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The effect of dead coral skeletons on the water quality and sessile
mollusks in the closed system
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ABSTRACT

Recently, for the purpose of constructing artificial ecosystem, the public aquarium and experimental mesocosm
systems are receiving attention. To design and establish an aquarium and mesocosm system, there is need of
several materials for simulating the environment, such as sediments, rocks, and plants. Expecially for sessile
mollusks, there must be proper materials to which sessile invertebrates can adhere. Nowadays, many aquariums
and mesocosm systems are using dead coral skeletons for sessile mollusks. This study was proceeded to have
data on the effect of dead coral skeletons on water qualities with the experiment on the environmental factors. For
this purpose, | made glass tank for experiment, chose two types of dead coral skeletons imported from the

Indonesia and observed the change of water

qualities and decomposition efficiency of TAN (total

ammonia-nitrogen), nitrite  (NOz) and nitrate (NO3). As a result, the lager the surface area was, the more TAN,
nitrite and nitrate decomposition rate increased. In addition, coral skeletons covered with crustose algae and
bacteria in the tank showed faster TAN, nitrite and nitrate removal rate and stabilization. Accordingly, this
experiment suggested that dead coral skeletons could be used as a sub filter for the closed system as well as an

adhering plate
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Fig. 1. The difference of the external surface between dead
rock and live rock. (a) dead rock, (b) live rock.

3] 1A AAEE FAY "F’Hﬂ'ﬁ% A& st} g

2 AAEEEC] At e =
T 838 a4tk o]F {3 7'5} AAE=ES] AE= 9
gt F-2k-8 A5 sluEA FL AleaAs U ol%
o1 gl o live rock =+ dead rocko|gl= HA o7 &

451 it} (Green and Shirley, 1999). -2 Ats.2] ARA|
7} Al7ke] 744’}%“1] w2} ohAs} = 7] Foll AT = E
Fo] Az EA oo AAE W wAAd AEE
o] sAket 7(H 2% 735 dead rockels}t F-2H <At 5
of 2t HAA|Bte] vk AEEe]l FEAEE T
live rocko]2} §-45 1 i} (Fig. 1). T2 AE FollA
53] ’ﬂ’iﬂ ZTARHES A AexFr du 9l A

Q3 7|F 07 A=t} (Yuen et al., 2009). ©]
dvbA o 2 HFAE Abolel £ $-= dhvhe] ¥
A geroez A Aol ofrh

il

o }-rl o

o] 7 7] FF A EFAELE WS $577 mesocosm
AFAEZRE vl T3 FAHLAT QJAEe 1A A
A= AE Atz sk 5oy 124 AAE=
o] AejATE A E 3= mesocosmolA A AEE
o] RAEFEA AMEEIL glom ALGAAE] 24 obAs)
£ % ¥x AFAREE AHEE1 3t} (Delbeek and
Sprung, 1994). 2.5 A2 ALEE o|F-E Brunty et
al. (1997) # Lee and Song (1999) & &% Q1% 3H7 e
A A JIFE A S =2 F total
ammonia-nitrogen (TAN), o2k (NOy) % HAk
(NO3) 52 ARAR a5 93 == °]E1f?l
ArshgtEe] AEA A44-& 58 wE L3t s 4 2
oA w5 '? 28 FAL silEd, oF F 5 "]'1*
o] 1A AAFEEES] FAE =FEA Y gt o}
‘43} 5| 2) "H‘V\E“ HellAl AEshA Efjagols J3=
uFlekal A% 7] wigolet. At o]& F 7hA] FH2] Ak
sxAEe] FAE ET2A] A o]of AFAILE o] 5=
Aol AgstA| ojufdt = “]i]bx]"ﬂ A= A7) o
FetA| o] F-ol A A] o} w3k Ak o] A& live rock 7o
A AFS Aol A 9] live rock4 PR ol o
gk Ad Fo] AsPFe Fo|t} (Yuen et al., 2009).
agrzg B dFoas =24 2714 &HeA live rock®}
dead rock?] =AY AHS Tl L o APy thekst
Ause FHstart siglvh 3 HAle AR e} 2379
TAHLARAM F7 o] 451 9= dead rock?] 2 = 27
HellA o] A eE wslglon F AR live rocke] 4~
"]"ﬂ v)x|e Qe Wi AHs F3 M F TRl i AelA
+ WS o] F T3l vk 1A dAlEES g A
FAZE 5 A ST e nlalE 24l g At
Arse FERFOEAN HE Austr R ASAA"S

