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Table 1 Chromosomal mutation of fishes in 2 lower sections of the Changjiang River

o R bk o fr
TR g FHRRB/T HRSEE % ~ EREEA ROk %
i L wANSY ERNSY Al
tiver ) %/ cell no. of cell mutagencity no. of chromosomal
, species no. of 3
section eell no. chromosomal rate chromosomal mulagenicity rate
N chromosome L.
TuIagenicity ~ mutagenicity
. = . 200 13 6.5 200 % 100 202 1.01
Cyprinus carpio
B
Ctenopharyrgodon 200 9 4.8 200 % 48 118 1.23
wdellus ’
. HoEs
(Y Coreius 200 8 4.0 200 % 50 101 1.0l
Nanjing guichenotf
Fmyd
Letarassis 200 14 6.8 200 % 52 182 1.75
fongirostris
Avigtichthys 200 & 3.2 2007 48 106 1.10
nobifis
“
. . 200 14 7.0 200 100 231 1.15
Cyprinus carpio
L3
Anguiile 200 22 11.2 200 > 3B 144 1.89
iT Japonicus
Zi}injiang R
Lefocassis 200 25 12.5 200 % 52 192 1.84
longirostris
O 8R
Loreius 200 11 5.5 200 ¥ 50 118 1.18
guichenoti
®2 KITHEIRBENZAESR
Table 2 Fish micronucleus in 2 sections of the Changjiang down stream
mEgar " I+
o om itk s O WA/ % AR % FHEE .
T &g o % ratic of
) . no. of rate of cell rate of cell HES % X
river section specics . ) . micronucleus cell
analyzed mieronueleus micronueleas reference criteria R
rate equivalent
polychromatocyte to nomal value
N B . 500 4.32+0¢.23 8.210.36 0.2 21.60
Cyprinus carpio
L¥:/}
+ +
B Bt Crenopharyngodon idellus 500 2.5510.31 3.5+0.21 0.2 12.75
Nanjfing e T+ -
Coretus heterodon 500 3.60£0.44 7.670.33 0.2 18.00
]
+ -
Aristichthys nobitis 500 3.30+£0.38 5.8+0.19 n.2 16.50
ﬁﬂ . 500 5.56£0.33 10.8 £0.47 0.2 28.30
Anguills japonica
-]
+0.4 +
W T Corines carpio 500 4.20+0.43 15.3+£0.43 0.2 21.04
Zhenjiang L3
® +
Arivichthys nobilis 500 3.40£0.27 7.8+0.28 g.2 17.20
. 500 4.42+0.38 4.440.17 0.2 22,10

Crenupharagodon idellus
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Table 3 Effects of polluted water on fish propagation and malformation in 2 lower sections of the Changjiang River

W
Kb B NimE ohservation index &t .
rivet section sragles ET = SR/ % WA % sy F remeaks
fertilization rate hatching rate mallormation rate survival rate
R o
-
HRILEUF Clenapharyng 72 44 51 yy  BWER/melL
lower stream _ ol 0.41
. odon ideflus
of drainage
MR Ha O
32k Ctenapharyng 6d 46 67 28 il é;ignﬁ L
Zhenjiang section wedon idetus o -
B
Ti"lﬂfiu Crenopharyng 86 78 1] g2
control grotp odon idel{us

2.3 BEFMMENBERERTY

MNEABTHESRME(EEAFILE ) MR
WL TS, KAHESERY . fBRE
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PRESRESE X, LHSRERRE X, B G R
HRREL,

e EMHENER

Table 4 Analytical results of Misgurnus anguillicautus
Ty FH O FEHE K& <

Bl REN KK/ WEx KB B jgn
section  samiples om mean  mean liver liver/ contral
length  weight  weight  body
1 218 14.8 15.4 0.53 1:29.1
1I 141 18.6 21.3 0.62  1:30.9 1;75.2
111 173 15.6 i7.8 0.57 1.:31.2
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Application of analytical technique for fish canceration,

malfermation and mutation in fisheries environmental monitoring

Chen Jiazhang Zhang Ritao Hu Gengdong
{ Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wit 214081}

