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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea

Hyoung-Seop Park' and Nam-Gil Kim™

"Department of Marine Biology and Aquaculture/Gyeongsang National University,
Tongyeong 53064, Republic of Korea

* . . . . .
’Korea Professional Aquaculture Engineering Association,

Tongyeong 53017, Republic of Korea

Phyllospadix iwatensis is a surfgrass species distributed along rocky coastlines in East Asia. I
investigated the wvariation of morphological features, density, biomass and characteristics of
reproductive shoot on P iwatensis. These species was monitored and collected bimonthly over the
course of a year in the coastal water of Samcheok, from October 2021 to August 2022.
Morphological features, biomass and density significantly showed seasonal variation on P. iwatensis
(p<0.001). In this study, the results showed that surfgrasses exhibited a growth pattern with higher
values in spring and early summer, but lower values in winter. Pronounced seasonal variations
were observed in the aboveground leaf length and width, rhizome length and width, leaf density,
and biomass. The observed reproductive shoot had average dimensions of 4.2 c¢cm in length, 0.5
cm in width, and 2.9 cm in thickness. The length of the reproductive shoot ranged from 3.9 to
4.6 cm, the width ranged from 0.5 to 0.6 cm, and the thickness ranged from 2.8 to 3.1 cm. In
the study area, female flowers were observed, but male flowers were not observed. Fruits were
found up to the 4 stage out of a total of 5 stages of maturity. Water temperature and light
intensity were identified as crucial factors influencing the form and growth of surfgrasses, and the

growth characteristics of surfgrasses in the study area were similar to those of temperate secagrass.

Key words: Phyllospadix iwatensis, Growth Characteristics, Samcheok, East sea
Running title: A2 (Phyllospadix iwatensis) 2] 35
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A—] =

T

23] (Seagrass)= THAA SAMESAERE E5S AL A AMA Abel 53, 124,
60 Fo] HExzsty o, gEvtet Atels F 10 Fol At edE, AR EE
(Zostera) 6%, M--LE(Phyllospadix) 2%, L5 (Rupia) 1%, 3NS5 (Halophila) 1%°]
A28kl QI th(Larkum et al., 2006; Short et al, 2007). ©] FolA AFLEo| &E3h=
M S-L(Phyllospadix iwatensis)S = F3LF AL, T 4=, dE EHHS
Akl F= X, Hxof 2R{IF WG A AHo| EEsteE dFEEY ZYSe
2], 39} 2/7F AT moA afibe] AAAGAIY wHo| ©ehs] Rl A4 sk
250 S(Phyllospadix) 3l Z(seagrass)©] th(Kuo and Den Hartog, 2001; Green and short, 2003).

A2 1]z} & F(Magnoliophyta) ¥ 3t (Liliopsida) WA~ 25-(Najadales) 7™ 2] &3}
(Zosteraceae) A7l &Hdte tdAd EFE Y EFEH 4 F 8 mY
Z3tt7hA] EEFTH(Hwang, 2015). A2 FEH QA EHORE AGFE9 A2 579
dos TR AGE s FEAY o o5 stH, 9o FEFE Fin cello] EA%TH
A2 150 em 7FA AR YHlE 2-5 mme F2 US UMY AEEE XA
(rthizome)oll 3+ 239] BE]E 7}x 3, HIl(internode)}tt o] Aghd, HAIES FAof A
ZAye HAFd=Z 49 Atk A4 A(reproductive  shoot)= 3§+ N EH E(spathe)2}
S5 (spadix) 2 FAAE ] o, dol= 1.5-5 cm7HA] AAST. S53kA = 6-14719]
T&(anther) 22 81270 <= (pistine] =M, drje]l HHl= 4-5 mmo]™, Aol 2.5-3
mmo| Tk AL A E AGo|Fol| AT EEA A3FTe /A7 EH I TH(Den Hartog,
1970; Kuo and Den Hartog, 2001; Hwang, 2015). Aj-¢-2o Autzlo g x3}3e] 2|17
o3t kA2 (vegetative reproduction) O Z WASIA| N EA A ZHNAME A AFH A
FA(seed) S AHAHsE A A2 (sexual reproduction) O 2% W2]& 4= QI TH(Philips et al.,1983;
Orth et al.,1994; Ackerman, 2006; Waycott et al., 2006).

Mz TFAE AGBEAAA =2 PSS YERH, YT ST A A A ThFgE
NFAEEANA HolA, ek, 2SS A FStH(Turner, 1983; Hoshikawa et al, 2000;
Green and Short, 2003). ¥4l olygl dlzxe €L HEisiy AES 1H3A, ke
Ao 2RE Hodrh =3, Hold A= A AHsedes Tl FEE& NS,
BAE BEld 1y3te] w12 B < (mangrove forest), <% Al(salt marsh)$} A EF7IES
AAsta AAStE 7les st 7P F8% HaAAHA Jhedl SR Q1A Th(Gibbs
1902; Lee and Dunton, 1997; Lee and Dunton, 1999; Duarte, 2002; Orth et al., 2006; Mcleod et
al., 2011). o]&1g AENH FoAHOE st MA 2zt At AAstes B2 T siz=F/7
M A A B A A9 (International  Union  for Conservation of Natural Resources, IUCN)<]
HAMEZ(red list)ol A= Atk A AA A sz A= HF, AL, AX,
22 FE9 AAYT 22 AdA] 80y, AckHd, A"ty fFUHeE g FFEE
g, &4 T £ U 8o g st HEHAY AEEH O k97 H R
S Th(Short and Wyllie-Echeverria, 1996; Erftemeijer and Lewis 2006; Waycott et al., 2009).

Tl A P ALl #AF AFe FEAl Ak AeEe AEEAH Hg
AT (Park et al, 2018), SFAILZ QA% FFRFE T ATZ MAT HE T3 AF(Ahn

rl
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea

et al, 2019), A-FZoA F =Y 7-34d e FgEed Y Aol oigh
T(Kwak et al., 2016), A-+-E<2] e} E3xo] #A3E A7 (Shin et al., 1993), AT
< A% AP &5 o83 o] WEd A (Hwang 20157t FHEHIJS T2
22 [UCN HA EFo 7" FYd=E Bt d=7F st HZs7] A8
Aol AAste], 277F ke e A9 sxFol wste] AEsE A5E B

> 02 = iz re
ool

o
o
41

of A= Fall TH Untaltol AAet= A2 FEH 5 sk, A W
A A FAAZ], RSk, del@dA S A, AuEsd ERE
Aol B2 Fad 2T H ABE 24T ZHo7 3T o)

As 3 Y

1. Beists a7

1) A7 2 A

o] AT 2021 1025 20221 8¥71A AYE FUAEEAXNE 44 4
ghito]  Exdle A9 LE e FIHJTKFE 1). ° AYGL F
BAAGRANZ A TEo] FERFTHO A= AN HAHoR EFEF
EXstal e AHE 7HITH(Fig. 2).
2) ZAA S 3
AR e e i V1R A THs AR AL FESAHEAN 2" 5
Hrataehd ol AARE s FFFARZARA2E A7 E o] &3
3) Alm A

o

Ao A3 A]E = skin divinge F3F] AFAFFAT. AT 10 x 10 cm I T E
2aol2 WA I KnifeE o]g3ld WEF Uo] EAstE BE XA4E9 RS
dwHoz AYSAT. AR A Asd £4e Axsere AWsUen, BET J2ow

o)z = A At A AT

4) o7 JEsHH 5 &4

AHE A2 ALuste] wE FEF 54 ®EE ##Zs] fsted dEAY
A 4Eel Q(leaf), ¢ Z(sheath)e] Zole} UHIE ZA3tP1, AR A4 Hzitm
Eel(root)e] AolE FASATE AR FAPAI = Aolet yne S FAHSAT
Ao} x| AEAAE AT 2019)2] HEE T3t FESF TH(Table 1).

5) /\gt'ak HM

10 x 10em WIFFZ AZJSF A=
A ASIAT. o] F EF71E o] &3l A

299 FEE BE AAT T, WEe

Olfo

t oolBal s olgd FRUEI wAE 7)Rel
B9 £EE AU AA HGon, 2AAE o) &3
!

(mettler) HAAA LS o] &3 FFFE 0.1 g7tA
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6) TAEA

A4 st wWE A2 FEHSH 5Ae HIte LA EAE A (one-way
ANOVA)S AA8] A EAHsRoH, F94 Zo|7} wHE 49 Duncan® AHFE4<S

B3l FodEs AFEAT BE FAEALS IBM SPSS Windows program (Release 20.0
SPSS INC., Chicago, IL, USA)S ©] &3} it}

ITH'N
| N

&
<.

Port of
Galnam

-

L] .1 1 km

128°89"

Samcheok

Fig. 1. A map showing collecting site in the coastal water of
samcheok, East sea, Korea.

Table 1. Maturation stage of the flowers inside the spathes (3l F<=2F5- 2019)

) Annual average
Maturation stage
(Value range)

Flowering and Light green, pistil
fruiting attached to the fruit

>

Light green, pistil has fallen off
Partially brown
Mostly brown

MmO O W

Fully matured and deep brown

“KOSUST
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea

Fig. 2. Depth-specific distribution characteristic of surfgrasses in study area: A,
Depth distribution of surfgrasses in study area; B, Phyllospadix iwatensis in 1
m depth; C, Phyllospadix iwatensis in 5 m depth.

2 3

1. A FEA

) F23 98

ZAA H 1 A A2 Fig 37 2o € B H3 FL22 20221 8L
2394225CE Yeworn, ¥ H HA F22 2€< 108+0.9CE Yelyth 9 B+
Hu GBS 490 338+0.13 psuE UEGOH, € HF HA GELS 2021F 109

31.8+0.32 psuZ YEFSTE
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Fig. 3. Water and salinity temperature measured in the coastal water of samcheok,
East sea, Korea.

Table 2. Mean values and ranges of features of Phyllospadix iwatensis in the coastal
water of samcheok, East sea, Korea.

Annual average (Value range)

Phyllospadix iwatensis
Leaf density (leaf m™2) 2,446.7 (1,279.8 - 3,157.0)
Biomass (g wet weight m™2) 2,177.5 (836.35 - 3,969.9)
Leaf length (cm) 46.1 (23.2 - 75.1)
Sheath length (cm) 85 (43 -11.9)
Sheath width (cm) 0.34 (0.29 - 0.37)
Leaf width (cm) 0.3 (0.27 - 0.32)
Root length (mm) 1.67 (1.05 - 2.31)
Internode length (cm) 0.3 (0.29 - 0.3)
Spadix length (cm) 42 (39 - 4.6)
Spadix width (cm) 0.5 (0.5 - 0.6)
Spadix thickness (mm) 29 (2.8 - 3.1)
Number of leaves 3.68 (3.16 - 4.08)

2. A4 8 e w3l

A4 AL FEEA WstE Fig 79 YEAATH AEY AGE(R T 9%)9
dolE 2021 12€5EH F71sk7] A2 €l HulZ AAste] A7) whel folsh
2ol S HATHp<0.001). L] AHF UMl 03 ecmP YERGOn, o] YuleE 6¥9
0.32+0.04 cmZ HFEE, 1029 027+0.05 cmZ HA#S HATHFig. 4A, Table 2). =3}
Qo] AP Aol 46.1 cmE UEFFOH, 9o ZAolE 9o 11.9442.03 cmE HTUIFLS,

(<
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea

2

ol 4304147 cmZ #S HSATHFig. 4B, Table 2). Ao AWF FE 36871=
Uetstom, <l & 49l 4.08+0.65702 HUrS, 10€°l 3160972 H2gE

ATHFig. 4C, Table 2). Y22 AW ZolE 857 cm= UEIR O™, G2 Hol& 640l
11.94£2.03 cmZE Z"JEH%)\*%, 10€°] 4.30£1.47 cmZE Ai%}tg B A TH(Fig. 5A, Table 2).
A= Oﬂj‘;’]# UHIE 034 cmZ vEbgoH, 2o Wl 623 8ol 037:0.05 cmE
HANZES, 1029 0.29+0.06 cm® H A4S B ATHFig. 5B, Table 2). A-$-2He] =] 3}5 (¥
AHzh)e] 7101‘; ZAA 7 ol Wt fod 2ho] 2 KB Thp<0.001). Be]e] AW AolE 1.67
cmZ UeEkom, #ejo] doje 49 231x0.53 cmE HHgS, 1080 1.05£0.48 cm=
H 23S HSATh(Fig. 6A, Table 2). =S, Ate] AW+ ZolE 03 emZ YT 239
Zol= 10€9] 0.314£0.18 cm® HUlFHS, 290 0.29+£0.17 cm® A4S R AH(Fig. 6B,
Table 2).

i)
e B

PN'

0.4 ¢ (A}
b b e

=
e

Peaf width {cm)

mi\“
£ £,

Leaf length fom}
g &

]
[

A a.@

L
1

Numhor of Toaves
Fa

fReh. FreE. ¥Ef. ALFIEL Firm. ez,
Hfoarih

Fig. 4. Bimonthly variation in above ground dimensions of
Phyllospadix iwatensis in the coastal water of samcheok from
October 2021 to August 2022: (A) leaf width, (B) leaf length,
(C) number of leaves. Data are means 95% confidence

intervals. Different letters above bars indicate significant
differences (p<0.05).
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Seath bength {om)

e [ (B}
.5 -

£hd

Sheath widih fem)
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ELLE N Fhite. Fale. RRE
Mbsrinith

R EL T2

Fig. 5. Bimonthly variation in above ground dimensions of
Phyllospadix iwatensis in the coastal water of Samcheok from
October 2021 to August 2022: (A) sheath length, (B) sheath
width. Data are means 95% confidence intervals. Different
letters above bars indicate significant differences (p<0.05).

i
= s
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T
£, T {8
gihﬁ
=i
g 1 k- b3
e 2
2SN 0 WU NS D T
i 3
F250 15 A E S S SRR
gﬂ»l
1}

18<E- g ic-e:s:i ‘?}?& Foekts . ELRt LN
A EE

Fig. 6. Bimonthly variation in below ground dimensions of
Phyllospadix iwatensis in the coastal water of Samcheok from
October 2021 to August 2022: (A) root length, (B) internode
length. Data are means 95% confidence intervals. Different
letters above bars indicate significant differences (p<0.05).
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea

December 2021

April 2022 June 2022 August 2022

Fig. 7. Bimonthly variation in morphological features on

Phyllospadix iwatensis.

3. AEFH oo 4= W3

AH%“E‘O ANEFS 1YRE 2757 AZE 6L7tx Z718ta, $LRE Ay
10€l= HA2ghs EAoh 19 AE% 12458 F7tste] 6d97kA S7bstal, 8EHRH
Zrasts AFS Bl 1020 Hage Ry

5000 1 5000

E=Wet welght —8— Leaf density -

a> ]
' 4000 } 1 4000 %
= o
=1y} T
= 3000 | 1 30003,
= 2
gzmm 3 4 2000
3 2
2 1000 } { 1000 5
&

o

0 0

Oct. Dec. Feb. Apr. Jun. Aug.

Fig. 8. Bimonthly variation in leaf density and wet weight
of Phyllospadix iwatensis.
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B AEFS 217753 gwwm?e WIS HIow, 6€o 3,969.95

<, 10€°] 83635 gwwm’Z HAFS HITH(Fig. 8, Table 2). U2
YT = 24460 leaf m?e] WS B ow, 6ol 3,157.0 leaf m?Z AP S 102 1,279.0
leaf m*2 HAZHS R A thH(Fig. 8, Table 2).

4. AAA 9 FHEd EAF S5349 A5 A

4-1) A A2 Ao FEstH 54

AS-he] AA R = 49(11.4+0.94C)F 6Y€(18.3£1.38C)0ll #&AHY 1, o] FoEe= AZHHXA
FUth. STV FF AFH XX Y Aol Yn|, FAY H> A7 4.240.14, 0.5+0.01,
2.940.03 cmZ UYERGT A2 R Zdol= 4¥0 4.6+£0.60 cmE HUES 6¥°l 3.9£0.30
emE HAZS BATHFig. 9A). AAAS ynrle 2022d 6€] 0.6+0.1 cmE HUghS,
490 0.5+0.07 cmE HAFES HPTHFig. 9B). A FAE 6¥€ol 3.1+0.7 cmZE
AL, 420l 2.8+0.62 cmE HAFHES RATHFig. 90). A4 A2 BxE 6¥€o 135.0 leaf
m?Z2 HAWEE 429 70 leaf m? 2 FH A 7S H A THFig. 90).

