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ABSTRACT. Commonly known as the sicklefin smooth-hound shark due to its characteristic 
molariform teeth, Mustelus lunulatus, is one of the main shark species targeted by fisheries along 
the Pacific coast of Panama. It is distributed from southern California to Ecuador, including Malpelo 
Island in Colombia. The species inhabits benthic zones on the continental shelf and nearshore coastal 
waters of the Pacific. This study evaluated the genetic diversity, population structure and connectivity 
of M. lunulatus using COI mitochondrial. Tissue samples were collected from three major Pacific 
Gulf systems of Panama: Gulf of Chiriqui, Gulf of Montijo, and Gulf of Panama. Genetic analysis 
revealed differences among regions. Among the analyzed areas, Gulf of Montijo exhibited the high-
est haplotypic diversity (Hd = 0.83) with a moderately negative Tajima’s D value (D = -0.42436), 
suggesting a population with signs of expansion and lower fishing pressure. On the other hand, Gulf 
of Chiriqui showed reduced haplotypic diversity (Hd = 0.42) and positive Tajima’s D (D = 0.33350), 
consistent with a population under demographic contraction of intense targeted fishing. Gulf of 
Panama showed intermediate levels of haplotypic diversity (Hd = 0.79), and a strongly negative 
Tajima’s D (D = -1.52793). The observed genetic structuring and different levels of genetic diversity 
across study sites underscore the importance of incorporating genetic data into sustainable fisheries 
and management. These findings support the delineation of region-specific conservation strategies to 
ensure the long-term sustainability of M. lunulatus populations in Panama’s Pacific coastal ecosystems, 
especially at the Gulf of Montijo.
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Patrones de conectividad y diversidad genética de una pequeña especie de tiburón demersal, 
Mustelus lunulatus (Carcharhiniformes: Triakidae), en el Pacífico de Panamá

RESUMEN. Comúnmente conocido como Mamon de orilla debido a sus característicos dientes 
molariformes, el Mustelus lunulatus es una de las principales especies de tiburones capturadas por 
las pesquerías a lo largo de la costa pacífica de Panamá. Se distribuye desde el sur de California 
hasta Ecuador, incluyendo la Isla Malpelo en Colombia. La especie habita en zonas bentónicas de 
la plataforma continental y en aguas costeras cercanas a la costa del Pacífico. Este estudio evaluó 
la diversidad genética, la estructura poblacional y la conectividad de M. lunulatus utilizando el gen 
mitocondrial COI. Se recogieron muestras de tejido de los tres principales sistemas del Pacífico 
de Panamá: el Golfo de Chiriquí, el Golfo de Montijo y el Golfo de Panamá. El análisis genético 
reveló diferencias entre las regiones. Entre las áreas analizadas, el Golfo de Montijo mostró la 
mayor diversidad haplotípica (Hd = 0,83) con un valor de D de Tajima moderadamente negativo 
(D = -0,42436), lo que sugiere una población con signos de expansión y menor presión pesquera 
que otras áreas. Por otro lado, el Golfo de Chiriquí mostró una diversidad haplotípica reducida 
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INTRODUCTION

Elasmobranchs are characterized by a slow 
growth rate, late maturity, low fecundity and low 
reproductive potential, which limits their ability to 
maintain an optimal population size and recover 
from fishing and other selection forces (Stevens et 
al. 2000; Cailliet et al. 2005; Musick 2005). Some 
species are important top predators in the ecosys-
tems playing an important role in energy transfer 
and ecosystem balance (Ceccarelli and Ayling 2010; 
Bornatowski et al. 2014). Sharks can regulate pop-
ulations and community structure through different 
direct (e.g. predation) and indirect (e.g. competition 
and interference) mechanisms. Thus, they contrib-
ute to maintenance and stability of marine and estu-
arine food webs (Stevens et al. 2000; Bornatowski 
et al. 2014). Shark species are exploited around 
the world by industrial, artisanal, traditional and 
sport fisheries. They are one of the most threatened 
fish groups worldwide, mainly by fishery impact 
(Kitchell et al. 2002; Roff et al. 2018). Therefore, a 
considerable decline in their populations has been 
observed on a global scale, mainly due to overfish-
ing, pollution and habitat degradation (Stevens et al. 
2000; Kitchell et al. 2002; Roff et al. 2018). 