Abstract  An analytical techrigue for testing canceration, malformation and mutation of fishes was developed

based on toxicology and modern medical analytical technology and applied to the monitoring of {ishery environ-

ment. The results confirm that the fishes in the 2 river sections of Nanjing and Zhenjiang, lower reach of the

Changjiang River, have got malformed and mutant due to the over — high condense of il in the water. The mon-

itoring results in Wuxi river section express that the malignancy (liver cancer) has been occuring in Misgurnus

anguillicautus livers,

Key words fish, canceration, malformation, mutation, environmen:al monitoring
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Experimental studies on intensive polyculture
of Chinese shrimp with bay scallop”

Wang Jigiao
{Dalan Fisheries College, 116023)

Li Deshang Dong Shuanglin Wang Kexing Tian Xiangli

{Ocean University of Qingdao, 266003
Abstract  Stocking performance, productivity and up limit carrying smount in an intensive polyculture of
Cinense shrimp{ Penaeus chinensis ) with bay scallop{ Argopecten irradians ) were investigated by using 8 enclo-
sures, each 5.0 m* 5.0 mX 1.8 m, fitted in a closed 1.7 hm? seawater pond in 1996, The Chinese shrimp and
juvenile bay scallop were bred mixed in the enclosures at a density of 6.0 shrimp/m® and 0, 1.5,4.5 and 7.5
scallop/ m?, respectively, and reared with commercial feed, chicken manure and chemical fertilizer. There was no
significant difference in survival rate of Chinese shrimp between 0 and 1.5 scallop/mz; the mean final body
length, body weight and yield of shrimp decreased with the increasing of stocking density of bay scallop signifi-
cantly(P<0.05). The vield of the bay scallop incresaed from 470 kg/hm? at 1.5 scallop/m® to 1 236 kg/hm? at
7.5 scallop/m?. However, the percentage of wet soft tissue weight in total wet weight decreased from (42.84 =
3.44) % at low scallop density to (37.88 +4.26) % at high scallop density. The results indicate that the up
limit carrying amount of scallop is 600~ 800 kg/hm? and the optimum stocking density of scallop is 1.0 scallop/

m?.

Key words Chinese shrimp, stocking, bay scallop, shrimp culture, polyculture, enclosure

Filter — feeding molluscs have been widely
reared in polyculture due to their plentiful supply of
juvenile, good growth, short cultural period and resis-

[1~6] Experiments on intensive poly-

tance to stresses
culture of bay scallop ( Argopecten irvadians )} with
Chinese shrimp { Penaeus chinensis ) have been suc-
ceeded!” ™ 1*) However, there are few studies on opti-
mumn stocking performance, productivity and up limit
carrying amount in the polyculrure, and hence, by us-

ing land — based enclosures in a closed seawater pond

WoRE N8, 1998 - 01 - 04
# Thus work was supported by the National Natural Science under

No. 39430150.

in Shandong during May ~ October 1996, we com-

pleted some items above.
I Materials and methods

1.1 Materials

Juvenile bay scallop, shell length{1,10+0.12)
cm, came from the Experimental Hatchery Centre for
Spreading Advanced Fishery Technique in Yian Tai,
Shandong. Chinese shrimp, body length(2.84 £ 0,
16) cm, from Huang Hai Fisheries Company, Shan-
dong.

The experiments were conducted in a seawater

pond (1.7 hm?,1.8 m deep} at Huang Hai Fisheries
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Company. The water level in the pond was main-
tained at 1.0~1.6 m. Eight land ~ based enclosures,
with bottom fences installed in mud of the test pond,
each 5.0 m X 5.0 mX1. 8 m, were lined with
plovethylene water — proof and supported by wooden
posts. For the structure of the enclosures , refer 1o @D,
1.2 Design for experiment

The 8 enclosures were divided into 4 groups.
Each group was stocked with juvenile bay scallop at a
density of 0,1.5,4.5 and 7.5 scallop/m?, respective-
ly, with 150 juvenile Chinese shrimp (6. 0 shrimp/
m?) in every enclosure. The scallop seeds in every en-
closure were located in 4 baskets, each(height 1.2
m, mesh (.5 cm) containing & layers. In each layer
there were 1~ 6 scallop.

The Chinese shrimp were fed with commercial
pellet food(45% crude 1;~1'Otein)<“1‘:l at a daily dose of
10% ~15% of body weight in 2 separate times (04;
00~05:00 and 16:00~17:00).