4-2) A A A3 54 W)

Ao AeAAg2 Fig. 103 2o A2 AXAE= 445 =338t A-B 9A 7L
#ZEYA, 6 Dol= A-D TAZHA #FEHIUY. o] F g ol AR 7} #FEHZA YT

6 r(A) 410

T F=13

- L -

o : £

£5 i

s E 2=

L X 3 E W

g2 g2

- =1

1] 1]
W@ 160 (D)

- =
z -"E' I I 4 g 120
2 r— ! 4
£ = zE

S£04 i |
=% 2z
s 02t i ||

-4
0. A 4 il L 4
Apr. Jun. Apr. Jun.
Month Munth

Fig. 9. Bimonthly variation in dimensions reproductive shoots of Phyllospadix
iwatensis. in the costal water of Samcheok from April 2022 to June 2022:
(A) reproductive length, (B) reproductive leaf width, (C) reproductive thickness,
(D) reproductive density.
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jFW”T"'“W'”““',l'”"“W J'Flm""r"lFflli"l]”"i""ﬁ"lllll[ ”m?”m1"”m|”m”w[

sonrnnns IO N O N | 3 3 § 1 20 A

Fig. 10. Variation in maturation stage, spathe development of Phyllospadzx
iwatensis: (A) maturation stage A, (A-1) side view of spathe on maturation
stage A, (B) maturation stage B, (B-2) side view of spathe on maturation
stage B, (C) side view of spathe on maturation stage, (C-3) side view of
spathe on maturation stage C, (D) maturation stage D, (D-4) side view of
spathe on maturation stage D.

o oz

1. ey A+

1) 4€ W3l & A2 Fesy st

AR EEsteE AleEY AR ALHE JF7HA oRbs] ARt 25 RH
AE7HA 43 BAstH o, o] Aol FAA Fadste A EAS BT ol
AB}E 11.5-26.0°Co A AAste 2dsizFe] S-H A A tHLee et al. 2007). 49
Ml #e AAREE, AFH A Fxdte AT MATS AFA 3679 dE& THAE
Ao Z YePgth ol YE A¥K(Chiba)@ ZAl(Chosh)dte] A2 Aol ABF+HF
275709 A4S 7H¥ A} B A KTohru et al, 1995). -, 1A dAte] A& AAFS
AP 5.1709 A& 7 Ao Z HIFH(Kim et al, 2018), A At A= A o)
AR A At AT MATETD o BE IS JHAE Ao E UESTHTohru et al,
1995). ol=lgt A= 1A AT AMATLE 2-6WES] BlwA Z2 FAANA A=
HH AR A A9kl A AT 27 03-19E19F 1FEY O &2 FAlA
A2tz wEe] & FASE Q] AHIH} ZAAJMY AT ATl HE A FI
Fol|l =50 2 uFFgF oo FTFS WS Ao g FATHTH

A AT 9o Aol AT 49.7497 cmZ YEgOH, ol 14
Aol AHF#(50.242.9 em) HlwF-S o), ERAL AgLo] Ao uwE I
Hol7bk o & Zo] FAHATH(Kim et al, 2018). & HWHl= AH+F 0.3+£0.03 cmE, 114
Aol AF+ o HH(0.3+0.01 cm)?t FYIATHKIm et al, 2018). EFF, AB+F
Aolo} UnlE= ZZb 8.57+2.69 cm, 0.34+0.05 cmZ YERGA, 1A ALl A--H(Kim et al.,
2018)2 AP Z+ZF 9240.67 cm, 0.38+0.01 cm® UEY, A A A9 o] AE W Eo
w2 ?‘%lEV* Hol7h O & ZAoE ATHET. A2A9 FFH £ 2ES FH dFES

&k

2 r2 % re
B e oo

Fv o2 BRuHA=U(Smith et al, 1997), A A A-Ze] Fejd wo|7l ¢
e 71_P_x_/\l°ﬂ 371 ol =E2He A4AY f4oz Q3 AvE AdHT

*Kosust
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2) AEF AsH 49 U=
AHRAJY AT AEFE AL AEFol I AFEt 6dol HUl@e,
10€(22.4°C)0ll FHAFES EBEFow, mAA/} AT AEFS 59(13.0°0)° Hdik
(1,691.3£64.0 g DW m?)2, 99(23.0°C)oll #HA%H(1,367.4+462 g DW m?)S Hol F A Y
Ztoll FAFSE 43S HATH(Kim et al, 2018). E3F, Kanamori et al., (2004)°] 2]t U o]
o} A A (Akkeshi Bay)Wt M-$-2ro] AEFL 6o HugS B F M3 ZAaste 1€9)
HaE B fAS AES Bt AFEAQ} AleEe o "E+ 1,279-3,157 leaf
m2e] WHE K Wk, A} AT o UEE 1,900-2,600 leaf m™e WHHAE
Hol Al Ajeo] wAAS TR G AdZ WES FHIA JUehde oz
ASE UG Kim et al. (2018)2 S ugtel AXste AT HH AAFLS
120-13.0CE HustHoH, o]F HlgoZ A ALY AL F9 B F22 128TE
A AT AEFY o dEe FUlE 23 B e o= dAdHEG
7

0

oM AP TE AGM oFeld Hd AT wae W, A=} FA
AGBANE AxF 44, U=, AEF 5L £F o8 RGO AW Use] GE
Age dud el FAHUL AW BE FeaFol MY AFo| kel wof He
AL Y R BE A =ERTG VAL Y Ao avAn

3) AR e 54 W

AHE AR g AAAE 4€9(114°0)0] T3t HUighs B om, 8¥(23.9°C)
o|Fol= &Esle] FFEHA gt TAA} ASEe AAA= 49 HUGE
UERRom, o] 79712 Fdste AHAd AT FAS AFS EATHKim et al,
2018). ol¥ AFolA = gERre] FFEFJIOH, A ?i&ow gdA AFNM=
o]—-‘b_ln]-o] AZHUtr B8 A K(Tohru et al., 1995). ‘Qé% L T Y

go| Frteta e FAdAE FEY Hl&o] FUtst 2 Bu¥ bk Jrh(William,

1995). ol ZA A AHR Ao Aol | m oo FS FAA AAEte] e

o] A Yehd Zo=2 A=A
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Growth Characteristics of Phyllospadix iwatensis at Samcheok

in the coastal water of Samchoek, East Sea, Korea
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Biota of Dokdo: Undaria pinnatifida, Ceratostoma rorifluum

and Stephanolepis crirhifer
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Biota of Dokdo: Undaria pinnatifida, Ceratostoma rorifluum

and Stephanolepis crirhifer
Ji-Hyun Kim’

Dokdo Marine Life Ecology Institute, Departmentof Marine Biology

Kunsan National University, Kunsan, 54150, Korea

The waters around Dokdo are a unique marine ecosystem where the warm Tsushima Current meets
the cool North Korean Cold Current, creating a rich confluence of marine life. This study is part
of an ongoing island ecosystem survey, continuously reporting research results from the past 20
years to collect vital baseline data on Dokdo's marine aquatic biota. In this particular report, we
focus on ecological data for three species: 1) Undaria pinnatifida, 2) Ceratostoma rorifluum, 3)
Stephanolepis crirhifer. Dokdo's marine ecosystem is a treasure trove of biodiversity, and these baseline
data will be invaluable for future research on the conservation and management of this precious

habitat.

Key words: Biota, Undaria pinnatifida, Ceratostoma rorifluum, Stephanolepis crirhifer, Dokdo
Running title: =9 &Y
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Biota of Dokdo: Undaria pinnatifida, Ceratostoma rorifluum
and Stephanolepis crirhifer
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Habitat Characteristics and Distribution of Fish in the Coastal Area

of Dokdo, Korea Il. Dongdo coastal area
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Habitat Characteristics and Distribution of Fish in
the Coastal Area of Dokdo, Korea

II. Dongdo coastal area

Dong-Sik Kim’
Atlantis, Hauro Street 292, Bucheon 14576, Korea

Dokdo is an island located in the easternmost part of South Korea, and is historically,
geographically, economically, and strategically, a very important island. Geographically located in
a region of the East Sea where cold and warm currents intersect. Cold currents from North
Korea branches off from the Liancourt currents and flows into Dokdo during the winter months.
During the summer this area is affected by the East Korean warm currents branching off from
the Kuroshio warm currents in the Tsushima Straits moving northward. Although the diversity of
various fish species and marine life are remarkably diverse and widely distributed in this area,
prior studies and research regarding fish and marine life in this area have been scarce and
limited due to the poor accessibility to the Island itself. However, in this current research
spanning a period of a decade and thousand plus diving expeditions the fish and marine life
inhabiting the underwater environment in this vast area was thoroughly researched and
documented with a total of 1,013 logged diving expeditions. 907 daytime research dives and 206
nighttime research dives were conducted in a period of 269 days between 2005 and 2015. The
dives were conducted from a total of 10 entry points either on Dongdo (East Island) and Seodo
(West Island) of Dokdo. The results of this research clearly states the different characteristics of
the underwater habitats at the 10 diving points, including Women Divers’ Rock, water depths at
the underwater habitats were in a range of 5 to 42 meters and the habitats were mostly rock
bottom, sand beds, and gravel for the areas where marine algae such as sweet laver (seaweed)
and sea oak grew. The fish species identified during the study period comprised of 142 species
in 105 genera in 57 families in 15 orders. Among them, fish in the order Perciformes were the

most frequently seen with 88 species in 64 genera in 31 families accounting for 61.97% of all
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species. This was followed by 8 species in the family Labridae and 7 species in the family
Pomacentridae. Fish of the order Scorpaeniformes were 19 species in 12 genera in 4 families
(13.38%). Among them, fish in the family Scirpaenidae are the largest in the number of species at
12. The next most common fish order was Tetraodontiformes comprising 12 species in 8 genera in
4 families (8.45%), followed by the order Beloniformes comprising 3 species of 3 families
(2.11%), and the order Beryciformes comprising 3 species in 3 families (2.11%). The fish
distribution in this area was a quite different from that of the fish found in Uljin Coast, in the
East Sea located on the same latitude as Dokdo. Rather the fish species inhabiting Dokdo was
similar to the ichthyofaunal found in Jeju-do (Island), Hongdo in Gyeongsangnam-do, and
Ulleungdo (Island) and Wangdol-Reef in Gyeongsangbuk-do. Fish in the coast of Dokdo and
those in the coast of Jeju-do were compared. According to the results, among 142 species of
fish that appeared around Dokdo 140 species (98.59%) were identical to the fish that appeared
around Jeju-do while two species; Pleurogrammus azonus which is a temperate species fish
species and Astrabe Fasciata which is an unrecorded species did not appear around Jeju-do. On
the other hand, fish in the coast of Uljin in the East Sea showed a different distribution pattern
from that of fish species found on Dokdo. This considered attributable to the fact that whereas
the coast of the East Sea is affected by cold currents flowing south from North Korea in the
summer, the coast and sea surrounding Dokdo remains warmer for a longer time the by East
Korean warm currents branching from the Kuroshio warm currents flowing northward.

Among the 142 species of fish identified during this research period, a total of 40 species in
37 genera in 28 families in 10 orders had not been identified in previous studies. Among these
orders, the order Perciformes showed the largest number of species with 25 species in 18
families followed by the family Gobiidae with 3 species, the family Serranidac with 2 species,
and the family Apogonidaec with 2 specie. All these fish species appear in the waters of Jeju-do
too. Therefore, the fish species distribution in the coast of Dokdo is thought to be affected more
by the East Korean warm current branching from Kuroshio warm currents compared to the coasts
of Uljin in Gyeongsangbuk-do and Yangyang in Gangwon-do on similar latitudes. Consequently,
changes in ichthyofauna in which subtropical fish continuously increase are expected in the coast
of Dokdo as with the coast of Jeju-do. In addition, ichthyofauna in the coast of Dokdo in
winter and that in deep sea area around Dokdo are assumed to show similar ichthyofauna to that
of the East Sea Coast. Meanwhile, among the fish collected, 1 specie in the family Gobiidae
was identified as Astrabe fasciata which is an unrecorded species that has not been reported in
South Korea and it was named after Dokdo as Dok-do-eal-look-mang-duk as a national name.
This species is only 5 cm long in total length for fully grown adult fish. This species was
reported as a new species in 1988 in Japan, but never found in Korea until this research. This
fish lives underneath stones in rocky areas. This species is easily distinguishable from other
similar species in the family Gobiidae with its skin protruding above the eye and the narrow

vertical stripe pattern in front of the pectoral fin.
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of Dokdo, Korea Il. Dongdo coastal area

Table 1. Period of the underwater and total research in this study.

4z

400

36°

Fig.

Year Months and days Total research Underwater research
2005 05/26 ~07/30 66 60
2008 10/08 ~10/14 7 7
2009 05/11~09/21 134 100
10/26~11/19 25 21
2010 04/04 ~05/02 28 23
2012 05/25~06/02 8 8
09/26 ~10/25 30 24
2013 09/15~09/21 7 7
2014 07/21~07/24 4 4
08/28 ~08/30 3 3
09/15~09/21 7 7
2015 08/31~09/04 5 5
Total 324 269
j( s
N
East Sea
KOREA [::&:Jo I— mee/ L
stiifa Dangdo o
. 51999 s1ge
Jetudo
1. Map showing the sites of Dongdo in Dokdo, Korea. St. 6,

Cheonjanggul; St. 7, Dongripmunbawi; St. 8. Jeonchabawi; St. 9, Haenyeobawi,
St. 10, Dongdo wharf.
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A 3

6) A=
o] AME &9 E3TE Zole °oF 100 moli, M= 141%01]% Hgzow Ady &
olXd FEFH FFEZol UtkFig. 1. St. 6). FEFFEL E& WIFow AAHoH, I
7 A @3 R EHRE o] AFH EoA ¢ U’HT':OH qMzF ML= g8 A
17%11 Hl3) v ol WA FEAFL A AFZY BEola, £F FEF2 AAHL
T AdAE ARto g2 o] FojH QUThHFig. 2). T=TH FFY dutdls HFo] A2Et
, Ho] F83] FYEE $2 54 e AEHS dEg5e sxfFrt Ay Aok A=

1l Fr =

FollA Z=AHE AT F 6% 273 60F oM, & sH7IAvt 7%, EEH, Aol
I, =l o] {7l 47 4FA AL, FEFAHCHE 3F0] FAFJK(Table 1). o
g wge e B NEE, ‘%7"]%“3117]7]' FE2 AR, 4o+ Fukg
(Epinephelus fasciatus)®} =% 5-8-(Ostracion cubicus)®] A5 A=A oW, g&fo] gl =
F7F oFsllA gFdt folEo]l FJuEs olF Ut R#btgelA e vIS WS (Istigobius
hoshinonis)®]l A% AJFHAIL, o] Hiol AF AAste= oFL =79 F=r], WAl
o, el Seolth

it

Fig. 2. Photograph (left) and illustration (right) of Cheonjanggul. (A, Istigobius hoshinonis; B,
Ostracion cubicus;, C, Hexagrammos otakii; D, Trachurus japonicus; E, Sebastes pachycephalus).
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Fig. 3. Ratio of the number of fish species
observed from habitats of Cheonjanggul.
station A, Rocky bed with marine algae; B,
Sand bottom; C, Rocky bed covered with
marine algae; D, surface and mid water layer.

o] AR ANA 2005 dKE 2015G7+A] A LD FA o SlHE o

(Table 1). o] & &4 20101d 4€ 4YFE 30¢47kA] ZA & o
(Table 2).

FE F 6% 277 60Folth
S F 35 1239 28F°|th
ol AHollAe FWolFe] FEHF ofFI} 5F, FoAF wUIFH 3T, Wl 3
coZ Fl HAtK(Table 1). Ez:‘ﬂ' T35 AAsE soAE AR AFE 4%, FA uﬂ

o7k &l HAW TEFHE 4T o2 A2 ATHFig. 4, 5).
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Table 1. Fish species observed from the Cheonjanggul of Dokdo, Korea.