5312 Belsid] ol4siaA sl

ERCTTT

1L.AY A=

dead rock-2 Sl=vAJolellA =915 A& F4l3ke] HA e
A& AA Al o] &sigitt = AlA F 33% HAkEra
4 (H:09) & ©|83te] dA7 #7185 AA 4ls

AF E3F ol AJo} Ao g 91zl 7] 8352 + 1.16 mmEHA
dead rock@} 7+ AXFHAL Az = Ao A}-831%
om AFHE o] 83ty dA AVE Hou= AES AA F

/\]-3‘6]-“1:]- live rock2 48 FA] SH<rol 3027 A4

FHol| F-25 g o Ats R 4 7 P =S AlA
5}"*/} JZs¢E AR JEE 30%, T2 22T, pH
8.129] ¢4 fxof 7hsl QA 28E Akl & A gt
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Table 1. The specification of the treatment tank system for live rocks

Item

Specification

Tank volume (L)
Filtering system
Temp. (C)
Salinity (%)
pH
DO (mg/L)
Flow rate (cycle/H)
Water treatment

Light

200

external filter + protein skimmer

22
30
8.12
6.88
3
artificial salt

indirect lighting

live rocks x| F3le] A7 43} 717 AA
Aol ARt live rock®] HASHE $13F A A AHE
Table 13} 7t}

Age] A8l rockEe] ¥94 542 Marsh (1970) <}
Yuen et al. (2009) ©] ©]$-3 aluminum foil method%
o] g3sle] ZAstgon AZIAle] EFWHAL Jeon et al.
(1997) o] AT-E Frusfe] Ao o] &3t

248 =z

Ao AH83E 55 30 em X 25 cm X 25 cm 9] &
+x2 & AA F ethanol® 4253t & A3ty x4
N otad AR RIS ARE3te] A7 53 o]=4

o] el s Fas) siglvh #RE S1%ke] 5 Watt %
HEE o]83}4 3 cyclehour® 7S X UldA £33}
5 Siginh 2o f1AE AU <l E4lo] s
283 Aol AAA W Fek AkdFe] Ao JIFS

o] x| FdsH AlF=F AAsick

IAYAE

Adof o]8% AELS F (Crassostrea gigas) = T
eiekt AefjA FAH AAE o]g-slelet. A 2 67.35
11.25 mm*] 27|24 100 L A 78] gz JFsli4
o]&3te] Akl 7t <Mt AAS A F Aol o]83}sl

Lo

4. dead rocke] el u]X] &= FF

AR A7l A Medt Azt Al wet X
d3kEsd (NHLCL) = Afgzed F4ste] ¢4 =
Asloict. AgaE Aed fxo 1 kg AtsAlz 74
Exp. 13} 1 kg9 dry weight dead rock 3 =7t 3 4
% Exp. 2, 330 g dry weight dead rock 3 &7t 2 T4
= Exp. 3, 100 g dry weight dead rock 10 722 T4
% Exp. 4 ¥ bare tank® 7A% tl=T % Exp. 5% 1}
o] FAskle (Table 2). 72479 Adgzol= 15 Lo

r:i ot

Table 2. Properties of materials in the dead rock experiment

Exp. 1 Exp. 2 Exp. 3 Exp. 4 Exp. 5
Materials coral sand dead rock dead rock dead rock
Quantity (piece) 1 3 10
Unit weight (g) 1,005.4 + 2.8  1.025.3 + 35.5 335.2 + 3.5 108.6 + 9.7 -
Unit surface area (cm® 4,306 + 285.6" 3525 + 33.5  207.5 + 23 75.8 + 11.5

