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Abstract. Ruaza FC. 2025. Morphological diversity and genetic homogeneity in Spondylus squamosus (Scheiber, 1703) from Lianga 
Bay, Surigao del Sur, Philippines. Biodiversitas 26: 1768-1776. This study investigates the two morphotypes of Spondylus squamosus 

found in the northern and southern parts of Lianga Bay, Surigao del Sur, using landmark-based geomorphometry, Field Emission 
Scanning Electron Microscopy (FESEM) for shell microstructures, and molecular analysis. The research aims to determine the 
morphological and genetic differences between the two morphotypes and assess their plasticity and potential evolutionary divergence. 
Geomorphometric analysis revealed distinct clusters among the morphotypes when projected onto a two-dimensional plane based on 
their relative warp coordinates, suggesting significant morphological plasticity in shell structure. Despite these differences in external 
morphology, shell microstructure analysis showed that both morphotypes share the same shell structure, characterized by a regular 
complex crossed lamellar outer layer composed of long rod-shaped mineral crystals stacked parallel to each other. Molecular analysis 
using mitochondrial 12S and 16S genes revealed a high percentage of identity, confirming that both northern and southern individuals 

are S. squamosus. This genetic consistency supports the conclusion that the two morphotypes belong to the same species, despite their 
morphological variability. The significance of these findings is underscored by their implications for biodiversity preservation and 
conservation strategies in Lianga Bay. Understanding the ecological dynamics and the role of S. squamosus within the ecosystem 
provides insights into sustainable management strategies. This study recommends further research into the environmental factors 
contributing to this morphological diversity, considering the adaptive significance of these differences to provide insights into the 
evolutionary processes shaping S. squamosus populations. 
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INTRODUCTION 

The family Spondylidae, commonly known as thorny or 
spiny oysters, consists of only one genus, Spondylus. These 

species inhabit rocky reef areas from the intertidal zone 

down to depths of 1 to 30 meters. The Lianga Bay in 

Surigao del Sur has an abundant supply of spiny oysters, 

which are sold in local markets, restaurants, and resorts. 

Economically, these oysters have become an important 

source of income for fishers living near the coastal areas of 

the bay. Additionally, due to their superior taste compared 

to other oysters, they attract tourists to the province, further 

enhancing their economic value. Their vibrant and unique 

shell patterns make them popular among collectors and 
artisans, adding to their economic importance. The 

sustainable management of these oyster populations is 

crucial to preserving their role in the local economy and 

ecosystem.  

However, intricate observations of the unregulated, 

uncontrolled, and constant harvesting of spiny oysters have 

led to a drastic decline in their populations. From 2016 to 

2019, it was reported that the Spondylus fishery in Lianga 

Bay was already overexploited with the exploitation rates 

(E) of 0.7 (Ruaza and Ilano 2021). One of the exploited 

species in Lianga Bay is Spondylus squamosus Schreibers 

1793, which exhibits distinct morphotypes in the northern 
and southern regions of the bay. These morphotypes differ 

in shell morphology, suggesting potential genetic divergence 

and adaptation to varying environmental conditions (van 

Bocxlaer et al. 2020). The unregulated harvesting of S. 

squamosus has led to concerns over its declining 

population, with anecdotal evidence indicating a significant 

reduction in catch rates in recent years (Ruaza and Ilano 

2021). This highlights the need for comprehensive studies 

to understand the species' morphological and genetic 

diversity, which are crucial for informing sustainable 

management practices and ensuring the long-term 
conservation of this economically and ecologically important 

species (Bernatchez et al. 2017; Houston et al. 2020; Wood 

et al. 2020; Ruaza and Ilano 2023). 

In response to these taxonomic concerns, this study 

employs a combination of landmark-based geomorphometry 

(Boretto et al. 2014; Ruaza et al. 2024), Field Emission 

Scanning Electron Microscopy (FESEM) for shell 

microstructure analysis (Kumar et al. 2021) and molecular 

techniques (Arivalagan et al. 2017; Velázquez-Urrieta et al. 