Year

No Species

2005

2008

2009

2010

2012

2013

2014

2015

Engraulis japonicus
Konosirus Punctatus
Plotosus lineatus
Strongylura anastomella
Collabis saira
Hypodytes rubripinnis
Sebastes inermis
Sebastes pachycephalus

O 0 3 N L bW N —

Sebastes schlegelii

10 Sebastes zonatus

11 Sebastiscus marmoratus
12 Platycephalus indicus

13 Hexagrammos agrammus
14 Hexagrammos otakii

1S Epinephelus fasciatus

16 Apogon doederleini

17 Apogon endekataenia

18 Apogon notatus

19 Apogon semilineatus

20 Seriola dumerili

21 Seriola lalandi

22 Seriola quinqueradiata
23 Trachurus japonicus

24 Parupeneus spilurus

25 Upeneus japonicus

26 Girella melanichthys

27 Girella punctata

28 Mictocanthus strigatus
29 Chaetodon modestus

30 Chaetodontoplus  septentrionalis
31 Oplegnathus fasciatus
32 Ditrema temminckii
33 Ditrema viridis

34 Neoditrema ransonnetii
35 Abudefduf vaigiensis
36 Chromis notatus

37 Pomacentrus coelestis

38 Halichoeres poecilopterus

39 Halichoeres tenuispinis
40 Labroides dimidiatus
41 Pseudolabrus sieboldi

+
+

+ o+ o+ o+ o+

+ + o+ o+ o+ o+ + + o+ 4+ o+

+

+ o+

+ 4+ + o+ o+

+

+ + + o+

+ o+ 4+ o+

+

+ 4+ o+ +

+

T T T

T T S S S e

+ + +

+ + + o+ +

+ o+ o+ o+ o+

+

+ o+ + o+t

+

+ o+ o+ + o+ o+ o+ + o+ o+ o+ o+

+ +

e e s

+

+ o+ o+ o+ o+

Tt

e T e T i i T S S TS

+
+

+ o+ o+ o+ o+ o+

+ o+ o+

o+ 4+ o+ +

o+

+

+ + + + o+ o+

+ + +

+ o+ + + o+ o+

+ +

o+
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Table 1. continued

of Dokdo, Korea Il. Dongdo coastal area

42 Pteragogus flagellifer + + + +
43 Semicossyphus reticulatus + + + + + + + +
44 Stethojulis interrupta + + +
45 Dictyosoma burgeri + + + + + + + +
46 Ernogrammus hexagrammus + + + + + +
47 Enneapterygius etheostomus + + + + + + + +
48 Springerichthys bapturus + + + + + + + +
49 Entomacrodus stellifer + + +
50 Petroscirtes breviceps + + + + + +
51 Lepadichthys frenatus +
52 Istgobius campbelli + + + + +
53 Lstigobius hoshinonis +
54 Pterogobius zonoleucus + + + + +
55 Trimma grammistes + + + +
56 Siganus fuscescens + +
57 Sphyraena japonica + + + +
58 Rudanrius ercodes + + +
59 Stephanolepis cirrhifer + + + + + + + +
60 Ostracion cubicus + + + +
Total 37 30 52 30 45 45 52 46
Om Om
—5m -5m
—10m +10m
Fig. 4. Fish distribution and habitat Fig. 5. Fish distribution and habitat
condition in the Cheonjanggul aspect condition in the Cheonjanggul. aspect
of fish from July to November, see of fish (April, 2010). see table 2 for
table 1. for the species number. the species number.
&
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Table 2. Fish species observed at Cheonjanggul of Dokdo, Korea. (April. 2010).

No Species Apr. 4~30, 2010
1 Hypodytes rubripinnis +
2 Sebastes inermis
3 Sebastes pachycephalus +
4 Sebastes schlegelii +
5 Sebastes zonatus +
6 Hexagrammos agrammus +
7 Hexagrammos otakii +
8 Girella melanichthys +
9 Girella punctata +
10 Oplegnathus fasciatus +
11 Ditrema temminckii +
12 Ditrema viridis +
13 Neoditrema ransonnetii +
14 Chromis notatus +
15 Halichoeres poecilopterus +
16 Halichoeres tenuispinis +
17 Labroides dimidiatus +
18 Pseudolabrus sieboldi +
19 Pteragogus flagellifer +
20 Semicossyphus reticulatus +
21 Dictyosoma burgeri +
22 Enneapterygius etheostomus +
23 Springerichthys bapturus +
24 Entomacrodus stellifer +
25 Petroscirtes breviceps +
26 Istigobius hoshinonis +
27 Pterogobius zonoleucus +
28 Stephanolepis cirrhifer +

o] AHe] 3HA LD FA (AL F& 20T o)hHet A (A F£& 17T olshe =3
TS v, FAd = 2tolFo] 215(35%), EUAF 24F(40%), o FENAAF 15
F(25%)°1 A AL(Fig. 6. A), A= 2HolFo] 14F(50%), EholFol 735(25%), °F<
o] Fo] 75(25%)°] AATHFig. 6. B).

7 EPE W
o] ARE TEo| Y% To| YAekn TR AAW olxPe| Z FEoITHFig L SL 7). 5
YE uhel gmo gt 3ol gl BEHo) glom, o] uhel Alelx @3to] P BT
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of Dokdo, Korea Il. Dongdo coastal area

277} BASE Folg. s S402 SofuA ekt Be Hevl don, 53 w9
v Aol AR Eo] @o] Q)

Fig. 6. Composition of fish species observed around Cheonjanggul of Dokdo,
Korea from July to November. (A); and April. (B). a, temperate species; b,
tropical species; ¢, subtropical species; d, deep-water species.

B
>
o

o
4>
o
O o

o o py M

Al2 20 molH HUlFA2 35 mo|th(Fig. 7). 40 &L vl A Y= vy
32 et dig 59 slizRrF 2t Jlom, uiele] i SEEE 9y
shiol= FAjEAtE ol R ulTET|7E AR SEuke] AbelA AL
2 15 383} 88Foln, SATT HWolF d=HH AR 11F, T F
=713 7%, AABolH 6F, AW =X I (Blenniidae) 5%, TEEH 4F 59 oA
(Table 3). e =53 WolE, MES] F2 AAsiH, Ziblgdls SES(Parupeneus
ciliatus)2} TEZ5(Parupeneus spilurus), 3>ZEZ5(Upeneus tragula)’} SRIHAT 0] & &
Holl= Za7](Zeus faber)7} Bol FRIEH oM, 2ol £ AFHAe FFo A=
Aol e o], FAlE 7t @ol I JTkFig. 7. A). AFHOE o] A Hhuig
J2ete o7 F2 A28 =S & ZFAA, FEFHR} =7 ofFTEo] ol

4

)
£
o ogt
( rlo
1o

i}
_Q
O

!

2o £33 F3o A4S AR Bol 24 ¥

e Ao FuHYen, o
e WoES A2, Ae)E, 71e Be)719 ol Folh

2]
E 2
ok o] ARlel 45 &dd o

r{r al

Fig. 7. Photograph (left) and illustration (right) of Dokripmunbawi. (A, Oplegnathus punctatus;
B, Parupeneus spilurus; C, Seriola quinqueradiata; D, Semicossyphus reticulatus. E. Zeus
faber).
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o] AHoAE dututeoll 62F(69.3%), vt 7E(8.0%), MEF ol 65(6.8%) F
34 T3l 14F (15.9%)°] o777} EE3ATHFig. 8). o] Aol 2005 FE 2015 7HA
A 2 FAe ElE ofFE F 115 383 88Fo|th(Table 3). ©] Z &A1<U 2010 4€ 4
AFE 3097HA AR H T F 55 209 46T 02 FE FWlolFo] FEHI o] 7Tt 6
T, T F A7 6F, AMEFAAT} 4F =l JATH(Table 4). ES3 TF A4st=
FolEo Aol oAFE= 65, FA W Folvt Fl HAW TEEHAE 450 E A4S}
A tHFig. 9, 10).

f

Fig. 8. Ratio of the number of fish species
observed from habitats of Dokripmunbawi. station
A, Rocky bed with marine algae; B, Sand bottom;
C, Rocky bed covered with marine algae; D,
surface and mid water layer.

Table 3. Fish species observed from the Dogripmunbawi of Dokdo, Korea.

Year 5505 2008 2009 2010 2012 2013 2014 2015

No Species

1 Engraulis japonicus + + + + +
2 Spratelloides gracilis + +
3 Plotosus lineatus +

4 Iso flosmaris + + + + + + + +
5 Strongylura anastomella + + + + + +
6 Monocentris japonica + + + + + + + +
7 Zeus faber + + +

8 Dorryrhamph japonicus +

9 Fistularia petimba + + + + +
10 Hypodytes rubripinnis + + + + + + + +
11 Sebastes hubbsi + + + + +
12 Sebastes inermis + + + + + + + +
13 Sebastes longispinis + + + +
14 Sebastes pachycephalus + + + + + + + +
15 Sebastes schlegelii + + + + + + + +
16 Sebastes thompsoni + + + + + + +
17 Sebastes zonatus + + + + + + +
18 Sebastes vulpes + + + + + +

* KosusT
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Table 3. continued

19 Sebastiscus marmoratus + + +
20 Hexagrammos agrammus + + + + + + + +
21 Hexagrammos otakii + + + + + + + +
22 Pseudoblennius marmoratus + + + + +
23 Vellitor centropomus + + + + + +
24 Lateolabrax japonicus +

25 Epinephelus akaara + + + + +
26 Epinephelus fasciatus + + + + + + +
27 Epinephelus septemfasciatus + + + + + +
28 Apogon doederleini + + + + +
29 Apogon endekataenia + + +
30 Apogon notatus + + + + +
31 Apogon semilineatus + + + + +
32 Carangoides orthogrammus + + + + + +
33 Elagatis bipinnulata + + + + +
34 Seriola dumerili + + + + +
35 Seriola lalandi + + + + + +
36 Seriola quinqueradiata + + + + + + +
37 Trachurus japonicus + + + + + + + +
38 Pagrus major + + +

39 Acanthopagrus schlegeli + + +

40 Parupeneus ciliatus + + + +
41 Parupeneus spilurus + + + +
42 Upeneus tragula +

43 Girella melanichthys + + + + + + + +
44 Girella punctata + + + + + + + +
45 Mictocanthus strigatus + + + + + + + +
46 Chaetodon modestus +

47 Chaetodontoplus septentrionalis + + + + + +
48 Oplegnathus fasciatus + + + + + + + +
49 Oplegnathus punctatus + + + + + + +
50 Goniistius quadricornis +

51 Goniistius zonatus + + + + + + +
52 Ditremat emminckii + + + + + + + +
53 Ditrema viridis + + + +
54 Neoditrema ransonnetii + + + + + + + +
55 Chromis notatus + + + + + + + +
56 Pomacentrus coelestis + + + + + + + +
57 Halichoeres poecilopterus + + + + + + + +
58 Halichoeres tenuispinis + + + + + + + +
59 Labroides dimidiatus + + + + + + + +
60 Pseudolabrus sieboldi + + + + + + + +
61 Pteragogus flagellifer + + + +
62 Semicossyphus reticulatus + + + + + + + +
63 Stethojulis interrupta + + +
64 Dictyosoma burgeri + + + + + + + +
65 Ernogrammus hexagrammus + + + + + +
66 Enneapterygius etheostomus + + + + + + + +
67 Springerichthys bapturus + + + + + + + +
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Table 3. continued

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

Neoclinus bryope
Entomacrodus stellifer
Omobranchus elegans
Petroscirtes breviceps
Parablennius yatabei
Petroscirtes variabilis
Repomucenus beniteguri
Pterogobius elapoides
Pterogobius zacalles
Pterogobius zonoleucus
Sagamia geneionema
Trimma grammistes
Sphyraena japonica
Scomber japonicus
Psenes pellucidus
Paralichthys olivaceus
Rudanrius ercodes
Stephanolepis cirrhifer
Thamnaconus modestus
Takifugu niphobles
Takifugu pardalis

+ o+ + +

+ + + + o+ o+ o+

+

+ o+ + +
+ o+ + + +
+ +

+

+ o+ o+ A+ o+
+ +
+ o+ o+ o+

+
+
o+ o+ o+ o+ o+

+ +

+ o+ + +
+ o+ + 4+
+ o+ o+ o+t

Total

50

32

38 69 65 75 74

o] AAe] sA B FAALL
o F< v, FA M=

ISSN:

Om

~10m

+20m

" l30m

Fig. 9. Fish distribution and habitat
condition in the Dogripmunbawi aspect
of fish from July to November, see
table 3 for the species number.

2288-7229

A
]

o S8
&

_34_

Om

~10m

+20m

~ +30m

Fig. 10. Fish distribution and habitat
condition in the Dogripmunbawi aspect
of fish (April, 2010). see table 4 for
the species number.

20C ot FA(ASE 7+ 17T °lshe =
tolFol 37F(42%), doF 32F5(36%), ot

“KosusT



Habitat Characteristics and Distribution of Fish in the Coastal Area

of Dokdo, Korea Il. Dongdo coastal area

AZF 18F(21%), AdMAF 1F(1%)°IUNL(Fig. 11. A), FAdd= 2UoFo] 29%
(62%), ETHAEol 9F(19%), oFEthoFol 9&(19%)°] ATHFig. 11. B).

Table 4. Fish species observed at Dogripmunbawi of Dokdo, Korea (April. 2010).

No Species Apr. 4~30, 2010
1 Zeus faber +
2 Dorryrhamph japonicus +
3 Hypodytes rubripinnis +
4 Sebastes hubbsi +
5 Sebastes inermis +
6 Sebastes iongispinis +
7 Sebastes pachycephalus +
8 Sebastes schlegelii +
9 Sebastes thompsoni +
10 Sebastes zonatus +
11 Sebastes vulpes +
12 Hexagrammos agrammus +
13 Hexagrammos otakii +
14 Pseudoblennius marmoratus +
15 Vellitor centropomus +
16 Pagrus major +
17 Acanthopagrus schlegeli +
18 Parupeneus spilurus +
19 Girella melanichthys +
20 Girella punctata +
21 Oplegnathus fasciatus +
22 Goniistius zonatus +
23 Ditrema temminckii +
24 Ditrema viridis +
25 Neoditrema ransonnetii +
26 Chromis notatus +
27 Halichoeres poecilopterus +
28 Halichoeres tenuispinis +
29 Labroides dimidiatus +
30 Pseudolabrus sieboldi +
31 Pteragogus flagellifer +
32 Semicossyphus reticulatus +
33 Dictyosoma burgeri +
34 Enneapterygius etheostomus +
35 Springerichthys bapturus +
36 Neoclinus bryope +
37 Entomacrodus stellifer +
38 Petroscirtes breviceps +
39 Parablennius yatabei +
40 Petroscirtes variabilis +
41 Pterogobius zacalles +
42 Pterogobius zonoleucus +
43 Sagamia geneionema +
44 Stephanolepis cirrhifer +
45 Takifugu niphobles +
46 Takifugu pardalis +
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A B

“h!

Fig. 11. Composition of fish species observed around Dogripmunbawi of
Dokdo, Korea from July to November. (A); and April. (B). a, temperate
species; b, tropical species; c, subtropical species; d, deep-water species.

8) A=}k

°f AHL T= &Y SEUFH vt ol XSt flow, R o] WA mefo]of
A B97 elthFig. 1. St 8). FEAA FeZHog Fite] Aty 2RE A 2 X
olr, % AFE AGHE ofFolA Ut} oFHFECRE 15 m AES FHT AF= f{A
stAA MAE] Falel AojAtr Aol 4 42 mE A AEE o)FH F4lo] HojHt
A Apolel= Fa A2 wpgEe] & IE Holgla, o FIF A4 L AL FEFS0l B
o] FE3taL UthFig. 12). &2 Tl Hejst rﬂ% o] FA4Ho] gla, sl AL X
& FACE F2] 20CE @A Xtk AApuke] kel 2AE TS F 11E 343 T5F
olH, ¥ oF& FWol= FEHIA ARIt 11F, FAF =W 7F, WAl 6%, A

W=k} 55, FE4FIH7}F 450 ATH(Table 5, 6). oW AFolA &eld MEZL oF2 AlF
7}2] & (Chaetodon modestus)@} 557Vl 5 (Evistias acutirostris)©|tF. vt vHlgdl= S5 Wl &,
MEEto] A28k, slz2F Folv BAole o7 Ex3ta ok AgHde £ 5
o7l Al EH Ao, W], Aol FAE7E Wol gRlHAL, o] AHAA AT
oNFTE MEHH WollE, WA, 1o Folth

Fig. 12. Photograph (left) and illustration (right) of Jeonchabawi (A, Sebastes inermis; B,
Elagatis bipinnulata; C, Evistias acutirostris; D, Oplegnathus fasciatus; E, Pterogobius zacalles).
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Ao e dHtutgol 53F(67.1%), Eivtgel 6%5(7.6%), lE2F <o 8F(10.1%) 3%
3 TToNA 128(152%)] AF7F EE3A th(Fig. 13).

