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Abstract

Background: The oxeye snail (Turbo argyrostoma) is a marine gastropod commonly harvested by
coastal communities for consumption. Intensive and unregulated harvesting may lead to population
decline, raising concerns for ecosystem stability and resource sustainability. This activity directly
reduces the population of T. argyrostoma in coastal waters. This study aims to determine the
abundance and the correlation between the length-weight and condition factors of T. argyrostoma in
the waters of Batam, Riau Islands. Method: This study was performed from September to October
2024. Sampling was conducted at three locations: Kajang Island, Piring Island, and Layang Island. The
sampling method conducted was purposive sampling. Water quality measurements were carried out
in situ. Abundance was determined based on the number of individuals per unit area. Morphometric
data were collected by measuring the body dimensions of T. argyrostoma using digital callipers. Next,
the length-weight relationship was analysed using linear regression to determine growth patterns.
Results: The aquatic environment met the quality standards set by the Minister of Environment, as
outlined in Decree No. 51/2004. The highest abundance of T. argyrostoma was observed at Kajang
Island (1.37 ind/m?). Morphometric measurements showed mean shell length (SL) of 39 + 4.83 mm,
weight (W) of 21.3 +4.58 g, and shell width (SW) of 30.3 £ 3.25 mm in Layang Island samples. A
positive length-weight relationship was identified at all stations (r = 0.73, 0.45, 0.78) with allometric
growth coefficient (b) values indicating growth patterns. Condition factors (K and Wr) varied across
locations: 6.766 and 70.340 at Piring Island; 6.518 and 103.984 at Kajang Island; and 6.229 and
101.037 at Layang Island, respectively. Conclusion: A positive length-weight relationship was
observed at all sites, and variation in condition factors suggests differing ecological pressures. The
low Wr value at Piring Island may indicate environmental stress or higher predation pressure.

Keywords: Mollusca, Morphometrics, Oxeye Snails, T. argyrostoma

Introduction

The bull's-eye sea snail (Turbo argyrostoma) is a marine gastropod that is abundantly
found in the waters of Sarang Island, Batam, and has economic value as a food source for
coastal communities. Research on this species is crucial because harvesting without
sustainable management has the potential to cause population decline and disrupt the
balance of coastal ecosystems. Its use as a food source for coastal communities makes
managing the capture of Turbo argyrostoma crucial to prevent population decline. Bull's-
eye sea snails are reported to have potential as a source of protein and minerals that
function as aphrodisiacs, such as K, Mg, Ca, Fe, Zn, and Cu (Merdekawati et al., 2017).
Although the saturated fatty acid content of bull's-eye sea snail meat is reported to be
relatively high, at 43.60% (Tazkia et al., 2016), this species remains essential to study due
to its food value for the community and its potential as a bioindicator of water quality.

T. argyrostoma is a member of the phylum Mollusca and generally inhabits reef
habitats (steep coral reef slopes) directly exposed to open ocean waves. Bull's-eye snails
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prefer coral reef flats overgrown with marine plants, such as Sargassum (Tazkia et al., 2016).
The waters of Sarang Island and its surroundings fall within the administrative area of
Sekanak Raya Village, Belakang Padang District, Batam City. This area is impacted by various
anthropogenic activities, including shipping, fishing, and industries such as shipyards and
seafood processing, which have the potential to degrade the quality of the aquatic
environment. According to Pratiwi & Utami (2022), anthropogenic pressures, particularly
overexploitation, have caused a decline in marine biota populations.

The quality of the aquatic environment will impact the life of marine biota. Changes in
aquatic environmental conditions, including physical, chemical, and biological elements, can
indicate damage to the aquatic ecosystem (Ismail et al., 2019). The decline in marine biota
can be caused by marine pollution by hazardous and toxic materials (B3), industrial waste,
transportation, and domestic waste. Pollutant sources can originate from both the sea and
land. The numerous sources of pollution in the waters have the potential to contaminate the
aquatic environment of Sarang Island. Waste generated from various industrial and domestic
activities can contaminate aquatic biota and potentially accumulate in the food chain (Amelia
et al, 2024). Some marine biota, such as fish, shellfish, and macroalgae, accumulate
pollutants and can be used as bioindicators of pollution (Ismarti, 2024; Ismarti et al., 2017;
Suheryanto & Ismarti, 2018). On the other hand, the harvesting of T. argyrostoma for
consumption without regard for sustainability can lead to a decline in its wild population.
This decline in the wild population is primarily due to rapid overfishing rather than the
population's ability to reproduce and replace losses (Pratiwi & Utami, 2022).