2021). These methodologies are used to explore the 

morphological and genetic differences between the two 
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morphotypes, aiming to understand how these variations 

may be linked to environmental factors and the potential 

for evolutionary divergence within the species (Collado et 

al. 2014; Wong and Sigwart 2019). By integrating these 

approaches, the research seeks to uncover the extent of 

phenotypic plasticity in S. squamosus and how it may 

contribute to the species' adaptability and resilience in 

varying habitats. This multi-faceted approach allows for a 

comprehensive understanding of both external and internal 

shell characteristics. Additionally, it helps in identifying 
the evolutionary pressures that may have shaped the current 

diversity within the species. 

Given the ecological and economic importance of S. 

squamosus in Lianga Bay, it contributes significantly to the 

marine food web and holds economic value due to its 

market demand in local trade. The species is harvested for 

its meat, which is a source of nutrition for coastal 

communities, and its shells, which are prized in the 

decorative arts market. The significance of this study lies in 

its potential to clarify the taxonomic status and evolutionary 

relationships of the species' morphotypes, which is crucial 
for effective conservation and management (Ruaza et al. 

2024; Shamily et al. 2024). Understanding the genetic and 

morphological diversity within the species can inform 

sustainable harvesting practices and help mitigate the 

impact of overexploitation (Barrientos-Luján et al. 2021). 

Furthermore, this research provides valuable baseline data 

that can be used to monitor changes in the species over 

time, ensuring that conservation strategies are based on a 

thorough understanding of the species' biology and ecology 

(Gerdol 2017). 

This study signifies the first comprehensive investigation 
on its shell microstructural, and molecular characteristics of 

S. squamosus. The research is of paramount importance due 

to the species' declining population from overexploitation, 

which threatens both its ecological role and economic  

value. By integrating morphological and genetic analyses, 

this research aims to support sustainable management 

measures, ensuring that the populations of S. squamosus 

remain viable for future generations. Moreover, we cannot 

effectively conserve organisms that we do not fully 

understand, highlighting the importance of this study in 

generating critical baseline data (von der Heyden et al., 

2014; van Oppen and Coleman 2022). Conservation 

strategies informed by these findings will help maintain the 

species' biodiversity and its continued role in the livelihood 
of coastal communities in Surigao del Sur, Philippines. 

MATERIALS AND METHODS 

Study area 

The study was conducted at the North (Hornasan, San 

Agustin) and South (Sua, Barobo) of the Lianga Bay, 

Surigao del Sur, Philippines. The Bay consists of 60 

Barangays with 36 coastal Barangays. The Lianga Bay 

municipalities occupy a total land area of 1,007.50 km2. It 

is located in the central part of the province of Surigao del 

Sur and lies within a geographical coordinate of 8°34'00" 

and 8°25'06" latitude and 125°59'00" and 126°22'00" 
longitude. It is bounded on the north by the Pacific Ocean 

(Figure 1).  

Sample collection and processing 

The samples were collected from the intertidal area of 

the Bay. The collected specimens were brought to North 

Eastern Mindanao State University-Lianga Campus for 

processing. The samples were cleaned to detach the 

epibionts on the surface of the shells. The samples were 

opened and a tissue sample of 1 cm3 was removed from the 

adductor muscle. It was then fixed in 100% absolute 

ethanol and stored in -20℃. 
 
