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Assessment of Fish Fauna in the Coastal Waters off Busan and Ulsan, Southwestern Korea Using the
Underwater Visual Census by Yong-Deuk Lee, Gang-Min Lee' and Woo-Seok Gwak*™* (Fisheries Resources Research
Center, National Institute of Fisheries Science, Tongyeong 56034, Republic of Korea; 'Gyeongsangnam-do Freshwater Fish
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ABSTRACT Fish fauna was observed off the coast of Busan (Cheongsapo) and Ulsan (Bangeojin)
using underwater visual census from November 2016 to October 2017. A total of 1,486 individuals of
25 species in Cheongsapo and 3,859 individuals of 31 species were identified in Bangeojin. Dominant
species in the number of individuals were Trachurus japonicus (20.9%), Halichoeres tenuispinis
(12.6%), and Chromis notata (11.9%) in Cheongsapo, Siganus fuscescens (42.0%), Pempheris japonica
(8.4%), and Chromis notata (8.0%) in Bangeojin. There was no significant difference in the species
composition of Cheongsapo and Bangeojin but spring vs. summer, spring vs. autumn, summer vs.
winter, autumn vs. winter showed a significant difference. Contribution species of seasonal differences
were commonly high rates by Halichoeres tenuispinis and Parajulis poecilepterus. Of the total 38
species, 17 (44.7%) temperate, 6 (15.8%) tropical, and 15 (39.5%) subtropical species observed coastal
waters off Cheongsapo and Bangeojin.

Key words: Fish species composition, underwater visual census, Cheongsapo, Bangeojin, ecological
characteristics
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Fig. 1. Map of the survey sites in Busan and Ulsan, Korea and photographs of each survey area taken by drones. The white arrow indicates the

transect line. A: Cheongsapo; B: Bangeojin.
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Fig. 2. Monthly variation in water temperature and salinity at Cheong-
sapo and Bangeojin from November 2016 to October 2017.
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Fig. 3. Monthly variation in number of species (A), number of indi-
viduals (B) and species diversity index (C) of fish identified by un-
derwater visual census at Cheongsapo and Bangeojin from November
2016 to October 2017.
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Table 3. ANOSIM and SIMPER results comparing species composition

One-way ANOSIM SIMPER
Groups
R value P value Average dissimilarity (%) Discriminating species Contribution (%)

Site
Sebastes inermis 11.82

Cheongsapo vs. Bangeojin —0.002 0418 54.16 Ditrema temminckii 11.59
Pseudolabrus sieboldi 10.59

Season
Parajulis poecilepterus 9.38

Spring vs. Summer 0.287 0.011 60.49 Halichoeres tenuispinis 9.01
Sebastes inermis 8.76
Parajulis poecilepterus 12.86

Spring vs. Fall 0.602 0.002 69.04 Siganus fuscescens 10.26
Halichoeres tenuispinis 9.69
Sebastes inermis 17.40

Spring vs. Winter 0.105 0.165 58.80 Halichoeres tenuispinis 14.58
Ditrema temminckii 12.44
Siganus fuscescens 10.32

Summer vs. Fall 0.069 0.258 50.14 Chromis notata 8.53
Parajulis poecilepterus 744
Halichoeres tenuispinis 11.94

Summer vs. Winter 0.574 0.002 76.87 Sebastes inermis 10.14
Parajulis poecilepterus 948
Parajulis poecilepterus 1441

Fall vs. Winter 0.763 0.002 8141 Halichoeres tenuispinis 11.83
Siganus fuscescens 9.36

*Bold text indicates a statistically significant difference (P <0.05 by ANOSIM).

o7} AA| HMA4=2] 33.0%5 AA|BHHA T HALE Ao A T
Zre ojF o € 2d FTE 1~12F0l9leH, 20174 9¢
o 12502 7H Wekm, 20174 190] 1502 7 A3
o FHFEASE 190 0022 7P ¥k, 794 212
7H =%t (Fig. 3).

ol AjtellAl= AT FRt & 45 197 31% 3.859
AR 7F TEE 9Tk (Table 2). 1 = Ea7]3 5%, oty 3
2, 2717} (Cottidae) 3%, Ao} T} (Embiotocidae), A2 =
JJr(Pomacentridae) HAemz, FHX 1, FE7F o7t 2+ 2
& NG, oA 10 TAAE 155 SHels gt of
29 MNAe= E7HA A (Siganus fuscescens)7t 1,6207H A 2
7V @ol 435t o, 22 FHX| (Pempheris japonica)
3247041, ZA2lE 30970A, SR =H 7] 2870A, 1/
(Neoditrema ransonnetii) 22671A] «°0]31itt. 123] A} £ 6
3] o)A 233 2L £ 31F F 722 Hu|7} 123, 3
=7 103, 5= 93], BAde] 83, &X=H7], =71, H=