Research on bulleye snails in the Riau Islands, particularly Batam Island, is still limited.
To support sustainable management, up-to-date data on abundance, size, and length-weight
relationships in the waters of Sarang Island are needed. Gastropod morphometry was
measured based on length and weight, with the main parameters such as shell length (SL),
shell width (SW), peak height (SpH), and weight (W). (Sriyanti et al. 2021). The purpose of
this study's morphometric measurements was to evaluate shell morphometric variations
and analyze the length-weight relationship in the T. argyrostoma species (Haumahu et al,,
2014). Furthermore, the length-weight relationship and condition factors are essential
parameters in marine biology that can be used to distinguish taxonomic units and assess the
health condition of organisms (Utami et al, 2022). This study aimed to determine the
abundance, length-weight relationship, and condition factors of T. argyrostoma in the waters
of Sarang Island, Padang Belakang District, Batam City, Riau Islands Province.

Methods
Sampling Time and Location

This research was conducted from September to October 2024 in the waters surrounding
Sarang Island, Sekanak Raya Village, Belakang Padang District, Batam City. The research
location was determined by purposive sampling, taking into account the conditions and
circumstances of the intertidal zone. The research location comprised three stations: Kajang
Island, Piring Island, and Layang Island. Sampling was conducted three times at each location
at weekly intervals to capture temporal variation. The coordinates of the sampling locations
are shown in Figure 1. The coordinates of the sampling locations are Station I on Kajang
Island (1°7'31.254"N 103°50'39.63" E), Station II on Piring Island (1°7'3.204"N
103°50'29.508"E), and Station III on Layang Island (1°7'59.772"N 103°51'0.666"E).
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Figure 1. Sampling Location Map

Instruments

The instruments used in this study included digital calipers (with 0.01 mm accuracy), a
multitester, a digital DO meter (MHO1 brand, with 0.01 mm accuracy), a GPS device, a digital
camera, writing instruments, and sample containers. Supporting equipment for sampling
included snorkeling equipment to examine the bull's-eye snails found beneath the water.

Data Collection

Water quality parameters were measured using the equipment shown in Table 1. Water
quality measurements were conducted in situ for temperature, salinity, DO, TDS, clarity, and
current velocity. This was repeated three times for each sampling location.

Table 1. Water Quality Parameter Measurement Instruments

Parameters Equipment Unit
Ph Ph Meter -
Temperature Thermometer °C
Dissolved Oxygen DO Meter Mg/L
Salinity Refractometer Ppm
Turbidity Multimeter Mg/L
Brightness Secchi Disk M
Current Speed Flow Meter M/S

T. argyrostoma samples were collected using a sweeping method in the intertidal zone at
each station, the extent of which varied depending on the location. Sampling was conducted
in the morning during the maximum low tide to facilitate observation and comprehensive
collection of individuals. Station 1 on Kajang Island covered a 10 x 15 m2 area, Station 2 on
Piring Island covered a 10 x 5 m2 area, and Station 3 on Layang Island covered a 10 x 50 m2
area. All samples attached to the rock or coral substrate were collected, from smallest to
largest, for morphometric and weight measurements.

