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SUMMARY e e

SUMMARY

The spawning information of fishes is a key indicator for resource protection and
management. Accurate spawning data can be obtained through the distribution of fish eggs.
It is because lots of marine teleost release large amounts of pelagic eggs for breeding.
Fish egg collection is easy, but its identification using morphological characteristics is very
difficult. So, we explored fish eggs on the Indo-Pacific shipping lane (IPSL) in 2017-2019
and at the Tongyoung Marine Living Resource Station (TMLRS) in the south coastal area
of Korea in 2013-2019. Total of 79,764 eggs were collected by the CUFES, which were
identified by the morphological characteristics and the molecular markers (COI or 16S
rRNA). The fish eggs identified by two methods was a total of 252 species composed of
195 species on the IPSL and 72 species at the TMLRS. The fish eggs with a high
frequency of appearance were Katsuwonus pelamis, Cubiceps pauciradiatus, Gempylus
serpens, and Thunnus spp. in the IPSL and Engraulis japonicus, Parapercis
multifasciata/sexfasciata, Pagrus major, Pseudorhombus pentophthalmus, Cynoglossus
interruptus, Callionymus  beniteguri/valenciennei, and Sillago japonica/sihama at the
TMLRS. The fish eggs identified as the species level will be a useful indicator for

searching spawning area and season of fishes.
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Fig. 3.1.2 Lab of RV/ISABU used for fish egg sampling, gDNA extraction, and PCR.

Table 3.1.1 Primers for amplifying barcode regions of fish eggs

Region Sample Sequence(5'-3") Reference
COl Single  VF2_t1: TGTAAAACGACGGCCAGTCAACCAACCACAAAGACATTGGCAC Ivanova et al.
egg  FishF2_t1: TGTAAAACGACGGCCAGTCGACTAATCATAAAGATATCGGCAC  (2007)
FishR2_t1: CAGGAAACAGCTATGACACTTCAGGGTGACCGAAGAATCAGAA
FR1d_t1: CAGGAAACAGCTATGACACCTCAGGGTGTCCGAARAAYCARAA
Mixed ILMN pre-adapter(TCGTCGGCAGCGTC)-Sequencing primer Klindworth et
eggs (AGATGTGTATAAGAGACAG)- al. (2013);
COI primer(jgHCO2198, TAIACYTCIGGRTGICCRAARAAYCA) Geller et al.
(2013)
ILMN pre-adapter(GTCTCGTGGGCTCGG)-Sequencing primer Klindworth et
(AGATGTGTATAAGAGACAQG)- al. (2013);
COI primer(mlICOlintF, GGWACWGGWTGAACWGTWTAYCCYCC) Leray et al.
(2013)
16S Single  16Sar-L: CGCCTGTTTATCAAAAACAT Palumbi (1996)
egg  16Sbr-H: CCGGTCTGAACTCAGATCACGT
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Fig. 3.1.3. FastTree of fish COlI barcode reference library.
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o} o]Fl|l A SS(Sanger sequencing)Z EA1%F A2 1,18571, NGS(Next generation

sequencing =A% & T %5 2,9607 &2 0
ing) 2 #43F E3F AT F 2,960/ TE T SS A& 3.6-34.1%
AT} (Table 3.2.1).

Table. 3.2.1 Overview of DNA barcoding of the fish eggs collected by the CUFES on the
Indo-Pacific shipping lane of the RV/ISABU

Sampling Sampling Number Methods Fail of
time stations of eggs SS eggs NGS eggs SS(%)
June 2017 142 2,349 436 1,687 226 (34.1)
April 2018 103 1,721 443 1,155 124 (21.9)
April 2019 32 339 200 118 21 (9.5)
October 2019 19 110 106 0 4 (3.6)
Total 296 4,519 1,185 2,960 375 (24.0)

SS, Sanger sequencing; NGS, Next generation sequencing

COI HtEE=R EA3 ofghe F 1459 733e] 195% 0|t & 5%
E 1 - 1580tk F vl M =
THTable 3.2.2).
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Fig. 3.2.1. Morphological characteristics of fish eggs identified by DNA barcode.