 
 

 
 
Figure 1. The study site. A. Hornasan, San Agustin; B. Sua, Barobo, Surigao del Sur, Philippines 
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Shell geo-morphometry 

A total of 100 specimen were subjected to landmark-

based geometric morphometric analysis. Shell specimen 

were mounted on modeling clay to ensure standard 

orientation before photography or measurement, with a 

scale bar attached for accurate meristic computation. Using 

a DSLR Canon EOS750D, upper valves were photographed 

in a constant dorsoventral position to capture clear internal 

shell structures, with umbo oriented vertically. These 

images were then transferred to a computer and enhanced 
using Adobe Photoshop for better visualization and 

interpretation. A total 15 landmarks configuration the 

umbo, dorsal tip of anterior cardinal tooth, dorsal tip of 

anterior cardinal tooth, posterior socket, anterior socket, 

ventral tip of posterior cardinal tooth, ventral tip of anterior 

cardinal tooth, postero-dorsal shell curvature, antero-dorsal 

shell curvature, dorsal tip of adductor/retractor muscle scar, 

junction of ventral tip of adductor-retractor muscle scar, 

pallial line, anterior end of the shell, ventral end of the shell 

and posterior end of the shell (Boretto et al. 2014 and 

Ruaza et al. 2024). The landmarks were digitized using 
TPSDig software and analyzed with PaSt v3.01 for 

geometric and multivariate data, including relative warp, 

thin plate splines, and 2D warps.  

Shell microstructure  

The shells were radially sectioned using a precision saw 

to examine the distribution of the outer and inner shell 

layers. Afterward, the samples were polished and cleaned 

in an ultrasonic bath. As elaborated by Sato and Sasaki 

(2015), the polished planes were filled with epoxy resin 

before cutting into small fragments. The polished planes 

were treated by etching with 0.2% HCl for 1-30 minutes. 
Afterwards, the sodium hypochlorite was added for 10-120 

minutes to remove the organic materials. Later, the etching 

with 0.2% HCl for 1-5 minutes after immersion in sodium 

hypochlorite. After cleaning with an ultrasonic cleaner, the 

samples were coated with gold for observations in Field 

Emission Scanning Electron Microscope (FESEM).  

Molecular analysis 

Genomic DNA was extracted from the samples of S. 

squamosus collected from the north and south portion of 

the Bay. The adductor muscle tissue was extracted using 

the NucleoSpin® Gel and PCR Clean-up Tissue Kit. The 

12S and 16S genes were then amplified using specific 
primers of Barucca et al. (2003). The 12S rRNA gene was 

amplified with the primers 12S F (5'-AGA CAT GGA TTA 

GAT ACC C-3') and 12S R (5'-ACC CCT ACC TTG TTA 

CGA CTT-3'), while the 16S rRNA gene was amplified 

using the primers 16S arL (5'-CGC CTG TTT AAC AAA 

AAC AT-3') and 16S rbH (5'-CCG GTT TGA ACT CAG 

ATC ACG T-3'). 

The sequences were then aligned and compared using 

bioinformatics tools to assess genetic similarity of the two 

morphotypes. This approach allowed for the identification 

of any potential genetic differences that could indicate 
evolutionary divergence, while also confirming species 

identity. The sequences were done by submitting the 

sequences to Basic Local Alignment Search Tool (Zhang et 

al. 2000; Morgulis et al. 2008) which compares the 

sequences to all the database sequences. A phylogenetic 

tree was constructed using the Neighbor-Joining method 

with MEGA 11 software, incorporating 1,000 bootstrap 

replicates (Tamura et al. 2021). 

RESULTS AND DISCUSSION 

Landmark-based geometric morphometry 

Distinct clusters among the morphotypes of S. squamosus 

of the Bay were noticed when projected multivariate 

analysis (Figure 2) as defined by their relative warp 
coordinates. The PCA scatter diagram provided a clear 

differentiation between two groups, indicated by green 

(North) and purple (South) points, along the first two 

principal components (PC1 and PC2).  

 
 

 

 
 

Figure 2. Multivariate Analyses: A. Principal Component Analysis 
(green dots represent S. squamosus North and purple in South); B. 
Thin-plate Spline Transformation Grid 

A 

B 
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Spondylus squamosus in North or green group, situated 

on the left side of the plot, is tightly clustered with 

relatively little spread, as shown by its convex hull. This 

tight clustering suggests that the S. squamosus in North 

exhibits low variability, that the individuals within this 

group are quite similar in the traits analyzed. In contrast, S. 

squamosus in North, located on the right side of the plot, 

shows a broader distribution with a larger convex hull. This 

indicates greater variability within the purple group, 

suggesting that the individuals in this group are more 
diverse in the traits contributing to PC1 and PC2. The 

separation between the green and purple groups along PC1 

is particularly striking, indicating that the primary source of 

variation captured by PC1 strongly distinguishes these two 

groups. PC2 also contributes to the separation but to a 

lesser extent. In addition, MANOVA revealed that there is 

significant (P>0.01) difference on the two groups of S. 

squamosus. 

