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FEXDBEMNMESH
T 7T, 2 K

(P EA&BEZTRER REKTHRN, RLHEESFOBEVE ST RE, L#F 200090)

FHE ARHE 2003~2005 4 6 AF 9 H AR X H AL #0818 B (Stomolophus meleagris )RR MG R, T iBE B £
WE SRR R RS KERE BERXER, MENEEN 29°00 ~34°00'N,127°00"E UL FG 2 15 5 ¥ W 25 X
£, 4REH,2003 % 6 H~2005F 6 5, H B SN FHEYES A 1555 kg/h.1 139 kg/h.839 kg/h,
2003 £ 9 H~20054F 9 AP IBE HILFE S BB EWE 2 A h 7 144 kg/h.2 292 kg/h.608 kg/h, 2003~2005 *F 6
AR 9 A, RERVEEYENAYEZRERK . A HEEHEREERLS P X EZEFILRBHBE, 6 A, RERY
BESHRAKNEREE N 17~25 C,EEEE N 10~19 C, L EhE N 23~33, K ZthE H 31~34.5;6 ABEETF
MERBEEN 17~21 C,REZREN 15~18 C,EHEZEE N 28~32, K EEF 31~32.5, PBE W RA KM, =&
k), EFE . BEZHEAKBAHNIENENS  UEBENEENGEEREE;MEE EZ KL RKETRNELS, Ui

"R RER D, oA, [ E K™ #4,2007,14(1) :83—89]

KR VBE; »HEE BE REX
FESE S S931 XHkFRiREE A

VP IEE (Stomolophus meleagris) » J& K i85 4
W ['] (Cnidaria) , ¥ 7K £} 4 (Scyphomedusae) , /R K
7K B} B (Rhizostomeae) , 1 7 7K BF £} (Stomolophi-
dae) , DR KEFFE (Stomolophus)™ , ¥EBET 2 5
AT AR SR W R i b e [ £
A TR AL A AT s B AR, B 20 HEAL 90 AN
th fE WAL , AR I AL BF % B 1 i U R R AR R T K )
MAEREING, L 2003 FHREBRER™E,
IKEBER & B R XN AN A 7 7 8 5% 21 7™
Wy, Ty EL ¥ Y BT Y5 AR AR R B ek, B T R AR K
FEET GRER, ZIE R 8 R AR B B KB R 2R
KL HE M E KB (Cyanea sp.) , LY &,
BmE R TR R 2R O g KR E T
2003~2005 5 K vb i A O B % G Bt AT I
2 2R Y S T8 8 X 2RI IX R A B R B K B A 2K
Hoamat T g, Aot T Ko mfi e Mt S
PR R 2R 2R, E 8 B — A 2R BT 5T R AR GE
MM, ABTFUEE G A 3 A 1 T I BERL X AR I X Vb g
HRAEYE. N R EHRIT RE, DAY
B (R0 — T TSR A B AL R = SR KA

Y% B #7:2005—12—20; 11T H#3:2006—04—03.
E¢mB . BEFAMBEFAmMHRIME.

X E % E:1005—8737—(2007)01—0083—07

1 #MRAE

2003~2005 4E 6 Hf 9 A7E R WX L&
BCHEAT R B K BE B0 2 1 K T MR W, MR WS A
29°00'~34°00'N,127°00'E L 75 %= ML 56 JiE #5 #7225 it
X, WLIARR 220 kW (¥ #E 9 v A, BURE 9 2 4
4 mX100 HBIRIER , BAEHE N 3 kn/h, ®ANE
P R TR W00 Py A 5 D v 1Y R N TR v R = (R
) R, WK B RS, b KR L B
F Seabird-37 #4 CTD W&, & FF 5 ANVl H# 1) #
{7 B ) 3k = A & R R (kg/h) , KB b ig
AEEmT 1000 kg/h KBS LAY BERE®
BB EEYE ST 10 000 kg/h B9 35 4L

2 FRESH

2,10 BEEYMENT
2.1.1 6 A

(1)2003 £ 6 A, XM AN EREYEN
15 000 kg/h, &K AEW =K 2. 75 kg/h, P EY &
41555 kg/h, BLES, Y IGHE T A F29°30" ~

TEHER N THTA978—), 5, MBI K 7, T E N FL R FH T 5 % 3 7. E-mail : fengyuanding@163. com
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34°00'N g 3k, K A4 & B m &£ X 7F 30°30" ~
33°00'N,122°30' ~126°00'E Al , £ E R A E EKX
7 32°00'N,124°00'E Mffif (& 1D,

(2)2004 “F 6 A, HMFESAANERENENR
10 667 kg/h, K AEVE X 1 kg/h, FHEYEH
1139 kg/h JLi, ¥ # iz 2 4 T 30°00' ~ 34°00'
N, LAY 8 5% m % S X 7E 31°00" ~33°00°
N,123°00' ~125°30'E [A], 44 & 5 i 25 5 X 7F 32°00'

N,124°30'E Mtizigs (B 1),

(3)2005 £ 6 H, HELFE SN A EEN
5333 kg/h, mEEYEN 3 keg/h, THEYENR
839 kg/h, Ui, VIGHE 2 0 A T 31°00' ~34°00'N
W, A 8 B om £ X TE 31°30' ~33°00'N,
122°30'~125°00'E [, ZE 4 & f% i3 5 &£ X 7F 32°30'N,
124°30'E Mtim i (B 1D,