Declines in shark populations cause changes 
that affect not only species survival, but also the 
distribution and abundance of their prey and troph-
ic dynamics (Stevens et al. 2000; Bornatowski et 
al. 2014). Species of Mustelus spp. Linck, 1790, 
belong to the family Triakidae. Among Triakidae, 

the genus is represented by 25 species worldwide 
distributed in tropical, temperate and cold seas, 
from shallow to moderate depths (200 m) (Heem-
stra 1997). In Panama, all Triakidae species are 
members of the genus Mustelus spp. represented 
by three species in the Pacific: M. lunulatus, M. 
henlei, and M. dorsalis (Robertson and Allen 2015). 
Taxonomy and systematics of the genus Mustelus 
spp. are complicated due to the lack of morpho-
logical information and reduced variation among 
species that made it difficult to determine species 
boundaries (Heemstra 1997; López et al. 2006). 
This long-standing confusion over classification 
and taxonomic ID of Mustelus spp. has impacted 
negatively on the number of biological, ecological 
and fishery studies on this genus (López et al. 2006; 
Farrell et al. 2009). In addition, the lack of spe-
cies-specific biological and fisheries data regarding 
Mustelus spp. hinders the development of effective 
management and conservation strategies at local, 
subregional and regional level (Marino et al. 2014) .

At present, general knowledge of species belong-
ing to the genus Mustelus spp. is scarce, being one 
of the most problematic elasmobranch genera with 
respect to taxonomy and systematics (López et al. 
2006; Boomer et al. 2012; Naylor et al. 2012). The 
morphological similarity among Mustelus species, 
as well as the great variability of morphometric and 
meristic characters, has made difficult their accu-
rate taxonomic identification (Giresi et al. 2013). 
This species is distributed from southern California 
to Ecuador, including Malpelo Island in Colombia 
(Compagno 1984). It inhabits the bottoms of the 
continental shelf and shallow coastal waters at a 

(Hd = 0,42) y un valor D de Tajima positivo (D = 0,33350), lo que concuerda con una población en contracción demográfica debido 
a la intensa pesca dirigida. El Golfo de Panamá por su parte mostró niveles intermedios de diversidad haplotípica (Hd = 0,79) y un 
valor D de Tajima fuertemente negativo (D = -1,52793). La estructuración genética observada y los diferentes niveles de diversidad 
genética en los distintos lugares de estudio subrayan la importancia de incorporar los datos genéticos en la gestión pesquera. Estos 
hallazgos respaldan la delineación de estrategias de conservación específicas para cada región con el fin de garantizar la sostenibi-
lidad y gestión adecuada de las poblaciones de M. lunulatus en los ecosistemas costeros del Pacífico de Panamá, especialmente en 
el Golfo de Montijo.

Palabras clave: Diversidad genética, pesquerías, Mustelus lunulatus, ADN mitocondrial, Pacífico tropical oriental.
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depth of 0-200 m. It is a viviparous a placentate 
species with an elongated, slender body and oval 
horizontal eyes, molariform and asymmetrical teeth 
with cusp reduced to a low point, cusps absent, ex-
cept in young sharks, condition of buccopharyngeal 
denticles unknown, strongly falcate ventral caudal 
lobe in adults, uniform gray or gray-brown color 
above, light below, without white or black spots or 
dark bars. Its diet is based on crustaceans, mollusks, 
and small fish, which is enabled by jaw muscula-
ture features and specialized low cuspid clenched 
teeth that easily crush hard-shelled preys (Gómez 
et al. 2003; Jardas et al. 2007). Mustelus species 
are commercialized for human consumption and 
reach a maximum length of up to 175 cm (Navia 
et al. 2006; Briones-Mendoza et al. 2018; Justo 
2022). Furthermore, this species has a fecundity 
of 6 to 19 offspring per litter (Martínez-Ortíz and 
Garcia-Dominguez 2013). Mustelus lunulatus re-
produces annually in the northern Gulf of Califor-
nia females reproduce annually, with a gestation 
period of approximately 11 months and maturation 
for females and males at 103 and 91 cm of total 
length (TL), respectively (Pérez-Jiménez and So-
sa-Nishizaki 2010). Species of this genus are the 
most important sharks in the landings of the arti-
sanal fishery in Panama (Rodríguez-Arriati 2021). 
For these reasons, it is necessary to identify crit-
ical habitats (breeding sites, feeding or migratory 
routes), as well as characterize the demographic 
and reproductive patterns of these species to im-
prove management and conservation strategies 
(Dulvy et al. 2014).

