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Influence of Ammonia and Nitrite on the Survival and Growth of
the Tiger Crab, Orithyia sinica (Linnaeus) Larvae
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This study investigates the influence of waterborne ammonia and nitrite on the zoea and megalopa stage
larvae of tiger crab, Orithyia sinica under laboratory condition, focusing on the effects on survival and
growth as deleterious responses of toxicant. Survival rate of zoea stage larvae exposed to control levels, and
to 5, 10, 20 and 50 mg/L total ammonia-N, using a continuous flow system for 20 days was 80, 77, 45, 40
and 37%, respectively. Growth rate of zoea stage larvae exposed to 20 and 50 mg/L total ammonia was sig-
nificantly lower than in controls after 20 days (P< 0.05). Survival rate and growth rate of megalopa stage
larvae exposed to ammonia also decreased at greater than 10 and 50 mg/L, respectively. In the nitrite expo-
sure experiment with zoea and megalopa stage larvae of tiger crab, survival rate was decreased in a concen-
tration and exposure period-dependent way. The growth rate of zoea and megalopa stage larvae of tiger crab
exposed to nitrite decreased at greater than 150 mg/L. nitrite concentration.

Keywords : Ammonia, Growth rate, Nitrite, Orithyia sinica, Survival rate, Tiger crab

WA, Orithyia sinica (Linnaeus)y= A o)
&3 dd & U QER AAA AF
o] -yt MalihE: STAHOE B f9 o
FollAet Fx b, AFo] Kol oA A4
&= el o] -]t} (Kim and Chung, 1990).
H 72 A E Uigk o7t SorEEA 2zt
7ol ol & =& o FAel oA BS Eof
A& FAM (Kim, 1988)] glo] A2 2o
o]l QFEHE AA otk WA= gtoiAte]
B9 gk A3 Wslel Fyog
Aggo] A AHE W 553 ghe g 93}

tCorresponding Author : Ju-Chan Kang, Tel : 051-620-6146,
Fax : 051-628-7430, E-mail : jckang @pknu.ac.kr

67

o #2%el AR Z7HEI gle] WA A9
BEI} A& FHPUF ko] @ o
3H9 FFE A8 ATIE Ao W 4
Holth S4B YA FABAT A A
2o| guizt 23S olFolo} sim, F T
W AAE Do & Y= Pmol, ohda
59) 884 220 gk AT} ol Folxok &
927} sl

FEUIoLs} ohgALe Py AiHAA ThE
BHe SAEAeIth Yol ammonifica-
ton YO WAHT FHLEAA wlEH7]



68 TAL - BB ARG - ARE - BFR

X 8} (Alcaraz et al., 1997). R oH= dmZo)
M F2 gGEYo} o] | (NH)E EA)31H,
T2 % pHell we} v)o]23} e} (NH:)9He)
BYPE OBk B3] AR Yol HEL FANE
of o3 vidz AAAo) Fon ZHAYANA
243 ogde o3 EAA 28  Uuk
(Spotte, 1979). A=A X & LR o] th3t of
FoAl e A= o Wohd} (Smart, 1978;
Alderson, 1979; Tomasso et al., 1980), A2} 72+
< ZZHRel thek s Ags] wuE Aol
o} obEAF (NO: )2 R UYote] 2bsl3 efol A
S REEAEA FE g #38o) A
o AEA e B4 Frol =gd 5 9l
t} (Collins et al., 1975). 3HA12k, T x| <k
A A oA} TR} FFE] S = gle
o, 835 F olEld ofFt Bxo Z7H= A
Ao S FE gyol] G Fol 4R
A& oW1, FEAHA Ao HAALE Fd
4 AT} (Chen and Tu, 1990; Chen and Chen,
1992). EA7HA] gz dEYole} opAAbe] o
Fo 2 AEYAE FUEH= AR (Lewis and
Morris, 1986), §4d54 A3 (Chen and Chin,
1988; Ostrenski and Wasielesky, 1995) $°] 2.
U, HAE e g gRYoht ozl o
A7 ATk dA7A DA hE e
d+E X (Kim, 1973), 27124 (Hong,
1976), A3&AF 2 A (Kim, 1988) 5 thEE 7
Z3Q AejFoplnt AFH glow, 7k §4
8034 AL AR, AEE A9 AFairh
netA £ ArolME $F gEYol R opgat
o] HA fA49 AE E A vAE g
spetste} 27] FAALS Al FRAGA B 7]
ZARE AFeax S
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AL F52 Wyl o8 FEUT 9
Hoks AR UE (NHCDE, oA ke o}
AFEF (Sodium Nitrite) S stock solution. O 2
ZA S Asirel THele APFRE &
PHA st ©) stock solutions L8 2=
AT AFE QSL)ANA A17hg ILE Ag4z2
of fYHA L™, stock solution Y F
ARt FEYoFeEE 5709 &1 (5, 10,
20,50 ¥ 70 mg/L)9} IRTFE HAsY, of
A4 FEE 50, 100, 150,200 E 250 mg/Le] 5
TR k&7 AN RE AL
T 20+1.0CE fX YL, AY 34 5 o
°|l2 upAgI de|voE: 4% FFEATh
A9 24 FADAE zoea”] St megalopa”]
2 olA dAEE e, 7k 4gTe $3o)
AR ERE FAEHEAE Fl8] Yitd A
H5Zo A standard method (APHA, 1985)2 &
<, pH, ¥, gE Yo}, ofdAl 914k B L=
a2 FEE WY 23] (09:00, 17:00) A 3G T
(Table 1).
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Table 1. Chemical components of seawater used in the exposure experiment