N 121°122°123° 124°125°126°127° 128° E N 121°122°123° 124°125°126°127°128° E N 121°122°123° 124°125°126°127°128° E
T T T T L e = B T T T T T & T . T T T T T PP
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1 2003 4F 6 H.2004 4 6 H #2005 4 6 ARG EELAYE S
Fig. 1 Biomass distribution of S. meleagris in Junes of 2003,2004 and 2005 in the East China Sea Region

2.1.2 98

(1)2003 F 9 A, KM ANEREVNENR
30 000 kg/h, KL EN 2.5 kg/h, P EY =
M7 144 kg/h SLEF, W E T2 5 A T 30°30" ~34°

00'N L, HF AW ER FHEEKX L 31°00' ~34°
00'N, 122°00' ~126°00'E [al, £ ¥ & & s W E X 7E
32°00'N LAt (E 2),

121°122°123° 1247 125°126°127°128° E

N 121°122°123° 124°125°126°127°128° E N 121°122°123° 124°125°126°127°128° E N
T T 1 T T T T T P T T T T T T Pl T T T T T ] T
35¢F < SE 350F < i 350 f < R
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Fig. 2 Biomass distribution of S. meleagris in Septembers of 2003,2004 and 2005 in the East China Sea Region

(2)2004 £ 9 A, B AN BEREYNENRN
15 000 kg/h, KLY &4 3.6 kg/h, FHEY &
H2 292 kg/h SR, Y E T2 5 A T 31°00" ~34°
00'N g 38, o A W) = 3% v B SE X 7F 32°00" ~ 34°
00'N,122°00’' ~126°00'E [6] , A W B = E £ X 1£

33°30'~34°00'N,123°00' ~124°00'E #1 (& 2),
(3)2005 % 9 H, MM AAEHEVTERN
3 000 kg/h, &ALV EH 50 kg/h, FWEYER
608 kg/h, BLET, Vi H T2 43 45 T 31°30" ~34°00'N
W, R A ) = R B & X TE 32°00' ~34°00' N,
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122°00" ~125°00"E [8] , & tH B BA 6k 1Y) 26 4 2 e o
(A 2),
2.2 BKEEMBESH

IR K B R AN R R AR AR AT B M K B BCE T, IX
T 5 ) 3 2 2 3 5% ) 7K R 2K R AR 1 G 1 B O
DA B ZKCBE &) 4 0 B v 2 i SE I T, 54, T
6 HARBRVBEN > MUERKRI AFE,H6 H
WIREARE N, ATEGHRBEE S MSE
KR B AN B B 2 B RO R, FE R LA 6 A A BEAT 4
. (B 3~6)
2.2.1 BE

(1)2003 4 6 A HE MR ARKIREEEN
17~23 C,EEZBEN 10~19 C; AV ERREZE

TS

RKHAMEREZREN 17~21 C,KZHEEH 13~18
C;hEMERRMEEXNNKRERE N 17~20 C,
JREEE N 15~17 °C,

(2)2004 F 6 A E S MR AKIREEEN
19~25 C,EEBE N 11~19 C; AW ER R
XKWHERZEE N 19~23 C,K/ZHEE N 13~18
C;hEMERRMEEXNNKRERE N 19~21 C,
JREEE N 15~18 °C,

(3)2005 F 6 A HE MR AKIREEEN
17~24 C,EEBE N 11~19 C; AW ER RE
XHNKEZRE RN 17~23 C,EZEE N 15~18
C;hEMERmEEXNNKRERE N 18~21 C,
JREEE N 15~17 °C,

N 120712271237 12471257126 127°128° B 121°122°123° 1247 125°126° 127°128° B 121°1227123° 124°125°126° 127°128° E
o_/\| T T T T T, g" T o_<‘\| T T T T T, g_ﬁr T o _/\I T T T T T, g,l T
35°L 7 fﬁﬂ{gﬁﬁw s0pT "5%‘}0;?@@'@ N 5%5@3&@’&
34”%\ RN 3“\/ ’ 4 sy i e I A NN N T .
3 19\{:@) > ] 33 = 202\ (TS ] 3 |0\¢ M 5 ]

PN kS 4 A 23] —
3 e 10 F S8 4 K\”O@> @ 1
0 5 @ 022 ? p 2 2 2
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S Rl A o
ST P g 257 -\ P s 23 25
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Fig. 3 Surface water temperature of the Fast China Sea Region in Junes of 2003,2004 and 2005
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Fig. 4 Bottom water temperature of the Fast China Sea Region in Junes of 2003,2004 and 2005

Zib,6 AVIEENMREREN 17~25 C,
JREREN10~19 C, BRaBERMEREEE N
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IRE S MR AR EREYLT 2004 51 2005 F

F#REREERME 1~2 C,
2.2.2
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£h
m/E

PDF SCHFi ] "pdfFactory Pro™ X AL www. Fineprint.com.cn



http://www.fineprint.com.cn

86 T KR

14 %

A EERNNREZSEN 30~32, KEHER
31.5~32.5,

(2)2004 5E 6 AVIRE ST AR AN RZERER
24~33,KEHE N 3L.5~34.5; L MEBEREHEE
XWHIERZLE N 26~32, K2 ¥ 4 31.5~33;
EEREEERNIKREREN 29~31,KE
%% 31.5~32.5,

