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Abstract 

The genetic population structure of Pacific saury (Cololabis saira) was investigated using nucleotide 

sequences of a 926 to 932 bp stretch of mitochondrial DNA containing the entire control region. A total of 

309 individuals collected in 2021 from 12 locations across the western to eastern North Pacific were analyzed. 

No significant spatial heterogeneity in haplotype distributions was detected (p > 0.3). Comparison with 

published data from 2002–2003 revealed no significant temporal heterogeneity despite the two-decade gap, 

although the difference was marginal (p = 0.056). Overall, the low level of genetic variation and the absence 

of detectable spatiotemporal differentiation indicate a high degree of gene flow across the North Pacific. 

However, these findings should be interpreted with caution, as the analysis is based solely on a maternally 

inherited marker with limited resolution. 
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Introduction 

Pacific saury (Cololabis saira) is a widely distributed 

pelagic fish in the North Pacific Ocean and represents 

an important fishery resource, particularly in the 

northwestern Pacific. Despite its ecological and 

economic importance, the population structure of this 

species remains unresolved. Based on the 

heterogeneous vertebrate counts observed between the 

large and medium sized saury, Odate (1956) proposed 

that there are at least two stocks in the North Pacific. 

This inference was supported by Sugama (1959) and 

Hotta (1960) through observation of otolith structure. 

However, Fukushima et al. (1990) suggested that these 

phenotypic differences may be caused by 

spatiotemporal heterogeneity in environmental factors 

during development.  

Numachi (1970, 1971) was the first to report 

electrophoretically detectable enzyme polymorphism 

in the Pacific saury. Subsequently, Hara et al. (1982a, 

b) and Kijima et al. (1984) performed enzyme 

electrophoresis analysis and suggested that the Pacific 

saury populations are not genetically homogeneous. 

More recently, Chow et al. (2009) analyzed the partial 

control region ( ∼ 350 bp) of mitochondrial DNA 

(mtDNA) but detected no significant heterogeneity 

among samples collected across the North Pacific. 

Although the left domain of the control region is 

known to be highly variable in many fish species, both 

nucleotide sequence and haplotype divergences were 

found to be extremely low in Pacific saury. This 

suggests that shorter sequences may not be sufficient 

for resolving the genetic population structure. In the 

present study, we investigated the genetic structure of 

this species using nucleotide sequence analysis of the 

entire control region. 

 

Materials and Methods 

Pacific saury samples were collected in 2021 from 12  
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Fig. 1. Map showing collection locations of 12 local samples of Pacific saury (Cololabis saira). The white, red, 

and black circles tentatively denote that the locations of these samples are in the western, central, and eastern 

regions, respectively. The numbers associated with the circles indicate the sampling stations presented in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

locations across the western to eastern North Pacific 

(Fig. 1, Table 1), of which 11 were collected in June 

and July and one was collected in October. All of the 

individuals used in our analysis were of a similar size 

and were assumed to be one year old, based on the age-

length key (Suyama et al. 2006, 2012). The DNA 

extraction and nucleotide sequencing were performed 

according to the methods described by Chow et al. 

(2009), with the exception of the PCR primers. Based 

on the complete mtDNA sequence of C. saira 

(NC_003183) reported by Miya et al. (2001), we 

designed a new primer pair; SCSRF (5’- 

CGAAGGATAAAACCCCTCCT-3’) and CSCFR 

(5’-GCTTGCGAAACCAATCTAGG-3’). CSCRF is 

located in tRNA-Thr, while CSCFR is in tRNA-Phe. 

The approximately 1,000 bp fragment amplified by 

this pair contains the entire control region. The number 

of nucleotide substitutions and the p-distance between 

sequences were calculated using MEGA5 (Tamura et 

al.2011). Indels were treated as a fifth nucleotide, and 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a neighbor-joining phylogenetic tree based on the 

number of nucleotide substitutions among haplotypes 

was drawn using MEGA5. Chi-square analysis was 

performed to test for heterogeneity in haplotype 

frequency distributions using the Monte Carlo 

simulation method with 1,000 randomizations (Roff 

and Bentzen 1989). 

 

Results and Discussion 

We determined nucleotide sequences ranging from 

926 to 932 bp in 309 individuals, with the control 

region itself spanning 859 to 865 bp. Almost all 

substitutions and indels were observed within the 

control region. A total of 31 haplotypes (designated H1 

to H31) were detected and deposited in the DNA Data 

Bank of Japan (DDBJ) under the accession numbers of 

LC924569 to LC924599. The phylogenetic 

relationships among the 31 haplotypes are shown in 

Fig. 2, which are essentially the same as those reported 

by Chow et al. (2009) using much shorter sequences. 
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Table 1. Catch locality, date and mean body length 

(BL) of the Pacific saury (Cololabis saira) samples 

used in this study. *knob length. 

 

Fig. 2. Unrooted neighbor-joining phylogenetic tree of 

31 haplotypes of Pacific saury (Cololabis saira) 

drawn using the number of nucleotide substitutions 

between sequences. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Haplotype H18, observed in a single individual, was 

unique due to a di-nucleotide repeat insertion and 

differed from the other haplotypes by seven to nine 

nucleotides (0.75 to 0.97 % in p-distance). Nucleotide 

substitutions between other haplotypes ranged from 

one to four (0.11 % to 0.43 % in p-distance). 

Haplotype frequency and diversity (h) for each local 

sample are presented in Table 2. Haplotype diversity 

ranged from 0.261 to 0.595 (0.446 in total), which is 

comparable to the results reported by Chow et al. 

(2009). No significant heterogeneity in haplotype 

frequencies was observed among the 12 samples (p = 

0.85). To further test for structure, we merged samples 

into western (west of 170° E), central (170° E–170° 

W), and eastern (east of 170° W) groups, or into 

broader western (west of 180° or 170° E) and eastern 

(east of 180°or 170° W) groups. However, no spatial 

heterogeneity was observed (p > 0.3). Because our 

samples were collected over such a short period of 

time, those from geographically distant locations may 

not have come from the same fish school. 

To compare the present data with previous data, some 

haplotypes obtained in the present study were merged 

with haplotypes reported by Chow et al. (2009) using 

samples collected in 2002 and 2003. The haplotypes 

H1 to H5, and H18 detected in the present study 

correspond to types 1 to 5, and 18, respectively, in 

Chow et al. (2009). The haplotypes Ha1, and H1.1 to 

H1.9 detected in the present study were merged into 

type 1. Similarly, H4.1 was merged into type 4, and 

H5.1 was merged into type 5. No significant temporal 

heterogeneity in haplotype frequencies was observed 

between the 2021 and 2002 plus 2003 samples (p = 

0.056), although the result was marginal and may 

suggest weak temporal variation. 

Thus, these results indicate no detectable genetic 

structuring across the North Pacific based on mtDNA 

data, which also align with its wide-scale distribution 

across the North Pacific (Odate 1977; Hubbs and 

Wisner 1980) and its extended reproductive activity 

across a broad geographic area (Watanabe and Lo  
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Table 2. Haplotype frequencies of the mitochondrial DNA control region in 12 local samples of Pacific 

saury (Cololabis saira). *See Table 1 and Fig. 1 for detail. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1989; Fuji et al. 2021). It should be noted that the 

present study is based solely on mtDNA, which 

reflects only maternal inheritance and has a smaller 

effective population size than nuclear markers. As a 

result, subtle population structure, particularly that 

influenced by male-mediated gene flow or recent 

demographic processes, may not be detectable. Future 

studies incorporating genome-wide nuclear markers 

(e.g., SNPs) would provide a more comprehensive 

assessment of population structure. 
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