[7.6%

Fig. 13. Ratio of the number of fish species
observed from habitats of Jeonchabawi. station A,
Rocky bed with marine algae; B, Sand bottom; C,
Rocky bed covered with marine algae; D, surface and
mid water layer

CH(Table 5). ©] = —rﬂlol 2010 4€ 44 FH 30€7HA =4 H 01%%
o8 &Hol&Ro FETYH oF{FIF 9F, FAEH =HrF 5T,
ATH(Table 6). 57 FFo Adste T8 AAH AFE 65, FA o FoA7F &<
HAE FZEH}E 4F50 7 43U THFig 14, 15).

ol
T
27
K o

N

o] FAeNA 2005 d5H 2015d74A] 3HA R FAC FdE oFE F
uo

Om

+10m T10m

+20m

—20m

+30m

T40m T40m

Fig. 14. Fish distribution and habitat Fig. 15. Fish distribution and
condition in the Jeonchabawi aspect habitat condition in the Jeonchabawi.
of fish from July to November, see aspect of fish (April, 2010), see
table 5 for the species number. table 6 for the species number.
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Table 5. Fish species observed from the Jeonchabawi of Dokdo, Korea.

. Year 2005 2008 2009 2010 2012 2013 2014 2015
No Species

Engraulis japonicus + + + + + +
Spratelloides gracilis + +
Plotosus lineatus +

+

Trachipterus ishikawae

Iso flosmaris

Strongylura anastomella +

Zeus faber

Fistularia petimba

9 Hypodytes rubripinnis + +
10 Sebastes hubbsi

11 Sebastes inermis + +

o <IN e Y I S R S R
+
+

+ o+ + +
+ o+ o+

12 Sebastes longispinis

13 Sebastes pachycephalus + +
14 Sebastes schlegelii + +
15 Sebastesthompsoni

16 Sebastes zonatus +

17 Sebastes vulpes

18 Sebastiscus marmoratus

19 Hexagrammos agrammus + +
20 Hexagrammos otakii + +

+ + + + o+
I i T S e

+
o+ + o+t
+ o+ + o+

+ +
+ o+

21 Pseudoblennius marmoratus

22 Vellitor centropomus +
23 Epinephelus fasciatus +
24 Epinephelus septemfasciatus +
25 Apogon doederleini

26 Apogon endekataenia

27 Apogon notatus

28 Apogon semilineatus

29 Carangoides orthogrammus +
30 Elagatis bipinnulata
31 Seriola dumerili

32 Seriola lalandi

33 Seriola quinqueradiata
34 Trachurus japonicus
35 Parupeneus ciliatus
36 Parupeneus spilurus
37 Girella melanichthys
38 Girella punctata

39 Mictocanthus strigatus + + + +
40 Chaetodon modestus

41 Chaetodontoplus septentrionalis +

42 FEvistias acutirostris

43 Oplegnathus fasciatus + + + +
44 Goniistius zonatus +
45 Ditrema temminckii + + + +
46 Ditrema viridis

o+ o+ o+ o+t
o+ + o+ o+t
+ o+ + +

+ o+ + +

+ o+ o+ +
+

4+ + o+
o+ o+ o+ o+ o+
4+ + o+ o+ o+

+
N
N
N
N

4
4
4
4
4
T e S T e s i e a e e S S S S A

4+ + A+ o+

+ o+ + + o+

+
+

I
i

+ o+ o+ o+

+ o+ o+ +

+ o+ o+ + o+

+ o+ o+
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Table 5. continued

47 Neoditrema ransonnetii + + + + + + + +
48 Chromis notatus + + + + + + + +
49 Pomacentrus coelestis + + + + + + +
50 Halichoeres poecilopterus + + + + + + + +
51 Halichoeres tenuispinis + + + + + + + +
52 Labroides dimidiatus + + + + + + +
53 Pseudolabrus sieboldi + + + + + + + +
54 Pteragogus flagellifer + + + +
55 Semicossyphus reticulatus + + + + + + + +
56 Stethojulis interrupta + +
57 Dictyosoma burgeri + + + + + + + +
58 Enneapterygius etheostomus + + + + + + + +
59 Springerichthys bapturus + + + + + + + +
60 Neoclinus bryope + + + +
61 Omobranchus elegans + + + + + +
62 Parablennius yatabei +
63 Pterogobius zacalles + + + + +
64 Sagamia geneionema + + + + +
65 Trimmag rammistes + + +
66 Sphyraena japonica + + + +
67 Scomber japonicus + +
68 Psenes pellucidus + + + +
69 Paralichthys olivaceus + + +
70 Paramonacanthus japonicus + + +
71 Rudanrius ercodes + + +
72 Stephanolepis cirrhifer + + + + + + + +
73 Thamnaconus modestus + + + + + + +
74 Takifugu niphobles + + + + + + + +
75 Takifugu pardalis + + + + + + + +
Total 41 29 58 24 63 68 60 58
A B

Fig. 16. Composition of fish species observed around Jeonchabawi of Dokdo,
Korea from July to November. (A); and April. (B). a, temperate species; b,
tropical species; ¢, subtropical species; d, deep-water species.

ol Al A B FA(AL = 20T ot FA(AL = 17T ©Jshe] ojF< vl
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S|, FAE 2uolFol 32543%), AUAF 263(35%), AT 165(21%), A8l

=

B).

= 15(1%)°1 A AL (Fig. 16. A), A= 2HoFo] 255(70%), tholFo] 45(11%), otdtol %
o] 7&(19%)°] AHFig. 16.

Table 6. Fish species observed at Jeonchabawi of Dokdo, Korea. (April. 2010).

No Species Apr. 4~30, 2010
1 Zeus faber +
2 Hypodytes rubripinnis +
3 Sebastes hubbsi +
4 Sebastes inermis +
5 Sebastes longispinis +
6 Sebastes pachycephalus +
7 Sebastes schlegelii +
8 Sebastes thompsoni +
9 Sebastes zonatus +
10 Sebastes vulpes +
11 Hexagrammos agrammus +
12 Hexagrammos otakii +
13 Pseudoblennius marmoratus +
14 Vellitor centropomus +
15 Girella melanichthys +
16 Girella punctata +
17 Oplegnathus fasciatus +
18 Goniistius zonatus +
19 Ditrema temminckii +
20 Ditrema viridis +
21 Neoditrema ransonnetii +
22 Chromis notatus +
23 Halichoeres poecilopterus +
24 Halichoeres tenuispinis +
25 Pseudolabrus sieboldi +
26 Pteragogus flagellifer +
27 Semicossyphus reticulatus +
28 Dictyosoma burgeri +
29 Enneapterygius etheostomus +
30 Springerichthys bapturus +
31 Neoclinus bryope +
32 Parablennius yatabei +
33 Pterogobius zacalles +
34 Sagamia geneionema +
35 Rudarius ercodes +
36 Stephanolepis cirrhifer +

9) it

of AL T=2 AHt HAA A 120 m B

= (o]
THL

o AT(Fig. 1. St. 9).
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Habitat Characteristics and Distribution of Fish in the Coastal Area
of Dokdo, Korea II. Dongdo coastal area

FotAl ol FoA Ut EFe FHICF o] T Aot FE Exgt Ao An
Zb2 wpeloll= ZHej et mAbRko] A Askal Ath(Fig. 17). siuuks] AtolA ZALE olF2
T 115 423 10650, 28T FHolH FEHH {7 9F, FoF WFoH
8%, U713 7%, WAl 6%, sLEH 5%, STHIF 4Tl ATH(Table 7). ©|H AT

oA FRlE oAFS T EF=F(Beryciformes) A A% (Holocentridae)e| Y& 2 F oy (Myripristis
botche), &5 (Perciformes) B}2] Z(Serranidae)®] T4 -2l (Epinephelus chlorostigma), &%
(Lethrinidae)®] 7}2] & (Gymnocranius griseus), =4 % (Lethrinus genivittatus), &= ©] ¥ Gobiidae)
9 E=dAE WS (4strabe fasciata) 5 °| T

Fig. 17. Photograph (left) and illustration (right) of Haenyobawi. (A, Oplegnathus fasciatus; B,
Girella punctata; C, Myripristis botche; D, Paralichthys olivaceus; E, Sagamia geneionema; F,
Seriola quinqueradiata).

Fig. 18. Ratio of the number of fish species
observed from habitats of Haenyobawi. station A,
Rocky bed with marine algae; B, Sand bottom; C,
Rocky bed covered with marine algae; D, surface
and mid water layer.

e meuoR o fold flold FEESY TEES, xdES PLEE
]

8, 4% W% 5o offs} BEsty Yok o
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A, AEE, B, el solth o] Al ot wheol 69%(65.1%), EwiEel 12
T(11.3%), &t s/ &0l 65(5.7%), 5 FT 19F(17.9%)2] o771 XA TKFig.
18). o] BHNA 200597 2015G7bA] stA 2 FA O EAE oAF{FE T 115 2% 106F
o]th(Table 7). ©] T &7 20103 4¥€ 4YFE 30U7IA] A H o]F2 F 45 163 4F0=2
ol 5o FEE ofFfTt 8%, FolEY =HVH 635, WEoIH} 4T |UATHTable 8). E5H
T35 T AAolI= 6F, FA W Folvt Fl HIAIW sEEHE 4TE0E AT
(Fig. 19, 20).

—5m

—10m —10m

* —15m

Fig. 19. Fish distribution and habitat Fig. 20. Fish distribution and habitat
condition in the Haenyobawi aspect condition in the Haenyobawi aspect
of fish from July to November, see of fish (April, 2010) see table 8 for
table 7 for the species number. the species number.

Table 7. Fish species observed from the Haenyobawi of Dokdo, Korea.

Year 5505 2008 2009 2010 2012 2013 2014 2015

No Species

1 Narke japonica +

2 Engraulis japonicus + + + + + +

3 Spratelloides gracilis +

4 Plotosus lineatus +

S Trachipterus ishikawae +

6 Iso flosmaris + + + + +
7 Strongylura anastomella + + + +
8 Collabis saira + + + +

9 Monocentris japonica + + + + + + + +
10 Aulotrachichthys prosthemius +

11 Myripristis botche + +

12 Hypodytesrubripinnis + + + + + + + +

“KosusT
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Table 7. continued

13 Sebastes hubbsi

14 Sebastes inermis

15 Sebastes pachycephalus
16 Sebastes schlegelii

17 Sebastes thompsoni

18 Sebastes zonatus

19 Sebastes vulpes

20 Sebastiscus marmoratus
21 Hexagrammos agrammus
22 Hexagrammos otakii + +

+ o+ + + o+
+
+ 4+ + + + o+
+ o+ + + +
o+ + o+ o+t
+ o+ + + o+t
o+ + + o+t
+ o+ + o+ o+t

+
+

23 Pseudoblennius marmoratus

+ 4+ + + +
+

+ o+ + +

+ o+ + 4

+ + + +

24 Vellitor centropomus +
25 Lateolabrax japonicus
26 Epinephelus bruneus +

o+ o+ o+

+
+
+

27 Epinephelusf asciatus + +
28 Epinephelus septemfasciatus
29 Apogon doederleini +
30 Apogon endekataenia

31 Apogon notatus +
32 Apogon semilineatus +
33 Gymnapogon japonicus

34 Carangoides orthogrammus + +
35 Elagatis bipinnulata

+
+
+ o+
+ o+

36 Seriola dumerili
37 Seriola lalandi +
38 Seriola quinqueradiata + +

R S S =
R e T i s T
+ 4+t o+ A+

+ 4+ + +

39 Trachurus japonicus + +
40 Gymnocranius griseus

41 Lethrinus genivittatus

42 Acanthopagrus latus +
44 Acanthopagrus schlegeli
43 Pagrus major

45 Parupeneus ciliatus

T e e e i

+ o+ + +
+ + + +
+

46 Parupeneus spilurus
47 Upeneus japonicus + +
48 Upeneus tragula

49 Girella melanichthys + + + +
50 Girella punctata + +
51 Microcanthus strigatus + +
52 Chaetodon modestus

53 Chaetodontoplus septentrionalis
54 Oplegnathus fasciatus

55 Oplegnathus punctatus
56 Goniistiusz onatus

+
+
+

+
+
+
+
+

+
+
+
+

+ o+ + +
+ 4+ + + +

57 Ditrema temminckii
58 Ditrema viridis

+
N
N
N

59 Neoditrema ransonnetii
60 Abudefduf vaigiensis + +

I e S i s s e S S

o+ o+ o+ o+ o+
o+ + o+ o+ o+
o+ + o+ o+t

“KosusT
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Table 7. continued

61 Chromis analis + +
62 Chromis notatus + + + + + + + +
63 Pomacentrus coelestis + + + + + + +
64 Halichoeres poecilopterus + + + + + + + +
65 Halichoeres tenuispinis + + + + + + + +
66 Labroides dimidiatus + + + + + + + +
67 Pseudolabrus sieboldi + + + + + + + +
68 Pteragogus flagellifer + + + + + +
69 Semicossyphus reticulatus + + + + + + + +
70 Stethojulis interrupta + +
71 Dictyosoma burgeri + + + + + + + +
72 Ernogrammus hexagrammus + + + + + +
73 Paraperciss nyderi +
74 Enneapterygius etheostomus + + + + + + +
75 Springerichthys bapturus + + + + + + + +
76 Neoclinus bryope + + + + + + +
77 Entomacrodus stellifer + + +
78 Omobranchus elegans + + + + + +
79 Petroscirtes breviceps + + + + + +
80 Parablennius yatabei +
81 Lepadichthys frenatus +
82 Neosynchiropus ijimai +
83 Repomucenus beniteguri + + +
84 Chaenogobius gulosus + +
85 Istigobius hoshinonis +
86 Priolepis boreus + + + +
87 Pterogobius elapoides + + + + +
88 Pterogobiusz acalles + + + + +
89 Pterogobius zonoleucus +
90 Sagamia geneionema + + + + +
91 Trimma grammistes + + +
92 Prionuruss calprum + +
93 Sphyraena japonica + + + + + + + +
94 Psenes pellucidus + + + +
95  Paralichthys olivaceus + + + + + +
96 Paramonacanthus japonicus + + +
97 Rudarius ercodes + + + + +
98  Stephanolepis cirrhifer + + + + + + + +
99  Thamnaconus modestus + + + + + + + +
100 Ostracion cubicus + + + +
101 Ostracion immaculatus + +
102 Arothron hispidus +
103 Takifugu niphobles + + + + + + + +
104 Takifugu pardalis + + + + + + + +
105 Takifugu porphyreus + +
106 Takifugu snyderi +

Total 53 33 73 32 79 68 88 70

“KOSUST
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Table 8. Fish species observed at Haenyobawi of Dokdo Korea. (April. 2010).

No Species Apr. 4~ 30, 2010
1 Collabis saira +
2 Hypodytes rubripinnis +
3 Sebastes hubbsi +
4 Sebastes inermis +
5 Sebastes pachycephalus +
6 Sebastes schlegelii +
7 Sebastes thompsoni +
8 Sebastes zonatus +
9 Sebastes vulpes +
10 Sebastiscus marmoratus +
11 Hexagrammos agrammus +
12 Hexagrammos otakii +
13 Pseudoblennius marmoratus +
14 Vellitor centropomus +
15 Gymnapogon japonicus +
16 Parupeneus spilurus +
17 Girella melanichthys +
18 Girella punctata +
19 Oplegnathus fasciatus +
20 Oplegnathus punctatus +
21 Goniistius zonatus +
22 Ditrema temminckii +
23 Ditrema viridis +
24 Neoditrema ransonnetii +
25 Chromis notatus +
26 Halichoeres poecilopterus +
27 Halichoeres tenuispinis +
28 Labroides dimidiatus +
29 Pseudolabrus sieboldi +
30 Pteragogus flagellifer +
31 Semicossyphus reticulatus +
32 Dictyosoma burgeri +
33 Enneapterygius etheostomus +
34 Springerichthys bapturus +
35 Neoclinus bryope +
36 Entomacrodus stellifer +
37 Petroscirtes breviceps +
38 Parablennius yatabei +
39 Chaenogobius gulosus +
40 Istigobius hoshinonis +
41 Pterogobius zacalles +
42 Pterogobius zonoleucus +
43 Sagamia geneionema +
44 Takifugu niphobles +

o] AHY A & FA(AYL = 20T o]t FA(AY = 17C ol3h) &8 AAFS
s HA, Aol tjolFo] 39F(37%), AuholFo] 405(38%), otAtho]Fo] 25%
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(23%), A3l Fol 1F52%)olN, FAdE 2tolFo] 23F(52%), EolFo] 13F(38%),
ofd ol Fol 8F(18%)°l ATHFig. 21 A). AT SHART o] Fo] 16F, Aufo]Fol
17, okddio]Fo] 17F, AslolFo] 202 HAA oF9 33.96%7F =1 =AU th(Fig. 21. B).