* Exp. 5 is a bare tank as control.
** From Jeon et al. (1997).
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Table 3. Properties of materials in the live rock experiment

Exp. 1 Exp. 2 Exp. 3 Exp. 4"
Materials dead rock live rock live rock
Quantity (piece) 3 1 3
Unit weight (g) 332.5 + 15.2 1.032.4 + 32.8 338.7 + 14.5
Unit Surface area (cm?) 200.5 + 28.4 368.3 + 27.5 198.5 + 19.6

* Exp. 4 is a bare tank as control.

Redsea/\]- dledoz A odFe4E Tty /5L

dx]ste] 397 oA3L 7|17k TR AR Bok s
22TE A3y GEEE oF 30%2 A5kt W 13]
ST SHFE BEior A 4 a3k slx] gt
o} 347ke] obA43t ¥ 3 M H3tEE (NHCL) & 7479
Aggxo] TANC] 6 mg/Lo] HEE Fof & 23S 23] A

5. live rocke] R ef| w]x]= 43

dead rock¥ live rocke] #AH3E #335}7]9]3 4702
AgFez FAsIGY Exp. 12 dead rock Ad4xz
300 g dead rock 3 =7 A3}t Exp. 2+ live rock
1 kg 1 275 F939 2 Exp. 3 live rock 300 g 3
z27r& F9313t} (Table 3). Exp. 4= bare tank® %

T2 o]&sGit ¥z 15L.4 AdFHTE T8k
717155 A"t 347 kA8t 717k Ak ARt 5
ob 22 22TE A en diss oF 30%= A5t
gk v 13] S #F g SRFE EEislon A
% AANBEA] okgket. ekA3t 3 F (Crassostrea gigas)
YZhe] xol 12 A £ F A¥S 23] AAEGI
d Sxet 27 s5ds Y ¢AbE 3 mlY F5st
{%"}fm~ AAsEA] skt AT A AA F

3'-94 :;1 nllo Fﬂ
l‘lO E 0% _1\1

iy

A7|17t 5ot FARAHL 7 EA] #AHE e BAHEE
ol y] S ¢, 244 pH, EETS 315 13
ZA3st9 ). &A2 micro sensorE ©]g&3 YSIA} water

tester (YSI-150) & o]&3} —i,izjz‘s]- t}, AxsparEo] =
=85 B S AR EF 220 13 2 A7
of .z Wl A5 AFste 0.5 Mm—J 2719 filterg ©|

*"hﬂ(ﬁ AZ & okmuo} (TAN), o}d4ke] (NOy), @ AAk
9 (NOs) = Lamote*} Smart II colorimeter® ©]-83}o]
-’Jrz]' 640 nmolA EFES =Asle] Aksie] Malers 7

el SARALE 4 A7 ARERE dojA A= g A
ol¢] fox #FZ SPSS WIN Ver 17.0& o]&3}o]

ANOVA 9} t-test® E3} F2JA4 (P < 0.05) = ZA3}
pri=y
2 1

1. dead rockel -’.“—qu u|z] &= 43

275 AlQe 2 AY FellA A7 o 44T
pH 52 §7 }"d\‘/} 1 kg dead rock & 7|2 A=
Exp. 27} t}& A8 7o vlsf W3yl A v gh& 743

St /\}%/\]i‘%‘ Ylellq AAAe] Faks w]A = gl o]

54 J* T3t 6 52 + 0.48 mg/LS %<l Exp. 55 A9
5l1+= Exp. 19 7% 7.09 £ 0.55 mg/Le]$ 3 dead rock

A 79l Exp. 47} 7.07 + 0.55 mg/LZ 93 z}o]E 4
2] ekorem AE7|7kEet ov] ol H3E oA sk
t} (P > 0.05, Fig. 3).