Population genetics provides practical tools for 
conservation management and understanding the 
evolution of shark species (Domingues et al. 2018). 
In this sense, the evaluation of genetic structure 
in overexploited populations is a very important 
tool to define conservation units and management 
strategies (Dudgeon et al. 2012). The exploitation 
of resources in marine environments can have a 
high impact on the genetic diversity of populations, 
by modifying their structure, general population 
dynamics, reducing fecundity and effective pop-

ulation size (Díaz-Ferguson et al. 2010; Díaz-Fer-
guson 2012). These techniques have been useful 
for providing information on demographic patterns 
relevant to conservation, for example, defining 
population units, identifying historical and con-
temporary connectivity patterns between popula-
tions, kinship relationships, reproductive behavior, 
and genetic diversity estimates (Nance et al. 2011; 
Domingues et al. 2018). 

Anthropogenic pressures affecting sharks are 
diverse and significant, and their impact is felt at 
multiple levels within marine ecosystems. One of 
the most critical factors is overfishing, which in-
cludes both intentional target fisheries and bycatch-
es. According to the International Union for Con-
servation of Nature (IUCN), ‘about 30% of shark 
and ray species are threatened’ due to these practic-
es becoming illegal, unreported and undocumented 
fishing (IUCN 2024). Overfishing not only dimin-
ishes shark populations, also alters the balance of 
marine ecosystems. Another important pressure is 
habitat fragmentation and degradation. The Food 
and Agriculture Organization of the United Nations 
(FAO) notes that ‘the loss of habitats such as coral 
reefs and seagrasses affects the species that depend 
on them’ (FAO 2020). Degradation of these critical 
environments can reduce the availability of shelter 
and food for sharks, contributing to their decline 
(Ferretti et al. 2010).

Finally, illegal trade in sharks and their prod-
ucts, especially shark finning, is one of the most 
urgent threats (Cardeñosa et al. 2022). The in-
ternational shark fin trade has been identified as 
a major driver of population decline worldwide 
(Clarke et al. 2007; Worm et al. 2013). This trade 
not only contributes to overexploitation but also 
feeds a chain of illegal activities that endanger 
the survival of these species. These anthropogen-
ic pressures can in turn cause changes in genetic 
diversity patterns, reducing the genetic pool and 
compromising the adaptive value of these species 
(DiBattista 2008). In Panama, genetic studies in 
shark species are reduced to a handful of species, 
Negaprion brevirostris, Sphyrna lewini, Rhincodon 
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The Gulf of Panama, located at 8° 44.138’ N and 
79° 15.955′ W, has an area of 27,175 km2 (ANAM 
2004). This area is considered the largest fishery 
area of the Republic of Panama, characterized by 
conspicuous oceanographic conditions, i.e. up-
welling conditions from January to March, sup-
porting anchoveta and arenque fisheries (D’Croz 
and O’Dea 2007; Crawford et al. 2023) (Figure 1).

Samples were collected during 2021 and 2022. 
A total of 33 tissue samples from fishing ports and 
fishing areas were collected by capturing live or-
ganisms. Fishing ports were Puerto Mutis (Gulf of 
Montijo), Puerto Remedios (Gulf of Chiriqui), and 
Puerto Vacamonte (Gulf of Panama). To take the 
samples, a small piece of tissue preserved in 70% 
alcohol was cut from the dorsal fin or trunk, since 
in some cases animals came without fins or head. 
These were only taken in the Gulf of Chiriqui, leav-
ing from Puerto Remedios and La Barqueta beach, 
using a pelagic longline for tissue collection. Ten 
individual longlines were used, 38 fathoms long 
with 10.3 cm, C-type hooks with various pieces of 
fish as bait. Sampling time was 30 to 50 min. When 
a shark was detected on the long line, the boat was 
positioned over the site, taking care not to waste 
time in the maneuver. The longline was raised, and 
the shark was carefully released. External FD-94-
Bar Anchor type tags (Floy Tag) were placed using 
an applicator in the center of the first dorsal fin 
(to know that the shark’s tissue has already been 
taken). Tissue samples were collected by making 
a small tissue cut from the posterior margin of 
the first dorsal fin. Samples were collected with 
scissors and forceps that had been previously dis-
infected with ethanol 70%. Tissue samples were 
placed in 1.5 ml tubes filled with ethanol 70%. All 
samples were labeled with their respective coding. 
All collected animals were returned to the water, 
ensuring that the shark’s reaction was observed 
before release (Llerena et al. 2012).

DNA extraction, quantification and quality

A small piece of muscle tissue or fin was tak-

typus and Triaenodon obesus (Guzmán et al. 2021; 
Elizondo-Sancho et al. 2022; Díaz-Ferguson et al. 
2026; Díaz-Ferguson and Guzmán in preparation).

