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Abstract 

 

Lingulid shell (Brachiopoda: Lingulata) is a marine invertebrate that still exists. The mangrove profile on the north 

coast of East Java shows the potential to become a habitat for lingulid shell. Despite the significant potential, the 

lack of similar previous data on substrate profiles, population, and species distribution in East Java shows that the 

presence of lingulid shells has received less attention, suggesting the need for conservative efforts to conserve 

and sustainable uses of marine resource. Therefore, this study aimed to describe the habitat ecology of lingulid 

shell on the north coast of East Java based on regency or city, population structure, internal distribution pattern, 

and substrate profile, as well as identify species distribution. In addition, confirm the lingulid shell species by 

molecular identification based on cytochrome oxidase subunit I (COI) gene. Sampling was carried out using the 

purposive sampling method by digging the substrate in the plot area to a depth of 5-10 cm on the north coast of 

East Java to obtain lingulid frame substrate which was tested based on the fraction (size).  The results showed 

that lingulid shell could be found in Surabaya City as well as other regencies including Pasuruan, Probolinggo, 

Situbondo, Bangkalan, Pamekasan, and Sumenep. The discovery results identified the Lingula anatina species 

based on morphological and molecular characteristics. The population density of lingulid shell in East Java was 

found to be 52.6 individuals.m-2, while the internal distribution had no continuity. Furthermore, the presence and 

distribution of Lingula anatina had a preference for silt substrates. 
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Introduction 
 

Lingulid shell (Brachiopoda: Lingulata) is 

among marine invertebrates with the most complete 

fossil record from the first appearance in the 

Cambrian period to sporadic distribution in the 

oceans (Zhang et al., 2005; Koneva and 

Ushatinskaya, 2008; Skovsted et al., 2016; Topper et 

al., 2017). The class Lingulata, which comprised 

three orders in the newly revised Treatise, is now 

represented by only one living order, Lingulida (Zhang 

et al., 2005). It is one of the linguliformea subphylum 

species recognized as one of the most primitive 

groups of Brachiopods (Goto et al., 2022), and many 

scientists recognize L anatina as a “living fossil” 

(Madison et al., 2021). Despite consisting of several 

species, lingulid shell has more members of other 

phyla. This leads to the classification as members of 

a small phylum, namely Brachiopoda. At a glance, the 

shape of lingulid shell has similarities to the bivalved 

members of Mollusca. Based on further examination, 

there is a fundamental difference compared to 

Bivalvia shell. It is observed that lingulids exhibit 

bilateral symmetry within each valve, whereas 

bivalves possess bilateral symmetry as a whole 

organism formed by paired left and right valves, 

although individual valves are often asymmetrical 

(Sundaram and Deshmukh, 2009; Samanta et al., 2014). 

 

Most coastal communities recognize lingulid 

shell by various names, including lantern, leaf, sea 

bean sprouts, or Tebalan. These species are often 

used by coastal communities as food for 

consumption. The majority of coastal communities 
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working as shellfish fishermen often find lingulid shell 

under the substrate in the intertidal zone of water, but 

their numbers are relatively small when compared to 

other benthic invertebrates (Lowery et al., 2007; 

Samanta et al., 2015). Similarly, Bitner (2010); Mitra 

and Pattanayak (2013); and Darmarini et al. (2017) 

found lingulid shell of Lingula sp. under the substrate 

at a depth of 5-10 cm in the mangrove intertidal zone. 

 

Previous studies have reported the 

identification and distribution of lingulid shells across 

several      areas. Mitra and Pattanayak (2013) 

reported habitat profiles and population studies of 

lingulid shellfish species Lingula sp. at the 

Subarnekha estuary, India. Bitner (2010) conducted 

a study of habitats and new species of lingulid shells 

in Caledonia. Lingula anatina has sporadic 

distribution with this species only establishing on 

some coastline (Fujii et al., 2019; Karagozlu et al., 

2021). In Indonesia, Mudjiono and Suparman (1992) 

explored the habitat and distribution of lingulid shell 

in eastern area, including on Sulawesi Island, Ambon 

Regency and Balikpapan coastal area East 

Kalimantan, and coastal area of Rote Island (East 

Nusatenggara Province). This species is also 

distributed in Probolinggo, East Java (Ambarwati et 

al., 2021) and on the Coast of Madura Island 

(Rakmawati and Ambarwati, 2020). Darmarini et al. 