TANS A AlZ A% Exp. 10] AlY w2y oA A9l

—&—— Exp.1
o] Exp. 2
8.30 1 A ———%—— Exp.3
. A
N ST
8.25 1 O V{\ P
v
z 8.20 1 o (e}
[e]
8.15 1
o
—.-a ]
8.10 1 \ O
8.05 1 | B §
\ IEY
8.00 4 = - A -
-
7.95 T T T T T T T T T T T T T T 1
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Elapsed Day

Fig. 2. Changes of pH concentration at various types of dead
rocks.
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Fig. 3. Changes of dissolved oxygen (mg/L) at various types
of dead rocks (mean * standard deviation, n = 4).
Different superscript letters are significantly different at P
< 0.05.

Total ammonia nitrogen (mg/L)

L S e e S S S S S S S S a—m—]
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Fig. 4. Changes of total ammonia nitrogen (TAN) at various
types of dead rocks (mean * standard deviation, n = 4).

HAag Bglon 27] 3U7E o ATy vlas] 5Edt
o7} gl ot o] whE AL Rk 50% TE% 7
&3k Aol 164 A7 Al vehdozs F WAz whE
H3l S 23] Exp. 49} v|asA % 4% o) w2 A7E 24
on upx]el Z2A|A % 0.37 + 0.04 mg/LE 7§ e 3k
+ et dead rock 7He] BlaelA= Exp. 47F AlY wi
2 TeEs 2yom foJd AolE vERtt (P < 0.05,
Fig. 4).

ofAArAL 27] Z71A7)el = YET Exp. 55 Al<E 2
E A8 oA 7L wER 27815tk 3 P27 Exp. 5
£ Astie Highe] 5 vdt Z9E ¥k Exp. 1
o] 7% Hagho] 1.18 + 0.18 mg/Lo|$leH Exp. 29} 3%
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Fig. 5. Changes of nitrite (NO;) at various types of dead
rocks (mean + standard deviation, n = 4).

1.16 * 0.11 mg/L¥ 1.19 + 0.08 mg/L< Yy 37
o me} opdatde] 2715 telle 2 Aol7) fleS Bth
HugE 1ol o]F 7+ Ad ol F= Aolrt ey A
Fom dead rock ApolelA] FoJgh ztelE et (P <
0.05). TAN#} mpt7bA] 2 Exp. 19] o}AAtel =7} 743}
WA 29 7+A 0 g Exp. 47} Swsk o] £ Exp. 3% Exp.
27} 1§15 v} gadke 294E 25k ot Zaske Al
A2 25 G5iAul Exp. 55 Alejg mE AT A
<+ Ak (Fig. 5).

akedel 75 s FeA ofAAbld) AbelE vk
P 75 27] 271 Al71E 2 Hag)t olF A
| GEppl o Aakle] Aol 271571 A7l ME o
2 57 SRl Azt olF AsA7el HolEwA
Mz usdt dasS 23k AAbgelA o] A mE ae
Exp. 1°]¢lew W=+ Exp. 55 A3 7 Huge
Exp. 2% 20.05 = 3.55 mg/Lo]glt}. E3& Exp. 10] 713
whe] 2| ughel =gl o AY ol wsiA wke ass
vehdlov Ad uix|ek ZA el 23] Exp. 47} 7P
2 39l 1.09 + 0.17 mg/Ls Yepdlom Ald 2 Exp. 5
©] 15.87 + 0.75 mg/LEc} o 1/15 A% &L gk Bk
2y dx2TE AlLdlre N olF Fa]el: dead
rock Apolell f-2]g Apo]E Holx] gk} (P > 0.05, Fig.
6).

)
=l

o3
>

[

2. live rocke] 4ol w|A] &= FF

pH?| 7+ A#717beet 2 o F8l &< 3l A48
sk AdE 2tk Yzl Exp. 45 AlQslie
dead rock®] ¥1% Exp. 1]t} live rocke] %1% Exp. 2
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Fig. 6. Changes of nitrate (NOj3) at various types of dead
rocks (mean + standard deviation, n = 4).