Ammonia treatment group (mg/L)
Parameter
Control 5 10 20 50 70
Temperature
) 20.36+0.56 2048+0.58 20.52+076 20.38+085 20.39+0.88 20.66+0.57
pH 7.96£0.26 7.87+£0.08 7.92+0.12 7.95+0.09 7.88+0.15 7.90+0.08
Salinity
%) 30.55+0.87 29.38+0.56 29871063 29761054 2936+057 29.96+0.78
Total ammonia
0.02+0.01 5324076 1055+055 1942+154 5156+3.83 71.88+4.78
(mg/L)
Nitrite
0.58+0.18 036+024  0.391+0.09 0.69+0.16 0.55+0.24 0.68+0.10
(mg/L)
Phosphorus
(&lL) 0.98+0.82 0.921+0.56 0.95+0.54 0.93+0.31 0.86+0.07 0.98+0.08
174
Dissolved oxygen
7.58+0.26 7.39+0.35 7.57+0.62 7.55+0.18 7.28+0.19 7.66+0.31
(mg/L)
Nitrite treatment group (mg/L)
Parameter
Control 50 100 150 200 250
Temperature
) 20.25+043 20.58+096 20.15+087 2028+0.76 2036+0.74 2035+0.68
pH 7.8840.08 7.96+0.23 7.99+0.15 7.92+0.55 7.93+0.29 7.61+0.89
Salinity
%) 2932107 3005+085 29.67+054 29.851+0.68 29.88+0.79 28.96+1.08

Total ammonia

(mg/L) 0.02+0.01 0.021+0.02 0.0210.02 0.02+0.01 0.0210.02 0.02+0.01
m

Nitrite

(nglL) 001+002 50411026 99264212 151.01£2.03 202.22+1.56 250251128
m,

Phosphorus

(L) 1.08 £0.56 0.991-0.82 0.981+0.26 0.99+4-0.27 1.10+0.23 1.05£0.12
ug

Dissolved oxygen
(mg/L)

Values indicate mean + S.E. (n=40).

7.33+0.15 7.89+£0.68 71721046 7.281+0.29 7.3940.67 7.86+0.49
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length)®] ZHol& FA3sle AFEL Faidnt
°I1F Aol thet F24L student’s ttestE A
At tizrste] fo4dE P<0.059] FEo
2 A3

g 1

YTLOF SOl T A RS MEST AAHE

2097 w5 YRUYo} o] W z0ea7]
T AEEL U=} 80%, 5 mgL AR T
7t T71% 2 e o™, 10,20 ¥ 50 mg/Le] AH
TAMNE 22t 45,40 2 37%2 UET) (Fig
1). dEYo} kgl @ zoea”)o] Aol 1H)
= GFE Table 20 JERARITE 2097 9= Y)