(2017) also observed habitat and profiles of lingulid 

shell of the Lingula sp. on the mangrove ecosystem in 

Lubuk Damar, Aceh Tamiang, Aceh Province. 

However, there are no studies on substrate profiles, 

population, and species identification in East Java. 

 

The existence of mangrove beaches in 

Indonesia can be found in all provinces, including 

the north coast of East Java. This distribution covers 

several areas including Tuban Lamongan, Gresik, 

Surabaya, and Sidoarjo. Others include Pasuruan, 

Probolinggo, Situbondo, Bangkalan, Sampang, 

Pamekasan, and Sumenep regencies. The 

mangrove profile on the north coast of East Java 

shows the potential to become a habitat for lingulid 

shell. This is because lingulids are fauna that 

consume mangroves. Mangrove debris is their 

primary food source (Darmarini et al., 2017). 

Lingulids also utilize mangrove roots for burrowing 

and hiding from predators. Lingulids burrow in the 

substrate, which is located among the mangrove 

roots that are submerged in the substrate. 

 

Despite their significant potential, the lack of 

similar previous data on substrate profiles, 

populations, and species distribution in East Java 

indicates that the presence of lingulid shellfish has 

received little attention. Most research conducted to 

date has focused on modern invertebrates, while 

research on ancient invertebrates (including 

lingulids) is very limited, especially in Indonesia. 

Based on this, structured research on ancient 

invertebrates is needed as a form of conservation 

effort to preserve their rare existence. Therefore, this 

study aimed to explore the presence species, and 

internal distribution pattern of lingulid shells on the 

north coast of East Java. In this study, also 

confirmed lingulid shell species with molecular 

identification, based on cytochrome c oxidase 

subunit I (COI), and compared with GenBank data, 

as well as sequence data from previous studies 

(Collin et al., 2019; Collin et al., 2020a; 2020b; 

Ambarwati et al., 2021) 

 

Materials and Methods 
 

Sampling was carried out on the north coast 

of East Java at all locations. These included waters 

of Bangkalan (S07º11.762ʹ-E112º54.010ʹ),   
Sampang (S07º12.575ʹ- E113º04.198ʹ), Pamekasan 

(S07º13.173ʹ-E113º35.551ʹ), Sumenep (S07º13.184ʹ- 
E113º60.289ʹ), Tuban (S06º53.202ʹ - E112º03.161ʹ), 
Lamongan (S06º52.165ʹ- E112º21.077ʹ), Gresik 

(S06º52.893ʹ-E112º28.412ʹ), Pasuruan (S07º13.581ʹ-
E112º47.406ʹ), Probolinggo (S07º41.842ʹ-E113º22. 

351)́, and Situbondo (S07º43.559ʹ-E113º41.229ʹ) 
regencies, including Surabaya. As shown in Figure 1, 

the selection of location points was carried out 

randomly. 

 

Sampling was conducted during the lowest 

tide on the intertidal zone. The sampling was carried 

out by purposive sampling, namely by plotting 

technique. Lingulid shells samples were obtained by 

digging the substrate using a shovel 5-10 cm deep. 

The lingulid shell samples obtained were preserved 

with ethanol, prior to morphological and molecular 

identification. Furthermore, morphometric 

measurements and morphological identification 

(which includes the length of the shell to the length 

of the pedicle) were carried out based on the 

characteristics of shell and pedicle, as well as 

referring to previous studies (Liang et al., 2023; 

Mitra and Pattanayak, 2013; Samanta et al., 2014; 

2015; Zhang et al., 2020). 

 

DNA isolation  

 

Isolation of lingulid shell DNA was carried out 

using DNeasy Blood and Tissue Kits (QIAGEN). 