The thin- plate spline transformation grid observed that 

areas of the grid that appear stretched the regions exhibit 

the most significant differences. There is a prominent 

deformation in the lower middle portion of the grid. This 

deformation signifies that this specific area has undergone 

substantial changes between the two shapes being 

compared, indicating a major variation in that shell shape. 

Shell microstructure 

The morphotypes of S. squamosus from North and 

South of the Bay were subjected to shell microstructure 

observation under the FESEM (Table 1). Two shell 

microstructures were observed and noted through its 
categories and types across the 10 samples (Figures 3 and 

4). It was observed that the two morphotypes had the same 

shell microstructures. The shell microstructures were 

distinctly observed in each shell layers. In the outer layer of 

the shell, all of the species has a category of crossed lamellar 

structure and according to the type of crossed, it was regular 

complex crossed lamellar. It was constituted of long rod-

shaped mineral crystals stacked parallel to each other. 

 
 
 
Table 1. The shell microstructures of the morphotypes of Spondylus squamosus 
 

Species Outer layer Middle layer Inner Layer 

S. squamosus in North (crossed) regular complex crossed lamellar Absent (prismatic) irregular nondenticular composite prismatic 

S. squamosus in South (crossed) regular complex crossed lamellar Absent (prismatic) irregular nondenticular composite prismatic 

 
 
 
 

  
 

  

 
Figure 3. FESEM images of the shell microstructures of Spondylus squamosus in North. A. Exterior and interior valve; B. Transverse 
section of the shell; C. The cemented epibionts of the outer shells; D. The crossed lamellar microstructure of the outer shells; E. The 
preserved growth lines in the crossed lamellar microstructure; F. The transitional structure of the crossed lamellar structure to the inner 
layer the irregular nondenticular composite prismatic structure 
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Molecular analysis 

The 12S and 16S rRNA sequences of S. squamosus 

have been submitted to the NCBI GenBank database and 

are available under accession numbers PV216829, 

PV216830, PV216831, and PV216832. The molecularly 

identified morphotypes of S. squamosus based on 12S and 

16S rRNA sequences (Table 2), have been analyzed using 

BLAST. The combined results from both genes reveal a 

high genetic identity, with the northern sample exhibiting 

99.76% identity for the 12S gene and 99.79% for the 16S 
gene, while the southern sample shows comparable levels 

of genetic similarity. 

The phylogenetic analyses based on both mitochondrial 

12S and 16S rRNA genes revealed consistent results in 

confirming the species identity and genetic relationships of 

the query samples, S. squamosus from the North and South 

of Liang Bay (Figures 5 and 6). In both gene trees, the two 

isolates clustered together in a well-supported clade with 

high bootstrap values, indicating strong genetic similarity 

and suggesting they belong to the same species. In the 12S 

gene tree, the samples grouped closely with other S. 

squamosus sequences and formed a distinct lineage, while 

in the 16S gene tree, they again clustered with previously 

reported S. squamosus sequences, reinforcing the species 

identification. Both trees also showed clear genetic 
divergence among other Spondylus species such as S. 

gaederopus, Spondylus spinosus Schreibers 1793, Spondylus 

ictericus Reeve 1856, and Spondylus victoriae G.B.Sowerby 

II 1860, supporting species-level distinction. 

