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ABSTRACT 

Mackerel is a small pelagic fish that has potential value and can be found throughout Indonesian waters. It is feared 

that high exploration activities will have an impact on the population. Sampling was carried out at the fish landing port 

and fish auction place (Bacan, Morotai and Ternate). The sample was photographed and the 3 cm swimming fin was 

taken. The sample is then stored in a tube that has been filled with 96% ethanol solution. The next stage is the process of 

extraction, amplification, electrophoresis and DNA sequencing. Phylogenetic reconstruction of comparison of primary 

data (Bacan, Morotai and Ternate) and secondary data (Indian) clarified to form two different populations (clades). 

Amova population pairwaise (Fst) showed the genetic flow of R. kanagurta population in the waters of the north Maluku 

Sea (Bacan, Morotai and Ternate). On the other hand, genetic distance shows that populations (Bacan, Morotai and 

Ternate) were closely related and have strong genetic connectivity. 

Keywords: evolution; molecular; tropical fish; ancestry; ocean dynamics 

1. Introduction 

Mackerel is a small pelagic fish that has potential value and can 

be found throughout Indonesian waters. Mackerel is a fish catch that 

has important economic value in Indonesia[1]. This is because many of 

these species are caught for consumption because they have a dense 

meat texture and contain high nutritional value and have a profitable 

selling value compared to other pelagic fish[2]. In addition, the high 

level of utilization and the possibility of a high level of exploitation of 

this fish resource, demands good management efforts so that the use of 

fish is sustainable[3]. Climate change will greatly affect the physiology 

and behavior of individuals, populations and fish communities. 

Extreme conditions with rising sea surface temperatures, low dissolved 
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oxygen concentrations and water pH can result in the death of fish. An environment with extreme conditions 

will hamper the growth and reproduction patterns of fish. All of these changes directly affect the population 

and community structure of mackerel. Population structure analysis for estimating fish populations can be 

determined using several methods where genetic analysis is the most accurate method for determining 

population structure, because genetic characters are passed from one generation to the next with very little 

chance of changed[4]. This genetic method to find out information on the genetic diversity of a population is 

the DNA sequencing technique. This method is used to obtain the sequence of nucleotide bases in a DNA 

molecule with a fast and efficient technique[5]. In addition, knowledge of the kinship of a species is needed to 

study the evolution of several related taxa by comparing their DNA sequences[6]. Molecular phylogenetics 

serves to determine kinship and genetic differences within a population or subspecies that are geographically 

different[7]. The stated that phylogenetics can show the evolutionary relationship of an organism which is 

inferred from morphological and molecular data[8]. The purpose of this study was to determine the phylogenetic 

and genetic population structure of mackerel based on DNA information. 

Research on fish genetics in Indonesia has been carried out including genetic studies of populations of 

bigeye tuna (Thunnus obesus) in Benoa Bali[9], kandra fish (Torsoro) originating from North Sumatra and west 

Java Provinces[10], red snapper (Lutjanus malabaricus) originating from several fishing areas on the North 

Coast of Java and the eastern part of the Java Sea[11], yellowfin tuna (Thunnus albacores) from the areas of 

Bali, North Maluku and North Sulawesi[12], The same research has also been carried out, where fish samples 

were taken from Spain and the Philippines[13], Betutu fish from the Brebes Penjalin reservoir[14], study of the 

population structure of the bigeye tuna in the Indian Ocean of west Sumatra, South Java and Nusa Tenggara 
[15], on the genetic diversity of yellowfin tuna from two populations in the Maluku Sea, Indonesia[5], the 

preliminary study of yellowfin tuna populations from two populations in the Maluku Sea, Indonesia[16], 

molecular phylogenetics of grouper genus Epinephelus from collections from traditional markets[17], genetic 

variants of Sardinella lemuru in the Bali Strait sea[18], genetic and phylogenetic variations of yellowfin tuna as 

the basis for sustainable fisheries management in north Maluku[19], genetic diversity of mackerel scads, 

decapterus macarellus[20] in the Indian Ocean, about morphometric and genetic identification of Mackerel 

(Rastrelliger sp)[21] collected from Muara Baru fish market, Jakarta and about DNA barcoding and 

morphometric of Rastrelliger sp[22] in north Maluku Sea, Indonesia. 

2. Material and method 

Mackerel tissue DNA were collected in Ternate (3 samples), Morotai (3 samples) and Bacan (3 samples) 

at the fish landing port and fish auction place (Figure 1). Tissue collection was carried out on the pectoral fin 

3 cm and then put into a tube containing 96% ethanol. Extraction, amplification, electrophoresis and 

sequencing were carried out in the Bionesia laboratory, Bali. DNA sequencing method with primer CRK-CRE. 
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Figure 1. Research location R. kanagurta, primer data (Ternate, Morotai and Bacan) and secondary data (Indian)[22]. 