Subsequently, quantitative tests were immediately 

carried out using a UV NANO DROP 2000 

spectrophotometer. The electrophoresis process, 

with a voltage source of 100 V, 200 MA, and 

separated DNA was used as a template to amplify the 

657 bp fragment of the COI gene using the LCO1490 

5' - GGT-CAA primer. -ATC-ATA-AAG-ATA-TTG-G-3' 

(F/forward) and HCO2198 5'-TAA-ACT-TCA-GGG-TGA-

CCA-AAA-AAT-CA-3' (R/reverse) (Folmer et al., 1994). 
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PCR amplification, and sequencing  

 

PCR amplification was conducted in a thermal 

cycler under the circumstances of 1 min of initial 

denaturation at 94oC, 40 cycles of 45 s of 

denaturation at 94oC, annealing at 45oC for 45 s, and 

extension at 72oC for 1 min 30 s, and a final extension 

at 72oC for 10 min, PCR composition of for COI gene 

with total solution of 50 µL (according to the 

procedure of iNtRON Biotechnology) consisted of 2x 

PCR Master Mix Solution 25 µL, DNA template 1-2 µL, 

Primer F (10 pmol.µL-1) 1 µL, Primer R (10 pmol.µL-1) 

1 µL, and double-distilled water (ddH2O) 21-22 µL. 

The PCR products were visualized in 1% agarose gels 

discolored with ethidium bromide. Furthermore, the 

purified DNA products (Forward and Reverse) were 

sent to First Base Malaysia for sequencing. 

Subsequently, the DNA sequence analyzer used was 

373XL DNA analyzer with BigDye v3.1, and each DNA 

specimen was sequenced for the COI barcode 

region’s 657 bp. 

 

Data analysis 

 
Data Analysis Forward and Reverse 

sequencing were accomplished to obtain DNA 
sequences. Then, trimming process was achieved. 
MEGA6 software was manipulated to combine a pair 
of DNA sequences in order to generate a nucleotide 
base sequence from each sample. Basic Local 
Alignment Search Tool (BLAST) analysis was drive by 
using a nucleotide bases sequence. BLAST analysis 
was showed to examine the genetic species from 
each sample. It was obtained through alignment with 
data on the nucleotide base sequence from GenBank. 
 

The observed population structure included 
density and internal distribution patterns of lingulid 
shell.  Population density data shows the average 
number of lamp clam individuals per unit area, 
obtained using the following formula D = x/m, where 
D: Lingulids density (individuals.m -2), x: Number of 
individuals in the measured area, and m: Area of 
the Lingulids sampling quadrant (m2).  

 
 

 

 
 

Figure 1. Location of sampling lingulid shell in north coast of East Java; 1) Tuban Regency; 2) Lamongan Regency; 3) Gresik 

Regency; 4) Surabaya Strait; 5) Pasuruan Regency; 6) Probolinggo Regency; 7) Situbondo Regency; 8) Bangkalan 

Regency; 9) Sampang Regency; 10) Pamekasan Regency; and 11) Sumenep Regency 
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The environmental parameters measured in 

this study were temperature, pH, and salinity. The 

substrate serving as the habitat of lingulids was 

analyzed for grain-size composition and classified 

into three main fractions—sand, gravel, and silt 

which are then categorized into certain types of 

sediment. 

 

Results and Discussion 
 

The lingulid shell (Lingula sp.) can be found 

in seven regencies and cities on the north coast of 

East Java, namely Surabaya, Pasuruan, Probolinggo, 

Situbondo, Bangkalan, Pamekasan, and Sumenep, 

with different morphometric variations (Table 1). 

However, lingulid shell was not found in Tuban 

Regency, Lamongan Regency, Gresik Regency, or 

Sampang Regency, probably due to the coastal 

structure, which was dominated by the presence of 

abundant coral rocks. The presence of coral would 

make it difficult for lingulid shell to burrow and dig 

into the substrate, thereby hindering the availability 

of habitat. 

 

The presence of mangroves in the coastal 

intertidal area is an important component in the 

encounter of lingulid shell. The existence of 

mangroves plays an important role in supporting the 

availability of the main food for lingulid shell 

(Darmarini et al., 2017). In all locations where 

lingulid shell was discovered, mangroves were found 

along the intertidal zone. This differs from Tuban 

Regency, where there is no lingulid shell due to the 

presence of sea pine tree communities that are 

closer to the coastal intertidal area than the 

mangrove communities. The presence of sea pine 

trees influences food availability, as the main food 

of lingulid shell includes plankton, detritus, and 

fermentation   of mangrove leaf litter (Samanta et 

al., 2015; Darmarini et al., 2017).  