Samples collected from each location were cleaned by rinsing with seawater and then
allowed to drain for 5-10 minutes. Samples were then counted to determine abundance, and
measurements included shell length (SL), spire height (SpH), and shell width (SW).
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Procedure
Abundance of T. argyrostoma
The abundance of T. argyrostoma was calculated based on the number of individuals per

unit area. The density of bullseye snails at each station was calculated and converted to
individuals/m2 using the following formula (Ramses et al., 2018):
Di Ni

i=—
A
Information:
In : Number of bullseye snails per area (individuals/m2)

Ni : Number of bullseye snails on the quadrat transect.
A :Area of the sampling quadrat transect (m2)

Morphometric measurements

Digital calipers were used to measure the morphometric characteristics of T. argyrostoma
with an accuracy of 0.01 mm. Morphometric measurements of the sea snail, such as shell
length (SL), spire height (SpH), and shell width (SW), were as described by Haumahu et al.
(2014), and are shown in Figure 2.

PR R
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Shell Width (SW)

Figure 2. Morphometric measurements of Turbo argyrostoma L.

Length and Weight Analysis

Parameters a and b were determined using logarithmic regression analysis with the
equation log W =log a + b log L, which models the length-weight relationship in an allometric
manner. To predict length and weight parameters, bias correction for the average weight
change was applied in logarithmic units. The following allometric equation, based on De-
Robertis and William, was used (Fadhil et al.,, 2016; Ramses, Syamsi, et al., 2019):

W=alLb

Information:

W = Snail weight (g)
L = Shell length

a, b = Constant values

Growth patterns are divided into two categories: if b is equal to 3, it is called isometric
growth, meaning that weight growth is equal to length growth. Furthermore, if b is # 3, it is
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allometric. Allometric growth is categorized into two types: positive allometry and negative
allometry. With the following conditions, if the b value is above 3, then the allometric is
positive, meaning weight growth is faster than length growth. Conversely, if the b value is
below 3, then the allometric is negative, meaning length growth is faster than weight growth
in the snail (Napisah & Machrizal, 2021).

Condition Factor Analysis

The condition factor for each snail (total n = ...) was analyzed using the Fulton coefficient
(K) and the relative weight condition factor (Wr), where the Ws value was predicted from
the combined length-weight regression results of all sampling locations. Relative weight
(Wr) is determined based on the Rypel and Richter equation (Ramses, [smarti, et al.,, 2019):

Wr=(WxWs)x 100

Where Wr is the relative weight, W is the snail weight (g), and Ws is the standard weight
(g) predicted from the same sample, calculated from a combined length-weight regression
using the distance between species:

Ws=alb

The condition factor is an index value indicating the health condition of the snail (Ramses,
[smarti, et al, 2019). The Fulton condition factor is calculated based on the following
equation (Sayyidah & Rusdi, 2021):

K=WL-3x100

Where K is the Fulton condition factor, W is the snail weight (g), L is the length (mm), and
- -3 is the length coefficient to ensure that the K value tends to unity.

Result

The research results consisted of an analysis of the abundance, morphometry, length-
weight relationship, and condition factors of Turbo argyrostoma in the waters of Sarang
Island, Batam, as a basis for developing a sustainable management strategy.

Water Quality Parameters

The results of water quality parameter measurements at three sampling locations are
shown in Table 2. The results of water quality measurements at Kajang Island, Piring Island,
and Layang Island. In general, the pH values at all three locations ranged from 8.5 to 8.8,
which is still within the range of environmental quality standards for marine biota. The
recorded DO content (8.4-9.8 mg/L) supports the respiration of aquatic organisms.

The water temperature was relatively uniform (30-31°C), suitable for tropical habitats.
Salinity varied between 26 and 31 ppt, with lower values on Piring Island, likely influenced
by freshwater inputs. The highest TDS was observed on Piring Island (73,400 mg/L),
indicating a higher concentration of dissolved substances.

Water clarity ranged from 2 to 3 m, and current speeds varied, with the highest values at
Layang Island. These differences in parameters between locations indicate varying
environmental conditions that may affect the distribution, growth, and physiological state of
T. argyrostoma.

