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ABSTRACT

Sinanodonta woodiana is one of the introduced mussel species in the Lahambuti River (Konawe Regency, Southeast Sulawesi),
whose biometric characteristics had not been fully understood. This study aimed to determine the biometric characteristics,
including the length-weight relationship and condition index of the mussel. The research was conducted over 12 months from
2021 to 2022 in two series: May—October 2021 and February—July 2022. Mussel samples were collected using a scoop within 1x1
m? transects, with 10 replicates each month. The collected mussels were brought to the laboratory to measure shell length, total
weight, and tissue weight using a caliper and a digital scale with accuracies of 0.5 cm and 0.01 g. The shells and soft tissues were
dried in an oven at 70°C for 48 hours and weighed using an analytical balance with 0.0001 g precision. The biometric data were
analyzed using standard formulas. The results showed a mean b value of 2.80 with a coefficient of determination (R?) of 93.52%.
A t-test (o = 0.05) indicated that the b value differed significantly from 3.0, suggesting a negative allometric growth. Monthly b
values ranged from 2.31 (September) to 3.16 (May), with R? values from 91.11% to 96.66%. The average condition index was
3.25 £ 1.30, increasing with shell length and peaking in February (4.45 + 1.47). It decreased from March to July, with the lowest
value in June (2.09 £ 0.71). In conclusion, S. woodiana showed negative allometric growth and seasonal variation in condition
index.
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INTRODUCTION found far from estuaries and inhabit the rhithral
segment of the river. S. woodiana lives at the
bottom of water bodies and buries itself in muddy
substrates. In addition, the species occurs in slow-
flowing, euphotic, and relatively shallow rivers
(Moézzi et al. 2017). Like other freshwater
mussels, S. woodiana plays an important
ecological and economic role. In aquatic
ecosystems, mussels can act as ecosystem
engineers (Bodis et al. 2014a, 2014b). They are
capable of modifying substrate structure,
purifying water, and providing substrate/habitat
for other aquatic biota (Vaughn, 2018).

These mussels are also considered ideal
bioindicators for monitoring pollution levels in
aquatic environments (Chen et al. 2012; Li et al.
2015; Reichard et al. 2012), due to their sedentary
lifestyle, high bioaccumulation of metals and
pesticide contaminants in their soft tissues and
shells (Yancheva et al. 2016; Zhang et al. 2014),

The area of freshwater mussel Sinanodonta
woodiana is one of the mussel species introduced
into the Lahambuti River, Southeast Sulawesi
(Purnama et al. 2019). This species originated
from the Yangtze and Heilongjiang Rivers in
China and later spread to relatively calm waters
such as ponds and lakes (Donrovich et al. 2017).
It has invaded almost all continents, including
many countries in Asia (Ercan et al. 2013), such
as Indonesia (Java and Sumatra) (Watters, 1997),
Sulawesi (Purnama et al. 2019; Tampa et al.
2014), Europe (Colomba et al. 2013), and North
America (Raley ef al. 2011), through transmission
via host fish such as tilapia (Dobler et al. 2022;
Watters, 1997), although over the past few
decades, this species has declined by up to 70% in
some areas of its native range due to the loss of its
host fish (Liu et al. 2010). These mussels are
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thereby linking pollutant content between
organisms and habitats (Van Hassel and Farris,
2006; Yang et al. 2008).

Economically, this species has been used as
food (Chen ef al. 2012). In several countries, such
as Poland, the mussels serve as food for various
animals (Andrzejewski et al. 2013), for cultured
pearl production in Tuscany (Liu et al. 2014), and
as a source of antitumor agents (Liu et al. 2008;
Vaughn, 2018) and traditional Chinese medicine
for diabetes (Liu ef al. 2008). They are also used
for genotoxicity monitoring (Ciparis et al. 2015),
while the bioaccumulation of calcium,
phosphorus, and heavy metals in the soft tissues
and shells of S. woodiana has been widely studied
(Krolak and Zdanowski, 2001, 2017).

Shell size in relation to biometric parameters
can be a reliable tool for monitoring population
dynamics and aquatic environmental conditions
(Bayne and Newell, 1983; Deidun et al. 2014;
Palmer, 1990). These parameters can be
transformed into various indices for evaluation
purposes (Akinjogunla and Moruf, 2018; Tiirker
et al. 2019). One of the most common tools used
to interpret data on aquatic biota such as mussels
is the length—weight relationship.  This
relationship reflects the growth and allometric
patterns between length and weight, which may
provide  information  about  reproductive
conditions, including sex categories and
developmental stages (Akinjogunla and Moruf,
2018; Rueda and Urban, 1998), population density
(Seed, 1968), and the physical and biological
characteristics of  aquatic environments
(Thorarinsdottir ~ and  Johannesson,  1996),
including the quality and quantity of food
(Akinjogunla and Moruf, 2020).

Similarly, the condition factor indicates the
health status of mussels in their habitats and is
expressed by the “condition coefficient”. This
coefficient reflects ecological and biological
factors such as gonadal stages, fitness levels, and
environmental suitability for food acquisition
(Gomiero and Braga, 2005).