o} &l W& WA zoea AAEL 202 50
mg/Le] AHTE7L 2+t 67.5% 2 63.3%E e
WA 2T (98.4%)9t ¥l w3ty 98 7+av)
HEFSTE (P<0.05). 1297 kR o} kSo] w}
£ megalopa”] A2 ZT77} 85%) A= S
& UERHAT, 71 22 HESS 70 myLe)
AETE 28%9] HEE&S JEIAT (Fig. 2).
1297} megalopa”] FA8S kU ole] w2t
A3 NE2TE 304%9) 4RSS U)o 5,
10 2 20 mg/lL HATE 266,253 2 242%
Z}z} ZAFE| AT (Table 3). @R Uo}l =% 50 @
70 mg/Lol &% megalopa’] S-S 158 2
139%2 ZAFE o] o3t Agz}olE VER) QY
o} (P<0.05).

Table 2. Growth of Orithyia sinica zoea stage exposed to different concentrations of ammonia for 20 days

Ammonia concentration Mean carapace length (mm) Growth rate
(mg/L) Initial +-S.E. Final+S.E. (%)
5 1.2340.05 2.36+0.13 91.9
10 1.2440.03 2.2940.09 84.6
20 1.2340.06 2.06+0.12 67.5*
50 1.20+0.04 1.96:+0.16 63.3*
Control 1.2240.02 2.4240.10 98.4

* Significant difference from control (P<0.05).

Table 3. Growth of Orithyia sinica megalopa stage exposed to different concentrations of ammonia for 12 days

Ammonia concentration Mean carapace length (mm) Growth rate
(mg/L) Initial +S.E. Final +S.E. (%)
5 2.9340.05 371£0.13 26.6
10 2.9240.03 3.66+0.09 25.3
20 2.8940.06 3.59+0.12 242
50 2.904+0.04 3.36+0.16 15.8*
70 2.88+0.02 3.2840.10 139"
Control 2.89+0.04 3.77+0.18 304

*Significant difference from control (P<0.05).
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Fig. 1. Survival rate of Orithyia sinica zoea stage exposed

to different concentrations of ammonia.
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Fig. 3. Survival rate of Orithyia sinica zoea stage exposed
to different concentrations of nitrite.
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Fig. 2. Survival rate of Orithyia sinica megalopa stage
exposed to different concentrations of ammonia,
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Fig. 4. Survival rate of Orithyia sinica megalopa stage
exposed to different concentrations of nitrite,

Frolgh 473 A7 AR E AT (P<0.05). Mega-
lopa”]¢] WHAE FLE AEE thik o
o] Qe AN A 21T 88% 9 AE
&< YERd A 100, 150, 200 2 250 mg/L -
E7olre 27} 55,43,33 2 5%S JERAATH
(Fig. 4). 237l lojA ofFite] =& ¥E mega-
lopa7]9] WZT7} 27.1%E JERIQI, 50 2
100 mg/LxETME 174 2 162%S e
At} (Table 5). B3] 150,200 2 250 mg/LoA A=
78,73 % 42%9] J4ES ve o tiz19)
H| WL ate] ol A7 AV ZAE AT
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Table 4. Growth of Orithyia sinica zoea stage exposed to different concentrations of nitrite for 20 days

Nitrite concentrations Mean carapace length (mm) Growth rate
(mg/L) Initial +S.E. Final +£S.E. (%)
50 1.2140.05 2.30+0.13 90.0
100 1.2340.03 2.3340.09 89.4
150 1.204+0.06 2.04+0.12 70.0*
200 1.25+0.04 2.04+0.16 63.2*
250 1.1940.02 1.90+0.10 59.7*
Control 1.2240.04 24140.18 97.5

*Significant difference from control (P<0.05).