(3)2005 4 6 AWIRE ST AR AMRZERER
25~31,KEHE N 31~33.5; EWMEERELEKX

N 121°122°1237 124° 1257 126° 1277 128" E

121°122°123° 124° 125°126° 1277 128° E

WHIRERE N 26~31, K ZE N 31~32.5;4F
MERREEXNKNREREN 28~30,KEHE
H 31~32,

il ,6 HIPIBHEEN IR ERE N 23~33, )%
BN 31~34.5, mEmEERXMKRZEHEN 28
~32, K2 E N 31~32.5, 2005 4 6 Ay iEHK
mEEXMEAEERNREZREMNKZELEHH
2003 S0 2004 FE R HRAE 0.5 A 4

121°122°123° 124°125°126° 127 128" E
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Fig. 5 Surface water salinity of the East China Sea Region in Junes of 2003,2004 and 2005

2.2.3 MWRHBENH 2003 5 6 H~20054F 6
AV EEM ARG EAL R R m, B 3 2
JEHEAE 34°00'N,122°00'E~29°30'N, 126°30'E Wi
e, FE 1) B A S (D, Bk, SRz BTk
Vg ) A AR A B L b P AR Y AR e R ML
BB KEES ST IIEE S AR,
ZWIA F,2003 % 6 HP W E RSB EX £ 2
7 33°00'N,123°00'E~30°30'N, 125°30'E i1 [ [A]

N 121°122°123° 124°125°126°127°128° E

121°122°123° 124°125°126° 1277 128° E

(B D, ZuBERMERE R 15~21 ‘CE D, EEH
28~33( 8), 2004 iF 6 AV HEREREER FTE
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(E D,z R R E R 17~23 CHE D, HEHR
29~33(&E 8), 2005 4F 6 AV HEREREER TE
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(E D,z R R E R 16~24 CHE D, HEN
26~31(E 8),
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353 L / T T T T T L@yrg T 355 L /\
“ Ve s \
B 33°

X\ 4 a2

¥
- ;)
s
|
,
. .

| 34°3>\ L
N \\

o) - | 3Ic
v')_,u

i

— b %
2003567 | oL O
Junc2003 29 K 33

I I I I [ S LA

Id‘ ?IM T 35(: _/‘l T T T T Ia@”ﬂ T
s ored N 2 oTea
< 5 oy

34°

33°

.
1 o =" A
345
2004%6H | 29° 2005567 _
June 2004 Junc 2005

6 20034 6 H.2004 4F 6 H 12005 F 6 HARBXEEREH»E
Fig. 6 Bottom water salinity of the East China Sea Region in Junes of 2003,2004 and 2005
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Fig. 7 Seawater temperature(°C) in the section of 34°00'N,122°00'E—29°30'N,126°30'E in Junes of 2003,2004 and 2005
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Fig. 8 Seawater salinity in the section of 34°00'N,122°00'E—29°30'N,126°30'E in Junes of 2003,2004 and 2005

4% F,6 H7E 34°00' N, 122°00' E~29°30'N,
126°30" EWT 1T 4 70 ¥ B 4 v B 42 X N, 2003 SE 7
W 4y A Yo [ B K, 2005 4F B /)5 2003 SR LG
2004 £ 1 2005 £ R 1K 1 ~2 °C; 2005 4 #: F®
2003 T 2004 FEMAE 2 £ FH,

3 itit
3.1 RBEXVEEIHREESEKE

2003 £ 6 H~2005 5 6 H (8], KRG X g HE A
A= 49 8 38 A ARG, T EL 3 A 9 3k 1 R AR 08 A ek D
oA X AT B A iR A B, FAE, 2003 4E 9
H~2005 % 9 ARG PIGEDZIXFEE,

2003~2005 F[6],6 AW BELAYERAZE
X FEAF 32°00'N,124°00'E Mgk, 9 Ay
WEAY RN e B L, TE 2003 Euf &, £
oA T 32°00" N L AL i 385 7E 2004 4F £ 7
33°30' ~34°00'N,123°00" ~124°00"E ¥4 ; j 2005
ERBIHENEY &R EEX,

6 A, RIBRVIBE S MK AKRZREEN
17~25 C,KZRE N 10~19 C, K EHE H 23~
33, KR E N 31~34.5, MBEKPVEBERR K
KWHHAEAGEMA L EGFHRERE, 4 6 H
RGPS EREEFIRERE N 17~21 C, %

JRiRE N 15~18 'C, RIZELE N 28~32, KE &
31~32. 5, R JLb HO Ml v KM, e B AR K0T
3.2 WEENMESEKREE RAEEDNXE

1 TR B AR A FE AR R, A2 i 8 30 A Gl o 1Y
K 8~10 A H) , B K B 8 K A=, 70 A L S ) 2
S BEBE R M KA PR AL T AR AL, — Bk h,
BE A 4 BRI R 10 B A8 B, KR T e T RE R AR L
THEREHKEME I KERER R E 2 M,
HIE JF A XTI, B30 1973 ~1983 4F [A] J} 2 7§
A6 &8 i 8k i H K B (Aurelia aurita) 185 K
(C. lamarckii) YA J 1971~1982 4 [A] Jh 4% 22 73 #5 i
S5 ¥ H K B HCE B KR T T BRI, BB KR I
Tt 5y Ab, #h AR Al W] g 4 B B K B
HENZA, GlamfETERERE, B TIZREL
R PR AGE AN B KRG, 3BT 1986 il H (Rho-
pilema e.s’culenm)j(ﬂ]gﬁﬁﬁ[m , B BEAE 22 H K V)
BT AR KA E R Z [ 1996 +F, BT K EL
BAK, B BT & 2 K B (Chrysaora quinquecirrha) 3
=5 R K 1995 4F AR EL BT

