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High Clonality and Geographically Separated Cryptic Lineages in the Threatened Temperate Coral, Acropora pruinosa
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Acropora pruinosa is a threatened zooxanthellate scleractinian coral that is distributed in the temperate areas along the coastline of Japan and the northern area of the South China Sea. Since A. pruinosa propagates both asexually and sexually, assessing clonal diversity and genetic connectivity among populations is important for conservation. In addition, high morphological variations in the field create confusion during species identification. To examine the existence of hidden genetic lineages, clonality, and genetic connectivity of A. pruinosa for conservation, we applied microsatellite analysis. Clustering analysis indicated two distinct geographically separated genetic lineages: one is distributed in the west, and the other is distributed in the east. The two lineages co-existed in Nishidomari, Kochi. There was no obvious difference in morphological characteristics between the two lineages. Although the factors influencing the observed distribution patterns remain unknown, there is a possibility that the two lineages might have diverged somewhere in the north-western Kyushu and north-eastern Pacific coast habitats in the past, and then periodically colonized the current habitats. A low clonal diversity was observed in most of the populations, indicating a high rate of asexual reproduction associated with their branching morphologies. In addition, there are strong genetic structuring in this species, indicating weak connectivity among populations. These results indicated a low larval dispersal potential among populations and that populations are basically sustained by a high rate of clone propagation and self-seeding. The existence of cryptic lineages and genetically isolated populations with high clonality emphasized the importance of conservation of A. pruinosa.

Keywords: scleractinia, temperate coral, biodiversity, cryptic lineages, clonality, asexual reproduction, morphological variation


INTRODUCTION

Coral reefs provide habitat, shelter, and food for many marine organisms, helping with nutrient recycling in the ocean and other ecosystem services (Principe et al., 2011). In Japan, the distribution of coral communities stretches from the south-western areas toward the eastern part of the Japan mainland (Nishihira, 2004). However, coral communities have been threatened by ocean acidification, climate change, and human activities (Goldberg and Wilkinson, 2004), and reef-building coral species are now listed to be threatened or vulnerable species (IUCN, 2020). Thus, basic knowledge for the proper conservation planning for coral species is needed. Most coral species can reproduce both asexually and sexually and disperse from their natal populations to cause genetic connectivity among different populations during pelagic larval period. Genetic diversity and clonality assessment may also play a vital role in predicting the adaption of populations to climate and environment changes (Gorospe et al., 2015). Thus, information about clonality, genetic diversity, and genetic connectivity between populations is required for the protection of species. In this context, the molecular population genetic approach, which is one of the promising methods for examining the clonality and genetic structure of species, can provide useful information for conservation purposes (O’Brien, 1994).

Acropora pruinosa is a hermatypic coral with an arborescent growth form (underwater photos in Figure 1). Veron (1992) suggested that this species is presumably endemic to the Japan mainland and Hong Kong. This unusual and limited distribution as well as sudden decrease of A. pruinosa population in some areas (Nanto et al., 2009; Nomura, 2009) led the species to be listed in the Japanese Red list1 (Ministry of the Environment, 2017). Acropora pruinosa is a hermaphrodite and broadcast-spawning species. This coral species releases its gametes into the water column once a year in summer, approximately 106 ± 10 min after sunset (Suzuki and Fukami, 2012). After fertilization of gametes in the water column, larvae of A. pruinosa move to the surface and float in the ocean for 3-10 days before settling on the ocean floor (Iwase et al., 2009). Larvae of A. pruinosa have a high settlement rate, and usually settle on places slightly exposed to sunlight (Iwase et al., 2009). The overall early life ecology is quite similar to that of other Acropora spp. (Iwase et al., 2009) and it exhibits genetic connectivity among different populations (e.g., Nakabayashi et al., 2019).
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FIGURE 1. Sampling location map with the underwater photographs of A. pruinosa in this study.