 

The morphological characters of Lingula from 

all locations were identified as follows; Shell length 

24.50±3.81 mm, width 18.09±2.96 mm, thickness 

7.68±1.76 mm, pedicle length 8.78±3.60, and 

bilateral body symmetry (dorso-ventral), with shape 

following the shell. The structure is characterized by 

a slightly oval shape, glossy green to yellow, which is 

not symmetrical as the ventral part is longer than the 

dorsal. There are chaetae all over the shell margin, 

the anterior side is longer than the others, and the 

pedicle is cylindrical, slightly hard, thick, and 

transparent to white in consistency. Inside the 

pedicle, there is a liquid secretion and an 

attachment structure to the substrate at the end, 

which has the color of mud or sediment (Figure 2)..  

The morphological features showed the 

species of Lingula which was observed in this study, 

namely Lingula anatina Lamarck 1801 (Mitra and 

Pattanayak, 2013; Samanta et al., 2014; 2015). The 

results were supported by previous reports by 

Ambarwati et al. (2019; 2021). To confirm the 

molecular identification of the species, DNA 

barcoding was used, which was then analyzed using 

the MEGA application (Table 2). The similarity of the 

seven Lingula samples was categorized as very high, 

namely 97.42-99.69%. The high similarity between 

the study sample and Lingula anatina registered with 

Genbank was due to the high COI barcode sequence 

homology. 

 

Population structure and habitat 

 

The lingulid shell live in the aquatic substrate, 

characterized by a pedicle-like structure, which is 

firmly attached to the substrate at the bottom of the 

burrow and substrate mass. Communities around 

the coast recognize lingulid shell with various 

names, including Tebalan, sea sprouts, lanterns, 

and leaf shell. 

 

During sampling, lingulid shell samples were 

in a position in the substrate, where the pedicle was 

at the bottom and shell at the top (Figure 3a). Emig 

et al. (2013), Zhang et al. (2005) stated that the 

lingulid shell burrows vertically in soft sediments, 

positioned at the top of the habitat burrow. This 

showed that the presence of lingulid shell could be 

determined by flat hole similar to the bivalvia habitat 

on substrate surface, as presented in Figure 3b. 

Another contributing factor was found to be the 

presence of sea anemone attached to the anterior 

shell of lingulid shells. 

 

There are differences in population density of 

lingulid shell at each location in the northern waters 

of East Java. The highest value was found in 

Probolinggo regency with an average of 13.47 

individuals.m-2, while East Java had 52.6 

individuals.m-2 (Table 3). Additionally, population 

structure is significantly different from the 

population density value of the lingulid shell in Aceh 

Province. Agustina et al. (2019) reported that 

population density of lingulid shell in the Ujong 

Pancu and Syiah Kuala areas of Aceh Province were 

2.08 individuals.m-2 and 4.75 individuals.m-2, 

respectively. The difference was due to variation in 

the number of individual encounters with lingulid 

shell because of several factors, including the 

coastal environmental profile, sampling period, 

reproductive season, community structure, and 

fishing activities (Agustina et al., 2019; Ambarwati 

and Irawan, 2020; Chan et al., 2022). The sampling 

period significantly influences lingulid shell because 

it is related to the reproductive period. During the 
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reproductive period, juvenile lingulids are abundant, 

which indirectly affects the low intensity of 

encounters. Juvenile lingulids live in deep, hard-to-

reach substrate burrows and are fragile against 

sampling equipment. Furthermore, community 

structure also influences lingulid occurrence. 

Lingulids that coexist with abundant bivalves are 

limited in number due to food competition. Bivalves 

also often attach to lingulid shells to utilize the water 

flow through their bodies. Meanwhile, the 

distribution pattern was closely related to larvae's 

ability to select areas for habitation Nybakken and 

Bertness, 2005). In this study, the geographic 

distribution pattern showed discontinuity because 

not all locations on the north coast of East Java had 

lingulid shells. Furthermore, calculations were carried 

out regarding the internal distribution pattern of lingulid 

shells in each regency or city. 