6 H, X A0 X N AR E A,
WA KB AREBE KB A II R AK, K, &
Yo K A AR T 3R K AR AR R K B8 i
IKAE AL R K AR R 7K A, B 2R U gk /K BRI
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Dynamic distribution of Stomolophus meleagris in the East China Sea Region

DING Feng-yuan, CHENG Jia-hua
(Key and Open Laboratory of Marine and Estuarine Fisheries, Ministry of Agriculture,East China Sea Fisheries Research Insti-
tute, Chinese Academy of Fishery Sciences,Shanghai 200090, China)

Abstract: Since the mid-1990s,jellyfish blooms have been occurring every year in the northern part of
the East China Sea and the Yellow Sea,which have caused ecological disaster in those areas. The main
species in the blooms include Somolophus meleagris and Cyanea sp. sand S. meleagri is the dominant
species. We monitored the dynamic distribution of S. meleagris in the central and northern parts of the
East China Sea Region in Junes and Septembers of 2003,2004 and 2005. Based on the monitoring re-
sults,the biomass,distribution and inhabited environment of S. meleagris,as well as their relationships
with water temperature and salinity were analyzed. In Junes of 2003 to 2005, the mean biomasses of S.
meleagris in the monitoring stations were 1 555 kg/h,1 139 kg/h and 839 kg/h, respectively. In Sep-
tembers of 2003 to 2005,the mean biomasses were 7 144 kg/h,2 292 kg/h and 608 kg/h,respectively.
The results suggest that,from 2003 to 2005,the biomass and distributed range of S. meleagris in June
and September decreased and tended northward. The temperatures and salinities of sea surface water
and bottom water within the distributed areas of S. meleagris in Junes from 2003 to 2005 were 17—25
‘C,10—19 C ,and 23— 33 and 31— 34. 5, respectively. Assuming the area with the highest biomass
was the optimum environment for S. meleagris,the optimum water temperature and salinity of sea
surface and bottom for S. meleagris in June in the East China Sea Region were 17—21 °C,15—18 C,
and 28—32 and 31— 32. 5,respectively. Thus S. meleagris is a relatively low-temperature and high-sa-
linity species. The water masses which affect the distribution of S. meleagris include Yellow Sea Cold
Water Mass(YC) ,East China Sea Warm Water Mass(EW) and Yangtze Diluted Water(YD) in June.
YC is a water mass of low temperature and moderate salinity, while EW is a water mass of high tem-
perature and high salinity,and YD is a water mass of low salinity. YD usually extends northeastwards
in summer. The sea surface water temperature in the distribued range of S. meleagris was lower in
June of 2003 than those in Junes of 2004 and 2005, which was caused by the strong YC in 2003. Since
S. meleagris is a relatively low temperature species, the stronger YC in 2003 induced the largest
blooms and widest distribution of S. meleagris during 2003—2005. Thus in spring and summer,if YC
is strong, S. meleagris would bloom in the East China Sea Region. The salinity in the distribution area
of S.meleagris was lower in June of 2005 than those in Junes of 2003 and 2004, which was caused by
the strongest YD in June 2005. Since S. meleagris is a high-salinity species,the strong YD resulted in
the smallest blooms and occurrence range of S. meleagris in 2005, Thus,in spring and summer,if YD
is strong, S. meleagris blooms would be small and distributed narrowly. The blooms would also occur
further northwards in the East China Sea Region. [ Journal of Fishery Sciences of China,2007,14(1),
83—89]

Key words: Stomolo phus meleagris ;distribution; seawater temperature;seawater salinity; the East Chi-
na Sea Region
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Effects of sand on survival and growth of sand shrimp,Crangon uritai (Decapoda :
Crangonidae) reared in laboratory

LI Hui-yu', HONG Sung-yun®
(1. Key and Open Laboratory of Marine and Estuarine Fisheries, Ministry of Agriculture of China, East China Sea Fisheries Re-
search Institute, Chinese Academy of Fishery Sciences,Shanghai 200090 ,China; 2. Department of Marine Biology, Pukyong Na-

tional University, Busan, Korea)

Abstract: The sand shrimp, Crangon writai ,collected by a beam trawl in coastal area of Busan(Korea) , was
reared individually in laboratory under controlled conditions: 14 °C,salinity,32.5,L ¢ D 12 ¢ 12,feeding meat
of frozen prawns. To investigate the effect of sand on survival and growth of the shrimp,40 shrimps were
reared with sand substratum while the others were reared without sand substratum. The size of shrimp was
determined from exuviae,and the intermolt period was recorded. As a result, the survival rates were 38% and
25% for female and male reared with sand, respectively,and 28% and 10% for female and male reared without
sand. The mean intermolt periods were 15. 0 d and 15. 3 d for females and males reared with sand, respective-
ly, which were shorter than those of females and males reared without sand(16. 9 d and 16. 9 d,respectively).
The mean molt increments were 5.2% and 4. 8% for females and males reared with sand,and 3. 7% and
3.2% for females and males reared without sand, respectively,which showed that molt increment was greater

in both female and male with sand offered than those without sand. Consequently, this led to a higher growth

rate with sand rearing. [ Journal of Fishery Sciences of China,2007,14(1):90—98]