Table 2. Water Quality at Three Sampling Locations

Parameters
Locations H DO Temperature Salinity TDS Brightness  Current Speed
P (mg/L) (°Q) (PPM) (Mg/L) M) (M/S)
Kajang Island 8.5 8.4 30 31 31070 2 2.386
Piring Island 8.6 9.4 30 26 73400 3 5.419
Layang Island 8.8 9.8 31 29 42160 3 6.834
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Abundance of T. argyrostoma

Observations show that the abundance of T. argyrostoma varied across the three study
sites, as shown in Table 3. The results in Table 3 indicate that the abundance of T.
argyrostoma varied across the three study sites. Kajang Island had the highest abundance
(1.37 ind/m?), followed by Layang Island (0.96 ind/m?) and Piring Island (0.92 ind/m?).
These differences in abundance may be influenced by habitat conditions, nutrient
availability, and other environmental factors that support the existence and growth of the
population. This variation is critical to consider in efforts to manage T. argyrostoma
resources in coastal areas sustainably.

Table 3. Abundance of T. argyrostoma at Three Sampling Locations

Locations Number of Individuals Area (m?) Abundance (ind/m?)
Kajang Island 206 150 1.37
Piring Island 46 50 0.92
Layang Island 240 250 0.96

Morphometric Measurements

The results of morphometric measurements of T. argyrostoma, including shell length,
weight, shell width, and crest height, in samples from three sampling locations, are shown in
Table 4. The results of morphometric measurements of T. argyrostoma from the three
sampling locations. The average values for shell length (SL), weight (W), crest height (SpH),
and shell width (SW) varied between locations. Samples from Layang Island generally
showed a larger average size than the other two locations. This morphometric variation
reflects differences in environmental conditions, food availability, and the potential
morphological adaptation of T. argyrostoma to local habitats. This information is essential for
understanding population dynamics and supporting sustainable management.

Table 4. Morphometrics of T. argyrostoma from Three Sampling Locations in Batam Waters

Measurements Parameters

Locations Shell Length (SL) Weight (W) Crest Height (SpH) __ Shell Width (SW)
Kajang Island 34.80 + 5.52 19.40 * 6.68 16.60  3.43 25.70 + 4.85
Piring Island 39.60 + 3.23 29.10 + 4.98 23.00 + 4.98 27.00 £ 5.06
Layang Island 39.00 + 4.83 21.30 + 4.58 19.00 + 2.86 30.30 + 3.25

Length-Weight Relationship between T. argyrostoma

The results of the length-weight relationship analysis of T. argyrostoma from three
sampling locations in Batam waters are shown in Figure 2. The length-weight relationship
analysis shows an allometric growth pattern at all three sampling locations. The coefficient
of determination (R?) and slope (b) values varied between stations, reflecting differences in
habitat conditions and food availability. A positive relationship between length and weight
indicates consistent growth; however, variation between locations highlights the importance
of habitat management in sustaining T. argyrostoma populations.
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Figure 2. Length-weight relationship diagram of T. argyrostoma at sampling locations: (a) Kajang Island, (b) Piring

Island, and (c) Layang Island

Condition Factor

The results of the condition factor analysis of T. argyrostoma snails from three sampling
locations in Batam waters are shown in Table 5. The results of the condition factor analysis
of T. argyrostoma at the three research locations show variations in Fulton's K and relative
weight (Wr) values. Kajang Island and Layang Island had Wr values above 100, indicating
good body condition and a favorable environment. Conversely, Wr values on Piring Island
were lower, suggesting the potential for higher environmental stress or predation. This
variation in condition factors is essential as an indicator of population health and habitat
quality, supporting sustainable management strategies.

Table 5. Fulton's Condition Factor (K) and Relative Condition Factor (Wr) of T. argyrostoma