Similar to other coral species, A. pruinosa has a high morphological diversity, especially in terms of the thickness and length of branches, causing confusion in species delimitation. This species is often confused with Acropora tumida in Japan; arborescent or caespitose colonies with thicker and robust branches have been identified incorrectly as A. tumida (Nishihara and Veron, 1995). Sugihara et al. (2015) showed that real A. tumida exhibits a corymbose colony form but not an arborescent or caespitose colony form like A. pruinosa. Examining possible hidden lineages using molecular markers and comparisons between morphologies and genetically different lineages are of great importance for determining conservation units.

The aims of this study were to provide useful information to conserve the threatened reef-building species, A. pruinosa; assess the clonality, genetic diversity, and genetic structure of A. pruinosa to examine the existence of possible hidden lineages; assess the concordance between genetically distinct lineages and morphological characteristics; and to examine connectivity among different populations of A. pruinosa. To this end, we applied codominant, highly polymorphic microsatellite markers by collecting samples from most of the Japanese habitats of A. pruinosa.



MATERIALS AND METHODS


Coral Sampling and Genotyping

In total, 331 small fragment colonies (about 5-10 cm long) of A. pruinosa were collected by SCUBA diving from 17 temperate sites along the Kuroshio and Tsushima currents covering most of the species’ distribution in Japan from 2009 to 2015 (Table 1 and Figure 1). A small fragment (about 5 mm) of each coral sample was collected and preserved in CHAOS solution for DNA extraction (Fukami et al., 2004). Coral samples were collected from independent colonies that are mutually distantly apart whenever possible. However, the distance between the sampled colonies varied depending on the size of the population, and the shortest distance between colonies was about 1 m in a small population, such as the Enashi population (E). The rest of the samples were bleached for morphological examination.


TABLE 1. List of the sample site, population name, latitude (in the northern hemisphere), longitude (in the eastern hemisphere), sample size (n), number of genet in each population, number of genet divided by sample size (N. Genets/n), cumulative probability of identity of the 9 microsatellite markers (PI), Nei’s genetic diversity, mean observed heterozygosity (Ho), mean expected heterozygosity (He), fixation index (FIS), and Shannon index, which was corrected for sample size (shc), and the sampling date for all populations (yyyy/mm) of Acropora pruinosa.
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Genotypes of the corals were determined using 9 microsatellite loci (Shinzato et al., 2014; van Oppen et al., 2016). Nine loci were amplified independently and then mixed into 3 PCR product sets using different dyes and non-overlapping loci size: Plex 1 includes 8346m3, 8499m4, and 10366m5; Plex 2 includes 441m6 and 7961m4, and Amil 2-2; and Plex 3 includes Amil 2-10, Amil 2-12, and Amil 2-23. The total PCR reaction volume was 8.14 μl, including 1 μl of template DNA, 0.07 μl of each 50 mM primer, 4 μl of master mix (GoTaq® Promega), and 3 μl of water. The PCR program was 95°C for 5 min, followed by 40 cycles at 95°C for 30 s, 40°C for 30 s, 72°C for 30 s, and a final extension step at 72°C for 5 min.

The PCR products were diluted by 20, 50, 100, 200, 400, and 800 times depending on the quality of the samples after electrophoresing on agarose gel. For each sample, 1 μl of the diluted PCR product was added to 14 μl of highly deionized formamide containing 0.2 μl of the GeneScan-600 ZX (LIZ) size standard (Applied Biosystems, Foster City, CA, United States) for genotyping on an Applied Biosystems 3730xl DNA analyzer (GeneMapper ver. 6, Applied Biosystems) into determine the allele sizes of all samples. All the genotyping loci were manually checked and modified. Wherever there was ambiguously, we re-extracted genomic DNA and re-amplified it for accurate genotyping.



Clonal and Genetic Diversity and Identifying the Two Cryptic Lineages

We analyzed the clonal structure of each population, Nei’s genetic diversity, and Shannon index based on 9 microsatellite loci by Genodive and then calculated the probability of identity using GenAlex ver. 6.51b2 (Peakall and Smouse, 2006, 2012). This software was used to identify possible clones and clonal diversity in each population (asexually reproduced by fragmentation) and all the clonal samples except for one genet, which was excluded from the subsequent population genetic analyses. We then measured observed heterozygosity and expected heterozygosity to estimate genetic diversity in each population.