Table 5. Growth of Orithyia sinica magalopa stage exposed to different concentrations of nitrite for 12 days

Ammonia concentration Mean carapace length (mm) Growth rate
(mg/L) Initial +S.E. Final +S.E, (%)
50 2.8840.05 3.38+0.13 17.4
100 2.90:+0.03 3374009 162
150 2.92+40.06 3.15+0.12 78*
200 2.89+0.04 3.104+0.16 73*
250 2.89+0.02 3.01+0.10 42*
Control 2.9140.04 3.70+0.18 27.1

*Significant difference from control (P<0.05).

a @

HRYoks 4 874 24 F 71 dubzql
SHEZEA ¥] o]l&std ¢EYol (NH)Y &
B A7 22 e AE #53A e
o} 2+2H7¢] 7% energy metabolism, gill, liver,
kideny, spleen, thyroid tissue®ll B-& &4 ]3]
© ALE BHygod, 44 dgetAst &
& 5 F4 549 AXot B2 4 weiy
T ¢kRYole] AatAde] thET) (Alcaraz, 1997).
Het F4E e & gRYot =& 49
A1 pH 7.94, 4~ 26°C Z 7o) 4] 24h, 48h, 96h 2
120h LCwE ZAME A 29,2.1,15 2 144
mg/LE YEMT} (Chen ef al., 1990b). E A7)

ME zoeaZ]®] WA FAL dALE dRYo}
EEAA Smg/Let IETE AT BE =5
AEFolA FES AfolE HPOon, AE Lo
50% ©13F= Jehstth 3 A AoIME 20
2 50 mg/L §E Yo} k& Fo|A hET7e} v
&ty FAE YAESE JERIAT (P<0.05).
ol& F5 3% AAE Chen et al. (1990a)9)
Penaeus monodons WAL 3 B yAE 2}
LEFSEE 24~96A17HE 9 dE Ul 2]
L A3} 133~52.11 mg/lL9] LCy 3HE 9 %
UATE £ AP A= megalopa”] F89 ¢
70 mg/Lol A 28%S] AZ3 AEEES HPom,
zoea?] FAYNAE 70 mg/Le AP Pl BE
HAte] AR o]ojF 7] WFe] HFTE AF
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312 stttk 18y megalopa”] fAle] A
zoea”] FAIE TEA 70 mg/lLe] AF oA
= 28%9 ¥lF 43d AELL vine) i
o] & Aol A& UdAAME 50 2 70 mg/L
o] kEToA 2o} v wEte] fod AR
atol& JERNATH (P<0.05). Wt @Al 71A)
Hi ozl dRYoel 54 A3 v|ws) £ uj
HA FAL e Al--Fell vlsiA v zA 74
o2 et
opbaAre] ¢ %9 nitrification®] 7ol
ofdted GRUolZHE] A FashA 7o
EQH Y HAAE FAld 3= FAE Yo
71e ZALE B @nprt Qo o Fol M f3)
&0 2 FE methaemoglobinB A, 230 g
AaE ke FEAE 59 od, tE
739~ methaemocyanin E43, Z2 9] WlakA
3l SF ol doll g X3A A Fo)
A} (Alcaraz, 1997). A3} (Fenneropenaeus chi-
nensis)®ll 3l Chen er al. (1990b)] AT A]
+ 24h, 96h, 120h, 144h & 192h2} LCs %ol
339,37.71,29.18,26.98 ¥ 2295 mg/LE BIH
ATk 4RVt Fxof viE ok §5 AL E
Aoy o7 AR BFPHoz Fgsh=
o 7} Wol Bl H T} (Spotte, 1979). B Ao
A zoea?] §A1Y] WAINAME ofFAate] W
AEEE ZANSE A3, obdAl nZol ohata] =
EHlE FEE HARE Jepision, AE
o ASIME 150,200 2 250 mg/Le] rZFo]
A dETY F93 2o]lE JERAT
(P<0.05). Megalopa”] +A419] A$E Fa3 A
< 2 AR AE eI gog S8
I A3 AT B8 A7E BEEHA £33 @
7daaet Z-goll it A7t R &Elojol & A
o2 Azt

2 o

WA, Orithyia sinica F+3& AoE Ry
ofgl ofA ke it AE 2 A #A3 AY

< AAEHTE RVl =& HFFoNA zoea
7] AL xF 204, 277 80%) AE S
£ YERRUAT 10 mg/L ol A o=
37-45%°] BEEE YERN ST, megalopa”]
AAME FAFE A Jeplith Yol
7F A e A e 9Fe RAKH
A3, zoea?] FAL 20 my/L ©)4He] EFEoA
megalopa”] 42 50 mg/L ©)4}2] FX A
ok Ao)E UEATE (P<0.05). oFEA =&
AHANME zoea?] HAI2 megalopa”?] FAYol
A FES kE27170) v s gEgo] 7
B2, 53] 150 mg/L o]A+e] o}aE A ko
29 zoea”?] FA3} megalopa’] A UIx
T HlAEte {3 AR A9E Jehit
(P<0.05).