Snails from Three Sampling Locations

Faktor Kondisi

Stasiun
Pulau Kajang
Pulau Piring
Pulau Layang

6,518
6,766
6,229

Wr
103,984
70,340
101,037

Discussion

Seawater Quality Parameters

Assessing water quality is crucial because the physical and chemical conditions of the
environment directly influence the survival, growth, and distribution of T. argyrostoma.
Several parameters measured in this study included pH, DO, temperature, salinity, TDS,
clarity, and current velocity. Table 2 shows that the water conditions on Kajang Island meet
the seawater quality standards for biota established by the Indonesian Ministry of
Environment, specifically in terms of pH, DO, temperature, and salinity. Meanwhile, the other
two locations exceeded the standards, particularly in terms of pH on Layang Island.
According to Hamuna et al. (2018), the ideal pH for water is between 7 and 8.5. Waters that
are too alkaline or too acidic are harmful to organisms because they disrupt metabolic and
respiratory processes. pH indicates the level of acidity or alkalinity of the water. The pH
values at the three stations were between 8.557 and 8.8, indicating ideal alkaline conditions
for T. argyrostoma shell calcification. These conditions support the formation of strong shells
and the overall health of snails (Sari & Wijaya, 2019).
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According to Mubarak et al. (2018), dissolved oxygen is a key water quality parameter for
biota. DO is a measure of the amount of oxygen dissolved in water required by aquatic
organisms for respiration. Measurements at the research site showed DO values varying
from 8.4 mg/L on Kajang Island to 9.8 mg/L on Layang Island. Higher DO values on Layang
Island are associated with better photosynthetic activity or aeration, which helps T.
argyrostoma undergo optimal metabolism. Pratiwi et al. (2015) reported that high DO can
increase growth and metabolic activity in bulleye snails. All three stations had water
temperatures of 30°C-31°C, ideal for the development and physiological activity of tropical
marine mollusks, including T. argyrostoma.

Aquatic species require ideal salinity conditions. According to Abdullah, stable salinity
helps osmoregulation and optimal growth of sea slugs. The salt concentration in seawater,
known as salinity, ranges from 26 to 31 parts per million (PPM). The salinity of the waters of
Kajang Island is ideal for osmoregulation and fluid balance in T. argyrostoma. At the other
two locations, seawater salinity was lower, possibly related to the influence of freshwater
from settlements.

Total Dissolved Solids (TDS) is a measure of the total amount of dissolved solids present
in water. The highest TDS value was observed at the sampling location on Piring Island,
indicating a higher mineral or organic matter content at that location. This location also has a
muddy substrate. Malesi & Putra (2024) reported that high TDS levels can impact aquatic
organisms' ability to regulate their body water and ion balance (osmoregulation), as well as
water quality. Conversely, water clarity indicates the extent to which light can penetrate the
water. Light plays a crucial role in photosynthesis, organism visibility, and the extent to
which assimilation processes can still occur in water (Pingki & Sudarti, 2021). Variations in
light penetration at the three sampling locations can affect primary productivity and the
foraging activity of T. argyrostoma snails. Research Sari & Wijaya (2019) report that good
clarity supports primary productivity and aquatic ecosystems.

Water dynamics have the potential to influence the distribution of nutrients and oxygen
significantly. There was an increase in current velocity at the three sampling locations, with
the highest being on Layang Island. Layang Island, situated in open waters accessible to the
public, is frequently utilized for recreational activities, scientific research, and environmental
conservation (Rahima & Febrianti, 2022). Research by Surya et al. (2021) states that the
minimum flow velocity is 0 m/s, the maximum flow velocity is 0.7 m/s, and the overall
average is 0.16 m/s. According to Firmansyah et al. (2015), moderate current speeds
facilitate ideal nutrient distribution for mollusks, making snail movement and attachment
more difficult. Measurements at each station showed high current speeds. Therefore, it can
be concluded that all measured locations exhibited high current speeds, with Layang Island
having the highest current speed among the three locations.

T. argyrostoma Abundance

Kajang Island had the highest abundance of T. argyrostoma at 1.37 inches/m?, followed
by Layang Island (0.96 inches/m?) and Piring Island (0.92 inches/m?), with an average
abundance across the three locations of 1.08 inches/m?. Based on the Kruskal-Wallis test (p
> 0.05), the difference in abundance between locations was not statistically significant,
suggesting that local environmental factors more influence this variation than considerable
population differences. Differences in habitat characteristics, such as Kajang Island's dense
mangrove forests, may influence this variation in abundance. These forests maintain water
quality and harbor numerous fish and birds. Piring Island's seagrass beds harbor various
types of seaweed, such as Enhalus acoroides and Thalassia hemprichii, which provide marine
organisms with shelter and food. With its coral reef ecosystem, Layang Island harbors a
diverse array of fish, mollusks, and invertebrates, which contribute to climate change
mitigation through the absorption of carbon dioxide. These habitats are crucial for
maintaining the balance of Batam City's aquatic ecosystem.