 
 

Table 1. Morphometry of lingulid shells found on the north coast of East Java 

 

Morphometry 
Sampling Location 

Bangkalan Pamekasan Sumenep Surabaya Pasuruan Probolinggo Situbondo 

Pc (mm) 
17.90-52.50 

(33.56±8.43) 

29.10-46.40 

(38.42±5.30) 

26.35-39.60 

(36.03±3.81) 

17.90-29.00 

(24.50±3.81) 

23.80-47.00 

(37.50±6.71) 

31.50-51.75 

(43.75±3.70) 

20.25-48.65 

(36.18±7.47) 

Lc (mm) 
1.70-23.40 

(15.66±3.82) 

9.50-21.70 

(18.09±2.96) 

13.00-19.95 

(16.69±2.40) 

8.40-14.35 

(12.03±1.99) 

12.20-22.50 

(17.66±2.72) 

15.40-23.95 

(19.70±1.72) 

12.00-22.20 

(17.42±2.80) 

Tc (mm) 
2.70-19.30 

(6.87±2.79) 

5.40-9.85 

(7.80±1.16) 

4.30-7.80 

(7.01±1.05) 

2.70-5.60 

(4.40±0.80) 

5.00-13.00 

(8.00±2.07) 

5.45-14.60 

(8.80±1.24) 

5.15-11.45 

(7.68±1.76) 

Pp (mm) 
4.00-74.00 

(35.97±15.14) 

24.00-48.00 

(38.75±6.82) 

26.00-38.00 

(33.56±9.88) 

17.00-47.00 

(29.43±7.64) 

14.00-76.00 

(50.06±15.89) 

6.00-94.00 

(63.71±16.63) 

24.00-59.00 

(43.79±11.98) 

Pm (mm) 
1.00-21.00 

(7.93±4.50) 

8.00-21.00 

(16.67±4.10) 

5.00-14.00 

(8.78±3.60) 

4.00-15.00 

(6.79±2.83) 

4.00-15.00 

(9.12±3.49) 

3.00-24.00 

(11.50±4.94) 

5.00-23.00 

(11.40±4.83) 

Ptotal 

(mm) 

54.80-150.85 

(99.99±26.23) 

76.65-113.35 

(119.72±15.23) 

76.65-125.65 

(102.07±13.62) 

55.30-110.30 

(77.15±14.79) 

74.2-156.20 

(122.35±22.84) 

87.60-180.35 

(147.46±20.40) 

67.50-153.30 

(116.47±25.96) 

Description: Pc: shell length; Lc: shell width; Tc: shell thickness; Pp: pedicle length; Pm: Mud length; Ptotal: Total length 

 

 

 

Tabel 2. The three highest compatibility values from identification with a representation of the similarity value 
 

Sampling Location Class Genus Species (3 highest) Similarity (%) Accession Number 

Bangkalan Lingulata Lingula anatina 99.69 MW454814.1 

   anatina 99.69 MW454815.1 

   anatina 99.69 MW454813.1 

Pamekasan Lingulata Lingula anatina 98.33 MW454814.1 

   anatina 98.33 MW454815.1 

   anatina 98.33 MW454813.1 

Sumenep Lingulata Lingula anatina 98.33 MW454814.1 

   anatina 98.33 MW454815.1 

   anatina 98.33 MW454813.1 

Surabaya Lingulata Lingula anatina 99.39 MW454814.1 

   anatina 99.39 MW454815.1 

   anatina 99.39 MW454813.1 

Pasuruan Lingulata Lingula anatina 99.54 MW454810.1 

   anatina 98.92 MW454814.1 

   anatina 98.92 MW454815.1 

Probolinggo Lingulata Lingula anatina 99.54 MW454810.1 

   anatina 98.92 MW454814.1 

   anatina 98.92 MW454815.1 

Situbondo Lingulata Lingula anatina 99.54 MW454810.1 

   anatina 97.42 MW454814.1 

   anatina 97.42 MW454815.1 
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Table 3. Population density of lingulid shells (L. anatina) found on the north coast of East Java 

 

Location 
Lingulid Shell Population Density (ind.m-2) 

Range Mean 

Bangkalan 4 – 32 13.20 

Pamekasan 0 – 8 1.60 

Sumenep 0 – 8 1.20 

Probolinggo 0 – 32 13.47 

Surabaya 0 – 8 1.87 

Pasuruan 0 – 8 3.60 

Situbondo 0 – 8 1.87 

Total 0 - 32 52.6 

 

 

 

       
 

Figure 2. Morphology of lingulid shells found in all research locations. A: Bangkalan Regency; B: Pamekasan Regency; C: Sumenep 

Regency; D: City of Surabaya; E: Pasuruan Regency; F: Probolinggo Regency; and G: Situbondo Regency; scale bar 30mm. 