We used STRUCTURE software (Pritchard et al., 2000; Falush et al., 2003, 2007; Hubisz et al., 2009), using the admixture model without any prior information. We used the following settings to assign each individual to a pre-defined number of hypothetical clusters (K): a burn-in of 100,000 chains followed by 100,000 Markov chain Monte Carlo replications. We performed ten independent runs for each K = 1 to 10 to confirm convergence. We used STRUCTURE HARVESTER (Earl and VonHoldt, 2012) to estimate delta K and applied CLUMPAK (Kopelman et al., 2015) to calculate and visualize the coefficient of ancestry for each sample across 10 runs for the most likely values of K (Delta K).

We conducted principal coordinates analysis (PCoA) of 13 populations (N > 7) including Futagose and Otaura of Tsushima, Hongu and Kouze of Iki island, Amakusa, Ehime, Kochi, Shirahama, Takatomi, Fukuro Bay, Kuzura, Tago, and Nakagi using GenAlex 6.51b2 (Peakall and Smouse, 2012) to visualize the genetic relationship among different populations and to confirm the result of STRUCTURE analysis.



Morphological Examinations

We measured the following morphological characteristics: thickness of branch under 1 cm from the tip, and outer and inner diameters of the axial corallite (Supplementary Figure 1). We also counted the septal number of axial corallites and observed the radial corallites and structure of the coenosteum (Supplementary Table 2). Vernier caliper was used to measure the branch thickness, and a digital microscope VHX-1000 (Keyence) was used for all others. We randomly chose 44 samples and collected 2 or 3 sets of data per 1 sample, according to the number of their branches. We calculated the average, standard deviation, and maximum and minimum values over all samples and within each cryptic lineage. We also analyzed the data with a non-parametric statistical method, Mann-Whitney-Wilcoxon Rank Sum, to test if there is a significant difference between two lineages.



Genetic Connectivity Among Different Populations

To assess genetic connectivity of the samples from different populations, we calculated global FST as well as pairwise FST of 13 populations (N > 7) including Futagose and Otaura of Tsushima, Hongu and Kouze of Iki island, Amakusa, Ehime, Kochi, Shirahama, Takatomi, Fukuro Bay, Kuzura, Tago, and Nakagi using GenAlex ver. 6.51b2 (Table 2). We also calculated global FST for eastern and western cryptic lineages.


TABLE 2. Pairwise FST values (below) and P value (above) of the 13 Japanese populations of Acropora pruinosa.
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RESULTS


Clonal and Genetic Diversity of A. pruinosa

We found a relatively high proportion of asexual reproduction in each A. pruinosa population; clonal diversity using the 9 resemblance microsatellites loci ranged from 84 to 337 (Genotyped raw data available in Supplementary Table 1). The probability of identity averaged 0.00076 and ranged from 0.0067 (Takatomi, Wakayama) to 0.0000036 (Ehime) (Table 1). Thus, we assumed that the 9 microsatellite markers cannot be used to completely identify clones, but the possible error rate is still ignorable and thus is powerful enough to estimate clonality and genetic diversity in each population in this study. High frequencies of asexual reproduction with a small number of genets compared to the number of individuals were especially found in Tsushima, Iki, Amakusa, Kochi, Takegashima, Takatomi, Fukuro Bay, Enashi, Tago, Nakagi, and Tateyama. Nei’s genetic diversity of each population showed the lowest value (0.284) at Takegashima and then Enashi, which indicated that each genet within a population contains quite similar genes, when comparing to other populations. Observed and expected heterozygosity ranged from 0.238 to 0.762 and 0.251 to 0.512 (Table 1).