Despite the IUCN assessment, Mustelus spp. 
was included as a species with insufficient data, 
and some species like M. fasciatus and M. schmitti, 
were considered critically endangered and threaten, 
respectively (Rosa and Gadig 2010; IUCN 2024). 
Results from this research constitutes the first ge-
netic characterization of M. lunulatus in the main 
fishery areas of the Pacific Panama. The informa-
tion obtained will allow scientists and managers 
to understand the dynamics of fisheries selection 
and other selective factors in the genetic struc-
ture of this commercially important shark species, 
providing key formation for its management and 
conservation. 

MATERIALS AND METHODS

Sample collection

This study was conducted in the Pacific of Pa-
nama, focusing on three important fishing areas: 
the Gulf of Chiriqui, which is located in the south-
western region of the Republic of Panama and 
extends from Punta Burica (8° 2′ 39″ N-82° 52′ 
153″ W) on the Western site of Chiriqui province 
to Punta Mariato (7° 12′ 534″ N-80° 53′ 178″ W) 
to the Eastern site of Veraguas province. The area 
includes insular and marine coastal zones of Coiba 
National Park, Gulf of Chiriqui Marine National 
Park, David Mangroves Marine Reserve, and the 
largest wetland of the country, the Gulf of Montijo, 
located between (7° 35′ 45″ to 7° 50′ 45″) north 
latitude and (80° 58′ 45″ to 81° 13′ 30″) west lon-
gitude in the Pacific Ocean of Panama (Maté 2005). 
This is one of the main marine-estuarine coastal 
systems of the Panama Pacific and is essential part 
of Panama’s Marine Protected Areas System under 
the Ramsar site category. The Gulf of Montijo is 
also part of the Buffer Zone of Coiba National Park. 
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en and preserved in a 1.5 ml tube at 70% etha-
nol. The DNA from tissues was extracted using 
the DNeasy® Blood and Tissue DNA extraction 
kit (QIAGEN). After extraction, DNA was stored 
in 1.5 ml tubes at -20 °C. The quality and con-
centration of the DNA was determined using the 
NanodropTM 2000 spectrophotometer (Thermo 
Scientific). 

DNA amplification

A 650 bp fragment in the Mitochondrial Cy-
tochrome oxidase I (COI) gene region was ampli-
fied by Polymerase Chain Reaction (PCR) using 
the FishF1 (Forward) and FishR1 (Reverse) prim-
ers designed by with the following sequences: For-
ward primer FishF1 5’-TCAACCAACCACAAA-
GACATTGGCAC-3’ Reverse primer FishR1 
5’-TAGACTTCTGGG TGGCCAAAGAATCA-3’ 
(Ward et al., 2005). The following reagents were 
used in the PCR reaction: 12.5 µL of Taq PCR 
from the Kit (QIAGEN), 1 µL of FisF1 Forward 
primer, 1 uL of Reverse primer, 6.5 µL of DNase- 

and RNase-free water and 4 µL of DNA. PCR was 
performed on a 2,720 Thermal Cycler (Applied 
Biosystems) under the following conditions: initial 
denaturation was carried out for 1 min at 95 °C, 
followed by 5 cycles of denaturation at 95 °C for 
30 s, hybridization at 50 °C for 40 s and extension 
at 72 °C for 1 min. This was followed by 35 cycles 
of denaturation at 95 °C for 30 s, hybridization at 
55 °C for 40 s and extension at 72 °C for 1 min. 
Amplification was terminated by an extension step 
at 72 °C for 5 min, in which the PCR product was 
kept at a temperature of 4 °C until visualization on 
agarose with the electrophoresis a PCR products 
were visualized with an agarose gel electrophoresis 
(QA-Agarose /MP Biomedicals) diluted in 1× TBE 
buffer then stained with a drop of RedTM Dropper 
Bottle Gel (Orelup SSP®), to verify the presence 
of amplified DNA, along with a 100 bp Gelpilot 
molecular weight marker (QIAGEN) which indi-
cated the size of the amplified DNA fragment. The 
gel was then run at 70 v for 35 min. Subsequently, 
PCR products were visualized under UV light to 
confirm amplification.

Figure 1. Map of study areas of the Pacific Panama. Circles indicate fishing ports and triangles indicate fishing areas in Open 
Ocean or near the coast.
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DNA alignment

Sequences obtained from the mitochondrial COI 
gene fragment were edited and aligned using the 
ClustalW algorithm in Sequencher® version 5.4.6 
DNA sequence analysis software.