3. Extraction, PCR and electrophoresis DNA 

Sample extraction was carried out using a 10% Chelex solution[23]. +2 mm sample tissue was taken using 

tweezers and put into a tube containing the sample tissue Chelex solution, vortexed and centrifuged +20 s, then 

heated in a heating block with a temperature of 95 ℃ + 45 min. After heating, the tube was vortexed again and 

centrifuged for +20 s. The extraction solution is ready to be used for amplification. Amplified at the CR 

(control region) locus with the Hotstart method. denaturation at 94 ℃ for 30 s, annealing at 50 ℃ for 30 s, and 

extension at 72 ℃ for 45 s, and the PCR process was repeated for 38 cycles, and finally the final extension at 

72 ℃ for 5 min[24]. Two primers were used, namely the forward primer L15923 with the following nucleotide 

sequence 5′-TTAAAGCATCGGTCTTGTAA-3′ and the reverse primer H16498 with the following nucleotide 

sequence 5′-CCTGAAGTAGGAACCAGATG-3′. Electrophoresis is a standard method used for the 

identification, separation and purification of DNA. Electrophoresis is useful to be able to see the success of 

PCR through 1% agarose gel by adding 1 gram of agarose to Erlenmeyer then adding 100 mL of TAE 1X. 

After that it was heated in the microwave, when it was evenly dissolved, 4 µL EtBr was added. Agarose gel 

was poured into a mold that had been installed with a well-making comb and allowed to stand for 30 min. The 

electrophoresis results were then visualized using an ultraviolet machine with a voltage of 200 V and a current 

of 400 mA for 15 min. 

3.1. DNA Analysis 

Control region mtDNA sequences were analyzed using the MEGA5 (Molecular Evolutionary Genetic 

Analysis)[25] and Arlequin 3.5 application[26] to obtain phylogenetic and genetic distances. Secondary data were 

downloaded from GenBank (3 samples) with accession numbers. 

3.2. Result and Discussion 

3.2.1. Phylogenetic 

Phylogenetic relationships of mackerel (R. kanagurta) in north Maluku Sea waters (primary data) did not 

find differentiation and clade formation between locations (Figure 2). The entire individuals (Bacan, Morotai 

and Ternate) form clades showed random mixing of individuals. phylogenetic reconstruction provided an 

explanation of the evolutionary processes that occur. Phylogenetic relationships confirmed the morphological 

classification of Rastrelliger species[27] Phylogenetic reconstruction using primary data (Bacan, Morotai and 

Ternate) and secondary data (Indian) clarified to form two different populations (clades) (Figure 2). The 
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results of this reconstruction provided an explanation that, there were sub populations (R. kanagurta ) which 

distributed globally in tropical waters. The results of phylogenetic reconstruction were supported by genetic 

distance analysis among locations (Table 1). Natural factors such as oceanography and circulation patterns of 

location currents are the barriers which resulting in genetic differentiation. Regional lineage segregation of 

marine organisms is associated with spreading barriers such as ocean circulation, upwelling, geological history, 

heterogeneity of ocean views and self-recruitment behavior strategies which play the important roles in fish 

philogeography[28]. 

Phylogenetic studies of mackerel (Rastrelliger sp) were also reported by Indaryanto et al.[27] on mackerel 

(R. brachysoma) Java, Indonesia, where the results of the study showed no population grouping. The mackerel 

(R. kanagurta ) at Raja Empat, Kendari, Gorontalo, Ambon and Dobo locations, two main population groups 

were found[20]. The identification of four lineages in mackerel (R. kanagurta) in Banda Aceh and Trang 

(Andaman Sea) and Can Tho (South China Sea)[29]. Previous studies discussing phylogenetic pelagic fish have 

been reported such as yellowfin tuna[5,19], tuna and mackarel in the Indonesian Archipelago[30] in julung-julung 

fish (Hemirampus sp)[31]. 

 
Figure 2. Phylogenetic tree R. kanagurta, primer data (Ternate, Morotai and Bacan) and secondary data (Indian). 

Substitution probability values were found to have similarities in all nucleotide elements (Table 1). The 

results of the nucleotide frequency presentation calculation were divided into four segments namely A = 25%, 

T/U = 25%, C = 25% and G = 25%. The higher the nucleotide frequency value, the greater the chance of 

substitution. 

Table 1. Maximum likelihood Estimate of substitution Matrix. 
 

