
INTRODUCTION

The family Spinocalanidae Vervoort, 1951, living from 
meso- to benthopelagic depths of all oceans, is comprised 
of 48 species belonging to 12 genera (Walter and Boxshall, 
2020). Its members are omnivores so they play an im-
portant role in the cycling of organic matters (Bode et al., 
2017). Among them, two monotypic genera, Methanocala-
nus Ivanenko, Defaye & Cuoc, 2007 and Isaacsicalanus 
Fleminger, 1983, were found in the hydrothermal vents of 
the southeastern Atlantic Ocean and eastern Pacific Ocean, 
respectively (Fleminger, 1983; Ivanenko et al., 2007).

In calanoid copepods, the mitochondrial cytochrome ox-
idase I (mtCOI) DNA barcodes are considered a useful tool 
to assist traditional taxonomy and species discrimination 

(Bucklin et al., 2003; Blanco-Bercial et al., 2014). However, 
although mtCOI DNA barcodes of 24 spinocalanid species 

belonging to six genera are registered in GenBank as of 21 
Feb 2020, no mtCOI DNA barcodes of hydrothermal vent 
species have been reported yet.

As the habitat range of Spinocalanidae expanded to the 
hydrothermal vent, interest in seeking its phylogenetic rela-
tionships has increased (Fleminger, 1983; Bode et al., 2017). 
As mentioned above, DNA barcoding would be helpful for 
understanding the taxonomic relationships of planktonic as-
semblages (Bucklin et al., 1999), especially in widespread 
spinocalanid species. In this study, we firstly determined the 
mtCOI DNA barcodes of I. paucisetus from the hydrother-
mal vent that would help in understanding the taxonomic 
relationships of the family Spinocalanidae.

Specimens are collected from the diffusing vent (16°59′S, 
173°54′E) in the North Fiji Basin of the southwestern Pa-
cific Ocean (Fig. 1A, B) using a remotely operated vehicle 
‘ROPOS’ (Canadian Scientific Submersible Facility, Cana-
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ABSTRACT

Isaacsicalanus paucisetus Fleminger, 1983, a monotypic species of the family Spinocalanidae Vervoort, 1951, was 
first reported from a hydrothermal vent field in the East Pacific Rise off the mouth of the Gulf of California. The 
mitochondrial cytochrome oxidase I (mtCOI) DNA barcodes are considered a useful tool to assist traditional taxonomy 
and species discrimination in calanoid copepods. However, the mtCOI DNA barcodes of I. paucisetus have not been 
reported due to the species rarity and the difficulty of sampling. In this study, we firstly determined the mtCOI DNA 
barcodes of the I. paucisetus newly collected from a hydrothermal vent in the North Fiji Basin of the southwestern 
Pacific. All mtCOI DNA barcodes of I. paucisetus were identical and intraspecies variations of spinocalanid species 
were 0.0-3.0%. Interspecies and intergeneric variations were 13.4-25.2% and 16.7-24.1%, respectively. The DNA 
barcodes of I. paucisetus obtained in the present study would be helpful for understanding taxonomic relationships of 
widespread spinocalanid species.
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da) in December, 2016. They were morphologically identi-
fied under a dissecting microscope (Leica M125, Germany). 
For mtCOI DNA barcoding, genomic DNA extraction, se-
quencing, and nucleotide diversity analyses were carried out 
following the method of Baek et al. (2016).

RESULTS AND DISCUSSION

Copepod specimens from the North Fiji Basin were identi-

fied as Isaacsicalanus paucisetus (Fig. 1C) by the following 
morphological characteristics: prosome produced into acute 
point posteriorly, a short and lobate rostrum without bifur-
cation, basis of maxilliped armed with 2 setae, second exo-
podal segment of leg 1 without outer distal spine, leg 2 with 
2-segmented endopod, and leg 3 with 3-segmented endopod 

(Boxshall and Halsey, 2004). In the present study, I. pauci-
setus was firstly reported from the hydrothermal vent in the 
southwestern Pacific Ocean.