Genetic diversity and structure

The DNASP 6 program (Librado and Rozas 
2009) was used to calculate genetic diversity in-
dices for each population, such as the number of 
polymorphic sites (Ns), haplotypic diversity (Hd), 
nucleotide diversity (π), and total number of hap-
lotypes (H), as well as the number of migrants per 
generation (Nm), net genetic distance between pop-
ulations (Da), and nearest-neighbor statistic (Snn).

Phylogeography and historical demography

The visualization of genetic differentiation and 
distances between populations was performed 
using a Neighbor-Joining (NJ) Dendrogram (Fig-
ure 2). This NJ dendrogram was visualized in the 
Geneious Prime program (Geneious Prime 2022). 
In addition, a haplotype network was performed 
to see the distribution of haplotypes by popula-
tion with the program PopART (Leigh and Bry-
ant 2015). To measure the effect of demographic 
changes or population demographic history based 
on DNA sequences, neutrality was assessed using 
Tajima’s D and Fu and Li’s D* statistics (Fu and Li 
1993; Tajima1989).This index allows investigating 
deviations from neutrality, as well as population 
balance, expansion or contraction (Díaz-Ferguson 
2012).

RESULTS

A total of 33 sequences of COI gene segment 
(cytochrome oxidase I) were obtained for genetic 
analysis. Subsequently, sequences were aligned, 

their ends were trimmed and edited to obtain 
fragments of 619 bp. Fragments showed a varia-
ble region located between 240 and 527 bp and 
generated 10 haplotypes. Amplified samples were 
analyzed and compared with reference sequences 
in Genbank. Accession numbers were generated for 
each sequence and haplotype in GenBank (Table 1).

Genetic diversity indices were calculated for 
each locality (Table 2). The highest haplotype di-
versity (Hd) was observed in the Gulf of Mon-
tijo (Hd = 0.836) and the Gulf of Panama (Hd = 
0.791), while the Gulf of Chiriqui exhibited lower 
haplotype diversity (Hd = 0.429). Nucleotide di-
versity (π) was also highest in the Gulf of Montijo 
(π = 0.0227) compared to the Gulf of Panama (π = 
0.0032) and the Gulf of Chiriqui (π = 0.0008). Ta-
jima’s D values were not statistically significant for 
any of the studied populations (p > 0.05). Never-
theless, negative values were observed in the Gulf 
of Montijo (D = -0.424) and the Gulf of Panama 
(D = -1.528), while a positive value was found in 
the Gulf of Chiriqui (D = 0.334), suggesting slight 
differences in allele frequency distributions among 
sites. Similarly, Fu and Li’s D* tests yielded the 
following values: Gulf of Montijo (D* = -0.038), 
Gulf of Chiriqui (D* = 0.887), Gulf of Panama 
(D* = -1.811), and all localities together (D* = 
-1.552). All results were not statistically signifi-
cant (p > 0.05), indicating no strong deviation from 
neutrality.

Pairwise genetic differentiation between popula-
tions is shown in (Table 3). Higher Nm values were 
observed between Chiriqui and Panama (2.27) and 
Chiriqui and Montijo (2.36), indicating moderate 
gene flow. The lowest Da was observed between 
Chiriqui and Panama (0.00034), while the highest 
occurred between Panama and Montijo (0.00166). 
The Nm estimate between Panama and Montijo 
was negative (-53.93), likely due to low genetic 
variation and small sample size, which can produce 
negative values in Nm calculations. This does not 
indicate negative migration but reflects limited ge-
netic exchange. The Snn values ranged from 0.098 
to 0.578, with higher values suggesting stronger 
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genetic differentiation, particularly between Pan-
ama and Montijo.

A total of 10 haplotypes were observed from 33 
M. lunulatus sequences (Figure 3). Haplotype 2 
was the most frequent and was present in all local-
ities. Haplotypes 6, 3 and 4 were derived from hap-

lotype 2 and were exclusive to the Gulf of Montijo. 
Haplotype 1 was also present at all three localities. 
The haplotype network showed a black circle, cor-
responding to an unsampled haplotype. The Gulf of 
Montijo locality had the highest number of unique 
haplotypes.

Table 1. Total number of haplotypes by Gulf area and assigned GenBank accession number.