-

(Microcanthus strigatus)©] ZtZt 73] £@3}$TtH(Table 2). g
H XA F 23] oot HFE oF2 17F0E AA &
& 59 548%5 AA s AHAFE 20179 €| 1,148
AHZ 7P wko] WAE I, 28] 1A Z AR 7HRF
Aok 9 8 9¥FoaL 20174 8, 9¥€dl| E7HAA7}

AA MAS2 68.7%, 40.6%S A FH T Wo] X Aokl A
TEE o7 €d 29 T4 1~19F01921, 20179 9

Yol 19202 714 Wk, 20176 2Y€0] 1222 7% A
o} Z2oE R4 299 0002 7H W¥oka, 9¥d 202
2 7 =34t (Fig. 3).
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Fig. 4. Non-metric multidimensional scaling (NMDS) plots by sea-
sons and survey sites (Cheongsapo, and Bangeojin). The color indi-
cates seasons, the shape indicates survey site.
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Fig. 5. Seasonal variations in the number of individuals of common
fish species in Cheongsapo and Bangeojin, Korea from November
2016 to October 2017.

OE AFTHE T3 FEHA &t (Fig. 4). £ A
A, AAE One-way ANOSIM 24 Ao = FAE 2
ol& °*5{11(AN0S1M global R= —0.002, P>0.05), A&
B vs. A5, B vs. 7HS, 8 vs. AL, 7S vs. AZo] ot
2ol & L}EM 21TtH(ANOSIM, P<0.05) (Table 3). Z+ &3
FE3= 7]9jES 3915t= SIMPER B4 A3} H87], &%)
=717t AZE RSt 71927 242 4 11.41,10.71
2 3FHE U, AF vs. &, A7 vs. ALY o=
E29] 7|9=7} 247} 8.76, 10.14, 71 vs. B, 7} vs. A&
9] LEE E7IA R Y 7=} 2zt 10.26, 93602 =9k
t}(Table 3).

Species 1 2 3 45 6 7 8 9 1011 12N
Hexagrammos agrammus

Ditrema temminckii

Rudarius ercodes

Prerogobius zonoleucus

Girella punctata

Sebastes schlegelii

Hexagrammos otakii

Stephanolepis cirrhifer

Sagamia geneionema 17
Enneapterygius etheostoma

Pseudoblennius percoides

Pseudoblennius cottoides

Sebastes pachycephalus

-

Hemilepidotus gilberti

5
Takifugu niphobles E}
z =
= e
Ernogrammus hexagrammus E B2
g &
Sebastes longispinis 2 100
°
Chromis notata ; @ 1
sy . 2 £
Parajulis poecilepterus = g
=
Sebastes inermis £ =
e B8
Neoditrema ransonnetii T g Bl 272
Pseudolabrus sieboldi E 1
2
Ostorhinchus doederleini g
Mugil cephalus E.

Siganus fuscescens

Eewe
:
g

Trachurus japonicus \
Halichoeres tenuispinis

Pempheris japonica

Microcanthus strigatus

Petroscirtes breviceps

Stethojulis terina

Paracentropogon rubripinnis 1
Pteragogus flagellifer

Pomacentrus coelestis

Epinephelus trimaculatus

Syngnathus schlegeli

Chaetodontoplus septentrionalis

Plectorhinchus pictus

Temperte 3 2 3 2 2 4 7 6 8 5 4 4

Total number of  guponical 2 2 2 3 3 4 5 4 6 3 5 4
species

Tropical 0 01 3 2 4 406 116 4 0

Fig. 6. Monthly variations in the number of individuals by distribu-
tion of species in Cheongsapo and Bangeojin, Korea from November
2016 to October 2017. N: number of species.

2016 1295 20179 39t S&3HA] gkt H7HA
2] (84Y: A& 2~3cm, 9Y: A& 6~10cm, 10: A& 10~12
cm), A& (8Y: A& 0.5~1.5cm, 98: A& 0.5~1.5¢cm), A
7§0] (8€: A& 4~7cm, 9¥: A% 6~8cm), T4 X] (IOC‘Q_ A
& 2~4cm)d] AL E2@FO] vt 8~1090] dFe
AL o] F FAA = o7 AgtolAvt @

3. =34 2, & IE, MAIX| EF

AR, ol Xl At A IR HA 38F F 20%(52.6%)
o] F& AZFA TEEHJIL, 5o (Mugil cephalus)= EZ
oA, EZYE (Pseudoblennius percoides)S %9 25
oA JHEHAY. 1 9] FE2 AT, TF E= 5T A5S
ol &stH 9ot Aol BEAESGITH(Fig. 7). +9 W2 &
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Table 4. Swimming layer, pattern, and habitats of fishes observed using UVC in the water off Cheongsapo and Bangeojin in Korea.