1. Dussumieria sp.; 2. Encrasicholina punctifer; 3. Stolephorus waitei; 4. Thryssa kammalensis; 5.
Vinciguerria sp.; 6. Chauliodus sloani; 7. Photonectes albipennis; 8. Synodus hoshinonis; 9. Synodus
macrops; 10. Trachinocephalus myops; 11. Lampris guttatus;, 12. Trachipterus sp.; 13. Oxyporhamphus
micropterus; 14. Prognichthys sp.; 15. Antigonia capros; 16. Antigonia rubicunda;, 17. Fistularia
petimba; 18. Pterygotrigla hemisticta; 19. Epinephelus sp.; 20. Terapon jarbua; 21. Terapon sp.; 22.
Priacanthidae sp.; 23. Sillago sihama; 24. Rachycentron canadum; 25. Echeneis naucrates; 26. Atropus
atropos; 27. Atule mate; 28. Carangoides armatus; 29. Carangoides malabaricus; 30. Caranx
sexfasciatus; 31. Decapterus kurroides; 32. Decapterus macarellus; 33. Decapterus macrosoma; 34.
Decapterus maruadsi; 35. Megalaspis cordyla; 36. Selar crumenophthalmus; 37. Seriola dumerili; 38.
Coryphaena equiselis; 39. Coryphaena hippurus; 40. Photopectoralis cf.; 41. Secutor ruconius; 42.
Brama dussumieri; 43. Brama sp.; 44. Pterycombus sp.; 45. Lutjanus erythropterus; 46. Pristipomoides
multidens; 47. Pristipomoides sp.; 48. Caesio caerulaurea; 49. Dipterygonotus balteatus; 50.
Pomadasys sp.; 51. Scolopsis vosmeri; 52. Parupeneus heptacanthus; 53. Upeneus japonicus; 54.
Upeneus sulphureus; 55. Monodactylus argenteus; 56. Uranoscopus sp.; 57. Callionymidae sp.; 58.
Callionymus kaianus; 59. Platax teira; 60. Sphyraena chrysotaenia; 61. Sphyraena sp.; 62. Gempylus
serpens; 63. Nealotus tripes; 64. Benthodesmus sp.; 65. Trichiuridae sp.; 66. Trichiurus japonicus; 67.
Acanthocybium solandri; 68. Auxis rochei; 69. Auxis thazard; 70. Euthynnus affinis; 71. Gymnosarda
unicolor; T2. Katsuwonus pelamis; 73. Rastrelliger kanagurta; 74. Rastrelliger sp.; 75. Scomberomorus
commerson; 16. Thunnus albacares; 77. Thunnus tonggol; 78. Xiphias gladius; 79. Istiophorus
platypterus; 80. Makaira nigricans; 81. Psenopsis anomala; 82. Cubiceps sp.; 83. Aseraggodes sp.; 84.
Unclassified sp. A; 85. Unclassified sp. B; 86. Unclassified sp. C; 87. Unclassified sp. D; 88.
Unclassified sp. E; 89. Unclassified sp. F; 90. Unclassified sp. G; 91. Unclassified sp. H; 92.
Zooplankton sp.1 G; 93. Zooplankton sp. 2.
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Table. 3.2.2 Species composition of fish eggs in the Indo-Pacific in 2017-2019

Order Family Species
Anguilliformes 3 3
Aulopiformes
Beloniformes
Clupeiformes
Gadiformes
Lampriformes
Mugiliformes
Ophidiiformes
Perciformes 47
Pleuronectiformes
Scorpaeniformes
Stomiiformes
Syngnathiformes
Tetraodontiformes
Unidentified spp. 1 -15
Total 73 195