 

 

 
Table 2. The molecularly identified morphotypes of Spondylus squamosus in 12S and 16S with their BLAST result 

 

Morpho species ID 
Strain from 

GenBank 
Author with accession number 

Query 

cover (%) 

Percent identity 

(%) 

12s      
S. squamosus in North and South S. squamosus  Puslednik and Serb (2008) EU379425.1 100 99.76 

16s     
S. squamosus in North and South  S. squamosus Puslednik and Serb (2008) EU379479.1 95 99.79 

 
 
 

   
 

  
 
Figure 4. FESEM images of the shell microstructures of Spondylus squamosus Schreibers, 1793 in South. A. Exterior and interior valve; 

B. Transverse section of the shell; C. Thick cemented epibionts of the outer shells; D. The crossed lamellar microstructure of the outer 
shells with fine aragonitic grains; E. Crossed lamellar microstructure; F. The inner layer of the shell composed of the irregular 
nondenticular composite prismatic structure 
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Figure 5. Phylogenetic relationships among Spondylus species based on mitochondrial 12S 
 
 

  
 
Figure 6. Phylogenetic relationships among Spondylus species based on mitochondrial 16S  
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Discussion 

The landmark-based geomorphometric analysis reveals 

a clear separation between the S. squamosus populations in 

the North and South, strongly suggesting that these groups 

exhibit plastic characters or different species or populations 

with significant differences in the traits or measurements 

analyzed. Hence, detailed morphological and genetic 

analyses were conducted. The distinct separation aligns 

with previous studies that emphasize the role of geographic 

isolation in driving morphological divergence within 
species (Layton et al. 2016; Barrientos-Luján et al. 2021). 

The compact nature of the S. squamosus population in the 

North, compared to the more dispersed South group, could 

reflect adaptations to different ecological niches, varying 

evolutionary histories, or distinct genetic backgrounds, 

further supporting the idea that they are distinct entities. 

This pattern of divergence is consistent with the findings of 

other studies on species distributed across different 

environments, where morphological variation often correlates 

with ecological and genetic differences (Laland et al. 2014; 

Ord and Summers 2015; Levis and Pfennig 2017). 
Apart from the landmark-based geomorphometric 

analysis, the study employed Field Emission Scanning 

Electron Microscopy (FESEM) observation to examined its 

shell microstructure. This approach aimed to determine 

whether the observed morphotypes represent a distinct 

species or exhibit plasticity. The Spondylid species composed 

of 2 types of microstructures. The bivalve groups consist of 

combinations of two or more microstructures often their 

external layer is composed of prismatic or crossed lamellar 

(Böhm et al. 2016). Of all the morphological types, the 

crossed lamellar and prismatic configurations are the most 
prevalent microstructures among the Spondylid species 

observed in the study. The arrangements of the crossed 

lamellar structure in various molluscan shells have been 

further explored in recent studies (Bonarski et al. 2015; Ji 

et al. 2017). 

In addition, the S. squamosus from the North and South 

of the Bay has similar microstructure configurations of 

crossed and prismatic structures. There are several studies 

that discuss how different species of bivalves within the 

same genus can have distinct shell microstructures. The 

study of Popov (2014) has shown that bivalve shell 

microstructures can vary significantly even within the same 
family, such as the Veneridae. Also, Sato et al. (2017) 

shows that the group of bivalves show taxon-specific 

differences despite morphological similarities. They 

emphasized that these variations in microstructure are used 

for systematic classification and understanding evolutionary 

trends. This study strongly suggests the shell microstructure 

of the Spondylus species provide implications and useful 

bases in the field of Taxonomy. Thus, for taxonomic 

revisions of Spondylus species or in other mollusc groups, 

it will be useful to consider microstructural data. The 

identification of the microstructural layers and their 
distribution within the shell of particular taxa has been 

found to have both phylogenetic and adaptive significance 

(Popov 2014; Sato and Sasaki 2015).  