Sample location	 N	 Total number of haplotypes per location	 GenBank accession number 

Gulf of Montijo (GM) 	 11	 6	 OP889220
Gulf of Chiriqui (GC) 	 8	 2	 OP889218
			   OP889219
Gulf of Panama (GP)	 14	 6	 OP889221
			   OP889222
			   OP889223
			   OP889224

Figure 2. Neighbor-Joining (NJ) dendrogram of genetic distances of individuals from the different localities of Mustelus lunulatus. 
M: Gulf of Montijo, CM: Gulf of Chiriqui, and Y: Gulf of Panama.
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Figure 3. Haplotype network showing the genealogical relationships between sequences (individuals) of Mustelus lunulatus. Each 
circle represents a haplotype, and the size represents the relative frequency of each haplotype. Colors represent the sam-
pled localities: Gulf of Chiriqui (red), Gulf of Montijo (light blue) and Gulf of Panama (blue). Dash lines show separation 
of unique haplotypes from Gulf of Montijo (light blue circle) and their relationship with Gulf of Chiriqui most common 
haplotype (red circle).
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Table 3. Pairwise genetic differentiation between populations. gene flow (Nm), net divergence (Da), and nearest-neighbor statistic 
(Snn).

Comparison	 Nm	 Da	 Snn

Gulf Chiriqui/Gulf Panama	 2.27	 0.00034	 0.09800
Gulf Chiriqui/Gulf Montijo	 2.36	 0.00158	 0.50112
Gulf Panama/Gulf Montijo	 -53.93	 0.00166	 0.57833

Table 2. Genetic diversity indices based on the sequences of a segment of the mitochondrial cytochrome oxidase subunit I (COI) 
gene. N = number of samples, H = number of haplotypes, π = nucleotide diversity, Hd = haplotype diversity, S = poly-
morphic sites.

			 
Location	 N	 H	 Hd	 π	 S	 Tajima’s	 Fu and Li’s D*

Gulf of Montijo (GM)	 11	 6	 0.83636	 0.02268	 39	 -0.42436	 -0.038 
Gulf of Chiriqui (GCH)	 8	 2	 0.42857	 0.00080	  1	 0.33350	 0.887
Gulf of Panama (GP)	 14	 6	 0.79121	 0.00319	  9	 -1.52793	 -1.811 
All localities together	 33	 10	 0.74621	 0.00993	 46	 -1.98340	 -1.552 

*Fu and Li (1993).



Justo-Riverol and Díaz-Ferguson: Connectivity and genetic diversity of Mustelus lunulatus in Pacific Panama 263

DISCUSSION

Genetic diversity, demographic history and fish-
ery

Genetic studies in shark and ray populations are 
reduced in general, and absent for some species 
(Barbato et al. 2025). This is the first research to 
focus on the genetic structure, diversity and con-
nectivity of a demersal shark population consid-
ered among the most captured shark species from 
Panamanian fisheries. Genetic data is essential for 
the establishment of realistic populations models 
including population limits, connectivity patterns 
and potential conservation units (Díaz-Ferguson et 
al. 2010, 2023). This information allows scientists 
and managers to establish effective management 
and conservation strategies. 

Genetic diversity was calculated from 33 M. 
lunulatus sequences, which revealed 10 distinct 
haplotypes. The overall haplotype diversity (Hd = 
0.746) is comparable to values reported in other 
species. For instance, M. henlei exhibited high hap-
lotype diversity (Hd = 0.840) but low nucleotide 
diversity (π = 0.0033), a pattern typically associat-
ed with species that have experienced demograph-
ic stability or recent population expansion from a 
common ancestor (Sandoval‐Castillo and Behere-
garay 2015). In contrast, Triaenodon obesus showed 
more moderate values (Hd = 0.550 ± 0.025; π = 
0.00213), suggesting lower mitochondrial variation 
at the regional scale, possibly due to limited con-
nectivity or differing demographic history (Whitney 
et al. 2011). Meanwhile, this pattern is mirrored in 
mitochondrial markers, with M. punctulatus show-
ing very low variability (Hd = 0.16 - 0.31 and π = 
0.0003-0.001), while M. mustelus exhibits higher 
haplotype diversity (Hd = 0.52-0.54 and π = 0.001), 
consistent with broader demographic connectivity 
and population structure. Overall, the genetic di-
versity observed in M. lunulatus falls within the 
range reported for other coastal elasmobranchs. 

As expected, demersal coastal populations, which 
generally have smaller effective population sizes 
than pelagic migratory species, tend to show lower 
genetic diversity and larger population sizes (Karl 
et al. 2011; Domingues et al. 2018). Additionally, 
species of the genus Mustelus are known to exhibit 
female philopatry, which could limit gene flow and 
contribute to population structuring (Ramírez-Ama-
ro et al. 2018) . This study covered the three major 
gulf systems of Pacific Panama, encompassing ap-
proximately 1,700 km of coastal area. Among them, 
the Gulf of Chiriqui, an area under intense fishing 
pressure, showed the lowest genetic diversity (Hd 
= 0.42857; π = 0.00080), with only two haplotypes 
identified among eight individuals. Positive Taji-
ma’s D value (D = 0.33350) in this zone suggests a 
potential signal of population contraction or balanc-
ing selection, consistent with reports of high capture 
rates in this region (Smith 1994).