Based on a literature review, only a few
studies have examined biometric aspects of
length—weight relationships and condition factors
of S. woodiana. These include a morphometric
study of Taiwanese mussels in Minahasa and
North Minahasa Districts (Tampa et al. 2014),
variation in the shell form of the swan mussel
Anodonta cygnea (Linnaeus, 1876) in response to
water current (Moézzi et al. 2017), a
morphometric and genetic comparison of S.
woodiana populations: “Does shape really
matter?” (Guarneri, 2014), and morphometric
studies on the Anodonta anatina bivalve
population from Dognecea Lake (Bura et al
2011). This study aimed to determine biometric
characteristics  including the length—weight
relationship and condition index of S. woodiana
mussels in the Lahambuti River, Konawe
Regency, Southeast Sulawesi.

MATERIAL AND METHOD

The study was conducted over the course of
one year in two phases: the first phase took place
from May to October 2021, and the second phase
from February to July 2022. The research site was
located in the Lahambuti River, Konawe Regency,
Southeast Sulawesi, at coordinates 03°55°56.63”
S - 122°10°11.20” E to 03°56’33.49” S -
122°10°19.00” E (Figure 1).
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Figure 1. Map of the mussel sampling site in the Lahambuti River, Konawe Regency, Southeast Sulawesi.

The mussels were collected monthly using a
scoop from the riverbed substrate at a depth of 20
cm, within a 1 x 1 m? quadrat, repeated 10 times.
All collected samples were transported to the
Prolink Laboratory, Faculty of Fisheries and
Marine Science (FPIK) Halu Oleo University, for
biometric measurements. Shell length, wet weight,
and tissue weight were measured using a caliper
and a digital balance, with accuracies of 0.5 cm
and 0.01 g, respectively. Both the soft tissues and
shells were oven-dried at 70°C for 48 hours. After
drying, the samples were weighed using an
analytical balance with an accuracy of 0.0001 g.

Data Analysis

The length-weight relationship was analyzed
to determine the coefficient b using the equation
described by (Bahtiar et al. 2014):

W =aLPb
where:
W = the total weight (g)
L = the shell length (cm)

a and b= constants

Size classes were determined using Sturges’
formula (Sturges, 1926) as outlined by Bahtiar et
al. (2014) and Taula et al. (2022):

K=1+3.3log
and
B :ba—bb
K

where:

K = the number of size classes
N = the number of samples

B = the class interval

ba = the upper class limit
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The mussel condition index was calculated
following Rahim et al. (2012):

IK = BDK 100
~BC "
where:
IK = the condition index

BDK = the dry meat weight (g)
BC = the shell weight (g)

The condition index was interpreted as
follows: IK < 2 = underweight, 2—4 = moderate,
and > 4 = overweight.

RESULT AND DISCUSSION

Result
Length-Weight Relationship

The mean b value for male Sinanodonta
woodiana mussels in the Lahambuti River was
2.80, with a coefficient of determination (R?) of
93.52 (Figure 2A). A t-test (o = 0.05) indicated
that the b value was significantly different from
3.0 (b < 3.0). Temporally, b values tended to
fluctuate (Figure 2B). Values below 3.0 were
predominantly observed in most months, except in
July, March, and May, where b values exceeded
3.0. The lowest b value was recorded in
September (2.31), while the highest was found in
May (3.16), with coefficients of determination of
94.72 and 9.66, respectively (Figure 2C). The t-
test results showed that b values in May—August
2021 and March 2022 were not significantly
different from 3.0, whereas the b value in May
2022 was significantly different context from 3.0
(b>3.0).
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Figure 2. Length-weight relationship ditribution (A), and temporal variation distribution in b value (B)
of Sinanodonta woodiana mussels in the Lahambuti River.
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Figure 2. Temporal coefficient of determination poin (C) for S. woodiana mussels in the Lahambuti River,
Konawe Regency, Southeast Sulawesi.

Condition Index sequently increased again in the highest size class

The mean condition index of S. woodiana interval (Figure 3A). Temporally, the condition of
mussels in the Lahambuti River was 3.25 + 1.30. index tended to increase from July to August
The condition index tended to increase from the 2021. The highest condition index was observed
smallest size class (4.61-5.27 cm) up to the 5.95— in February and then steadily declined through
6.61 cm class. It then declined toward the 9.30— July 2022 (Figure 3B).

9.96 cm size class. The condition of index sub
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Figure 3. Condition index of S. woodiana mussels based on size class intervals (A) and sampling period (B)
in the Lahambuti River, Konawe Regency, Southeast Sulawesi.

