15 20.94 ± 0.94 44
4 14.60 ± 0.16 31.07 ± 1.13 35 14.75 ± 0.12 31.72 ± 1.02 57
5 15.77 ± 0.28 40.21 ± 2.39 15 16.34 ± 0.15 44.09 ± 1.59 40
6 18.02 ± 0.92 58.18 ± 6.50 5 18.40 ± 0.33 64.03 ± 4.33 12
7 – – – 19.92 ± 0.47 83. 98 ± 8.01 6

Table 3. The growth parameters of Arius maculatus from the Hau River estuary

L∞, W∞, k, and t0 are the coefficients of the von Bertalanffy equations; a and b are the parameters of the weight to length relationship:
W = aTLb; ϕ is the linear growth index; ϕ' is the weight increase index.

Sex L∞, cm k/yr W∞, g a b t0, yr ϕ ϕ'

Females 25.94 0.18 185 0.0057 3.19 –0.81 2.08 0.77
Males 23.72 0.20 111 0.0058 3.12 –0.91 2.05 0.66
Both sexes (empirical data) 28.27 0.15 255 0.0054 3.22 –1.03 2.08 0.78
Both sexes (back calculations) 22.64 0.23 125 0.0054 3.22 –0.55 2.07 0.76
estuarine resident that does not make long migrations
and avoids significantly freshened waters. However,
local movements of fish within the estuary and marine
coastal waters are also possible, especially during the
rainy season.

Estimating the age of tropical fish usually poses
some challenge. Waters of low latitudes are character-
ized by constant temperature conditions; therefore,
RUSSIAN JOURNAL OF MARINE BIOLOGY  Vol. 47 

Fig. 5. The linear growth curves for female and male Arius macul
equation using the empirical and calculated data. 
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fish of tropical species grow quite evenly throughout
the year. However, in some cases, the growth of tropi-
cal fish during the year may be affected by the alterna-
tion of the dry and rainy seasons, when the hydrologi-
cal and feeding conditions change [12]. The alterna-
tion of the periods of high and low growth rates in fish
that are sensitive to these changes is naturally mani-
fested in the age registering structures. The annual
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Table 4. The growth parameters of Arius maculatus from different populations and some other species of the genus Arius

* FL (fork length according to Smith) was used; for other designations, see Table 3.

Species L∞, cm k/yr W∞, g a b t0, yr ϕ ϕ′

Hau River estuary, Mekong Delta (our data)
A. maculatus 28.3 0.15 255 0.0054 3.22 –1.03 2.08 0.78

Southwestern coast of Taiwan Island [8, 9]*
A. maculatus 34.4 0.28 – 0.0150 2.95 –0.57 2.52 –

Java Sea, Indonesia coast [21]
A. maculatus 45.0 0.73 – – – – 3.17 –

Guinea [10]*
A. heudelotii 70.0 0.14 − – – –0.39 2.84 –
A. latiscutatus 65.0 0.15 − – – –0.31 2.81 –
A. parkii 61.2 0.17 − – – –0.28 2.81 –

Kuwait [6]
A. thalassinus 106.4 0.06 – – – –2.10 2.86 –
cyclicity in this case allows interpreting the boundary
between the growth zones on otolith as an annulus. As
an example, Fabré and Saint-Paul [11], in their work
on the biology of the Amazonian anastomid fish
Schizodon fasciatus, noted that the annulus on the
scales of this species is formed during January–Febru-
ary. Thus, the maximum growth rate in this case
occurs during the dry season at a low water level (July–
November). In river systems, the annulus formation is
typical for many Amazonian Cichla species, which is
also associated with the cyclicity of the hydrological
regime [13]. In water bodies where habitat conditions
are stable throughout the year, no annulus formation
is observed in fish. As in the above examples, the well-
pronounced alternating opaque and hyaline zones on
otoliths of A. maculates indicate a cyclical growth asso-
ciated with the seasonality of the hydrological regime.

Unlike many fish species, A. maculatus does not
show any pronounced inter-gender differences in the
growth and timing of maturation. This may be
explained by the exceptional role of males in the
breeding process; they brood eggs in the mouth and
continue to care for the offspring even after the embry-
onic development is completed. Large males can pro-
vide the survival of a larger number of offspring and,
therefore, the increase in the size of males is an adap-
tive strategy fixed by selection. Some of the inter-gen-
der differences are associated with the increase in
weight of individuals of older age groups due to the
predominant generative growth of females.

With a weakly expressed sexual dimorphism in
growth, the proportion of males in the older age
groups in catches was found to decrease. This may
indicate a higher mortality rate in males or a lower
catchability during fishing. Taking in account the care
of offspring that is characteristic of male A. maculatus,
an assumption can be made that they tend to stay in
shelters.
RUSSIAN JOUR
A. maculatus that live in the Mekong Delta are
characterized by a low growth rate compared to other
populations and species of the genus Arius (Table 4).
This may be due to their inhabiting the estuarine zone,
which is an area with unstable hydrological conditions
formed under the effect of freshening and changes in
the thermal regime during the rainy season, as well as
tidal and wind-induced phenomena. The hydrological
instability causes an increase in energy expenditures
for water–salt metabolism or for moving to areas with
a more favorable hydrological regime. What advan-
tages does this marine species gain by inhabiting an
area with labile habitat conditions? By occupying the
chorohaline zone, the spotted catfish probably avoids
competition and/or predation pressure from the
coastal zone of the sea, where the biological diversity
is much higher. The low growth rate is compensated by
a lower mortality rate, which allows maintaining the
reproductive capacity. The occupation of freshened
waters, where the direction and intensity of selection
differ from those in the marine coastal zone, can lead
to a phylogenetic shift and morphogenesis.

The new data obtained on the biology of
A. maculatus from the Mekong Delta during the dry
season can become a starting point in monitoring the
status of its population. Of particular interest is the
study on the distribution and biology of A. maculatus
during rainy season. This will allow determination of
the migration activity and the degree of relationship
between members of the estuarine and marine coastal
zones.
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