In contrast, the Gulf of Montijo, despite its small-
er geographic area, presented the highest genetic 
diversity among the three regions (Hd = 0.83636; π 
= 0.02268; 6 haplotypes out of 11 individuals) and 
a negative Tajima’s D value (-0.42436), although 
not strongly significant, may indicate a recent pop-
ulation expansion. Moreover, haplotype network 
analysis revealed that Montijo harbors the highest 
number of unique haplotypes (3, 4, and 6), all de-
rived from the central and most common haplotype 
(haplotype 2), which was present across all three 
localities. This suggests that Gulf of Montijo is 
potentially a nursery and spawning area due to its 
estuarine and physiographic features and therefore 
acts as a source population and genetic pool for 
connected areas (Guzmán et al. 2020).

The Gulf of Panama exhibited intermediate hap-
lotype richness (6 haplotypes out of 14 individuals), 
moderate haplotype diversity (Hd = 0.79121), but 
very low nucleotide diversity (π = 0.00319). The 
strongly negative Tajima’s D (-1.52793) is indica-
tive of a recent population expansion, possibly fol-
lowing a bottleneck event. This pattern matches the 
ecological dynamics of the region, where upwell-
ing processes support high productivity and may 
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facilitate recruitment of demersal species (Kottillil 
et al. 2023; Smith 1994). For example, pelagic and 
migratory species such as the whale shark (R. ty-
pus) and hammerhead sharks (Sphyrna lewini) of-
ten show higher haplotype and nucleotide diversity 
due to their wide-ranging movements and trans-
oceanic connectivity, which promote gene flow be-
tween populations (Karl et al. 2011; Alghozali et 
al. 2019). In contrast, small coastal species like M. 
lunulatus, which have more restricted home ranges 
and limited dispersal capabilities, exhibit lower ge-
netic diversity levels, reflecting more isolated and 
potentially vulnerable populations (Ramírez-Ama-
ro et al. 2018; Guzmán et al. 2021).

Genetic connectivity

Results of the genetic connectivity of this study 
indicate a moderate level of genetic connectivity 
between populations of M. lunulatus in the Gulf 
of Chiriqui and the Gulf of Montijo (Nm = 2.36, 
Snn = 0.50112), suggesting some degree of pop-
ulation structuring, though not complete isolation. 
This contrasts slightly with findings that reported 
high connectivity between the Gulf of Chiriqui and 
the Gulf of Montijo for species such as Scomb-
eromorus sierra, Caranx caninus, and Lutjanus 
guttatus, supporting the existence of a single stock 
in that region for species with highly dispersal po-
tential (Díaz-Ferguson et al. 2023) The presence 
of haplotype 2 in all localities suggests historical 
genetic connectivity between populations. Similar-
ly, the presence of haplotype 1 in all three locali-
ties supports this interpretation and may be related 
to their geographic proximity. However, although 
some haplotypes are unique to Montijo, these hap-
lotypic relationships are not sufficient to indicate a 
clear genetic structure between populations. 

Genetic connectivity is the main feedback mech-
anism of biodiversity in marine animals. Either by 
local movements, migration or through dispersal, 
connectivity has been recognized as a key mecha-
nism influencing population structure and genetic 
differentiation in fishes and sharks (Veríssimo et al. 