The 11 new sequences of mtCOI DNA barcodes from the 

Table 1. Pairwise distances (p-distance) among the partial sequences of mtCOI gene from 10 spinocalanid species

Species
(nos. of individuals, intraspecies variation [%])

Distances (%)

1 2 3 4 5 6 7 8 9 10

1. Isaacsicalanus paucisetus (11, 0.0)
2. Foxtonia barbatula (2, 0.0) 20.0
3. Mimocalanus crassus (3, 1.0) 20.1 15.1
4. Mimocalanus cultrifer (3, 3.0) 17.9 17.7 16.3
5. Mimocalanus heronae (3, 0.0) 19.0 17.4 15.4 13.4
6. Monacilla typica (3, 0.0) 22.2 21.6 18.1 18.7 19.5
7. Mospicalanus cf. schielae (3, 0.0) 20.7 20.9 19.9 17.8 20.0 19.0
8. Spinocalanus aspinosus (3, 0.0) 23.9 24.6 23.1 23.2 24.5 22.3 21.4
9. Spinocalanus brevicaudatus (3, 2.0) 25.9 21.9 23.0 20.5 21.4 22.0 20.0 20.3

10. Spinocalanus magnus (3, 0.0) 22.5 17.9 19.2 18.5 19.5 19.1 16.8 25.2 20.6

The bold letters indicate interspecies variation within the genera.
mtCOI, mitochondrial cytochrome oxidase I.
The accession numbers of spinocalanid species are I. paucisetus, MT093559–MT093569; F. barbatula, HQ150081, KC287644; M. crassus, KU247717–
KU247719; M. cultrifer, KU247724–KU247726, M. heronae, KU247735–KU247737; M. typica, KU247696–KU247698; M. cf. schielae, KU247776–
KU247778; S. aspinosus, KU247834–KU247836; S. brevicaudatus, KU247704–KU247706; S. magnus, KU247750–KU247752.
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Fig. 1. Photographs of the hydrothermal diffusing vent (16°59′S, 173°54′E) in the North Fiji Basin in southwestern Pacific Ocean 
where I. paucisetus Fleminger, 1983 was collected. A, Overview of sampling site; B, Close-up of sampling site. White circles indi-
cate the swarms of I. paucisetus found right above the vent; C, I. paucisetus was taken with a digital microscope camera (Olympus 
DP26, Japan) mounted on a microscope (Olympus BX53, Japan). Scale bars: A=20 cm, C=500 μm.
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North Fiji population of I. paucisetus are registered to Gen-
Bank (accession nos. MT093559-MT093569). All sequenc-
es were identical and 659 bp in length with overall G + C 
content of 38.4%. In spinocalanids, the range of intraspecies 
variation was 0.0-3.0%, which the maximum variation ap-
peared in Mimocalanus cultrifer Farran, 1908 (Table 1). In-
terspecific and intergeneric variations were 13.4-25.2% and 
16.7-24.1%, respectively. All values corresponded well to 
those of previous studies (Bucklin et al., 2003; Bode et al., 
2017).

Based on the morphological characteristics, we recog-
nized no difference between two allopatric populations of I. 
paucisetus, the type specimens found in the eastern Pacific 
Ocean vs. ours collected in the southwestern Pacific Ocean 

(Fleminger, 1983; Boxshall and Halsey, 2004). However, we 
could not compare mtCOI DNA barcodes between two pop-
ulations because sequences of the eastern Pacific population 
were not available from open-access sequence databases.

According to the previous study based on DNA barcod-
ing, it is assumed that there are more sibling and cryptic 
species existing in spinocalanid species than expected (Bode 
et al., 2017). To assign the taxonomic status of allopatric 
populations of I. paucisetus, further research should be con-
sidered, including morphological revision, biogeographic 
analysis of additional populations, and life-history attri-
butes, as well as genome-based population studies.
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