A T/U C G 

A - 4.04 4.04 16.92 

T/U 4.04 - 16.92 4.04 

C 4.04 16.92 - 4.04 

G 16.92 4.04 4.04 - 

Note—Each entry is the probability of substitution (r) from one base (row) to another base (column). Substitution pattern and rates 

were estimated under the Kimura (1980) 2-parameter model (+G) . A discrete Gamma distribution was used to model evolutionary 

rate differences among sites (5 categories, [+G], parameter = 1.8612). Rates of different transitional substitutions are shown in bold 

and those of transversionsal substitutions are shown in italics. Relative values of instantaneous r should be considered when 

evaluating them. For simplicity, sum of r values is made equal to 100, The nucleotide frequencies are A = 25.00%, T/U = 25.00%, C 

= 25.00%, and G = 25.00%. For estimating ML values, a tree topology was automatically computed. The maximum Log likelihood 

for this computation was 017.484. This analysis involved 12 nucleotide sequences. There was a total of 374 positions in the final 

dataset. Evolutionary analyses were conducted in MEGA X[2]. 
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Several works such as reported, where in mackerel (R. kanagurta) at Raja Empat, Kendari, Gorontalo, 

Ambon and Dobo locations, two main population groups were found[20]. The identification of four lineages in 

mackerel (R. kanagurta) in Banda Aceh and Trang (Andaman Sea) and Can Tho (South China Sea)[29]. 

Previous studies discussing phylogenetic pelagic fish have been reported such as yellowfin tuna[5,19], tuna and 

mackarel in the Indonesian archipelago[30] in julung-julung fish (Hemirampus sp)[31]. 

Substitution probability values were found to have similarities in all nucleotide elements (Table 1). 

Probability values are closely related to nucleotide frequencies[13]. The results of the nucleotide frequency 

presentation calculation were divided into four segments namely A = 25%, T/U = 25%, C = 25% and G = 25%. 

The higher the nucleotide frequency value, the greater the chance of substitution. The probability of transition 

substitution was greater than that of transversion substitution, because transition substitution that occurs 

between purine nucleotides with purines and between pyrimidines and pyrimidines will be easier than 

transversion substitution that occurs between purines and pyrimidines[13]. This change was likely due to the 

similarity of the molecules that exist, besides that there were structural differences between purines and 

pyrimidines. The same research results were also found on samples of yellowfin tuna from the Philippines and 

Spain[13]. 

3.2.2. Structure genetic 

Amova population pairwaise (Fst) shows the genetic flow of R. kanagurta population in the north Maluku 

Sea waters (Bacan, Morotai and Ternate) (Table 2). Population comparison analysis showed the possibility of 

a high gene flow between R. kanagurta in the of north Maluku waters (Bacan, Morotai and Ternate) and 

Indians (Table 2). Comparison of Fst R. kanagurta values (primary and secondary data) found Bacan-Indian 

(0.993), Morotai-Indian (0.998), Ternate-Indian (0.993) (Table 2). Values testing of Fst in R. kanagurta  

(Bacan, Morotai and Ternate) found a strong genetic link between the population of Morotai-Bacan (0.625), 

Ternate-Bacan (0.052) and Morotai-Ternate (0.665). Nevertheless, genetic distance provided the different 

results in the two populations. Population grouping was possible due to differences in genetic structure, 

although Fst analysis showed a strong genetic flow. 

Overall genetic distance results showed that populations (Bacan, Morotai and Ternate) are closely related 

and have strong genetic connectivity (Table 3). The results of genetic distance analysis between populations 

found genetic similarities between Morotai-Ternate (0.003) and Bacan-Ternate (0.006). Genetic differentiation 

has showed between Bacan-Indian (3625), Morotai-indian (3524) and Ternate-Indian (3524). Meanwhile, 

genetic distance provided an explanation that there was no significant genetic difference of R. kanagurta in 

the Bacan Sea, Morotai and Ternate. High genetic distance among populations (Bacan, Morotai and Ternate) 

and Indians, indicated that the two populations were separated due to the global geographical system, several 

barriers and oceanography factors. 

Table 2. Amova population pairwise (Fst) R. kanagurta. 

Locations Indian Bacan Morotai Ternate 

Indian - - - - 

Bacan 0.993 - - - 

Morotai 0.998 0.625 - - 

Ternate 0.993 0.052 0.665 - 
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Table 3. Genetic distance R. kanagurta. 

Locations Indian Bacan Morotai Ternate 

Indian - - - - 

Bacan 3.625 - - - 

Morotai 3.524 0.008 - - 

Ternate 3.524 0.006 0.003 - 

Probability values are closely related to nucleotide frequencies[13]. The probability of transition 

substitution was greater than that of transversion substitution, because transition substitution that occurs 

between purine nucleotides with purines and between pyrimidines and pyrimidines will be easier than 

transversion substitution that occurs between purines and pyrimidines[13]. This change was likely due to the 

similarity of the molecules that exist, besides that there were structural differences between purines and 

pyrimidines. The same research results were also found byon samples of yellowfin tuna from the Philippines 

and Spain[13]. 