The molecular analysis reveals an impressive level of 

genetic similarity between the northern and southern S. 

squamosus samples. Specifically, the 12S gene demonstrates 

a 99.76% identity in the northern samples and a 99.79% 

identity in the southern samples, while the 16S gene 

exhibits comparable levels of genetic identity. These 

findings suggest that the morphotypes in both regions 

belong to the same species, despite their observable 

morphological differences. This genetic homogeneity has 

several significant implications for our understanding of 

the species' adaptability and evolution. It highlights the 

plasticity of S. squamosus, indicating that environmental 
factors might play a more crucial role in shaping the 

phenotypic variations observed in this species. The 

similarity in shell microstructure, as revealed by the Field 

Emission Scanning Electron Microscopy (FESEM) analysis, 

further supports the idea that these morphotypes are not 

divergent on a structural level. 

The phylogenetic analyses (Figures 4 and 5) using both 

mitochondrial 12S and 16S rRNA gene sequences provided 

consistent and reliable insights into the evolutionary 

relationships among Spondylus gaederopus Linnaeus 1758 

species. The close clustering of the query samples, S. 
squamosus from North and South of Liang Bay, indicates a 

high degree of genetic similarity, supporting their 

classification under the same species. Their association 

with previously reported S. squamosus sequences further 

validates their species identity. The separation of other 

Spondylus species into distinct clades with strong bootstrap 

support highlights clear genetic divergence and species-

level distinctions. The congruence between the two molecular 

markers (12S and 16S) underscores their effectiveness in 

phylogenetic resolution and species delimitation. The 

inclusion of appropriate outgroups successfully rooted the 
trees, reinforcing the monophyletic nature of the Spondylus 

genus.  

This result was supported by the study of Cen et al. 

(2022) on the analysis of genetic diversity in two different 

shell colors of the giant triton snail (Charonia tritonis 

Linnaeus 1758) based on mitochondrial COI sequences, 

which found that the genetic and size differentiation 

between the two different shell colors was small, and 

individuals of C. tritonis with different shell colors belong 

to the same genetic clade. Comparing 12S sequences of 

oysters from the Mediterranean and Eilat to the same locus 

sequences of congeners, including S. gaederopus which is 
indigenous to the Mediterranean, revealed that S. spinosus 

is indeed the same species in both seas. In succeeding years 

he used 16S (Shabtay et al. 2014) sequences of oysters 

from several sites were used in order to acquire a 

preliminary insight into their genetic variability and 

haplotype structure in the newly invaded Mediterranean 

environment. He further added that the 16S gene of the 

mtDNA was found to be the more variable of the two 

sequences, and was chosen for the haplotype analysis 

within the Mediterranean Sea sites. Studies on bivalve 

molluscs have demonstrated considerable variability in 
mtDNA, which has been used to understand phylogenetic 

relationships and population structures (Lavrov and Pett 

2016; Milani and Ghiselli 2020; Ghiselli et al. 2021). 

 This insight is crucial for biodiversity conservation 

efforts, as it emphasizes the need to consider both genetic 
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and morphological data when assessing species diversity 

and developing conservation strategies. In conclusion, the 

phylogenetic analysis provides robust evidence supporting 

the genetic consistency and phenotypic plasticity of S. 

squamosus in Lianga Bay. These findings contribute to our 

understanding of the evolutionary dynamics of this species 

and inform future research and conservation efforts aimed 

at preserving the ecological balance in the bay. 

In conclusion, this study demonstrates that despite 

significant morphological plasticity and distinct clusters in 
the external shell structure of the two morphotypes, both 

are confirmed to be the same species, S. squamosus, based 

on shell microstructures and genetic analysis. The 

geomorphometric and multivariate analyses revealed 

substantial variation in external shell characteristics, yet the 

microstructural examination showed uniformity in shell 

structure across both morphotypes. This suggests that the 

observed morphological differences are not due to genetic 

divergence but may result from environmental influences. 

The study underscores the importance of further exploring 

the environmental factors driving this variability and 
suggests that a deeper understanding of these dynamics 

could enhance conservation strategies and provide valuable 

insights into the evolutionary processes affecting S. 

squamosus populations. 
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