Key words:Crangon uritai ;sand;survival ; growth ;intermolt period;molt increment

CLC number: S96 Document code: A

Sand shrimp, Crangon uritai Hayashi and Kim,
1999,is one of the most abundant macrobenthic species
in Dadaepo coastal area in Korea. The species in habits
upon soft sandy or sand-muddy bottoms from intertidal
zone to ca. 40 m, and is distributed geographically a-
long the eastern Asian coast—the Yellow Sea, the
northern East China sea,the central and southern parts
of the Sea of Japan and the Seto Inland Sea'. Just like
other Crangon shrimp,C, uritai not only feeds benthic
polycheata, bivalve, algae and detritus, but also is
preyed by fish in these areas (unpublished data). In
spite of the ecological importance of this species in
trophical energy flow, previous study has only covered
its larval development™!.

The growth of Crustacea is a discontinuous

Received date:2006— 07 —17; Revised date:2006—08—25.

Article ID:1005—8737—(2007)01—0090—09

process because of the inextensible exoskeleton. In-
crease only occurrs, therefore, when they shed the old
exoskeleton and renew a new exoskeleton® "1, As a
consequence of the discontinuity, crustacean growth can
be broken down into the following two components
(growth factors). One is intermolt period(the duration
between two successive molts and thus the length of an
instar) ,and the other is molt increment (the increase
in size occurring at a molt)®!. In order to under-
stand the crustacean growth properly, the two
components need to be analyzed separately. Both of
the intermolt period and the molt increment can
display different response to environmental chan-
ges such as substratum(including sand) absence or

presence.
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(Decapoda: Crangonidae) reared in laboratory

It was reported that the size of particles(for in-
stance grain size in sand) the animal buried with affect-
ed burying ability for some decapod ( example in
Crangon crangon)™, It was also found that sand could
be used as a stimulus for settlement (such as ghost
shrimps Callichirus major and C. islagrand® 1),
and several studies have shown that the absence of
sand cue may delay the shrimp to settle and then

1211 which ultimately,

reslts in metamorphosing
leads to postponing of the growth(intermolt period
was increased). In addition, the growth of shrimps
reared with sand was better than that of shrimp
reared without sand™° 221, The above studies led to
a hypothesis that sand could affect one of the
growth components (intermolt period and molt in-
crement) of C, uritai. However, there is no empiri-
cal evidence so far.

In order to verify this hypothesis,a laboratory
experiment was conducted for both sexes of C.
uritai reared with and without sand. And the pres-
ent study is focusing on the effects of sand on sur-
vival and growth (including intermolt period and

molt increment) of sand shrimp C. uritai.
1 Materials and methods

1.1 Materials

C. uritai were collected by a beam trawl at about
4 m depth in Dadaepo(35°02'N,128°57'E) , Busan, Ko-
rea. The shrimps were transported to the laboratory in
coolers containing sea water from the collection site
with mild aeration, and gradually acclimated to the la-
boratory conditions at 14 °C,salinity 32. 5 and L : D 12

: 12 for 3 d before the experiment began.

1.2 Experiment design

The experiment was conducted with 80 plastic
tanks of 2 L each. Forty tanks were provided with sand
obtained from the natural habitat (collection site) of this
species, whereas the rest 40 tanks were without sand. A
total of 80 shrimps(40 females and 40 males) were used in
this experiment, Twenty females and 20 males were kept
individually in tanks with sand while the others were kept
in tanks without sand. Carapace length and sex of each
shrimp were determined before the experiment. During the

rearing,fresh food (meat of frozen prawns) was provided
every day and the residual food was siphoned off 24 h after
feeding. NSF and NSM refer to treatments of females and
males reared without sand;SAF and SAM refer to females
and males reared with sand,respectively.

The experiment lasted for 100 d. All of the in-
dividually rearing tanks were covered with mesh
lids to prevent the shrimps from escaping. The
shrimps were checked daily for the presence of ex-
uvia,dead individuals and the amount of food re-
maining in each tank. The molting time was also
recorded and considered as intermolt period. Sea-
water was exchanged every three days.

In order to reduce the stress of handling, the
carapace length(CL), from the tip of the rostrum
to the posterior margin in the middle, was deter-
mined by measuring the exuvia to the nearest 0.1
mm with ocular micrometers equipped in wild mi-
croscope. Growth was determined by linear incre-
ments of carapace length of the exuvia. The molt
increment(growth factor, I,+1) of Crangon uritai
was defined here as the ratio of the carapace

lengths in successive stage(i,:+1):

L= (CL1+1 —CL)/CL,
1.3 Statistical analysis

Kolmogorov-Smirnov two-sample test was
used to analyze any significant difference in the size
distribution of shrimps at the beginning of the ex-
periment. Survival data were analyzed with sepa-
rate 2-way(sand and time) ANOVA for female and
male shrimps. Data were expressed as the propor-
tion of the initial number of shrimp that survived
to each census. The effects of sand on the intermolt
period and molt increment were examined by re-
gressing the logarithm of each variable against car-
apace length (CL)#721  Analysis of covariance
(ANCOVA) was used to compare regression
slopes and elevations to determine whether differ-
ences occurred between the two sand treatments or
between females and males. A common slope was also
computed and the elevations were compared when the

individual slopes were not significantly different. In all
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statistical analyses, significant difference was deter-
mined at P<Z0. 05. This statistical analysis was con-
ducted by MINITAB program(version 12).