Cryptic Lineages Found in A. pruinosa

The STRUCTURE analysis revealed delta K = 2, and there were two distinct cryptic lineages within Japanese populations of A. pruinosa (Figure 2A). The distribution of the two lineages clearly corresponded to the geographic regions: western (Tsushima, Iki, Amakusa, Nobeoka, Ehime) and eastern (Takegashima, Shirahama, Takatomi, Fukuro Bay, Kuzura, Enashi, Tago, Nakagi, Tateyama) lineages, and the two co-existed in Kochi. The PCoA also clearly suggested a distinction between western and eastern populations, and the Kochi population showed more resemblance to the population of the eastern lineage than to that of the western lineage (Figure 2B).
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FIGURE 2. (A) Bar plot data from STRUCTURE analysis at K = 2 that analyzed all A. pruinosa samples across Japanese populations indicated the clearly distinct western and eastern lineages, which co-existed in Kochi. (B) PCoA indicates the clearly separated cryptic lineages from Japanese populations revealed by STRUCTURE at K = 2; the first two coordinates explain 27.59% (x-axis) and 17.23% (y-axis) of the data.




Morphological Examinations

We measured the inner and outer diameters of axial corallites and the thickness of branches under 1 cm from the tip. The average lengths of all samples were 998 (S.D ± 149.3), 2,076 (S.D ± 243.0), and 3,076 (S.D ± 673.8) μm for inner diameter of axial corallites, outer diameter of corallite, and the thickness of branches under 1 cm from the tip, respectively (Supplementary Table 2). The lengths of the inner diameter ranged from 730 to 1,678 μm, and those of the outer diameter ranged from 1,630 to 3,011 μm; the thickness of branches under 1 cm from the tip ranged from 2,047 to 5,780 μm. The averages of the inner and outer diameters of axial corallites, and the thickness of branches under 1 cm from the tip for the western lineage were 1021.2 (S.D ± 156.7), 2071.4 (S.D ± 219.6), and 3628.6 (S.D ± 721.3), respectively, while those for the eastern lineage were 962.3 (S.D ± 130.5), 2082.5 (S.D ± 277.1), and 3823.7 (S.D ± 579.8), respectively (Supplementary Table 2).

The septal number of axial corallites was 11.7 (S.D ± 1.2) for all samples, and 12.0 (S.D ± 1.3) for the western lineage, and 11.5 (S.D ± 1.1) for the eastern lineage (Supplementary Table 2). In all samples, six primary septa were distinct with nearly 2/3 to 1 radius of inner diameter. In all samples, radial corallites usually had 6 primary septa with nearly 2/3 to 1 radius of inner diameter, and the coenosteum was reticulate.

After Mann-Whitney-Wilcoxon Rank Sum test to compare the two lineages, we found the P-values for the inner and outer diameters of axial corallites, the thickness of branches under 1 cm from the tip, and septal number of axial corallites to be 0.980, 0.584, 0.011, 0.926, respectively, suggesting a significant difference for only the thickness of branches under 1 cm from the tip. However, the range of the thickness of branches under 1 cm from the tip overlapped between the eastern and western lineages, indicating that the thickness of branches under 1 cm from the tip alone could not distinguish the two species (Supplementary Table 3).



Genetic Connectivity

The global FST among all populations based on 9 microsatellite loci was large (FST = 0.245, P < 0.001). Pairwise FST values among 13 populations were also high, even within the same lineage; in the western lineage, pairwise FST values ranged from 0.0684 (P < 0.001 between F and AMA) to 0.3595 (P < 0.001 between I and IK), and the in eastern lineage, pairwise FST values ranged from 0.0824 (P = 0.0042 between S and Ku) to 0.3096 (P < 0.001 between W and WT). All the FST values for all populations were statistically significant (P < 0.01) after Bonferroni correction (Table 2).



DISCUSSION

This study provided basic important information for conservation of the threatened reef-building coral species A. pruinosa; a relatively high proportion of asexual reproduction and low genetic diversity in each population, weak genetic connectivity among populations, presence of eastern and western cryptic genetic lineages were observed in Japan. All these facts emphasize the threatened status of A. pruinosa, highlighting the importance of effective conservation management of the species.