A B

d
2%

—_— g

Fig. 21. Composition of fish species observed around Haenyobawi of Dokdo,
Korea from July to November. (A); and April. (B). a, temperate species; b,
tropical species; ¢, subtropical species; d, deep-water species.

10) = AFA

o] gL Mut AFHgow Fxo AZH ZIAYERZ Ho gon, HE glo] tho|y =
AL FRsstan, FAlel a2 F7E QoA ofzk 2AE 9% 3othFig 1. St 10). A1
A ke Aol 5 m oolUE vl Ga, {9 w5 o] A9 glo] FEuel(Uva

o)

lactuca)®} B23 <& N X (Phyllospadix iwatensis)©] VA Jrh, vige 22 A4 &
Y2 o] Fox Atk AR vEEE A 12 m A=Y T4l

g2 wkejel R E o] Fojx a1, uiflole= e et o] e o] Tl UTH(Fig. 22).
ARG FooA 2=ARE oF2 F 3F 193 48F0lal, Y oFTe FWolEHe JEHH
{7t 9%, FAF TEEH 4F, HoJFo FEAIL 4F o] ATHTable 9). o|H AFolA g
e ofF= HA(Konosirus punctatus)$t =FN ¥ O (Histrio histrio), 73X ¥ o] (Antennarius
stratus) olth. EHjutgo A= B SHo] B3R, Bl AAvteoA s 1=

S 2} X|(Dictyosoma burgeri)®} W& (Microcanthus strigatus), w2 17} AF &A= At

Fig. 22. Photograph (above) and illustration (below) of Dongdo wharf. (A, Trachurus japonicus;
B, Oplegnathus fasciatus; C, Dictyosoma burgeri; D, Histrio histrio; E, Diodon holocanthus;
F. Girella punctata).
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d o FHolle Aol7t FEE ol Rl Yo, offtdle WolEH, &
2 o] &3t= Folth o] HAAA AT &lH o Fe HelEH MNEH,
Aol dubulgrol 33F(70.8%), E#ulgoll 75(14.6%), it s =F/ %oﬂ 4%(8.3%) &

Z9l 3%F (63%)Y 77 EE3FYthFig. 23). o] XA 20053 FE 2015374 o}ﬁl oL
Aol &l¥ o]FE F 32 1937 90Fo|tH(Table 9). ©] F &A1< 20103 42 4Y2E 30L7}HA
ZA @ oFL F 35 113 45F0|tK(Table 10). 3 ojFe Huol&F o JEZIo|FIt 8%,
Boj&Zo] FE 4oz 3l HJAtKTable 9). FA Wl o7} &<l HJd Fol& 525w
7b 4%, obAEe] Aot 2F =02 AT (Fig. 24, 25).

—l)l' ofN ox 2

Fig. 23. Ratio of the number of fish species
observed from habitats of Dongdo wharf. station
A, Rocky bed with marine algae; B, Sand bottom;
C, Rocky bed covered with marine algae; D,
surface and mid water layer.

Om

2.5n —2.51

§°°‘ﬁ\“’i agEre +5m +5m
Fig. 24. Fish distribution and habitat Fig. 25. Fish distribution and habitat
condition in the Dongdo wharf condition in the Dongdo wharf
aspect of fish from July to aspect of fish (April, 2010) see table
November), see table 9 for the 10 for the species number.

species number.
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ISSN: 2288-7229 - 47 -



Underwater Science & Technology

Vol. 21(2):

Table 9. Fish species observed from the Dongdo wharf of Dokdo, Korea.

21-58, Aug. 2026

No

Year
Species

2005

2008 2009 2010 2012 2013 2014 2015

O 0 1 N L B W N —

—_ =
—_ O

AR DA DDA DD D WL WWLWWWLWWWIERIRWINERININMNRLNN = = — e e
UG EOUO SO0 AARNNDEOR -SOXAFNNRELN —S00a U bW

Konosirus Punctatus
Antennarius striatus
Histrio histrio
Hypodytes rubripinnis
Sebastes hubbsi
Sebastes inermis
Sebastes iongispinis
Sebastes pachycephalus
Sebastes schlegelii
Sebastes zonatus
Sebastes vulpes

Sebastis cusmarmoratus
Platycephalus indicus
Hexagrammos agrammus
Hexagrammos otakii
Apogon doederleini
Apogon endekataenia
Apogon notatus

Apogon semilineatus
Seriola quinqueradiata
Trachurus japonicus
Upeneus japonicus
Upeneus tragula

Girella melanichthys
Girella punctata
Microcanthus strigatus
Oplegnathus fasciatus
Ditrema temminckii
Ditrema viridis
Neoditremara nsonnetii
Chromis notatus
Halichoeres poecilopterus
Halichoeres tenuispinis
Pseudolabrus sieboldi
Dictyosoma burgeri
Ernogrammus hexagrammus
Stichaeopsis epallax
Enneapterygius etheostomus
Petroscirtes breviceps
Trimma grammistes
Sphyraena pinguis
Paramonacanthus japonicus
Rudarius ercodes
Stephanolepisc irrhifer
Takifugu niphobles
Takifugu pardalis
Takifugu porphyreus
Takifugu snyderi

+

+ +

+ o+ + + o+

+ 4+ + + + o+

+

+

+

+
+
+

4
+ + +
+ + +

+ o+ + o+ o+ o+ o+

i

+ + + + o+
+ +

+ + + +

+ + + + +
+ + + +

+ 4+ ++ o+ o+ o+ o+
+ 4+ + + +
+

+ + + +

+

+
R I T T

4
+ + + + + o+ o+
i
i

4

+ + + +
+ +

+ 4+ o+ + o+

I o

+ 4+ +

+ o+ o+ o+

i T S T e S e

+ o+ o+ + o+

+ 4+ + o+ +

I S S T T T s S S S S S S R S

+

+ o+ o+ o+ +

+ +

+ o+ o+

+ o+ + o+ o+ o+

+ 4+ o+ o+t

+ +

+

o+ o+ o+ o+ o+ o+

Total

26

22 36 22 38
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of Dokdo, Korea II. Dongdo coastal area

Table 10. Fish species observed at Dongdo wharf of Dokdo Korea. (April. 2010).

No Species Apr. 4~30, 2010
1 Hypodytes rubripinnis +
2 Sebastes hubbsi +
3 Sebastes inermis +
4 Sebastes iongispinis +
5 Sebastes pachycephalus +
6 Sebastes schlegelii +
7 Sebastes zonatus +
8 Sebastes vulpes +
9 Hexagrammos agrammus +
10 Hexagrammos otakii +
11 Girella melanichthys +
12 Girella punctata +
13 Oplegnathus fasciatus +
14 Ditrema temminckii +
15 Ditrema viridis +
16 Neoditrema ransonnetii +
17 Chromis notatus +
18 Halichoeres poecilopterus +
19 Halichoeres tenuispinis +
20 Pseudolabrus sieboldi +
21 Dictyosoma burgeri +
22 Ernogrammus hexagra mmus +
23 Enneapterygius etheostomus +
24 Petroscirtes breviceps +
25 Trimma grammistes +
26 Takifugu niphobles +
27 Takifugu pardalis +
28 Takifugu porphyreus +
29 Takifugu snyderi +

Fig. 26. Composition of fish species observed around Dongdo wharf of Dokdo,
Korea from July to November. (A); and April. (B). a, temperate species; b,
tropical species; ¢, subtropical species; d, deep-water species.

o] BHe] siA
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W B, sHAlClE LtholFo] 215(44%), BhoIF 13F27%), oFAthoIF 145(29%)°1aL, =
Aol 2o E0] 19%(65%), UOIE 45(14%), oFEtOIE 65(21%)°] ATHFig. 26. A). F7
olF2 ARG LtiolFol 235, dulojFel 9F, otduiolFol 8T A ofF F=
35.41%7} A3 H(Fig. 26. B).

Ay

1. 71& S=F9H olf A7 A vu

FEAQE AAFATE B(2002)9 F= FHY offAS WIESt 4(2012)9] F= FH

74, TEHSFF2013)50] Jdom, o] AFZAFHREdA FAHE oJF> F 180Folth °o]F
ol AT F7} 2AH AFL BT 105 287 365 40F It}

., o] ATt FEFH(2013)Y AT AICkE TH 147 205 25F 9 AolE KL
ol oFE ZHAWI ATt 7F, FESH 4%, HolF 2F, AR 2%, dTH 2FECIUT

o]F TAES B¥W 2uolFo] 18F, dlolF 3%, otddoF 2F, AdAFd U, =F5F
o7 HAAHOZE 17.60%7t zolE KT %E%OPOM oo ZALE ofFE A} F0]
20C o] doldd FAE &UolF 47F(47.33%), AT 57F(57.40%), OPQEM%— 36%
(36.25%), A oAF 2F2.2%) o E F 142F ©|ATK(Table 25). =AU 4¥€<] Ak &1
7C o]t A e 2HolF 37F(37.52%), @HHoF 19F(19.27%), oFEto] 15F5(22%) o=
85 267 71F0] &9l HAoH, F AFF2(50%)HATHTable 26). o2t A= FA &
tholF 24F(40%), EHHolF 23F(38%), otATolF 115(36.25%) 253 58%F, 12]aL FA ol
2 F 13F(46%), BHAFT 11F537%), °tEHAFT 6F5(22%) T =7+ 15374 30Fo=, A
A o]FF2 4827%7F A EJTHE H(2002)2] A} FAF AT = FA G 2o F
o] 10F°] #ad wH, duoFL 38F, ofdUlo]FE 2 21F, Adlo)F 2T 02 F 71%°]
ZAEJL, A SEAR ofFE FHolE 43 17F, T 1673 415 T 82.69% S A
A3 At

oM ATATNA ALH ZEALS ofFg 2ATE o] FolA A RYAT, TEAL 5
o] 17Tl MAA T 49 2 AR vFo] B ) o FI sheo] AL oldry
o drjelFe] HF5TE Feol 100 AFEE #4 HE AW AFerld dEd o

o]Eomur AHElE Row =4 gk

I AT o] oAFEE} FEARS] oAFEE wlusty] g8k 20059FE 201597
|55 FEel AT A A, HAA ol R Al A
% 65 133% 17631t & B(1997) <]

o
glg
30
o
B
Lo
2
Y

A % 353 79F0|9 1, A(2011a)e] AT 2
A 91F°] Bug v Yot =G FEA L FFANA Zezl F3
o] S e ANEE TR 75 343 74F0] HaE w} th(H T, 2004). &
3 FEASH oJFE FolFo] 353 814 104F0|, o] 7+&d A@EHI} 10
, 78 7147y 242k 9%, BEold 8F O]Oiﬂ} Zulol H 2 &t e}
A A7 & SRS Ao BE AFAHA AF F 9 AFL2 211F
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of Dokdo, Korea Il. Dongdo coastal area

thd, 1996; vFk = 2002; 7, 2015; % 5, 2015).

A5 FEAN odFc AFEAJMY oAF 140F(98.59%)°] AA|stH Lo, AlFEof A
Sd3A] g2 T2 AxdvAe AT (Pleurogrammus azonus)®t FED 55 (Astrabe
Jasciata) 2F°1AT. EJF AAEE F= MY oAF 74T T 57F(77.02%)°] = o7 o
Askar, vl AF=et AAEE = ofFE 100% LAEAT. olHd Ades 554

=
Qroll A iAot FA = AFEet AEdEEY T4 2 FEAL dFY FFd
o2 AT

S5 FAC o] F(Temperate)©] 33%, <Lulo]ZF(Tropical) 40%, oFLtiolF
(Subtropical) 36%, 413l o1& (Deep-water) 2%<! RHHH AAEE TE=& 20/0]F0] 34%, €
o1F 47%, °FEUHAT 19%°IAUT, AFE=e= 2uiolFo] 28%, FAF45%, otEtAFE
24%, A o)F 3%olAT. FEE HIE AFEe FEo 2o]Fd AT EF
Hl=3k FA48E Hola lom, ofdfo]F thah xpolE BT X, SEAMe] A

w4 BgEe A A4 A AFEAL T3 2na Hag vk Qlok(F, 2015). SEAE
o AFEE A =R WRIAT, AFE AFEH F U JHHE AE & 5 3k
FEot AFEA A 7ok 2005E5H 2014702 €8 Hog2o] AAE vl o

ATHF He F2AHY, 2014). SR ofF FTFe 6€7HA W7 A9 fivrt +&0]
Se7ks 799 9%, 8€ 96%F, 9¥ 117F, 10¥ 112Fco 2 Hx Z718kAath 18y AF
FE T2 20CE FALE FIMetAY FHaste @4o] MR R, 0]
20C olatY Af FEAS oF F& AF=dd Bty w4 FAastgnh oleld dae=
FEAL GdFAA Azl FdFY FEFo] 1149 o]F FAFH]
o Bo whe] W rty] wEolth wEkA ofF B FA o] AlFEet
FARE AL Ex9 AFEI} 2o FEAL dFo J&FHd QU] wEoR
2. A AR/ vl
sHA 2 FA AT AR vl
o] AFoA ZAME FEAQ}F o7 =t A= A e A
FATFAAL} Aol7b AATHA, 7l = 5
gl HAa, o] ZheHl 23F2 HE Abde FlskA X3 o Foldlew, 3%
(Cottidae)®] 7FS HIET 7B} 2Uo]FE0] AolE HIYT =3 AtddAs 2o Fol
37%(53%), SUHAF 125(16%), SFEHAZF 15F(22%), ANAF 4F(6%), TFAF 15(3%)

ill‘
N
Ol

of &<l HH. &l FF oFE FEAL AFET vimsiEE HsiolF 2F(1.40%),
YrolF 25(1.40%) 02 =34aL, vhdol 2Ho1F 105(7.04%), @olEL 36F(36.61%), °F
AT 21F521L12%)°] S=A¢NM =7 Yebgth 555 £33 2313 AFE 74
Hlas] = w SEA AFde 24U AFE Boe AFEAS A7 48 o F#
A & AT olAL FEAdL AEHAdE EITF] TS Wol e W,
EdckE AR FEAL dRAA Al FIEFe] ¥ 6 W] e g
Jo. Bl AAEE GEx 9] FA oAFEe 35 133 23F0H(W, 2004), 2HlF
(10%)°] =A vehd wka, Adjo] F(23%) 7 oFdHl oI (12%), HalIT2%)= F=A<te

ISSN: 2288-7229 - 51 -



Underwater Science & Technology
Vol. 21(2): 21-58, Aug. 2026

AF7F O EUTH oA AFEERE Sgee TIERFY FFSE A 2Ee FAe=E
TAE FEHAte] ¥ @Wol wropx ddiojF ofdujolFe] FANIZE A UENd Ho =
dEn 3, AFH SF5 Ao RS 67 227 345K 45F oW, U F 23%
2 A yebd wtd, doiojFo] 34%, olAtAF 12%, AT 2%=E FE7F =UTHHE
5, 2005). 28y FANE £55 At AF 45F T 40F(89%)°] HEA®Y oA Fet o

2) A AT A vl
XY &2xo A8V} gV W FEZR 9 S=A o FAS BT

A
)
i

H(2004)9] s FEZR MY FA AR 3T 11F 19T E SEAR}F AFTH 100% LA
AT FERe FolF o f7E 113(57.89%), FWOl=F 6F(31.57%), 5015 2%(10,52%)°
AT W, A SR 7L 85 263 7IFILH, TR AFIL 41T(57.74%),

Lol E 175(23.94%)°1 At ofEdtiolFo]l FExoA 11%=E =A UEGA T, 20j0F
10%2} dUlofF 1%= 5S04 3 v&o] Z3hth v SExoA FA0H 195 =
TAQtoA BT ElE oFEo|

AEAoE HEAQ A E FA o7 155 577 105% 142F0|H, ©] 7t&d &
o] 293} 644 §8F 02 AA FF FFY 61.97%E 7 Btk 7E S5 o] FATF
oA ZAE A FUT oJFL EF 105 283 365 40F(22.34%)0l e, AT 7| F<H
AR G50 o7 152 FEuel vl 715 AFRA dswrabe fasciata® FAH 0|, “F=d
SUE )R PHn A 49l Ak 17T o3l FEAQ o F= 85 26
I 465 71F019en, 2Uo)Fo] 37F(52.11%), UoF 19%F(26.76%), °tLthF 15%F