2 Results and analysis

The initial carapace length was (8.9 £1.0)

mm in NSF,(6.140.5) mm in NSM, (8.5+1.2)
mm in SAF and (6.1+£0.6) mm in SAM. No sig-
nificant differences were found in initial size distri-

bution in each treatment(Tab. 1).

Tab.1 Kolmogorov-Smirnov two sample test for difference of size distribution of shrimps used in each treatment
F 1 NBIERF K 5 77 A9 Kolmogorov-Smirnov 14 15

Treatment 741 NSF NSM SAF
NSM 0. 595(0. 400)
SAF 0. 769(0. 250) 0.472(0.514)
SAM 0.778(0. 333) 0. 919(0. 286) 0.549(0. 417)

Note:1) NSF—females without sand; NSM —males without sand; SAF —females with sand; SAM—males with sand.

2) Value in parenthesis indicate dmax.

£ :1) NSF— ¥ 1757 89 8 1 45 ; NSM — 6 ¥ 47 57 A 2 1 A 45 s SAF — & 7017 57 B9 8 1 15 ; SAM— & Y0 4557 R B 1 445

2) FEEMBERT dmalt.

2.1 Saurvival rate

Percentage survival is plotted against time in
Fig. 1. At the end of the experiment (100th day),
NSF and NSM showed 28% and 10% of survival
rates, respectively, while SAF and SAM showed
38% and 25%
(Fig. 1). The survival rate of female shrimp de-

of survival rates, respectively

creased significantly in both treatments with time
(F=149. 36, P<70.001) but sand treatment had no
significant effect on survival (F=0.01, P>0.9).
The survival rate of male also decreased with time
(F=185. 60, P<(0.001) but sand treatment had no
significant effect(F=0.03,P>0.4).

2,2 Intermolt period

Intermolt period was plotted against carapace
length for NSF, NSM, SAF and SAM (Fig. 2A —
D) ,and there were significant regressions of lg in-
termolt period on carapace length(Tab. 2).

The mean intermolt periods were 16.9 d,16.9 d,
15.0 d and 15. 3 d in NSF, NSM, SAF and SAM,
respectively. An analysis by ANCOVA showed no
significant difference in slopes among the four re-
gimes of NSF, NSM, SAF and SAM(F=1.58;df
=3,193; P=0.194),s0 all of the four treatments

were recalculated to a common slope (Fig. 2E).

However,there was significant difference in eleva-
tions(F=7.35;d f=3,196; P<(0.001). When the
sexes were analysed separately, ANCOVA revealed
significant difference for both females(F=1. 031;
df=1,85; P<C0.05) and males(F=8.74;d f=1,
1163 P <0.05). Intermolt periods are shorter in
both females and males reared with sand than those
reared without sand(Fig. 2E).

100
80
60

40

Survivalrate/% {7iF %

-
-0
20 - == NSM
=~ SAM
0 1 1 1 1 1
0 20 40 60 80 100

Experiment time/d 336 R

Fig.1 Percentage survival plotted against time in each
treatment(14 °C,S 32.5)
Note: NSF— females without sand; NSM — males without sand;
SAF —females with sand; SAM—males with sand.
1 MR TEFBEERT 204 C,S32.5)
1« NSF— 76 v 1] 37 04 8 14 /44 NSM — 6 v 47 57 0 M 1 A~ 45
SAF— 7 ¥ 1577 4 i 1 4 ; SAM— 55 ¥ 43 77 ) e T 1 15,
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Tab.2 Regression analysis on logarithm of intermolt period(days) on carapace length in each treatment
F2 WEERMPFRHEADH

Regression parameters [F] 3 & £t

Treﬁgm n IgTP = a+b- CL R j2
a b(£=SD)
NSF 19 0.920 0 0.033 3(£0.029) 0.83 =0.05
NSM 50 0.661 0 0. 090 8(=£0. 068) 0. 90 <0.05
SAF 36 0. 536 2 0. 081 3(40. 057) 0.76 <0.05
SAM 66 0.784 3 0. 067 0(40. 040) 0. 88 <0.05

Note:1) NSF—females without sand; NSM —males without sand ; SAF —females with sand; SAM—males with sand.
2)IP—intermolt period; CL— carapace length.

¥ : 1) NSF— 6 ¥b 17 57 (0 i M A~ 15 s NSM — 6 v 17 37 89 1 MR 45 s SAF — 55 0 17 37 B0 1 > 43 s SAM— 75 ¥ 471 77 (0 o kA 12k,
2)IP— W F 18] R ;CL— F .