Panmiksia populations were shown based on the phylogenetic reconstruction of mackerel samples (Bacan, 

Morotai and Ternate) (Figure 3). Population mixing according to the phylogenetic reconstruction was likely 

due to the large genetic flow and the low genetic distance between populations. The fish population originated 

from the same offspring and has a pattern of residence in the same location, resulting in these two populations 

being genetically similar[16]. Primary data clades (Bacan, Morotai and Ternate) and secondary data clades 

(Indian) form separate clades (Figure 3). The reconstruction explained that the two locations (primary and 

secondary data) had genetic differences in mackerel (Rastrelliger sp). Phylogenetic trees provided an 

explanation of the evolutionary processes that occur within or between populations. The history of species 

populations can be interpreted into four categories based on their combination of genetic diversity and 

nucleotide values from small to large[29]. Genetic data provides information on barriers to the geographical 

distribution[32].  

Research on Rastrelliger sp found two genetic populations of R. brachysoma along west Java (Pelabuhan 

Ratu, Banten, Lampung and Jakarta) and east Java (Banyuwangi)[27]. Zamroni et al.[33] found that the results of 

RFLP mDNA analysis in R. brachysoma formed the population at north of Jakarta, Indramayu, Pekalongan, 

Rembang and Pasuruan (Madura Strait) showed no significant differences in fish genotype samples. Both of 

these studies showed that the western part of Java and the central Java region were the same population and R. 

brachysoma from the east of the Java Region was the population[29] revealed that the two separate populations 

of R. kanagurta namely the populations of southeast Asia (South China Sea, Malacca Strait, Sulu Sea, Sulawesi 

Sea, Andaman Sea) and Iranian population (West Indian Ocean). The results of the study indicated that the 

Andaman Sea stock of Indian mackerel is a population with a moderate level of genetic variation[34]. 

Specifically, genetic closeness can be explained, suggesting that the entire population of mackerel (R. 

kanagurta) were a descendant. The inferred demographic history also showed that the population of R. 

kanagurta has the potential to be expanded in the late Pleistocene and gene flow appears to be ongoing among 

the population that still exists to date[29]. Gene connection between populations may be caused by between 

populations having the same parent origin and genetic proximity[35]. Reports on the genetic proximity between 

other marine species[35] on Sarcophyton trocheliophorum soft corals in Indonesia, and species of Epinephelus 

spp groupers in Indonesia[17]. Genetic closeness was strongly influenced by current flow patterns, high larval 

spread, appropriate habitat conditions and migration capability[5,17,35–37]. 
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Figure 3. (a) Indonesia throughflow and surface ocean current in Indonesia; (b) global current surface and Dendogram R.Kanagurta. 

The wide distribution in the ocean indicated that the large population sizes in mackerel, this certainly has 

the effect of genetic flow between populations. However, fish size has an influence on the ability of migration, 

where there are variations in the environmental conditions of each waters area. Factors causing limited genetic 
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flow are current patterns, changes in temperature and salinity or physical barriers between continents or 

oceanic sediments[38–40]. Global current circulation is a barrier to the distribution of small pelagic fish, due to 

their low migration ability. The results of research indicated that currents not only limit gene flow between 

two regional biogeographies, but also the formation of each lineage in another habitat may be limited by 

physiological adaptation to regional environmental conditions[41]. The currents influence the distribution of 

larval populations and make sub-populations in each region. However, in extreme conditions, sea level currents 

are a barrier to population migration. The process of population genetic distribution that is different from the 

population (primary and secondary), indicated that sub-populations were formed among the world’s ocean 

waters in a dispersal manner. The distribution of genetic diversity is influenced by the strength of the ocean 

circulation in recruitment larvae[28]. In the world’s oceans, fish are abundant and distributed, but observed 

levels of genetic differentiation among populations are often low[42]. The significant differences in the genetic 

structure of three populations due to physical oceanographic patterns[32]. 

4. Conclusion 

Phylogenetic reconstruction using primary data (Bacan, Morotai and Ternate) and secondary data (Indian) 

clarified to form two different populations (clades). Panmixia population was shown based on phylogenetic 

reconstruction in mackerel samples (Bacan, Morotai and Ternate). Comparative analysis of population showed 

the possibility of high gene flow between R. kanagurta in north Maluku Sea waters (Bacan, Morotai and 

Ternate) and Indians. High genetic distance between populations (Bacan, Morotai and Ternate) and Indians, 

indicated that the two populations were separated due to global geographical and oceanography factors. 
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