- SN = W NN
A= = B = O WD

~

N — W N W
o W N

ZAF AZIEE 2 F FE 15 - 14RFOF HEZEo| I3 F FAALS & 39
7b Aok 43] ZAbelA QIR BHY EF S o

(Katsuwonus  pelamis) ¥+ Fo|th. 3318 ZAtoA ZAI T2 Taractichthys

N

steindachneri, Decapterus macarellus, Selar crumenophthalmus, Coryphaena equiselis,
Coryphaena  hippurus, Gempylus serpens, Oxyporhamphus convexus/micropterus,
Makaira  nigricans,  Cubiceps  pauciradiatus/squamiceps, Vinciguerria  sp.,
Acanthocybium solandri, Thunnus sp. % 12F°|t),. UYHA FE 1 - 23¢9 =
ALl A =3 THTable 3.2.3).
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Table 3.2.3. Species list of fish eggs identified by DNA barcoding in 2017-2019

Frequency (%)

Species June 2017 March2018 April 2019 October 2019

Acanthocybium solandri 0.7 2.9 3.1
Amarsipus carlsbergi 3.1
Antigonia capros
Antigonia rubicunda
Aseraggodes kaijanus
Atropus atropos
Atule mate
Auxis rochei
Auxis thazard
Benthodesmus tenuis
Bleekeria sp.
Brama dussumieri
Brama japonica
Brama orcini
Brama sp.
Caesio caerulaurea
Caesio xanthonota
Callanthias japonicus
Callionymus kaianus
Caprodon sp.
Carangidae unidentified sp.
Carangoides malabaricus
Caranx sexfasciatus
Centrogenys vaigliensis
Chauliodus sloani
Chauliodus sp.
Cheilopogon sp.
Chelmon rostratus
Cleisthenes pinetorum
Coelorinchus multispinulosus
Cookeolus japonicus/

. 4
Heteropriacanthus cruentatus
Coryphaena equiselis 4.9
Coryphaena hippurus 2.8
Cubiceps baxteri/capensis
Cubiceps pauciradiatus/squamiceps 18.3
Decapterus kurroides/tabl
Decapterus macarellus 1
Decapterus macrosoma 1
Decapterus maruadsi/russelli 4,
Decapterus tabl 0
Desmodema polystictum 3.1
Dexistes rikuzenius
Dinematichthys iluocoeteoides
Diodon hystrix
Diplophos sp. 0.7
Diplophos taenia
Dipterygonotus balteatus 0.7
Drepane punctata

1.0
1.0
1.0
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Table 3.2.3. Continued

Frequency (%)

Species June 2017 March2018 April 2019  October 2019
Dussumieria acuta 0.7

Dysalotus sp. 5.3
Echelus uropterus 2.1

Echeneis naucrates 0.7

Echiostona barbatum 6.3 5.3
Elagatis bipinnulata 1.0

Encrasicholina punctifer 0.7

Engraulis japonicus 1.0

Eopsetta grigorjewi 1.9

Ephippus orbis 1.0

Epinephelus areolatus 2.1 4.9

Epinephelus heniochus 1.0

Epinephelus sp. 1.0

Etelis carbunculus 3.1
Etelis radiosus 0.7

Etrumeus teres 1.0

Euthynnus affinis 4.9 8.7

Fistularia petimba 0.7 1.0

Gempylus serpens 4.9 30.1 37.5
Gigantura indica 1.0
Glyptocephalus kitaharae 1.0

Gnathophis heterognathos 4.2

Grammistes sexlineatus 1.0

Gymnocranius elongatus/Monotaxis sp. 1.9

Gymnosarda unicolor 0.7

Hoplichthys langsdorfii 1.0

Istiompax indica 1.0

Istiophorus platypterus 2.8

Kali indica 3.1
Kali sp. 3.1
Katsuwonus pelamis 9.9 37.9 56.3 15.8
Lampris sp. 0.7

Lelognathus equulus 1.0

Lefognathus ruconius 7 4.9

Lepidotrigla kishinouyi 1.9

Lepidotrigla sp. 1.0

Lutfanus erythropterus 0.7

Lutjanus johnii 0.7

Lutjanus lutjanus 1.9

Lutfanus russellii 1.0

Makaira nigricans 2.1 4.9 6.3
Makaira sp. 15.6
Malacosteus niger 1.9 18.8
Malakichthys elegans 1.0