2.0 A: NSF 207 B: NSM
= =
=S 1.6 1.6
g EEs °
58 e .8 ° b °
& oogp S ., o o o ot
= 12k °® SE 12 °
22 ~ar O I 5 all
8& ° ° o o o E& LN ]
S L] S °
T 0.8 F = 0.8+
20 0
0'4 1 1 1 1 1 1 1 1 04 1 1 1 1 ]
4 5 6 7 8 9 10 11 12 4 5 6 7 8 9
Carapacc length, mm f [ Carapacc length/mm T [
20 C: SAF 20r  D: SAM
~ ° =
] =
:8\@ 1.6 . %O@ 1.6 - .
EH TR ° .
B ] ot B ° ..}.o > < 0
EE s © EE % oo
24 ° o ° L d
EX 2 Ex
= 0.8 | ° = 0.8 |-
0.4 I 1 I 1 1 I 1 ] 0.4 1 1 I 1 |
4 5 6 7 8 9 10 11 12 4 5 6 7 8 9
Carapace length/ mm H Carapace length/ mm H &
20 g

lg (intcrmolt period/d)
8 L7 I of H i

04 1 1 1 1 1 1 1 1
4 5 6 7 8 9 10 11 12

Carapace length, mm H [

Fig. 2 Logarithm(lg) of intermolt period(days) plotted against carapace length in each treatment(14 °C,S 32. 5)
Note: NSF—females without sand; NSM— males without sand; SAF —females with sand; SAM—males with sand. Lines
in E show the regressions recalculated to common slopes for males and females.

2 BLEREABENRERKHXEQL C,S32.5)
1 . NSF— 76 vb 12 37 B4 i 7 A~ 44 s NSM — J6 ¥0 18 77 ) e T A 45 s SAF — 45 ¥b 1] 57 9 8 M1 16 ; SAM — 75 ¥ 47 37 i 2 M A
5. E o @£ F om0 i R E AU A L A
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2.3 Molt increment D), and there were significant regressions in log-
Molt increment was plotted against carapace arithm of molt increment on carapace length
length for NSF, NSM, SAF and SAM (Fig. 3A — (Tab. 3).
27 A: NSF 2 B: NSM
E] £
= | Em | o
25 1 gy 1
O X O KK [ ]
e 855 o oe0e o
S M o4 oo e0000e
San L = 0}
L0 204
—1 1 1 1 1 1 1 —1 1 1 1 ]
5 6 7 8 9 10 1 5 6 7 8 9
Carapacc length/mm & Carapacc length/mm
2r 2
C: SAF D: SAM
= =
S gL ° ®_ o ° é@ 1F
5 = e ° e o 0o B
%;»E oo, LI EE
=0 ° 'Y = \_)\
he e o = Ear
aty 0T ay O
—_ ] 1 1 1 1 1 1 —_ 1 1 1 1 1
5 6 7 8 9 10 11 5 6 7 8 9
Carapace length/mm f [ Carapace length/mm [
Ir g
1k SAM

1g molt increment
YR AR B (lg)

NN
O = \SAF

NSF

-1 1 1 1 1 1 1 I

5 6 7 8 9 10 11 12
Carapace length/mm H

Fig. 3 Logarithm(lg) of molt increment plotted against carapace length in each treatment(14 C,S 32.5)
Note:NSF—females without sand; NSM—males without sand; SAF— females with sand; SAM —males with sand. Lines in E
show the regressions reculated to common slopes for males and females.

3 BIEEKENENFRKHXEQL C,S32.5)
1 :NSF— Tovb 17 37 9 0 7 A 15 ; NSM— T8 v0 47 77 89 2 P A~ 44 ; SAF — & v0 17 77 B B 14 A 45 ; SAM— & Wb 4] 7= 80 HE 4~ 45 E
B £k 35 o o S R E B U A L ELRL R

The mean molt increments in NSF,NSM, SAF NSM, SAF,SAM) by ANCOVA showed no significant
and SAM were 3.7%,3.2%,5.2% and 4.8%,re- difference in slopes (F = 1.89; df = 3, 148; P =

spectively. An analysis of the four treatments(NSF, 0.133). However, elevations, after determining a
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common slope, were significantly different for each of
the four treatments (F=10.62;df=3,143; P<
0.001). When the sexes were analyzed separately,
there was significant difference in elevations be-

tween the two sand treatments for either females

(ANCOVA: F=6.30;df=1,53; P<(0.05) or
males(F =5.33;df=1,96; P<{0.05). This indi-
cates that molt increment is greater in both females

and males reared with sand than those reared with-
out sand(Fig. 3E).

Tab.3 Regression analysis on logarithm of molt increment on carapace length in each treatment

£3 BAEBKEMPKEENESH

Regression parameters [F] 3 & £

Trzgem . lg MI=a+6 - CL R P
a b(£SD)
NSF 25 0.068 —1.097(40. 544) 0.70 <0.05
NSM 46 0.186 —1.588(0. 993) 0.63 <0. 05
SAF 28 0.127 —1.637(41.034) 0.55 <0.05
SAM 50 0. 239 —2.013(40.725) 0.59 <0. 001

Note:1) NSF—females without sand; NSM —males without sand ; SAF —females with sand; SAM—males with sand.

2) MI— molt increment; CL— carapace length

£ 11D NSF— 95 17 57 B M 1 45 s NSM — TE b 1] 57 B0 2 45 SAF — B ¥ 18 37 B0 1 > 15 ; SAM— & I 1 57 B i 1 45,

OMI— BB KE,CL-F K

2.4 Growth

At the beginning of the experiment there were no
significant differences among treatments in the mean
carapace length of females (F=0.48, P=0.493) or
males(F=0. 04, P=0.851). Mean carapace length is
plotted against time for each of the treatments to ex-
amine the growth during the experiment (Fig. 4). In
both sexes, the growth of shrimp reared with sand was
faster than that of shrimps reared without sand. The
mean carapace length increased in the experiment was:
1. 22 mm in NSF;1. 43 mm in SAF;0. 6 mm in NSM
and 0. 9 mm in SAM. Although it was not available to
make effective comparison between the growth rates of
the sexes due to the differences in initial size,the abso-
lute increment during the experiment was higher for

females within each sand treatment.
3 Discussion

Shrimps with burying ability exhibit different
attitudes in their substrate requirements. Penaeus
vannamei does not have specific substrate require-
ment'?!, On the other hand, Meta penaeus macleayi
grew 11% — 22% faster in aquaria with sediment
than in aquarium without sediment™®. Results of
this study showed the beneficial effects of providing a sand

substrate in reared C. writai. Shrimps reared with sand
showed better state in survival,intermolt period, molt in-

crement and growth than those reared without sand.