Two Eastern and Western Cryptic Lineages Found in A. pruinosa

Principal coordinates analysis and STRUCTURE results revealed the existence of two genetically different lineages distributed in the east and west and co-existed in Kochi. While there was a significant difference in the thickness of branches under 1 cm from the tip between the eastern and western lineages, it was not possible to distinguish the lineages using this morphological trait alone because there was a substantial overlap in the thickness of branches under 1 cm from the tip between the two lineages. Recently, Taguchi et al. (2020) reported that A. pruinosa in Nishidomari, Kochi, where is the same sampling site in our study, had two different chromosome number, 28 and 29, in the same embryo. This difference might reflect the two genetically different lineages, but further detailed microscopic examination of morphology, ecological and physiological experiments will be required to determine the species status of the eastern and western lineages of A. pruinosa.

The existence of genetically separated cryptic lineages and their distribution are enigmatic. One possible explanation is that two distinct refugia, such as the north-eastern (somewhere in the eastern Pacific coast) and north-western (somewhere in the western Kyushu area) refugia, resulted in the distinct genetic lineages during the past climate change. A. pruinosa is a temperate coral that has a relatively higher tolerance to cold temperature than other coral species, including the widely distributed (tropical to temperate) species Acropora hyacinthus and Acropora solitaryensis (Higuchi et al., 2015). A. pruinosa is not distributed in subtropical areas in Japan. This trait of adapting well to cold temperature suggests that A. pruinosa might survive in colder habitats, such as the refugia in the north-eastern (Pacific) and north-western (western Kyushu) habitats, during the past warming period when corals suffered from coral bleaching in the warmer areas due to elevated water temperature. After such a warming period, the distribution of the species might expand to the southwest and southeast again to the current locations with time. Population genetic analysis on Japanese turban shell Turbo cornutus also showed a similar distribution of two distinct mitochondrial haplotype clusters, one of which is distributed along the Tsushima current to the west and the other is distributed along the Kuroshio current to the east. The two types also co-existed in the Seto Inland Sea (Kojima et al., 1997). The authors suggested that the two distinct lineages might have formed by two geographically separated refugia in the Japan Sea (western Kyushu) and on the Pacific coasts during the past climate change. Gene flow through a narrow strait called the Kanmon Strait resulted in the co-existence of the two types in the Seto Inland Sea (Kojima et al., 1997). Similarly, in A. pruinosa, the co-existence of the western and eastern lineages in Kochi and western lineage in Nobeoka and Ehime might be attributed to gene flow through the Kanmon Strait from the north-western refugia.



Clonal Structure, Genetic Diversity and Connectivity of A. pruinosa

A high ratio of asexual reproduction was found in A. pruinosa. Despite the similar habitats and sexual reproductive biology with A. hyacinthus and A. solitaryensis (Iwase et al., 2009), A. pruinosa showed a higher ratio of asexual reproduction than A. hyacinthus (Nakabayashi et al., 2019) and A. solitaryensis (Noreen et al., 2013). It is likely that coral growth form is associated with the ratio of asexual reproduction; the arborescent growth form is more fragile to environmental factors than the corymbose or tabular form (Wallace, 1999).

In addition to the high clonality, we found a low genetic diversity of A. pruinosa in each population, indicating that this species will be vulnerable to environmental changes. Furthermore, the limited genetic connectivity of A. pruinosa among populations suggests that each population is highly depends on local reproduction (self-recruitment), including asexual reproduction, implying a higher risk of local extinction in the future in the face of climate change.

Acropora pruinosa has a more limited genetic connectivity than other Acropora species, such as Acropora digitifera (Nakajima et al., 2010), A. solitaryensis (Noreen et al., 2013), and A. hyacinthus (Nakabayashi et al., 2019), despite having a similar early life ecology and the same larval dispersal duration (Iwase et al., 2009) to these species. It is possible that the arborescent morphological character, associated with a high frequency of asexual reproduction (fragmentations) of A. pruinosa, might be responsible for the limited genetic connectivity among populations. Laboratory experiments examining the fecundity of fragmented arborescent form A. formosa (= Acropora muricata) indicated that there is a trade-off of energy between reproduction and survival (Okubo et al., 2007). The high frequency of asexual reproduction in the arborescent A. pruinosa leads to a lower number of sexually reproduced larvae that disperse among different populations, resulting in the limited genetic connectivity of A. pruinosa.