Megalaspis cordyla 3.5 1.0

Minimugil cascasia 1.0

Monodactylus argenteus 0.7

Naso mcdadei 1.0

Nealotus tripes 1.4 14.6
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Table 3.2.3. Continued

Frequency (%)

Species June 2017 March2018 April 2019  October 2019
Nemipterus aurora 1.0

Nemipterus bathybius 1.0

Nemipterus furcosus 1.0

Nemipterus tambuloides/japonicus 3.9

Nemipterus thosaporni 1.0

Neoepinnula sp. 2.1

Nesiarchus nasutus 10.5
Nesiarchus sp. 2.9

Oxyporhamphus convexus/micropterus 6.3 4.9 5.3
Pagrus major 1.0

Parachaetodon ocellatus 1.0

Paralichthys olivaceus 1.0

Paramonacanthus pusillus 1.9

Parapercis xanthozona 1.0

Parupeneus heptacanthus 0.7

Parupeneus sp. 5.3
Pempheris schwenkif 1.0

Pentapodus setosus 1.0

Pentaprion longimanus 1.0

Photonectes albipennis 0.7

Photonectes margarita 1.0

Photopectoralis bindus 1.9

Photopectoralis cf. aureus 1.4 1.0

Platax teira 1.4

Platycephalidae sp. 1.0

Pleuronichthys cornutus 1.0

Polydactylus sextarius 0.7

Pomadasys sp. 0.7

Priacanthus macracanthus 3.9

Priacanthus tayenus 1.9

Pristipomoides argyrogrammicus 1.0

Pristipomoides multidens 0.7

Pristipomoides sieboldii 0.7

Prognichthys sealei 1.4 1.0

Psenes arafurensis 1.0

Psenes cyanophrys/arafurensis 0.7 12.5

Psenes pellucidus 1.0

Psenes sp. 1.0

Psenopsis anomala 1.4

Pterocaesio pisang 1.0

Pterocaesio sp. 1.0

Pterycombus petersii 0.7 10.5
Pterygotrigla hemisticta 0.7

Rachycentron canadum 2.1

Rastrelliger brachysoma/kanagurta 4.9 2.9

Remora sp. 3.1 5.3
Ruvettus pretiosus 1.0 6.3

Sardinella fijiensis 1.0

Sardinella jussieu 1.0

\]
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Table 3.2.3. Continued

Frequency (%)

Species June 2017 March2018 April 2019 October 2019
Saurida sp. 1.0

Scolopsis monogramma 1.0

Scolopsis taenioptera 1.0

Scolopsis vosmeri 1.4 1.9

Scomber australasicus 1.0

Scomberoides commersonnianus 1.4 1.0

Scomberomorus commerson 0.7 1.9

Scombrolabrax heterolepis 1.0

Selar boops 1.0

Selar crumenophthalmus 0.7 15.5 3.1

Seriola dumerili 0.7

Seriola quinqueradiata 1.0

Sillago ingenuua 0.7

Sillago sihama 0.7 1.0

Sorsogona tuberculata 1.0

Sphyraena chrysotaenia 0.7

Sphyraena japonica 0.7

Sphyraena jello 0.7 1.9

Sphyraena sp. 1.4 1.9

Stolephorus waitei 0.7

Strophidon sathete 1.0

Synagrops japonicus 211
Synodus hoshinonis 0.7

Synodus jaculum 3.1

Synodus macrops 0.7

Taractichthys steindachneri 0.7 1.0 5.3
Terapon jarbua 0.7 1.0

Terapon theraps 2.1

Tetragonurus cuvieri 1.0

Tetrapturus angustirostris 5.3
Thryssa dussumieri 0.7 1.0

Thryssa kammalensis 0.7

Thunnus alalunga 1.0 3.1

Thunnus sp. 9.2 12.6 25
Trachinocephalus myops 4.9 3.9

Trachipterus jacksonensis 0.7

Trachurus japonicus 3.5 1.9

Trichiurus brevis 1.4

Trichiurus japonicus 1.0

Trichiurus sp. 4.2

Upeneus japonicus 2.1

Upeneus sulphureus 1.4

Uranoscopus chinensis 1.0

Uranoscopus oligolepis 1.0

Uranoscopus sp. 0.7

Vinciguerria nimbaria 9.4 89.5
Vinciguerria sp. 14.8 10.7 15.6

Xiphias gladius 1.4 3.1

Zu cristatus 3.1
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Table 3.2.3. Continued

Frequency (%)

Species

June 2017

April 2019

October 2019

Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified
Unidentified

Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.
Sp.