Species Swimming layer

Chaetodontoplus septentrionalis Lower

Chromis notata Lower, middle

Ditrema temminckii Middle, upper
Enneapterygius etheostomus Lower
Epinephelus trimaculatus Lower
Ernogrammus hexagrammus Lower

Girella punctata Lower, middle, upper

Halichoeres tenuispinis Lower, middle

Hemilepidotus gilberti Lower
Hexagrammos agrammus Lower
Hexagrammos otakii Lower

Microcanthus strigatus Lower, middle

Mugil cephalus Upper
Neoditrema ransonnetii Middle, upper
Ostorhinchus doederleini Lower
Paracentropogon rubripinnis Lower
Parajulis poecilepterus Lower, middle

Pempheris japonica Lower, middle

Petroscirtes breviceps Lower
Plectorhinchus pictus Lower
Pomacentrus coelestis Lower
Pseudoblennius cottoides Lower
Pseudoblennius percoides Middle

Pseudolabrus sieboldi Lower, middle

Pteragogus flagellifer Lower, middle
Pterogobius zonoleucus Lower, middle
Rudarius ercodes Lower, middle
Sagamia geneionema Lower

Sebastes inermis Lower, middle

Sebastes longispinis Lower
Sebastes pachycephalus Lower
Sebastes schlegelii Lower

Siganus fuscescens Lower, middle

Stephanolepis cirrhifer Lower, middle
Stethojulis terina Lower, middle
Syngnathus schlegeli Lower
Takifugu niphobles Middle, upper

Trachurus japonicus Middle, upper

Swimming pattern Habitats
Solitary Rocky
Schooling Rocky, sandy, seagrass
Schooling Rocky, seagrass
Solitary Rocky

Solitary Rocky

Solitary Rocky
Schooling Rocky, seagrass
Schooling Rocky, seagrass
Solitary Rocky

Solitary Rocky, seagrass
Solitary Rocky
Schooling Rocky, seagrass
Schooling Rocky, seagrass
Schooling Rocky, seagrass
Schooling Rocky, sandy
Solitary Rocky
Schooling Rocky, seagrass
Schooling Rocky, seagrass
Solitary Rocky, seagrass
Solitary Rocky
Schooling Rocky, seagrass
Solitary Rocky, seagrass
Solitary Rocky, seagrass
Solitary Rocky, seagrass
Solitary Rocky, seagrass
Schooling Rocky, seagrass
Schooling Rocky, seagrass
Solitary Sandy

Solitary, schooling Rocky, seagrass
Solitary Rocky

Solitary Rocky

Solitary Rocky
Schooling Rocky, seagrass
Solitary Rocky, seagrass
Schooling Rocky, seagrass
Solitary Rocky

Solitary Sandy
Schooling Rocky, sandy, seagrass

599 21%, 2U4% 1650 BHEAL, Beke) 49 U
e 2HFFE BF sk Aol BEHUT A2 F
& Z7go], Aewol AHA, Rt 2] F thgFet AAA]of
A BFEE YA, B (Takifugu niphobles), BtEH24 (Sagamia
geneionema)®| 7§ AFAATE AT 11 9 FEZ A
ALE, ol Xl o] 8 A A T bt sz A oA T
=] 91tk (Table 4).

4. 2rH, Arh, ot 01F2| EE ZEEY

AL ol AQtoA TEH 38%F F 24 o5
17% (44.7%), ot o1Fol 7 (18.4%), Ehd olFol
14%(36.8%)°] %tk (Fig. 6). 2, o4, Edti4d o5 ¥
H EHE B 20| 23°CHE 9¥of 27 24 8%, ofd
A 6%, Gt 11T 7MY B2 F7 &8, 1 5 &
g olFe Edo] 7P gttt 2t A% F =, T



Fig. 7. Swimming and habitat characteristics of various species recorded during underwater visual census in coastal waters off Cheongsapo and
Bangeojin. (A) Trachurus japonicus (Sep. 2017), (B) Petroscirtes breviceps (Nov. 2016), (C) Sebastes inermis (Nov. 2016), (D) Parajulis poe-
cilepterus (Nov. 2016), (E) Sagamia geneionema (Nov. 2016), (F) Plectorhinchus pictus (Nov. 2016), (G) Chromis notata (Nov. 2016), (H) Neodi-
trema ransonnetii (Nov. 2016), (I) Pterogobius zonoleucus (Sep.2017), (J) Siganus fuscescens (Aug. 2017), (K) Paracentropogon rubripinnis (Jul.
2017), (L) Pomacentrus coelestis (Sep. 2017), (M) Microcanthus strigatus (Aug. 2017), (N) Pseudolabrus sieboldi (Sep. 2017), (O) Pseudoblen-
nius percoides (Jul. 2017).
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A o1& 2EIF X (Rudarius ercodes), BELS (Pterogobius 8~109Tt WL A4} FaR|o] BAE QI vhd d)



A ol& Z HZE (Chaetodontoplus septentrionalis), 3=
(Plectorhinchus pictus), 5= (Pomacentrus coelestis) 2| 75
A% 1~6 cm®] 2FAA 7 AF 1~28] EAHI.
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