O

QL.12%)=o) ATt S=A o F4e FEAL WdFoN A F3dF dIFde AdE A
kA= , 183 &5 59 /4T 9031%7F €A st

Aol AFE, A4
Fow, vtH =5 %= = S AAFAL 66.66%7F X F x}ol
S HAY o|AL &3& oEHo| EHIIFo HTFE W o] ZEhe FEAL

3
dFY 9Pe F2 W) gRroz B
8 °F

etete] 7bg FHel YN HrE G, AP,
Agdel Bamel elnARAN Zehl BABFI Pt 3
2ASGFI 2AT A BeA Lot F@
E Eolth oY@ AT FFO ol
S AFAA o] el ofFel U AT ARE BA ¥tk whEtA o AFolA
=] ]

l

)

=3 pil

E E5 B59 AEE FAlog % 107 AFAA 20059 20150714 269Y F<F
Tk 3 S

=

=

N
f
o o
o2
e

A} 8073, okt FEFAF 20685 el BT 1,0133) 9] HFRAE T3 o

“KosusT

ISSN: 2288-7229 - 52 -



Habitat Characteristics and Distribution of Fish in the Coastal Area

of Dokdo, Korea Il. Dongdo coastal area

= E5F 155 577 1055 142F0|0eH, o] 74 & E(Perciformes) o1 /{7F 313 6455
88F o2 A = FTT9Y 61.97%= 7HE Btk v sd71H 8F, AdEwEH 7EE0
ATt %“J},O]—'E'T(Scorpaenlformes) A F+= 43 124 19F(13.38%)°] &AstH L, o] 7t<d &
B2 3} (Scirpaenidae) 1 F7F 12502 7P ©dth 202 Eo] & (Tetraodontiformes)

7F 43} 8% 12%(8.45%), BZ A E(Beloniformes) O1F7F 33 3F(2.11%), Bi¢
(Beryciformes) o1/ 7} 33 3%(2.11%) olATE ©] At o7 Exe 22 9
= e &3 dAdAE vah Aolstd, 238 AFe @ AdEE 5 1
59 S5 FEX oA v AHE EATE SEAMY AR/
F 142% 7FH 140F(98.59%)°] A+

SsHA e 2T 2UolF ddFolet v 7
=

b1 b
oy
2
— o 2

2 o K
2 ol

U ox
1w 4r Yot Hu

o
N
N

J

o

M P
ol
ro
i
n
ne
T
)

ftlo rﬁ
1= ;Z
e
£ -E
o
9
J g
b
rO Flﬂ‘.
rO H:‘
-
o
B
to v
o
o

-

ofN
rlo

F 142%F hed 7€ ATl 2AEA E%d o
=
o

rlo
&

& 283} 374 40%Fo|th. EF
PJr 3%, v 2%, F

2
ol
12

>

ﬂ

é

l‘

2
2 -

=2

R ulo

e

el

ol

]_

b 4t
o 2 =

N
b
*
=)
Y
N
N
ftt
K<)
e
fu}
2
of\
o
N
b
iy pa
o lo
ol H
3oy
o oo
o rlr &

o
o
it
fo
B
bl
2
u
ox
i)
B{ly
b
%
12
2
>
4
o>
(o]
N
flo
padl

Y
oy

o

ofN T
©

P

2
=N£
)
(i
©
:\ru o)
_\;
o
n) :
N
A
©
oo
)
il

f

2

(i
R
5%

rlr

=)
N

Mo

K<)

N o

N

Y

HI
o =
X

1 o
o

e

b

M

o2
i
(o

s

o,
QL
38
b
)
o\
flo
ui

iz

Astrabe fasciata Y ©] FALE
n o] Aol oF 5 cmell E#IH
ofgfoll A A3}, o] F
2l EF-H ol oA 5ol

2 H
4
Hu il
°
o0

& D‘l mg
e
re
2
>
r>
o\
o
il
f
i)
32
o
E
)
do

N N ol

Hor
o o
o
it
Jo
>
oy T
of\ @
i
E
DN
N
G
ez
HS
2,
X0,
rir
I
o

N “1*“

FA. 1968, S EAEEL Al 8H AEHGEIEF). T, A=, 465 pp.
THFZAHY. 2014. B3 dF FAFE. http://www.khoa.go kr/.
TR 2013, FE A& 7He7E o] &7 BSPG 4810-10282-1. 976 pp.

o
hl hal
g4 79 £3 R4 TAUSEL AAEE 34 pp.

72 H]. 2011a. AFE

A5 2012, 55 FHO o] {FA A A A AR=E. 28 pp.

73S 2011b. AREE &3 399 ofF. AN A=, 27 pp.

A g FHf-0]FE o] &AW A-AAH. 2005. S Ful=7, WAL 615 pp

AR 2015 285 550 Fdste ofdd MY E 7IEE FHolA, 55 55 FTF
A v L

“KosusT

ISSN: 2288-7229 - 53 -



Underwater Science & Technology
Vol. 21(2): 21-58, Aug. 2026

Science & Technology 3(1):1-6.

HAT. 1997, T4 FHO oAFA. F=ol /I A 9(1):5-41.

HAT. 1997, B4 FHO o FA. =l /B A 9(1):5-41.

AT 2002. 55 FHe oJFAF Ocean and Polak Research 24(4):449-455.

HA T 2002. 5% F32] o]F7. Ocean and Polar Research 24(4):449-455.

WAT- AT - A 2015, A F vigkEaL7]. A AL 182 pp.

AT A S 2 FT 2005, ol ZAbe] 9F AFH 55 At oF/A. =

F3+3 A 17 (1):84-87
A A 2002, AFE S5 G FERiEol T B AT AFHTn AR

i)
o
il

73 A & A4 2003, http:/gses.snu.ac.kr/200909kjs/pge/b2/b2al_000.asp

. 1996. FH=Foi R A AL 727 pp.

A -wFg. 2002, 58] BIGHEIL7]. 2 EHAL 646 pp.

2 oA A A, 2011 EXEA A1 =59 AL 158 pp.

Masuda, H., K. Amaoka, C. Araga, T. Uyeno and T. Yoshino, 1984. The Fishes of the Japanese
Archipelago. Vol. 1. Tokai University Press, Tokyo, Japan. 437 pp. (text).

Nakabo. T. 2002. Fishes of Japan with Pictoral Keys to the Species. Tokai Univ. Press. 1748 pp.

Nelson, J.S. 2006. Fishes of the World 4th ed. John Wiely & Sons, Inc. Canada. 601 pp.

N,

n!

oﬁﬂOHﬂM0$ﬁ£oﬁoﬁ
N
=

do Bl

“KosusT

ISSN: 2288-7229 - 54 -



Habitat Characteristics and Distribution of Fish in the Coastal Area
of Dokdo, Korea II. Dongdo coastal area

Appendix

Newly surveyed fish species in Dokdo compared to existing research
results on fish around Dokdo

Spratelloides gracilis Trachipterus ishikawae

Antennarius stratus Mpyripristis botche

Dorryrhamph japonicus
3 BEH I

TN

Hippocampus coronatus Trachyrhamphus serratus

* KosusT
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Pterois lunulata

Lateolabrax japonicus

Lethrinus genivittatus

Acanthopagrus latus
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Stegastes altus Stichaeopsis epallax
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Lepadichthys frenatus Neosynchiropus ijimai

Sphyraena japonica Psenes pellucidus

Paralichthys olivaceus Arothron hispidus
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Underwater Excavation of "Nanhai No.1" in China

and Total Excavations of the Sunken Shipwrecks-1I

[Review] Issue-II

T3 “ds 15279 F J=d AA E=E1n
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Underwater Excavation of '"Nanhai No.1" in China
and Total Excavations of the Sunken Shipwrecks-II

the late Do-Hyun Kim'

Korea Ocean Engineering & Consultants Co., Ltd. Busan 48513, Republic of Korea

Underwater archacology in Korea began with the attempt to explore the naval relics of
Admiral Yi Sun-Sin in 1973, followed by the excavation of Anapji in 1975-1976 and the
underwater investigation off Sinan from 1976 to 1984. Since then, more than ten underwater
excavations have been carried out, mainly under the initiative of government and military
authorities. In some cases, however, private parties undertook such projects, often pursuing
material and commercial interests rather than archaeological value. At present, it is necessary to
review the achievements to date and to consider the future development of the field. Underwater
archaeology requires close collaboration across various disciplines and technologies, along with

active investment from the nation and interested institutions and organizations.

Key words: China, Nanhai No.l, Sunken Shipwrecks, Underwater Excavation
Running title: &% T3 FH&EH FA Fz

"Corresponding author: kocecol @hanmail.net

$-gugle] £ AA BFxAe AdS il
ZARQIGStaL = AAE el S A7t dFEolATh 2o o] Foxl Foo s
13 (Nanhai No.1; South China Sea No.l)” % ¥&2 f(feature) AAE 4 X
&2 AHEA Y 71H, &%, dEHEVY G2 BHE X3 Fol] AdFHoIoH,
g$o] IS gAE A4S HAdY EE, 71 E99|(Cofferdam, FE=F 2006,
pp.56-57)E o] &g A wF At wIALE(Vasa, FEF 2006), ™2 ZZ35(Mary Rose,
AEE 200609 AT S(HL Hunley) 53 o] HAE F AAE EIstA K3 HAE
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FEuase] A g dde Aol 2o
2 E

A8 S (H.L. Hunley) 1235
A k1

warfare)®] A7 AFAEES MEA stk Fego]l #FE MAAGERKL)ANA Ao E
ARAZ Aottt 1863d 7€ ZFH], 1864 2¢ 17 ZF2EldK(Charleston harbor)ol| Al F-
AFEY 5(USS Housatonic, 1800-ton steam-powered sloop-of-war)E HEAIZ] H, & HlIE 89 9]
TZ2d 2Fet A srehekskth 1361d o] A 20001 89 8Y AYEHIUTE 2004 4€ 17
Y, DNA 1S A 249 889 Fale ZF2HY vjax98 o B A (Magnolia Cemetery)
o FF = AT

Az FHx W dist] F Wo] 47 FAsA. 23 (Edward Lee Spence)d)=
19703 o] FA XS BusA T 19761 9€ 13Y NPS(National Park Service)= ©|& =7}
AP Ao ZFAIF o, 1978 129 29 FA A O R QIASATHE FrFAL AW I 2~(Diver
Ralph Wilbanks)¥= 1995 4€¥, NUMA #d S o EWA sttty F4stdo) 34
Al Hzxo AR 3 =4 AEEHAoH, 234 HXE AASA HATD

M 9E Ad F AR
[e]
=

1) Cofferdam

2) . U2WIEE I F

3) Y

4) S=3 YES oM

5) Underwater Archaeologist, president, Sea Research Society.

6) Wikipedia.
'On September 13, 1976, the National Park Service submitted Sea Research Society's (Spence's) location for H.L. Hunley for
inclusion on the National Register of Historic Places. Spence's location for Hunley became a matter of public record when
HL. Hunley's placement on that list was officially approved on December 29, 1978. Spence's book Treasures of the
Confederate Coast, which had a chapter on his discovery of Hunley and included a map complete with an "X" showing
the wreck's location, was published in January of 1995.

7) Wikipedia.
'Diver Ralph Wilbanks found the wreck in April 1995 while leading a NUMA dive team led by novelist Clive Cussler,
who announced the find as a new discovery and first claimed that it was in about 18 feet (Sm) of water over a mile
inshore of the Housatonic, but later admitted to a reporter that was false. The wreck was actually 100 yards away from
the Housatonic in 27 feet (8m) of water. The submarine was buried under several feet of silt, which had concealed and
protected the vessel for over a hundred years. The divers exposed the forward hatch and the ventilator box (the air box
for the attachment of a snorkel) to identify her. The submarine was resting on her starboard side at about a 45°angle and
was covered in a Y- to ¥-inch (0.6- to 1.9-centimeter) encrustation of rust bonded with sand and seashell particles.
Archaeologists exposed part of the ship's port side and uncovered the bow dive plane. More probing revealed an
approximate length of 37 feet (11m), with all of the vessel preserved under the sediment.'

Friends of the Hunley (www.hunley.org).

'Best selling author Clive Cussler established the National Underwater Marine Agency and spent fifteen years searching for
Hunley. The world's first sub to sink a ship in battle was finally discovered on May 3rd, 1995 by N.U.M.A. archeologists
Ralph Wilbanks, Wes Hall, and Harry Pecorelli.

With a magnetometer, the Cussler crew located a metal object off the coast of Sullivan's Island. After diving in nearly 30
feet of water - they removed three feet of sediment to reveal one of the Hunmley's two small coning towers.'
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A A dxAbdE s #E 7#E FALE Ot IER Fosiion9), 2
Y} o] @ AK(Oceaneering, Inc.)ol A AT QA UE(truss)S ©] &3Fe] Elo] E-AKTitan)e] 71571
(jack-up crane barge Karlissa B)°ll °]3te] 2% 08:379] AU AT (Fig. 3-110).100 K EX
& Yoty ZF28d U 24 R EX 2|4 (Warren Lasch Conservation Center, at the former
Charleston Navy Yard)®] S A|Ztd 4 WAZ o|FHJOoH, off e HEAHT 7L
Folth1h) =3 Fgsrt zke GAHE Yrle 28 BAY 7le Tol B3I AEFH AT
AU 55 B3 HE n3E SIstA ol FoXa Y1)

8) Wikipedia.
'On September 14, 1995, at the official request of Senator Glenn F. McConnell, Chairman, South Carolina Hunley
Commission, E. Lee Spence, with South Carolina Attorney General Charles M. Condon signing, donated the Hunley to the
State of South Carolina. Shortly thereafter NUMA disclosed to government officials Wilbank's location for the wreck,
which, when finally made public in October 2000, matched Spence's 1970s plot of the wreck's location well within
standard mapping tolerances. Spence avows that he not only discovered the Hunley in 1970 he revisited and mapped the
site in 1971 and again in 1979, and that after he published his location in his 1995 book that he expected NUMA (which
was actually part of a SCIAA expedition directed by Dr. Mark M. Newell and not Cussler) to independently verify the
wreck as the Hunley, not to claim that NUMA had discovered it. Interestingly, Dr. Newell has sworn under oath that he
used Spence's maps to direct the joint SCIAA/NUMA expedition and credits Spence with the original discovery and credits
his expedition only with the official verification.'

9) Wikipedia.
'The "in situ" underwater archaeological investigation and excavation culminated with the raising of Hunley on August 8,
2000. A large team of professionals from the Naval Historical Center's Underwater Archaeology Branch, National Park
Service, the South Carolina Institute of Archacology and Anthropology, and various other individuals investigated the vessel,
measuring and documenting it prior to removal.'

10) Wikipedia.

'Once the on-site investigation was complete, harnesses were slipped underneath the sub and attached to a truss designed by
Oceaneering International. After the last harness had been secured, the crane from the recovery barge Karlissa B hoisted
the submarine from the sea floor. It was raised from the open waters of the Atlantic Ocean, just over 3.5 nautical miles
(6.5 km) from Sullivan's Island outside of the entrance to Charleston Harbor. Despite having used a sextant and hand-held
compass, thirty years earlier, to plot the wreck's location, Dr. Spence's 52 meters accuracy turned out to be well within the
length of the recovery barge, which was 64 meters long. On August 8, 2000, at 08:37 a.m., the sub broke the surface for
the first time in over 136 years, greeted by a cheering crowd on shore and in surrounding watercraft, including author
Clive Cussler.

11) Wikipedia.
'Once safely on her transporting barge, Hunley was shipped back to Charleston. The removal operation concluded when the
submarine was secured inside the Warren Lasch Conservation Center, at the former Charleston Navy Yard in North
Charleston, in a specially designed tank of fresh water to await conservation.'
Swan 2000, Archaeology Oct. 23.
'The Hunley is now in the Warren Lasch Conservation Center. The conservation process is expected to last approximately

seven to ten years. Project directors are currently redesigning their plan for opening and entering the Hunley's hull now
that they know exactly what state the vessel is in.'

NHC, USN 2000.

'For now, H.L. Hunley rests in chilled fresh water in Building 255, at the former Charleston Naval Base.'