Discussion al. 2018), Galatea paradoxa (b = 2.39-2.85
Length-Weight Relationship (Kingdom and Azagba, 2017), and Synodontis
The average b value of Sinanodonta resupinatus (b =2.19) (Adeyemi et al. 2009).
woodiana in the Lahambuti River indicates a However, the b value observed in the
negative allometric growth pattern. This suggests Lahambuti River is lower than those reported for
that shell length increases more rapidly than body other freshwater mussels such as Parreysia
weight, meaning the mussels in this river are favidens (b = 3.06) (Ramesha and Sophia, 2015)
relatively thin. This b value is comparable to that and Geloina expansa (b = 3.31) (Argente and
of other mussel species within the same genus, Ilano, 2021). Temporally, the b value of S.
such as Anodonta cygnea, which has a b value of woodiana fluctuated monthly. Most months
0.8561 (Moézzi et al. 2017). Similarly, other recorded b values below 3.0, except for July,
freshwater mussels exhibit negative allometric March, and May, which had values exceeding 3.0.
growth, including Lamellidens corrianus (b = The lowest b value (2.31) was observed in
2.67) (Mondol et al. 2016), Hyriopsis myersiana September, while the highest (3.16) occurred in
(b = 2.64-2.97) (Uthaiwan et al. 2001), Batissa May. Monthly fluctuations in b values have also
violacea (b = 2.45-3.03 and 2.46-2.94 for males been observed in other species, such as Parreysia
and females, respectively) (Bahtiar et al. 2023), corrugata (b = 2.60-3.10) (Ramesha and
Corbicula moreletiana (b = 1.27-2.32) (Ngor et Thippeswamy, 2009) and Galatea paradoxa (b =
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2.023-3.874) (Obirikoran et al. 2013).

In general, b values below 3.0 indicate a non-
isometric growth pattern across most months, a
trait commonly observed in bivalves throughout
their life cycle (Ngor ef al. 2018). The fluctuating
b values of S. woodiana in the Lahambuti River
may be associated with various factors such as
water quality (Nakaoka, 1992), food availability
(Gaspar et al. 2002; Lim et al. 2020; Trisyani et
al. 2016), and reproductive cycles (Obirikoran et
al. 2013; Thippeswamy et al. 2014).

A decline in b value may result from
deteriorating water quality caused by sand mining
and runoff from mining areas, which increases
turbidity and reduces the mussels’ filtration
efficiency. In contrast, higher b values may be
linked to: (1) the increase in vitellogenesis during
gonad maturation, (2) egg incubation within
demibranchs until the D-larval stage typical in
freshwater mussels, including S. woodiana, and
(3) elevated levels of organic matter and
phytoplankton during certain months (Bahtiar et
al. 2021), as well as greater water surface area due
to rising water levels during the rainy season
(Ngor et al. 2018).

Condition of Index

The condition of index (CI) of S. woodiana in
the Lahambuti River was found to be 3.25 + 1.30,
which falls within the moderate category (Abu-
Zaid et al. 2014). This value is relatively lower
compared to several other freshwater mussels,
such as Lamellidens corrianus with a CI of 13.74
+ 3.32 (Mondol et al. 2016), Parreysia favidens
with values ranging from 4.16 to 16.36 (Ramesha
& Sophia, 2015), and Batissa violacea from the
Laeya River, categorized as plump, with values
ranging from 3.58 + 1.66 to 6.00 + 3.07 for males
and 3.26 £ 1.29 to 7.83 + 2.55 for females,
respectively (Bahtiar et al. 2023).

Although the average CI of S. woodiana was
within the moderate category, it showed temporal
variation, reaching the plump category during
August and February. A similar pattern was
reported in Geloina erosa from the Mahakam
Delta, Kalimantan, which showed CI values
ranging from moderate to plump (3—4) (Rizal,
2010).

The CI of mussels can vary across regions
and is influenced by several factors, including
body size, seasonal changes (Micklem et al
2016), water quality (Duinker et al. 2008), and
food availability (Krampah et al. 2016). In the
Lahambuti River, the CI showed a size-related
trend: it increased from the smallest size class
(4.61-5.27 cm) to 5.95-6.61 cm, then declined up
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to 9.30-9.96 cm, before increasing again in the
largest size classes. Temporally, CI values
increased from July to August 2021, peaked in
February, and gradually declined until July 2022.
These temporal variations in CI are likely
influenced by seasonal shifts affecting food
availability, —water quality, and gonadal
maturation.

The development and maturation of gonads
in freshwater mussels, including S. woodiana,
occur throughout the year. However, increases in
CI are typically observed during peak gonadal
maturity and egg storage within the demibranchs,
especially at the D-type larval stage (Denton et al.
2012). In contrast, the release of pediveliger
larvae from the incubation chamber is associated
with a decline in CI (Cataldo ef al. 2001).

CONCLUSION
This study reveals that Sinanodonta
woodiana in the Lahambuti River exhibits

negative allometric growth, with b values
generally below 3.0. The growth pattern fluctuates
monthly and is influenced by environmental
factors and reproductive cycles. The condition
index also varies across size classes and
observation periods, indicating changes in
physiological condition likely related to food
availability, water quality, and reproductive
maturity. These findings demonstrate that growth
and condition patterns of S. woodiana are closely
linked to both environmental dynamics and
biological processes.
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