 

 

 

  

a b 

                                                                                     

Figure 3. The position of the lingulid clam during sampling (in the substrate, i.e. the pedicle is at the bottom and the shell is at 

the top (habitat); and (b) the hole in the lingulid clam habitat. 
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Table 4. Internal distribution pattern of L. anatina 

 

lingulid 

Shells 
Location 

Poisson Cofirm Variant/Mean 
Category 

Xcount Xtable Varian (S2) 
Mean (𝑋̿̿̿ ̿

̅̅ ̅
) S2/𝑋̿ 

L. anatina Bangkalan 26.10 18.48 4.01 3.30 1.22 Group 

Pamekasan 1.31 6.635 0.40 0.40 1 Random 

Sumenep 0.02 6.635 0.30 0.30 1 Random 

Probolinggo 12.69 18.48 3.37 3.37 1 Random 

Surabaya 1.10 6.635 0.47 0.47 1 Random 

Pasuruan 16.58 13.28 0.92 0.90 1.02 Group 

Situbondo 1.12 6.635 0.47 0.47 1 Random 

Descriptions: α = 0,01; db = n-2 

 

 

Table 5. Measurement results of environmental parameters and test results of substrate composition 

 

Location 
Environmental Parameters Substrate Composition (%) 

Category 
Temp (ºC) Salinity (%o) pH Sand Silt Gravel 

Bangkalan 32 35 6.8 4.22 95.78 0 Silt 

Pamekasan 32 36 6.8 11.80 88.08 0.12 Silt 

Sumenep 32 36 6.8 12.16 87.70 0.14 Silt 

Probolinggo 32 34 6.4 80.19 28.72 1.09 Silty sand 

Surabaya 31 35 6.4 11.50 88.38 0.12 Silt 

Pasuruan 31 33 6.4 22.90 74.98 2.11 Sandy silt 

Situbondo 32 35 6.2 61.80 34.15 4.05 Silty sand 

 

 

The results showed that lingulid shell found 

during the study had two types of internal distribution 

patterns, namely clustered and random (Table 4). The 

random internal distribution pattern indicated 

uniform habitat, consistent with reports by Garcia-

Charton and Perez-Ruzafa (2001) and Indarjo and 

Muslim (1997), which found similar patterns in 

substrate size and nutrition. Furthermore, random 

internal distribution pattern showed that there was no 

tendency for organisms to live together (Riniatsih and 

Kushartono, 2009). The clustered internal 

distribution pattern was caused by the preference of 

lingulid shell to live in    the most suitable habitat, both  

according to the physic-chemical factors of the waters  

and the availability of food. This is often caused by the 

collection of individuals as a strategy in responding to 

changes in weather, seasons, habitat, and 

reproductive processes (Odum and Barrett, 2005; 

Slavevska-Stamenković et al., 2012). 

 

The results also showed that the distribution 

pattern of lamp shells in East Java differed from that 

observed in Ujong Pancu and Syah Kuala, Aceh. 

According to Agustina et al. (2019), the distribution 

pattern of lamp shells in Aceh was regular. The 

variation in reports could be attributed to 

environmental (substrate) and nutritional factors. 

Prasojo et al. (2012) stated that the even 

distribution of physical and chemical properties in 

habitat, along with the availability of food, were the 

factors determining whether the animals live in 

groups, randomly, or normally.  

 

By collecting the ecological data of lingulid 

shells, environmental parameter data were 

considered an important supporting factor including 

temperature, salinity, pH, and substrate 

composition. In this study, salinity and pH of the 

sampling locations were in the range of 33-35% and 

6.2-6.8, respectively, while substrate fraction 

consisted of silt, sand, sandy silt, and silty sand, as 

shown in Table 5. However, lingulid shell in East Java 

are most often found in habitats that have a silt 

substrate fraction due to the presence of organic 

matter, which serves as a high source of food. 

Furthermore, silt substrate provides a wider living 

space because of the smaller particle size compared 

to other fractions. 

 

Conclusion 
 

The results of the identification of lingulid shell 

based on morphological and molecular 

characteristics showed Lingula anatina species. The 

population density in East Java was 52.6 

individuals.m-2, with discontinuous internal distribution 
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pattern, while the presence and distribution of 

Lingula anatina had a preference for silt substrates. 

Further research is needed on the comprehensive 

profile of lingulid shells to ensure the conservation of 

this ancient shellfish species. 
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