2010; Díaz-Ferguson 2012). In this regard, differ-
ences in the population structure between pelagic 
and demersal coastal species have been suggested. 
Population genetic studies conducted mainly in 
large pelagic shark species reveal genetic homoge-
neity at large spatial scales, for example in basking 
sharks (Cetorhinus maximus) as well as in whale 
sharks (R. typus) (Hoelzel et al. 2006; Guzmán 
et al. 2021). The differences may be attributed to 
species-specific ecological and behavioral traits, in-
cluding larval dispersal capacity, reproductive strat-
egies, and habitat preferences. Additionally, local 
oceanographic conditions may influence connectiv-
ity patterns differently among species, even within 
the same geographic area. This pattern is often at-
tributed to their high dispersal potential, which fa-
cilitates gene flow across ocean basins, and to their 
typically large effective population sizes, which 
reduce the effects of genetic drift and promote ge-
netic uniformity across wide geographic ranges. In 
contrast, species with a smaller displacement range, 
such as small demersal shark species usually have 
a complex population structure and connectivity 
patterns are usually associated to life history fea-
tures, habitat preferences and site fidelity (Dudgeon 
et al. 2012; Portnoy and Heist 2012; Chapman et 
al. 2015). For example, populations of Mustelus 
spp. are often connected through a series of tiered 
populations (Boomer et al. 2012). Additionally, 
genetic studies conducted on other small coastal 
shark populations with limited viability showed 
high genetic differentiation of populations across 
ocean basins due to environmental barriers (nurse 
shark Ginglymostoma cirratum) (Karl et al. 2012). 
Also, small coastal species along continuous conti-
nental coasts showed clear genetic differentiation in 
species like the leopard shark Triakis semifasciata 
(Lewallen et al. 2007).

 In contrast to our results, Pereyra et al. (2010) 
reported low nucleotide diversity (π = 0.0015) 
and haplotype diversity (h = 0.226) in M. schmitti, 
along with significantly negative Tajima’s D (-2.33; 
p < 0.01) and Fu’s Fs (-13.28; p < 0.01), suggesting 
a recent population expansion. The absence of sig-
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nificant neutrality test results in our study indicates 
a different demographic history for the studied pop-
ulations, possibly reflecting demographic stability 
or moderate levels of gene flow. Genetic connec-
tivity plays a critical role in shaping population 
structure and maintaining genetic diversity within 
and among marine species, particularly in coastal 
sharks where dispersal patterns and habitat prefer-
ences may influence gene flow dynamics.

In the Central Mediterranean Sea, similar find-
ings have been reported for Mustelus species, 
where strong fishing pressure combined with lim-
ited dispersal capacity has resulted in reduced con-
nectivity and the formation of distinct population 
structures. Specifically, at least two genetically 
distinct stocks have been identified in M. mustelus 
and M. punctulatus (Barbato et al. 2025). These 
patterns are consistent with other demersal elasmo-
branchs, such as the brown dogfish (M. henlei) and 
the spiny dogfish (Squalus acanthias), which also 
exhibit population-level genetic divergence due to 
restricted gene flow. Likewise, M. antarcticus has 
shown clear genetic differentiation among popula-
tions, further underscoring the limited connectivity 
in demersal sharks (Veríssimo et al. 2010; Petrolo 
et al. 2021). This genetic structuring reflects both 
the species’ dispersal limitations and localized 
environmental pressures. The resulting genetic 
variation is essential for the long-term resilience 
of populations, as it supports adaptive potential 
in changing environments. However, such varia-
tion is not homogeneously distributed and often 
clusters into discrete groups of genetically similar 
individuals, emphasizing the need to incorporate 
genetic data into fisheries management, particularly 
for species vulnerable to overexploitation due to 
their life history traits.

Understanding the impact of fishing on shark 
species is crucial as it puts a lot of pressure on 
certain shark species, which can disproportionate-
ly affect those populations. Bycatch is also a key 
factor, as many sharks are accidentally caught in 
nets targeting other species, which can have a sig-
nificant impact on their population.

CONCLUSIONS

This study represents the first effort to relate his-
torical fishery data with genetic diversity, popula-
tion structure, and historical demographic parame-
ters of M. lunulatus in the Eastern Tropical Pacific. 
Overall, genetic diversity levels were moderate to 
high in some localities, particularly in the Gulf of 
Montijo, suggesting that this area may function 
as an important nursery or reproductive ground. 
Such areas may contribute disproportionately to the 
maintenance of regional genetic diversity and con-
nectivity. Although the species exhibits life-history 
traits such as relatively short gestation periods and 
faster maturation compared to other elasmobranchs, 
which may confer some resilience to fishing pres-
sure. Our results indicate that overexploitation may 
have negatively affected genetic diversity and ef-
fective population size at a microgeographic scale.

However, mitochondrial DNA reflects histori-
cal patterns of maternal inheritance and may not 
fully resolve contemporary population structure. 
Future studies incorporating additional nuclear 
markers, such as microsatellites or genome-wide 
SNPs, would provide higher resolution to better 
assess recent divergence and contemporary gene 
flow among sampled localities. The identification 
of potentially important areas such as the Gulf of 
Montijo highlights the need for effective protection 
of estuarine and coastal habitats, which may play 
a critical role in sustaining genetic diversity and 
long-term population viability of demersal sharks 
in Panama and along the Pacific coast of Central 
America.
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