S|

Alcaraz, G., Chiappa-Carrara, X. and Vanegas, C. :
Temperature tolerance of Panaeus setiferus
postlarvae exposed to ammonia and nitrite.
Aquatic toxicol., 39: 345-353, 1997.

Alderson, R. : The effects of ammonia on the
growth of juvenile Dover sole, Solea solea
(L) and trubot, Scophthalmus maximus (L.).
Aquaculture, 17: 291-309, 1979,

APHA (American Public Health Association),
American water works association, and
water pollution control federation : Standard
methods for the examination of water and
waste water. 16th edition. APHA, Washing-
ton, D. C., 1985.

Chen, C. J, Ting, Y. Y., Lin, J. N. and Lin, M. N. :
Lethal effects of ammonia and nitrite on
Penaeus chinensis juveniles. Mar. Bio., 107:
427-433, 1990b.

Chen, C. I, Liu, P. C. and Lei S. C. : Toxicities of
ammonia and nitrite to Penaeus monodon
adolescente. Aquaculture, 89: 127-137,



74 FAD - AED AN ARE - AR

1990a.

Chen, J. C. and Chen, S. F. : Effect of nitrite on
grouth and molting of Penaeus mondon
juveniles. Comp. Biochem. Physiol., 101C:
453-458, 1992.

Chen, J. C. and Chin, T. S. : Joint action fo ammo-
nia and nitrite on tiger prawn Penaeus mon-
odon postlarvae. J. World aquac. Soc., 19:
143-148, 1988.

Chen, J. C. and Tu, C. C. : Acute toxicity of nitrite
to larval Penaeus japonicus. J. Fish. Soc.
Taiwan, 17: 277-287, 1990.

Collins, M. T., Gratzek, J. B., Shotts, E. B., Dawe,
D. L., Campbell, L. M. and Senn, D. R. :
Nitrification in an aquatic recirculating sys-
tem. J. Fish. Res. Board Can., 32: 2025-
2031, 1975.

Hong, S. Y. : Zoeal stager of Orithyia sinica (Lin-
naeus) reared in the laboratory. Pub. Mar.
Lab. Busan. Fish. Coll., 9: 17-23, 1976.

Kim, H. S. : Tllustrated Encyclopedia of Fauna and
Korea., Sam-Wha Publ. Co., 14: 1-289,
1973.

Kim, Y. H. : Ecological studies on the growth of the
tiger crab Orithyia sinica (Linnaeus). Ph. D.
thesis, Cheju National University, Korea, 1-
83, 1988.

Kim, Y. H. and Chung, S. C. : Studies on the growth

and moulting of the figer crab, Orithyia sini-
ca (Linnaeus). Bull. Korean Fish. Soc.,
23(2), 93-108, 1990.

Lewis, W. M., Jr. and Morris, D. P. : Toxicity of
nitrite to fish: a review. Trans. Am. Fish.
Soc. 115: 183-195, 1986.

Ostrenski, A., Jr. and Wasielesky, W. : Acute toxici-
ty of ammonia to various life stages of the
Sao Paulo shrimp, Penaeus paulensis, Peres-
Farfante, 1967. Aquaculture, 132: 339-347,
1995.

Smart, G. R. : Investigation of the toxic mechanism
of ammonia to fish gas exchange in rainbow
trout (Salmo gairdneri) exposed to acutely
lethal concentrations. J. Fish Biol., 12: 93-
104, 1978.

Spotte, S. : Fish and invertebrate culture- Water
management in closed systems. 2nd ed.,
John Wiley & Sons, New York, 1979.

Tomasso, J. R., Goudie, B. A., Simco, B. A. and
Davis, K. B. : Effects of environmental pH
and calcium on ammonia toxicity in channel
catfish. Trans. Am. Fish. Soc., 109: 229-234,
1980.

Manuscript Received : November 18, 2003
Revision Accepted : March 20, 2004
Responsible Editorial Member : Joon-Ki Chung

(Pukyong Univ.)