Conservation

This study revealed that the threatened status of A. pruinosa is much more serious than expected due to the overall low genetic diversity and the existence of cryptic lineages (possibly different species). Whether the two cryptic lineages are different species or not, genetically different lineages with different evolutional histories should be conserved separately to sustain genetic and biodiversity as they might have adapted to different environments. Thus, the existence of two separated cryptic lineages emphasized the importance of more precise conservation because cryptic lineages would have different heat tolerance capacities and might respond differently to climate change. Although we need more detailed morphological, ecological, and physiological analyses of the two lineages to examine species boundaries, our results cast a doubt on the “unusual distribution” of a single species, A. pruinosa. Given that we found distinct cryptic lineages and limited larval dispersal of A. pruinosa, even within Japan, it will be worth examining if A. pruinosa in geographically separated Hong Kong is really the same species. If A. pruinosa in Hong Kong is a genetically distinct endemic species, it requires more attention for conservation.

The overall low genetic diversity and high rate of asexual reproduction and self-seeding across the Japanese populations suggested that A. pruinosa is potentially vulnerable to environmental changes in the future because a low genetic diversity limits the ability of populations to adapt and evolve in response to climate changes and there is a low chance of replenishment by recruitment from other neighboring populations (Nei et al., 1975; Spielman et al., 2004). Alternatively, the high rate of clonal growth might be an important reproductive strategy for the preservation of the genetic diversity of populations or for the maintenance of population persistence during poor sexual recruitment periods (Baums et al., 2006).



CONCLUSION

This study unveiled evolutionary distinct cryptic lineages of the threatened coral species A. pruinosa that are distributed in the east and west of the temperate Japanese coast. These two lineages might have resulted from the eastern and western refugia during the past climate change. This study also demonstrated a much higher ratio of asexual reproduction and more limited connectivity of A. pruinosa among different populations than other Acropora spp. Even though A. pruinosa (arborescent form) has almost the same early life ecology (spawning period, pelagic larval duration, and larval behavior) as other Acropora spp., a much higher rate of asexual reproduction and limited connectivity were found for this species than for the corymbose or tabular form Acropora spp., highlighting the importance of coral growth form on meta-population structure. All these information emphasize the threatened status of A. pruinosa, requiring urgent and effective conservation to avoid extinction in the face of climate change.
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Lineage West West West West West West  West/East East East East East East East
Site TS TU 1 IK AMA F KO S w WT Ku G N

West TS 0.0016* 0.0001** 0.0001** 0.0001** 0.0001**  0.0001**  0.0001** 0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
West TU 02113 0.0007** 0.0002** 0.0006** 0.0004**  0.0001**  0.0001** 0.0003* 0.0001** 0.0001** 0.0001** 0.0003**
West I 0.3097 0.2309 0.0001** 0.0001** 0.0001**  0.0001**  0.0001** 0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
West K 01961 0.2282  0.3595 0.0001** 0.0001**  0.0001**  0.0001** 0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
West AMA 0.1517 01130 0.1627  0.1559 0.0001**  0.0001**  0.0001** 0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
West F 01889 01273 0.1717  0.2124  0.0684 0.0001**  0.0001** 0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
West/East KO 0.3524 0.3113 0.3540 0.3288  0.2271 0.1689 0.0015*  0.0001** 0.0001** 0.0001** 0.0001** 0.0001**
East S 02971 0.2613 02815 0.3190 0.1967  0.1443 0.1082 0.0001** 0.0001**  0.0042* 0.0001**  0.0010*
East W 03772 0.3393 0.3809 0.3128  0.2774  0.2938 0.3351 0.2538 0.0001** 0.0001** 0.0001** 0.0001**
East WT 0.3806 0.3786 0.4098 0.3576 0.2705 0.2619 0.1819 0.1868  0.3096 0.0001**  0.0001** 0.0001**
East Ku 02867 0.3025 02960 0.3234 0.2227  0.1853 0.2017 0.0824 0.2960  0.2244 0.0001**  0.0005**
East G 03884 03625 0.3805 0.3426  0.2471 0.2618 0.1647 0.1721 0.3348  0.1737  0.1769 0.0001*
East N 03065 0.2990 0.3549  0.2791 0.2010  0.2253 0.2529 0.1722  0.3207  0.3005 0.1745  0.2374