9} 3 B Ao E AolE A v vin|g 27 o
1] e Aol oyl tix2T Exp. 45 Al&l3taLE mhA|
o 7] A Ald =2 Exp. 13 AlY @2 Exp. 37+ #b
o] 0.04% AAALE = A JFE & F & Aole
ofusltt (Fig. 7).

LE2AL Ao® dlzTel Exp. 49 Fo] 6.25 =
0.25 mg/LZ AlY Y3ty Exp. 19] 7.12 + 0.36 mg/Lo|$)
own Exp. 27} 7.06 + 0.66 mg/Ls el Exp. 39|
7.01 = 0.32 mg/L= Yehf Al AT Abelel] 2§k Afo]
= YepA okl (P > 0.05, Fig. 8).

TAN<®] 7% live rock22 T4 Exp. 29} 30] 7] &

A3 45319 2™ dead rocke] Exp. 19 Bl 25%°]4 &
< S7HE Bk ey A olF @)t wEA ok
8.25 7 —e— Exp.1

6\ o Exp. 2
8.20 1
8.15
8.10
S 8.05
8.00 |
7.95 \
ANy "N /A\
7.90 | AL
N
784+——r—+———+——r——+——1——+—+

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Elapsed Day

Fig. 7. Comparison of pH concentration between dead rock
and live rock.
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Fig. 8. Comparison of dissolved oxygen (mg/L) between
dead rock and live rock (mean * standard deviation, n =
4). Different superscript letters are significantly different
at P < 0.05.

3} AR Hol5o] AA| AaAAHL Exp. 13 vl Exp.
39 7% °F 104 7prte] whE S 2o Fom Exp. 2

% 59 7}7fo] FraA A o] wskt), Fuly) 2 Ho]SHA TAN
TEE ZF 1 mg/L o3t agezH dix=T Exp. 45
ALslas k)] AZFAQ] A7} EA) T B Zulr)el=
live rock Ate]ell fr2lgk 2bo|7} veh] kgt (P > 0.05,

Fig. 9).

olAAFAL live rockd] Exp. 29} 30| 7] A7]ol f-AF
g S Bolon ZAAHANE FA4F Aol £A)3}
Ak o] gk Aol &= e A] ket (P > 0.05). dead rock

—e— Exp.1
—O— Exp.2
—wv— Exp.3
—A— Exp. 4

Total ammonia nitrogen ( mg/L)
w
|

1+ — T T—T—T—T T T T T T T

T
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Elapsed Day

Fig. 9. Comparison of total ammonia nitrogen (TAN) between
dead rock and live rock (mean + standard deviation, n =
4).
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Fig. 10. Comparison of nitrite (NO2") between dead rock and
live rock (mean + standard deviation, n = 4).

Exp. 19| 7% 5719l tl=7 Exp. 49 22> AF%Fez &
d AlAelA i AEe 2o FHagl
u 1.23 + 0.06 mg/LZ live rock®t} 27} &2
St Ad jr‘%} Exp. 29} 32 €4 % AE Ao
© Exp 29} 37} & 7HAgE A
< BaAE) agenn A &
+ 0. 05 mg/L< Yehith (Fig. 10).
o obedst vl £ H 2 Aol e b
Qak el Bxp. 29} 3 Alolel WATA Holh £
3} Akt —thl}% Xﬂﬂif} FHHR A - AdF Tl Aol7)
=g = W3}E ®al Exp. 39 A% Hn ¥
=7} 13.76 = 0.98 mg/Lo] o Exp. 29| #13} 16.06
+ 1.25 mg/L¥+= 2.3 mg/l A%< A5 Yepic) 34ty
o]+ Exp. 29} 8 5 3 mg/Lol3le] Fx2 A=)
dead rock Exp. 19] 7% olAidw} w/lA|Z =
Exp. 4% 22 AFes 7l 2342 2oF3en live
rock ¢l Exp. 29 37= o3t AolE yehllt (P <
0.05). ®3F Exp. 1°] 4% 8|5 1 5 ol A
o] djx7 R} wE ZAIE yepin Hugs yehd o|F

live rock A¥T7} n]2g 7448L Reo}) Aubdow

|

o

Korean J. Malacol. 28(3): 187-196, 2012

259
20 1
15 4

10 4

Nitrate(mg/L)