11

—e— NSF
-0 - SAF _-0
10 —y— NSM -o- -~

Carapacc length/mm K

8,

Ty vy
R B —¥ — —v

6<;__,V_ -V-$V’—¥-—v——v/ v \g

5 ‘ ‘ ‘ ‘ ‘

0 20 40 60 80 100

Experiment time/d 5540 R 4%

Fig.4 Mean carapace length plotted against time in each
treatment(14 °C,S 32. 5)
Note: NSF—females without sand; NSM— males without sand; SAF
—females with sand; SAM—males with sand.
4 HKE5FEINIXAEQL C,S32.5
1 NSF— 70 ¥ 18 57 (9 i 14 44 ; NSM — 6 b 18] 37 4 i M A 4
SAF— 5 Vb 17 57 (4 14 4 s SAM— 55 Vb 1] 77 ) e 1 A4,

3.1 Survival
Survival was higher in both females and males
reared with sand than those reared without sand. How-

ever, the differences were not significant. Similarly, the
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poorer survival reared without sand has been found in
previous studies on Penacus semisulcatus de Haant?”
and Penaeus japonicus Bate# 24,
3.2 Intermolt period

Intermolt period increased steadily with increasing
size of premolt stage in all of the treatments, which
was found almost wuniversally in Crustacean
growtht®2*~241 Tn both females and males the inter-
molt period was prolonged when the sand was not
offered, with a relatively greater effect in females
(Tab. 4). This increment was consistent with the
results reported earlier. Several previous studies
have shown that absence of sediment such as sand
cue might delay to settle and then metamorphose,
which consequently resulted in prolonged intermolt
period™ 1, This lengthened duration reflected that a
longer time was needed for the accumulation of suffi-
cient reserves in order to molt?” . Actually in the pres-
ent study, the efficiency of feeding was lower in

shrimps reared without sand than those reared with

sand.
3.3 Molt increment

Contrary to the intermolt period which was
consistently prolonged with premolt size of
shrimp,the molt increment decreased with increas-
ing size of shrimp,as has been observed almost uni-
versally in previous studies™?# %!, In both females
and males, molt increment increased when sand
was offered(Tab. 4). Due to the scarce information
in these studies,few data was available to compare
with the present study. However, it has been ob-
served that the shrimps reared without sand kept
moving in the tanks, while those reared with sand
were buried in the sand when not intaking. Hence,
less energy has expended by the shrimps reared
with sand than those without sand. As a result,the
energy used in molting was greater in shrimps
reared with sand, which ultimately led to a greater

molt increment.

Tab.4 Effects of sand on survival,intermolt period, molt increment and size increase

R4 WRERXEER RSB REMNER NG

Treatment Survival/ % MI/% Size increment/mm
b FiEE FREKE
NSF 28 3.4 1.22
SAF 38 16.9 4.4 1.43

Difference/ % 35.7 —10.6 29.4 17. 2
NSM 10 3.4 0.6
SAM 25 3.7 0.9

Difference/ % 150 —3.4 8.9 50. 0

Note:1) NSF—females without sand; NSM —males without sand ; SAF —females with sand; SAM—males with sand.
2) The difference between the two sand treatments is given as a percentage change from the values for the whole study.

3)IP—intermott period; MI— molt increment.

£ : 1) NSF— L5 17 57 B M 1 45 s NSM — TE ¥ 1] 57 B0 HE 2 45 SAF — B ¥ 18 77 B0 1 > 15 ; SAM— & I 1) 57 B i 1 45,

DNFEV FAIF W B S AEE R T HRER.
3) TP — 81 % [a] % ; MI— 8 57 38 4 =%,

3.4 Growth

In this investigation,the presence of sand affected both
intermolt period and molt increment of females and males.
And the presence of sand had substantially greater effect on
molt increment than on intermolt period in both females and
males(Tab. 4). Therefore,the growth of shrimps reared with
sand was significantly better than that of shrimps reared
without sand. Although insufficient information is known

concerning the effect of the presence of sand on two compo-
nents of growth(intermolt period and molt increment), the
growth state in this study is similar to the results reported
in other crustacean growth research® %1, Penacid shrimp
ingests micro-organisms and other living organisms continu-
ally, regardless of the presence of high food concentra-
tions®. Tt is, therefore, assumed that these living or-

ganisms, such as benthic diatoms, copepods, and pol-

1) Kittaka J. Food and growth of Penaeid shrimp[ C]. Proceedings of the first international conference on aquaculture nutrition. 1975 :249— 285.
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ychaetes growing on the sand, nutritionally play an
important role in the growth of shrimp. Further-
more, sand had a significant buffering capacity to wa-
ter quality and could reduce total nitrogen, nitrite,

ammonia and sulfide concentrations in water, resul-
ting in a better growth of shrimp™®,
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