Apr_19_1
Apr_19_2
Apr_19_3
Apr_19_4
Apr_19_5
Apr_19_6
Apr_19_7
Apr_19_8
Apr_19_9
Apr_19_10
Apr_19_11
Apr_19_12
Apr_19_13
Apr_19_14
Jun_17_1
Jun_17_2
Jun_17_3
Jun_17_4
Jun_17_5
Jun_17_6
Jun_17_7
Jun_17_8
Jun_17_9
Jun_17_10
Jun_17_11
Jun_17_12
Jun_17_13
Jun_17_14
Jun_17_15
Mar_18_1
Mar_18_2
Mar_18_3
Mar_18_4
Mar_18_5
Mar_18_6
Mar_18_7
Mar_18_8
Mar_18_9
Mar_18_10
Mar_18_11
Mar_18_12
Mar_18_13
Mar_18_14
Oct_19_1

0.7
0.7
0.7
0.7
0.7
0.7
4.2
0.7
0.7
0.7
0.7
7.7
0.7
0.7
0.7

S S
O DO OOO0WO OO oo

—_
—_

6.3
3.1
3.1
15.6
3.1
6.3
6.3
6.3
12.5
21.9
9.4
3.1
3.1
15.6

5.3

No. of species

113

42 15

No. of stations

142

32 19
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Fig. 3.2.5. Relative number of species of fish eggs in March 2018.
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Fig. 3.2.6. Relative abundance of fish eggs in the Indian Ocean in March 2019 and the
Northwestern Pacific Ocean in October 2019.
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Fig. 3.2.7. Relative number of species of fish eggs in the Indian Ocean in March 2019 and the
Northwestern Pacific Ocean in October 2019.
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Fig. 3.3.1. Annual variation of surface seawater temperature at the Tongyoung 2013 to 2019.
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Fig. 3.3.2. Annual variation of fish egg abundance at the Tongyoung in 2013-2019.