Elapsed Day

Fig. 11. Comparison of nitrate (NO3’) between dead rock and
live rock (mean + standard deviation, n = 4).

live rock® .t} vz} v|5gt 73S vkt (Fig. 11).
Az} dbegjole] Q1A 7] o]F dd TAN 3l ZF& 24
73%- live rocke| dead rockel| vlsl]l ALl 29 77 £
e Hof {3 AolE YeERth( P < 0.05, Table 4).
AL 75 28 ATFA s BEEG o
iz 7 Exp. 45 Al9)3lie iy AR EEE S Al
o AashgEe] Fxrt S7kske A7l dAsksich Exp. 2
9} 3] Afelle 2kel7t AANE Exp. 19] 74 4575
ZHasks AR A7 S S 07 et dj 279
Aol e AgolA 2% dat Ueykth (Table 5).

a

1. dead rocko] 4R o) u]x]:= 43

dead rocke] Al WX I Yol A} g A
A pHE 7% 2 H3}E Holx] 99itl. Lee and Song
(1999) °] ArellA szt A3k 7%454 7ol CaCOs7} 4
4l dead rock®] 7% A7 E3t o s AEFE
BARE AR 5 Aol A= wu]gt A2 Aol gl
e A = e v gl FHae oldslth o]zdt pH

Table 4. Comparison of TAN removal rate of two types of rocks during the stationary phase of nitrifying

bacteria at the experiments

Dead rock Live rock
TAN (mg/kg/day) 1.95 + 0.21° 3.75 + 0.52"
TAN (mg/my/day) 19.60 + 2.15 37.69 + 5.26

Values (mean * standard deviation, n = 4) with different superscripts in the same low are significantly

different at P < 0.05.
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Table 5. The mortality of Pacific oyster (Crassostrea gigas) during the experiments (first / second exp.)’

Six quarters/30days Exp. 1 Exp. 2 Exp. 3 Exp. 4
1
2 1/1 1/0 1/0 1/1
3 2/1 0/1 1/1
4 1/0 0/1 2/2
5 0/1 2/2
6 0 2/3

* The experiment was conducted two times. (first / second exp.) means the number of experiments.

9] ¢tA4& Haug and McCarty (1972) ¥} Grguric et al.
(2000) 2] pH$} recirculating systemel] =& 4179} Srna
and Baggaley (1975) o] X.13t st Ashatee]ole] o3t
AAbslAg ol Agkgt pHe| W9E 7.0 - 8.2 g A7 2%
o} 7o) A7|17ke] | 3H4 djel|A] o]2|gt dead rockel ]
gt pH M3k AAAQ] #4 b stel] v 2 =65 5
ol Akg i)
TAN 55& ZE AF Tl 29 2= YA A7t
2 Bolrh E3F ASALE AlLsia
7P} & &) TAN AAE $7}
2 Uehds B8k 712 gAY A 200 Aees
EHASY FUE 53 A7as TP Jeoeis Zte
A2l TSA (Total surface area) <} AA|Z<3] SSA
(Specific surface area) Alololl UA3ZF 27} EA|ghe 2 H
FlAT} oJuiEg 7k Aol7k ZART (Ki ef al., 2010).
= TSAE RF 7= S8 9o s ALE 4 3l 99
3=t dead rock®| 7-§- ®WA F7ket 2 u]&E TAN
5 A7} YePd2 dead rocke] ZHA o] TSAS SSA Ab
ole] zte]7} A9 gla& & = 3ol dead rocks A3
Fosh FEeE Alas

ol el ws
obAArgel A AR 27 BE ARTeIA obaed 37}

e Agew FATE Ryl oy epelo}

o A% QlA A7 Aok 2K e & & go
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