"The state (of South Carolina) put $2.6 million into renovating this building and turning it into a state-of-the-art
conservation lab, perhaps the best one in the nation for doing large artifacts," Neyland said. "One of the ironies of the
Hunley is that we're using some of the most advanced 20th century technology to investigate the mysteries of one of the
most advanced 19th century technologies."
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Fig. 36. Drawings of the Hunley (USN 1969). a, After a painting then held by the Confederate Memorial
Literary Society Museum, Richmond, Virginia (Sepia wash drawing by R.G. Skerrett, 1902); b, Sometime during
its operations in Charleston, the boat became the object of an artistic study by the famed artist Conrad Wise
Chapman. Chapman has left us two informative depictions of the boat: his pencil study and his finished oil
portrait(C.W. Chapman's famous oil painting 1863); ¢, An interpretation of the Chapman painting with a
perpendicular spar. Image by Bruce Kinsey(An interpretation); d, Midships section drawing, after sketches by
W.A. Alexander, who directed her construction(Inboard profile and plan drawings, after sketches by W.A.
Alexander); e, Cutaway drawings published in France, based on sketches by William A. Alexander, who directed
her construction(Midships section drawing).

a) 7 April 1960 (USN). b) The Hunley's torpedo system. c¢) The old logo. d) The current logo.

e) Hunley poster. g) Comparison of the hulls.

Fig. 37. The Hunley's torpedo system (Crissafulli 2005, www.rogoff-darrow.net; USN). The Hunley's torpedo system is
one of the submarine's most important features and one of the least understood. Over three years after the sub was
recovered details of the rig are still a mystery. The Hunley's torpedo was partly carried on a spar bolted to the bottom
of the forward casting. a) Model built by Floyd Houston, New Suffolk, New York. It was presented by him to the
Naval Historical Foundation on 7 April 1960. Note spar torpedo projecting from the submarine's bow. b) The Hunley's
torpedo system - spar apparatus. ¢) The old logo of 'Friends of the Hunmley'. This one was obviously drawn before the
recovery and appears to have been based on historical information that has since been proved wrong.
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¢) Hunley on the night of 17th. f) Hunley detonating its torpedo. g) Sinking of USS Housatonic. h) Hunley on the sea bottom.

Fig. 38. H.L. Hunley and USS Housatonic (www.hunley.org)!4). ¢) USS Housatonic (Displacement 1240 tons, length
62m, beam 12m, draft 2.6m) was a screw sloop-of-war of the United States Navy, named for Housatonic River of New
England which rises in Berkshire County, Massachusetts, and flows southward into Connecticut before emptying into
Long Island Sound a little east of Bridgeport, Connecticut, and launched Nov. 20, 1861, by the Boston Navy yard; and
commissioned there Aug. 29, 1862. e), f), g) & h) Illustrations of the attack and sinking (www.hunley.org, images
courtesy of Dan Dowdey).

12) Friends of the Hunley (www.hunley.org)

The Hunley Commission was created by the State of South Carolina to acquire, recover, and preserve the H.L. Hunley
submarine for public display. The Commission is made up of nine members, three of whom are appointed by the Governor,
three of whom are appointed by the speaker of the House, and three of whom are appointed by the President Pro Tempore of
the Senate. The Hunley Commission has entered into a Programmatic Agreement with the U.S. Naval Historical Center, the
primary trustee of the Hunley for the federal government, to conserve and ultimately display the Hunley submarine as well as
bury the remains of the brave crew.

The Hunley Commission has created the Friends of the Hunley, Inc. as a 501(c)(3) corporation to aid in raising funds for
the recovery, conservation, and ultimate exhibition of this historic vessel. The Hunley Commission appoints members of the
Friends of the Hunley.

Friends of the Hunley is a non-profit organization dedicated to helping the Hunley complete her historic journey home. The
goals of the Friends of the Hunley are: to recover the remains of the brave men who gave their lives and honor them with
the proper burial that they earned; to solve the mystery of that first ever submarine attack in 1864; and to conserve one of the
greatest, most sought-after artifacts in the history of naval warfare.
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d) H.L. Hunley site map.

e) Discovery team. f) Ralph Wilbanks. 2) Conceptual drawmg

Fig. 39. Finding the H.L. Hunley (Murphy 1998, NPS). a) Two gamma magnetometer contours, with anomalies
representing USS Housatonic, H.L. Hunley and several unidentified anomalis. b) 20 gamma magnetic contours over
Hunley position. c¢) Data screen of EdgeTech sub-bottom profiler over Hunley site. ¢) The NUMA discovery team of
Wes Hall, Ralph Wilbanks and Harry Pecoreili III. f) Ralph Wilbanks, NUMA team director, surveying the site. g) Wes
Hall's conceptual drawing of what the NUMA team discovered.

a) Work platform M/VMar de a dock. b) Stern deck of M/V Mar Tide. c) Dr. Robert Neyland.
Fig. 40. The H.L. Hunley' expedion of NUMA (NUMA). b) Stern deck of M/V Marks Tide during dive

operations. ¢) Project Director Dr. Robert Neyland enters the water.
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a) Stern deck of M/V Marks Tide. b) Sand bags. ¢) Dredging.

d) Archaeologist examines sluice box. e) Spar recovery. f) Documentation.

Fig. 41. Preparation for the recovery (www.hunley.org; NGS). a) Stern deck of Marks Tide with recovery
equipment. b) Forward hatch of Hunley surrounded with sand bags for protection during dredging operations. c)
Underwater archaeologist Harry Pecorelli dredges sediment surrounding Hunley site. d) Archaeologist examines sluice box
for artifacts surfacing from underwater dredges. e) Hunley spar recovery for transport to conservation lab. f) Underwater
archaeologist and conservator Claire Peachey documents the bolt and nut recovered from spar assembly on Hunley.

a) Suction piles on dock. b) Recovery truss on dock.

¢) Recovery truss with sling hooks. d) Recovery sling with foam bags.

Fig. 42. Recovery aids - suction pile, truss and sling with foam bags. (www.hunley.org; NGS).

b) Recovery truss on dock in preparation for transport to Hunley site.
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Table 3. A synopsis outline of the H.L. Hunley general recovery procedures (www.hunley.org).

General

As part of this incredible undertaking, Friends of the Hunley, Inc., teamed up with the Department of]
the Navy, the Park Service and Oceaneering International, Inc., among others. The scope of this
committed team includes intensive planning and engineering, design of the recovery system and|
procedure; procure the recovery system; plus enlist the very finest divers and archaeologists.

After lowering two massive 18 foot by 12 foot, custom engineered suction piles to be used as
platforms, a truss will be lowered onto the submarine. Nylon slings with inflated foam pillows and
sensors (to distribute the weight evenly) will wrap underneath the Hunley, and a crane will lift the
entire truss to the surface. Then it will be loaded onto a barge and taken to the Charleston Navy
base for the restoration process. It is estimated it will take close to two weeks to fully sling the
Hunley.

Oceaneering International, Inc. is an advanced applied technology company that provides engineered
services and hardware to customers who operate in marine, space, and other harsh environments.

Personal and

e The Mobilization of a 19-man dive crew and commercial diving equipment. (2 crews will work
12-hour shifts).

1 Diving e A team of archaeologists will be on site full time to lend recovery support and consultation
Operations during diving operations.
e Divers will start excavation and rigging operations from the bow and work aft.
e Excavation of an area approximately 40 feet wide by 130 feet long to expose the top of the
. Hunley.
2 Pr Slte. ] Divegjs set buoys at extreme point of sub for alignment and deployment of the truss during
eparation )
recovery operations.

e Excavation will continues until 1/3 of the vessel is exposed.

e Suction piles (typically used in deep water oil rig mooring systems) to be installed and work on
principle of differential pressures between surface and water depth of the pile.

e Top of pile capped with steel structure to support truss while recovery of vessel proceeds.

Suction Pile | © The advantage of the suction piles is less penetration required than conventional driven piles plus
3 Iuc on Fle ease of recovery, location accuracy and minimal disruption to the site.
nstallation | J Di . . : . . . . :
ivers guide piles into place, monitor levelness, etc. Meanwhile topside crew begins suction
operation to set piles at required depth.

e Foundation integrity for recovery frame stability is ensured with adjustments throughout the
process.

® Truss prepared topside for deployment.

Recovery |e® Truss positioned over site by heavy lifting equipment - diver-guided into position straddling the
4 Frame Hunley.
(Truss) e Diver knife truss into sediment with minimum disruption to supporting matrix under Hunley.
Mobilization | ® Truss in final recovery position when bearing seats land firmly on suction pile.

e Divers adjust truss bearing seats/legs for proper alignment and level relative to the vessel.

e Divers expose one to two foot cross section of hull at a time and inspect condition of each
section before positioning support rigging.

5 Sling ® Once custom support is considered, a 12" wide fabric sling is draped under exposed section of]
Installation hull. One end of sling has section of chain allowing for length adjustment and to allow rigging to
make contact with the hull. (Chain will not make contact).

e Each sling assembly includes a load cell to monitor the amount of tension applied to the rigging.

e Each load cell (attached to each sling) will be monitored by computer at topside.

e Load cell monitoring provides data regarding individual sling tension, total weight of the truss
load and alarm signaling during recovery.

6| Load Cells |® Two-way communications from diver to topside personnel enables divers to adjust tension in each
sling - which is critical to ensure load of Hunley is distributed evenly to the truss.

e This system also utilized during preservation phases of the project. Individual slings can be
loosened for preservation considerations then re-tensioned to the initial value - minimizing hull
distortion.

e A foam system designed by Flexible Products, Inc., will be utilized for stabilization and|

7 Foam protection of vessel components.
Installation | ® Foam is injected into containment bags which are attached to the slings.

e Foam bags support and conform to vessel at critical points including dive planes, stern and keel.

e Upon optimum installation of required slings/supports plus with analyzed load cell data to
determine peak stabilization, and weather/sea conditions - divers rig a 6-sling bridle to truss.

e Divers move to safe area, and recovery frame lift takes place.

8| Recovery ® Hunley is positioned upon transport barge. ) ) . )

e Support personnel stabilize the Hunley in truss using tension straps at critical locations to prevent
movement during transit.

e Sprinkler system is put in place to continually soak the vessel with seawater to minimize
oxidation during transit to Port of Charleston.

This is a one-of-a-kind recovery. Thousands of questions are answered before these processes take

place. Developed under worse-case scenarios, these unique recovery plans are always under careful

Epilogue scrutiny and studied physically, and via computer models. Dangers to both the vessel and the crew|

are possible at any given moment - so every precaution has been taken to ensure the safety of this
historical project -- one of the only of its kind on the planet today!
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a) Artist concept of the H.L. Hunley. b) Image from 'Raising the Hunley' video. Computer animation Mike Skrab.

_‘\_:_./ et
Fig. 43. he raising sequence (NUMA). a) Artist co
generated graphic by Dan Dowdey.

T
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c) The top of the recovery truss breaks the water (hunley.org). d) Breaks the surface (USN).
PRI T uxyuuu

e 'é'

e) (USN).f) Lifted beside the working platform Karlissa B (USN). f) Lifted beside the working platform Karlissa B (Titan).
44. Recovery of the H.L. Hunley (Titan, www.hunley.org; USN). After successfully sinking Housatonic, the

United States Navy's largest warship, the Confederate States' Submarine Hunley was herself sunk in 1864, off the South
Carolina coast. Titan responded with Titan's jack-up crane barge Karlissa B from Boca Chica, Dominican Republic.
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Karlissa B was used to install two suction piles into the seabed, and then lowered a truss over the submarine and onto
the piles. With the submarine suspended in the truss, Titan was able to lift the submarine from the sea bottom off
Charleston, South Carolina, where the Hunley had been resting for the past 136 years, on the morning of 8 August
2000. d) Breaks the surface, suspended from its supporting truss, as it is raised from the sea bottom off Charleston,
South Carolina, on the morning. Photographed by Barbara Voulgaris, Naval Historical Center. e) Suspended from its
supporting truss, just after it was raised from the sea bottom. f) & g) Lifted beside the Karlissa B, just after it was
raised from the sea bottom. Suspended from its supporting truss, it is to be placed on the barge at left to be taken to
the conservation facility in North Charleston.

Photo # NH U7357-73-KN_Submarine Hunley & few minttes aler she was lified Trom the sea_§ Aug J000

NN N\
! SN (WP VSAAT
(‘"

l
‘.‘&ﬁ"ﬂzk 3

¢) Moving onto the barge (NGM). d) Moving onto the barge (Titan).

Photo # NH 97357-36-KN  Submarine Hunley placed on barge alier recovery. 8 Aug. 2000

Phowo # NH 97357-28-KN_ Submarme Hunley recovered. § Aug 2000

j) Being placed on a barge (USN). k) Placed on barge to be taken to the conservation facility in North Charleston (USN).

Fig. 45. Moving the H.L. Hunley onto the transportation barge (USN; MGM; Titan). Like an injured dolphin in
a sling, the Hunley is lifted from her grave off Charleston, the skeletons of her eight-man crew still sealed inside. On a
winter night in 1864 the Confederate vessel was lost with all hands shortly after she attacked and sank the USS
Housatonic - a feat that ushered in the dawn of undersea warfare. Now a team of archaeologists and forensic scientists
is attempting to solve a mystery as old as the Civil War: Why did the Hunley sink, and how did her crew perish?

a) Suspended from its supporting truss, a few minutes after it was raised from the sea bottom. It is being placed on the
barge in the foreground for transport to the conservation facility in North Charleston.
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Thoto # NI 97356 14K N Conast Ciimnd superyises spectators. during raising of sobmarine Fhnloy. 8 A e 2000

a) Coast Guard supervises spectators, during raising of the Confederate Submarine H.L. Hunley (USN).

photo by egphoto com

b) Spectator crafts (hunley.org). c) Spectators on the tour/passenger boat (USN).
Fig. 46. Spectators (USN; www.hunley.org). a) Shepherds spectator craft, during the raising of the H.L. Hunley.

The large Confederate banner is flying from the mast of a sailboat off the USCGS Yellowfin(WPB-87319)'s

starboard side. b) Approximately 200 small boats observe the Hunley being raised outside Charleston Harbor.

c) View from the stern starboard (Titan). d) & e) The propeller cranked by hand by its crew members.

Fig. 47. The H.L. Hunley after raising (www.hunley.org; Titan). a) The bow of the Hunley is seen cradled safely in
the recovery truss just moments after breaking the surface of the Atlantic. b) The H.L. Hunley submarine on the
transport barge immediately following its raising from the sea floor.
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f) View of the port bow. g) Notice the surprising concave shape and sharp edge of the bow.

- £

h) Archaeologist inspects the water spray system. i) The H.L. Hunley submarine on the transfer barge.

Fig. 47. Continued on (The H.L. Hunley after raising). f) The spar was attached to the Y-shaped clamp seen
protruding from the bottom edge of the bow. g) On the right hand side, can be seen the port dive plane (one of two)
that was used to control the submarine's inclination. On the left hand side and below the submarine, can be seen the
cushioning bags that were inflated to conform to the shape of the hull. i) The water spray-down system attached to the
recovery truss kept the submarine wet using saltwater sprinklers during the journey to the conservation lab.

photo by cophots.com > / - gl = =

a) Charleston peninsula. b) Crowds at the S.C. Aquarium. c¢) The Detyens Shipyard crane.

Fig. 48. Journey to the conservation laboratory (www.hunley.org). a) The Hunley flotilla passes the Charleston
peninsula, few changes can be seen from the air from 130 years ago. b) The recovery barge passes by crowds at the
S.C. Aquarium. c¢) The Detyens Shipyard crane lifts the Hunley from the barge for its trip to the conservation laboratory.

a) Hunley in her sling after recovery from the seafloor. b) & c) Sensor - SONAR.

Fig. 49. DeepArch MIT (web.mit.edu). In November 2000 the directors of the Hunley Project invited MIT DeepArch
to survey the still-sealed Confederate submarine with our high-frequency sonar. b) DeepArch's Brian Bingham adjusts the
rigging 9f the sensor, hanging above the conservation pool. @ﬁ R e ST G
¢) Running the sonar over the hull of Hunley. web mit edu = il

77 Massachusetts Ave Rm e51-194
Cambridge. MA G2139
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e), f) & g) The H.L. Hunley submarine in its storage/treatment tank in the WLCC.