The observed variations in T. argyrostoma are related to environmental conditions, such
as food availability, salinity, water temperature, and current velocity. Pratiwi & Utami
(2022), reported a positive correlation between shell size and nutrient availability.
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According to Abdullah et al. (2016), the growth and morphometric adaptation of bulleye
snails are influenced by variations in salinity and nutrient availability. This finding aligns
with research by Firmansyah et al. (2015), which suggests that moderate current velocity
can enhance the distribution of nutrients and oxygen in the water, thereby influencing snail
growth and morphometric size. Furthermore, research by Mahardika et al. (2018) reported
that a stable temperature of 30-31°C supports normal physiological processes and
reproduction in tropical marine mollusks, including bulleye snails. Therefore, the differences
in morphometric measurements at the three observation stations demonstrate how bulleye
snails adapt to various environmental conditions.

Length-Weight Relationship of T. argyrostoma Snails

The analysis of the length-weight relationship of T. argyrostoma at three stations showed
an allometric growth pattern. This pattern indicates good food resource availability and
favorable environmental conditions. According to Muthmainnah et al. (2023), this pattern is
commonly found in gastropods in Indonesian waters. Based on data analysis at Station 1,
Kajang Island, the value of W = 2.3235L"0.0586, R? = 0.5183, indicates a moderate
correlation. This finding is consistent with research Haumahu et al. (2014), which suggests
that an R? value greater than 0.5 indicates an adequate relationship for marine gastropods.
Station 2 (W = 10.981L70.0242, R* = 0.2219) had the weakest correlation. According to
Handayani et al. (2022), a low R? can be influenced by variations in environmental
parameters. Station 3 (W = 4.7044L"0.076, R* = 0.6331) showed the strongest correlation.
Rofi'i et al. (2022), stated that optimal habitat conditions resulted in a more stable length-
weight relationship.

Condition Factor

The condition factors measured in this study were the Fulton condition factor (K) and the
relative weight condition factor (Wr). According to Gundo et al. (2014), the condition factor
is an index value that indicates the health of the biota. Fadhil et al. (2016) added that a
condition factor value approaching 100 indicates that the marine biota is in excellent
condition, demonstrating a balance between prey and predators in its environment.

The condition factors obtained in this study (Table 5) indicate that the condition of snails
at the three research stations remains good, with Fulton condition factors (K) ranging from
6.229 to 6.766. In contrast, the relative weight condition factor (Wr) value exceeds 100 on
Kajang Island and Layang Island, specifically 103.98 and 101.03. Meanwhile, the relative
weight condition factor (Wr) value on Piring Island is 70.34, indicating that predators on
Piring Island have increased significantly compared to those on Kajang Island and Layang
Island. This is also supported by the lowest abundance data observed on Piring Island, as in
Table 3.

Conclusions

The results of the study indicate that the aquatic environment continues to meet the
environmental quality standards set by Ministerial Decree No. 51 of 2004. The abundance of
bulleye snails ranged from 0.92 to 1.37 ind/m2, with the highest abundance found on Kajang
Island. Morphometric measurements showed that the highest shell length (SL), weight (W),
and shell width (SW) were observed in samples from Layang Island, with an average SL
value of 39+4.83 mm, an average W value of 21.3+4.58 mm, and an average SW value of
30.3+3.25 mm. There was a positive correlation between the length and weight of bulleye
snails at all three sampling stations, with r values of 0.73, 0.45, and 0.78, respectively.
Furthermore, there was variation in the condition factor across the three research locations.
The lowest condition factor was observed on Piring Island, indicating low abundance due to
the threat of predators at that location.
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