**means statistically significant at P-value < 0.001, and * means P-value from 0.001 to 0.01 after Bonferroni correction.
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Sampling site Population Latitude (N°) Longitude (E°) Sample size Number of N. Genets/N. Pl Nei’s genetic Ho He Fis shc Sampling date
(n) genet sample diversity
Tsushima (Futagose), TS 34°25' 02" 129°16' 12 18 7 0.389 5.3E-05 0.725 0.698 0.469 -0.488 0.83 2010/09
Nagasaki
Tsushima (Otaura), TU 34°16' 26" 129°19' 56" 11 7 0.636 3.7E-04 0.818 0.762 0.430 -0.772 1.077 2010/09
Nagasaki
ki (Hongu), Nagasaki | 33°49’ 23" 129°40' 28" 20 11 0.550 5.7E-04 0.884 0.556 0.348 -0.598 1.161 2010/09
ki (Kouze), Nagasaki K 33°46' 09" 129°39 17" 22 17 0.773 5.5E-05 0.952 0.458 0.392 -0.168 1.651 2010/09
Amakusa (Haruhae), AMA 32°10' 50" 130°01" 15” 35 27 0.771 2.2E-05 0.978 0.449 0.480 0.065 1.832 2009/10
Kumamoto
Nobeoka (Shimaura), NB 32°39" 452"  131°48' 38.9” 2 2 1.000 1.5E-04 1 0.278 0.458 0.375 nan 2015/07
iyazaki
Ehime F 33°06" 18" 132°28' 25" 15 15 1.000 3.6E-06 1 0.437 0.512 0.146 nan 2009/08
Nishidomari, Kochi KO 32°46" 41" 132°43' 65" 20 11 0.550 3.3E-04 0.916 0.364 0.373 0.024 1.167 2009/08
Takegashima, Tokushima T 33°32"33" 134°18' 58” 20 4 0.200 6.8E-04 0.284 0.583 0.365 -0.597 0.403 2009/09
Shirahama, Wakayama S 33°41’ 26.6” 135°20" 06” 14 11 0.786 1.3E-05 0.956 0.657 0.487 —0.349 1.459 2009/05
Takatomi, Wakayama W 33°28' 57" 135°45" 30" 21 8 0.381 6.7E-03 0.567 0417 0.262 -0.592 0.833 2009/05
Fukuro Bay, Wakayama WT 33°28' 34" 135°46' 22" 24 14 0.583 1.2E-03 0.92 0.238 0.251 -0.052 1.296 2009/06
Kuzura, Shizuoka Ku 35°01" 23" 138°52" 08” 14 13 0.929 2.1E-04 0.989 0.427 0.394 -0.084 1.96 2009/08
Enashi, Shizuoka E 35°01".25" 138°47" 60" 34 6 0.176 1.2E-03 0.369 0.611 0.366 0.669 0.479 2009/08
Tago, Shizuoka G 34048’ 23" 138°45" 39" 26 13 0.500 9.7E-04 0.868 0.333 0.310 -0.074 1177 2010/07
Nakagi, Shizuoka N 34°36' 26" 138°49' 25" 24 12 0.500 1.4E-04 0.92 0.7560 0.458 —-0.638 1.168 2009/10
Tateyama, Chiba C 34°59' 30" 139°49' 34” 11 6 0.545 3.3E-04 0.727 0.630 0.415 -0.518 0.915 2009/08
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