Fig. 50. Warren Lasch Conservation Center (www.hunley.org). "Hunley is raising the bar for underwater
archacology and conservation," said Michael McCarthy from the Western Australian Museum's Department of Maritime
Archaeology in an interview in American Archaeology Magazine's Summer 2001 issue. "Not only is she viewed as a
significant object of history, but also a significant research and science project. This is perhaps the find of the century."
Once the H.L. Hunley was raised from her watery grave on August 8, 2000, she was immediately transported to the
Warren Lasch Conservation Center (WLCC). As soon as the H.L. Hunley arrived at the Conservation Center, she was
placed in a large steel tank filled with 55,000 gallons of chilled fresh water. This was done to minimize bacteria and
corrosion activity, to protect and stabilize the waterlogged submarine, and to begin the process of desalination. Shortly
thereafter, preparations for the excavation of the interior of the hull could begin. Here, the mysteries of how and why
she met her tragic fate will be revealed and the entire vessel will be conserved for posterity, as part of a permanent
museum display. The H.L. Hunley is unique in that she is essentially a time capsule, holding all the contents she held
the night she sunk over a century ago during one of the most famous naval battles of all time. The excavation and
analysis of the H.L. Hunley continues to provide many clues for archaeologists, conservators, anthropologists, and
historians as they seek to understand the events that led to the loss of the H.L. Hunley and her crew, events that also
led to the dawn of the modern era in submarine technology. a) The shot shows a 360 degree view inside the WLCC.

e) Hunley submarine immersed in refrigerated storage tank at the WLCC upon recovery. Note the cathodic connection to
the sub at the spar attachment and the titanium anodes in the white pipes along the submarine. The H.L. Hunley
submarine in the WLCC. The sub is resting in its support slings in a treatment tank.
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d) Cyrax Laser Scan. e) Rendering of the exterior laser scan. f) Removing sediment from the ballast
tank. g) Removing the first hull plate from the center section.

Fig. 51 Excavation and conservation in WLCC (NGM; www.hunley.org). Actually opening the Hunley for
excavation was not something the archaeological team took lightly. After many months of planning, the Hunley project
team came up with a plan to excavate the submarine. Scientists wanted to concentrate on the central compartment of the
sub, where the 8-man crew would have been located and on January 21, 2001 the excavation of the Hunley began. The
excavation plan was divided into four main stages : Phase Onme: Studying the submarine, Phase Two: The preliminary
excavation of the stern ballast tank, Phase Three: Removal of the plates, Phase Four: Removal of sediments.

a) Submerged in her new home - a state-of-the-art conservation lab on the old Charleston Navy Base - the Hunley is
remarkably intact for an iron object that spent 136 years on the ocean floor. A grapefruit-size hole in the forward hatch
tower may be battle damage, but a careful search for shards of glass and metal left by such a hit turned up nothing.
The hull bears two other gashes that could have caused fatal flooding, but the holes appear to have been made after the
sinking, perhaps by anchors that snagged the wreck. ¢) Hunley staff using a high pressure water spray to clean the truss
and the submarine itself. d) Carlos Velazquez of Epic Scan, Ltd., working with the point-cloud data from the Cyrax Laser Scan
of the submarine. d) & e¢) Phase One: Studying the submarine In order to safely enter and excavate the submarine, a
careful preliminary study and mapping of the H.L. Hunley had to first be completed. Using a relatively new technology
called a Cyrax 3D laser scanning system (www.cyra.com) provided by Pacific Survey Supply (www.pacificsurvey.com)
and Epic Scan Ltd. (www.epicscan.com), archaeologists were able to scan the entire exterior of the submarine prior to
any cleaning or removal of concretion. The scan produced an exact model of the submarine accurate to within 2
millimeters. Using this digital model of the H.L. Hunley, researchers were even able to zoom in and measure the heights
of barnacles on the submarine's exterior surface. This preliminary study enabled us to ascertain the proper access to
conduct a safe scientific excavation without damaging the Hunley and the artifacts she holds. f) Archaeologist Shea
McLean removing sediment from the ballast tank during the stern excavation. Phase Two: The preliminary excavation of
the stern ballast tank (2001. 09. 28.) There is an existing hole in the upper starboard side of the tank. This provided a
limited, but easy access to the interior of the submarine, and also provided important data on the condition and nature of
the hull plates, ballast tank, backing plates and rivets, and the location of ship machinery such as propeller shaft and
steering controls. This phase and review revealed how the Hunley's iron plates were fastened, and how the sedimentation
occurred. g) Over 100 rivets were drilled out to loosen this plate. Phase Three: Removal of the plates. A series of hull
plates, and possibly other construction features, were removed to gain sufficient access into the submarine's interior. This
enabled the excavation team to retrieve the remnants of the crew and any artifacts associated with them and as well as
learn more about the operation of the submarine. An important focus during the phase, and the whole excavation, was to
maintain the integrity of the submarine's construction and therefore remove as few plates as possible.
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k) Locations of some of the early finds. ) A more comprehensive diagram. m) 6/8/2001.
Fig. 51 Continued (Excavation and conservation in WLCC). h) Archaeologist Michael Scafuri excavating mud and
sediment from the Hunley. Phase Four: Removal of sediments. The sediments inside the central compartment and the
accessible portions of the ballast tank areas were excavated by hand using a combination of trowels, metal and wood
scrapers and spatulas. All sediments after screening will be collected and disposed of in a respectful and proprietary
fashion. i) Claustrophobic as a drain pipe, the Hunley's crew compartment was filled floor to ceiling with sediment when
the submarine was raised. Archaeologist Shea McLean (examining the crankshaft used to propel the hand-powered sub)
and his colleagues spent months carefully uncovering the bones and belongings of the crew - some of which were
embedded in the corroding hull. "Coaxing the delicate remains of a crewman's hat from the cement-hard encrustation,"
says McLean, "was like trying to get wet tissue paper out of rock." j) Archaeologist Maria Jacobsen holding Dixon's
gold coin. This photograph was taken only minutes after the coin's discovery (2001. 05. 25.). k) A diagram of the
locations of some of the early finds (Image courtesy of Daniel Dowdy.). 1) A more comprehensive diagram of artifacts
found and their locations within the submarine. The submarine H.L. Hunley represents one of the most complex
composite structures ever recovered by an archaeological team. At this point, only the exterior of the submarine has been
extensively analyzed. The exterior hull is comprised of wrought-iron plates of various sizes, several cast-iron fittings and
glass view-ports. The excavation of the interior has produced a large number of artifacts taken on board by the crew
including navigational instruments, paper, clothing and personal items. In addition, the presence of human remains trapped
in this 'iron tomb' has made the conservation of the H.L. Hunley a unique and somewhat daunting task. All actions
undertaken on the submarine have been balanced and controlled so that the impact on the fragile artifacts and organic
remains is minimized.Conservation is extremely important in the field of underwater archaeology. The uncontrolled
exposure to air of any material recovered from a marine environment can lead to irreversible damage and the disastrous
loss of archaeological data. Iron artifacts in particular are susceptible to rapid deterioration when exposed to an oxygen
rich environment. Moreover, chlorides from the seawater penetrate the iron on the molecular level. When in solution,
these chlorides present no real problem. However, when exposed to air, they slowly dry in crystal form. As the crystals
grow, the surface of the metal will expand and flake away, eventually reducing the artifact to a pile of iron oxide dust.
Similarly, organic materials will literally collapse upon drying in a matter of days. These reactions are due to a sudden
break in the equilibrium reached by the artifact after years of submersion. The main goals of conservation, therefore, are
to provide archaeologists with the proper tools and techniques to handle, store, stabilize, and study the recovered artifacts.
Unfortunately, the stabilization of marine artifacts is often an expensive and time-consuming endeavor. The duration of
the conservation work on the H.L. Hunley and its associated artifacts is anticipated to take seven to ten years before
they can safely be handed over to an exhibition facility. The conservation process includes: a pre-excavation study,
interior excavations, long-term stabilization of the vessel and interior artifacts, and a study of the human remains by a
forensic team from the Smithsonian Institute before reburial. m) The Hunley submarine rest underwater at the WLCC as
seen in this underwater picture. The hand crank and bench that the sailors sat on are visible inside the sub. The white
tube seen inside the submarine is an impressed current protection system that holds a titanium wire that oxidizes inside

the confederate submarine, reducing corrosion. 6/8/2001. **NOTE : THIS PICTURE IS TO ONLY BE PUBLISHED IN THE POST AND
COURIER AND http://CHARLESTON.NET. NO SALES, MAGAZINE, AND BOOK USE. DO NOT SEND TO AP OR ANY WIRE SERVICES**  Staff photo
by Mic Smith and Matthew Fortner.
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0) Dr. Ian Donald McLeod. p) Checking the inside of a canteen. q) Positioning portable 300 kV tube

r) Paul Mardikian. s) checking mercury vapor. t) checking the level of mercury content.

Fig. 51 Continued (Excavation and conservation in WLCC). m) General view of the submarine during the excavation
of the central compartment. n) Assistant conservator Philippe de Vivies during the excavation of the front area. Note air
circulation through the missing viewing port in the forward hatch. o) Senior conservator Paul Mardikian with Dr. Ian
Donald McLeod from the Western Australian Maritime Museum. p) Senior archaeologist Maria Jacobsen with Paul
Mardikian and Philippe de Vivies checking the inside of a canteen using a videoprobe. q) Hunley senior conservator Paul
Mardikian and Assistant conservator Philippe de Vivies positioning portable 300 kV tube during x-raying of the mercury
depth gauge. r) Paul Mardikian setting up the interior cathodic protection anode. s) Philippe de Vivies checking mercury
vapor into hull of the submarine using a Draeger Tube (CH 23101). t) Philippe de Vivies checking the level of mercury
content in the sediment underneath forward conning tower.
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Fig. 52 Excavation and conservation in the laboratory (www.hunley.org). c¢) Looking at an x-ray on the Fuji
computed system. d) Paul Mardikian and Philippe de Vivies working on the excavation of Dixon's remains. e) Intern
Ebba Samuelsson from Sweden excavating one leather shoe from the crew. f) Paul Mardikian excavating the inside of
the compass box. g) Paul Mardikian and Smithonian senior textile conservator, Mary Ballard sampling fibers.

* KosusT

ISSN: 2288-7229 - 75 -



Underwater Science & Technology
Vol. 21(2): 59-95, Aug. 2026

a) & b) An overhead crane
slowly raises the Confederate
submarine H.L. Hunley on
Wednesday, June 15, 2011 at
a conservation lab in North
Charleston, S.C.

Crane operators hoisted the
Hunley three(3) feet into the
air, the first step in a
two-week process to stand the
Confederate submarine upright.

c¢) & d) A worker positions a wooden platform beneath the truss. e) Conservators examine the Hunley.

f) Water is sprayed on the hull
of the Hunley after it was raised
on June 15 at a conservation
lab. The water helps keep the
hull from deteriorating when
exposed to air.

g) The Hunley, with some of its
hull plates removed, is seen on
June 15 after it was raised in its
tank.

f) Water is sprayed on the hull. g) The Hunley, with some of its hull plates removed.

Fig. 53 Uprighting in 2011 (knoxnews.com; postandcourier.com; thehistoryblog.com).!5) The Confederate submarine Hunley was
resting on its side at a 45-degree angle on the bottom of the Atlantic when it was raised in August 2000 and scientists had kept it in
slings in that position in the lab for the past 11 years. But they needed to turn it upright to continue with the job of conservation. ¢) A
worker positions a wooden platform beneath the truss holding the Confederate submarine Hunley after it was raised. d) & e) Conservators
examine the Hunley after it was lifted three(3) feet inside its tank. This is the first step in a process to rotate the sub into an upright
position and remove the truss that has held it for more than a decade.

15) thehistoryblog.com - Civil War sub H.L. Hunley sits upright.

'After more than a decade spent trussed in a cradle on her starboard side, the Civil War submarine H.L. Hunley is upright for the
first time since she sank under mysterious circumstances off the coast of Charleston, South Carolina on February 17, 1864. She was
raised in 2000 from the Atlantic floor at a 45°angle, the position in which she was found, and kept in 30 slings at that same angle in
a conservation tank ever since.

Engineers were concerned that moving the 7-ton, 40-foot vessel upright would put unbearable stress on the rusted iron keel. They
weren't sure what they'd find on the starboard side which had been buried in the sand for 136 years and then obscured from view by
the angle. In order to properly conserve the ship, however, they had to have access to that starboard side. The conservation team thus
spent two years planning and testing how best to rotate the vessel without harming it, using 3D computer modelling to simulate the
procedure.

The straps that were holding the Hunley in place were replaced one at a time with slings that had hand controls allowing for tiny
movement so the team could lower the port side gradually until the sub was upright. On Wednesday, June 22, engineers and
conservators began rotating the submarine, adjusting the slings by two millimeter increments to shift it gradually upright.

The process to rotate the sub was at times slow and tedious and others nerve-racking. The painstaking project took three days, with
scientists rotating the submarine mere millimeters at a time. After each incremental move, a series of computer monitors were checked
to ensure even weight distribution with no major stresses on the submarine.

Two technical issues added hours, and a little tension, to the project. At one point, the bow started to dip too much toward the
ground and scientists had to make modifications to get the submarine level again. They had anticipated the potential of this occurring
though had hoped it would not affect the rotation.

Also, a laser monitoring system - critical to detecting any potential warping or damage that scientists were desperately trying to
avoid - had to be adjusted one morning, causing a delay of a few hours for rotation work to start.

Even with the technical glitches, the laser never strayed more than a millimeter out of its target range, which is a remarkably
successful result even for automation, never mind for a rotation process that relied entirely on humans winching 30 slings for three
days.'
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¥ 4 s - '( y 1 3 L .
k) Hunley on a slow roll. 1) After delays, now turned upright. m) Rotated to upright position.
n) Civil War sub H. L. Hunley sits upright, June 24 thehistoryblog com,

Fig. 53 Continued (Uprighting in 2011). h) Workers release the tension on slings holding the Confederate submarine
H.L. Hunley on Wednesday, June 22, 10:11, and finished the painstaking, two-day job of rotating the hand-cranked H.L.
Hunley upright late Thursday. When the process is completed, the sub will be upright for the first time since it sank
with its crew of eight in 1864. i) The Hunley rests on its side on Wednesday, June 22, 10:11. Workers are rotating the
hand-cranked sub and when they are done, the sub will be upright for the first time since it sank with its crew of eight
in 1864. j) The Hunley rests on its side as workers adjust slings to move it upright on Wednesday, June 22, 10:11.
STy knoxnews.com k) Staff members at Clemson University's WLCC rotate the Hunley by
releasing tension on chain hoists. Hunley on a slow roll - a few millimeters at a time. By Brian Hicks
{bhicks@postandcourier.com) Thursday, June 23, 2011. The H.L. Hunley was never a fast boat, but it probably never moved
this slowly. On Wednesday, engineers and scientists at the WLCC began rotating the Confederate submarine into an
upright position - 3 millimeters at a time. The pace was plodding, the progress barely visible, but then speed wasn't the
objective. The idea was to right the sub without putting any stress on its iron hull. This was accomplished by slowly
adjusting the 15 straps that cradle the Hunley, and keeping a laser sight running from stern to bow that would detect
any twisting of the hull. 1) A laser alignment system is shown atop the Hunley inside Clemson University's WLCC.
Readings from the laser are used to prevent warping of the submarine during rotation and lowering.

After delays, Hunley now turned upright By BRUCE SMITH/Associated Press, postandcourier.com  Friday, June 24, 2011. m)
Mike Drews, lab manager at Clemson University's WLCC, inspects the Hunley after the successful rotation. Civil War
submarine rotated to upright position By Jinathan Lebowitz, usatoday.com

The rotation of the Hunley marks a historic point in the journey of the submarine. Once the preservation treatment is
complete and archaeologists are able to study the entire surface hidden underneath the corrosion layer, the submarine will
be placed in a Charleston Civil War naval museum. n) The first submarine in history to sink an enemy warship is
upright for the first time in almost 150 years, revealing a side of its hull not seen since it sank off the South Carolina

coast during the Civil War.
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'A recompression chamber is a pressure vessel used to treat divers suffering from certain diving disorders such as
decompression sickness. Often the terms recompression chamber, decompression chamber, hyperbaric chamber, and hyperbaric
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Table 4 Summary of the diving techniques used for the underwater excavations.
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oxygen therapy chamber are used interchangeably. The names reflect the different purposes that the chambers are designed
for, rather than their capability. Each is capable, within limits, of operating in the others' role: A decompression chamber is
a pressure vessel used in surface supplied diving to allow the divers to complete their decompression stops at the end of a
dive on the surface rather than underwater.'
18) Joiner 2001, p.5-35.

'A very simple type of demand-mode diving known as hookah has been in use for over 50 years. Hookah diving can be a
safe, inexpensive, and effective system for shallow water diving (generally 20 feet or less), where the user needs the
security of an umbilical and lifeline, limitless gas supply, and good mobility.'

Flemming and Max 1996, p.266.
'Hookah Diving: A type of shallow water surface-supplied diving where there is no voice communication with the surface.
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