Table. 3.3.1. Species composition of fish eggs at the Tongyoung in 2013-2019

Order Family Species
Clupeiformes 3 6
Gadiformes 1 1
Ophidiiformes 1 1
Perciformes 24 37
Pleuronectiformes 4 14
Scorpaeniformes 8 10
Stomiiformes 1 1
Tetraodontiformes 1 2
Unidentified sp. 1
Total 43 73
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Table. 3.3.2. Abundance and occurrence frequency of fish eggs at the Tongyoung in
2013-2019
Species Frequency Abundance Species Frequency  Abundance
% (no. of % (no. of
eggs/1000m®) eges/1000m®)
Engraulis japonicus 54.2 1,119.4 Cubiceps pauciradiatus 2.3 0.1
Parapercis 41.8 355.9 Chromis notata 1.7 1.6
multifasciata/sexfasciata
Pagrus major 40.7 479.1 Dexistes rikuzenius 1.7 *
Pseudorhombus 39.0 288.1 Equulites rivulatus 1.7 1.0
pentophthalmus
Cynoglossus interruptus 37.9 131.9 Lateolabrax 1.7 0.1
Jjaponicus/maculatus
Callionymus 36.7 60.5 Scorpaena 1.7 0.5
beniteguri/valenciennei miostoma,/onaria
Sillago japonica/sihama 29.9 114.6 Auxis rochei 1.1 0.7
Parajulis poecilepterus 29.4 48.8 Cynoglossus robustus 1.1 0.4
Lepidotrigla sp. 27.1 9.0 Pleuronichthys cornutus 1.1 0.1
Pseudolabrus sieboldi 27.1 9.7 Sardinops melanosticta 1.1 0.8
Unidentified sp. 26.0 21.7 Sphyraena pinguis 1.1 1.8
Pennahia argentata 25.4 427.3 Uranoscopus japonicus 1.1 4.5
Pteragogus flagellifer 22.6 93.6 Vinciguerria sp. 1.1 *
Konosirus punctatus 19.2 27.3 Acropoma japonicum 0.6 0.1
Paralichthys olivaceus 18.1 7.6 Auxis sp. 0.6 *
Callionymus 16.9 11.0 Champsodon snyderi 0.6 0.1
curvicornis/lunatus
Acanthopagrus schlegelii 15.3 1.9 Clupea pallasii 0.6 0.1
Platycephalus indicus 15.3 5.6 Cynoglossus sp. 0.6 *
Parablennius yatabei 14.1 13.6 Dipterygonotus balteatus 0.6 *
Thamnaconus modestus 13.6 49.7 FEopsetta grigorjewi 0.6 0.1
Halichoeres tenuispinis 11.3 2.1 Erisphex pottii 0.6 0.5
Oplegnathus fasciatus 10.7 18.1 Etrumeus micropus 0.6 4.3
Paracentropogon 10.7 2.8 Hoplichthys langsdorfii 0.6 0.1
rubripinnis
Glyptocephalus kitaharae 9.0 2.4 Neobythites sivicola 0.6 0.2
Zebrias japonicus 9.0 21.5 Nuchequula nuchalis 0.6 0.1
Hapalogenys nigripinnis 8.5 4.2 Onigocia spinosa 0.6 0.1
Inimicus japonicus 7.9 35.8 Oplegnathus sp. 0.6 0.1
Trachurus japonicus 7.9 43.0 Paraplagusia japonica 0.6 0.2
Epinephelus akaara 6.2 2.7 Pseudolabrus eoethinus 0.6 0.1
Cynoglossus joyneri 4.5 1.9 Scorpaenodes evides 0.6 *
Platichthys bicoloratus 4.0 0.5 Sebastes sp. 0.6 0.1
Scomber japonicus 4.0 1.3 Stephanolepis cirrhifer 0.6 *
Hyporthodus 3.4 33.4 Thryssa kammalensis 0.6 2.1
septemfasciatus
Microstomus achne 3.4 0.4 Thunnus sp. 0.6 *
Semicossyphus reticulatus 3.4 1.4 Trichiurus japonicus 0.6 0.1
Decapterus maruadsi 2.8 0.2 Upeneus japonicus 0.6 *
Branchiostegus japonicus 2.3 0.3 Total 3418.3

*, < 0.1
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Fig. 3.3.3. Annual variation of fish egg species at the Tongyoung 2013 to 2019.
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Fig. 3.3.4. Principal component analysis (PCA) on the spawning time of the 32 species.

PO,
T™,
PM, Pagrus major,

PB, Platichthys bicoloratus; GK, Glyptocephalus kitaharae; LSP, Lepidotrigla sp.;
UN, Unidentified sp;
Thamnaconus modestus; CBV, Callionymus beniteguri/valenciennei;

Paralichthys olivaceus; AS, Acanthopagrus schlegeli,

CCL, Callionymus curvicornis/lunatus; KP, Konosirus punctatus;, ZJ, Zebrias japonicus;

PMS, Parapercis multifasciata/sexfasciata; PS, Pseudolabrus sieboldi; EJ, Engraulis
japonicus; SJ, Scomber japonicus; PR, Paracentropogon rubripinnis; PA, Pennahia
argentata; OF, Oplegnathus fasciatus; PY, Parablennius yatabei; SJS, Sillago
japonica/sihama; Pl, Platycephalus indicus; TAJ, Trachurus japonicus; |J, Inimicus
japonicus; EA, Epinephelus akaara; Cl, Cynoglossus interruptus; PAP, Parajulis

poecilepterus; PF, Pteragogus flagellifer; HT, Halichoeres tenuispinis; PP, Pseudorhombus
pentophthalmus; CJ, Cynoglossus joyneri; HN, Hapalogenys nigripinnis.
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