After the enclosures were filled with seawater ,
fertilizers were added at a rate of 100g dry chicken
manure and 10g urea per enclosure{ N: P=7:1). Af-
ter stocking, regular fertilizing could maintain the op-
timum water color and transparency {3545 cm).
Chemical fertilizer{15 — 50 — 0) was primarily applied
at 8 kg/hm? per week after the feeding began. If pH
>9.0 in the afterncon, the chicken manure was ap-
plied® .

1.3 Statistical analysis

Ten Chinese shrimp were sampled by a 70 cm
diameter dip net every 15 d and the individual body
length ( mm ) was measured for mornitoring their
growth over the cultural period. Ten scallop were
sampled randemly and the shell length and wet
weight were measured individually at intervals of one
menth.

The maximal mean daily net preduction {shrimp
or scallop) measured above dinoted procuctivities and
carrying capacity in a pond, and the biomass of

shrimp presented the load of shrimp in a pond when

1 Wang ligiao, Li Deshang, etc. Experimental siudies on polyeul-
ture in closed shrimp ponds. 1. Intensive polyculture of Chinese shrimp

with red Taiwainese tilapia. Agquaculure, in press

their instantaneous growth rate was almost zerc. The
up limit carrying amount of scallop in an enclosure
meant the most scallep bicmass affecting the growth
of the shrimp significantly.

The sizes of the shrimp and sheli { length, wet
body weight) were calculated with Mean + 8. ). The
data were analized and tested with Variance Test and
t Test . The result showed a=0.05 ['*

2  Results

2.1 Comparison of cultural results between polycu-
ture and monoculture

The Chinese shrimp werc reared for over 3
months and caught with a east net on 25 August.
There was no significant difference in survival rare of
shrimp between the polyculture { with 1.5 scallop/
m?)and the monoculture ( Table 1). But the average
body length, body weight and yield of the shrimp
were 2. 5%, 3.8% and 6.5% higher in polyculture
than those in monoculture, respectively. The absclute
conversion efficiency of nitrogen( = nitrogen contents
of Chinese shrimp and bay scallop X 160/N contents
in the feed and fertilizer applied) was 62.2% higher
in the polyculture{17.27% } than that in the mono-
culture{10.65%).

2.2 Effect of stocking density of scallop on growth
and sarvival of Chinese shrimp

The bay scallop were reared for 100 d and har-
vested on 3 October. The final body length, body
weight and survival rate of Chinese shrimp decreased
with increasing stocking density of the scallop over 1.
5 scallop/m?(Table 1}, _

The yield and survival rate of the shrimp were
correlated with the scallop density negatively. Statis-
tical analysis indicated thar the yield and survival rate
of the shrimp were significantly different from those
al 4.5 scallop/m?. Regression equation between
shrimp yields{ Y, kgfhml) and stocking density of
bay scallop (X, scallop/m®) was expressed as fol-
lows;

Y= 573.33-41.474X (r= —0.9801)
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Table 1 Final sizes, yields and survival rates of Chinese shrimp and bay scaliop in their iniensive polycoliure (n— 60}
Chingse shrimp bay seallop
scaltop/m” S
BL® fem RW/g yield” */g/m?  survival” "/ % SL° fem BW/g yield/g/mz suvival/ %
0 9.04+0.47a 8.65£1.30 49.37dbe 81.53a
15 9.34+0.50b 9.19+1.28 52.5%ac 83.67 5.9 +0. 6ahe 34.3+8.7 47.0 Y4.76
45 & 68+ 0.54c T.9TE1.50 35.76h 65. 34l 4.8x0. 5ha 19.7+5.6 87.1 B8.91
75 8.68+0.62c 7.761 83 27.6%ca 47_34h 5. 2+0 5cab 20.9£5.1 123.6 85.41

MNeote:Data in the rable is based on each trearment in the 2 enclosures. BL = body lengths BW = body weight: S1.= shell length; * Means with dif-

ferent letters differ significantly based on ANGVA and Duncan caltiple range test ar a=0.05, = # Means with diffrernt letters differing significantly

based on Student s 1 test at &=10.05.

2.3 Relationships between stocking density of bay
scallop and their survival and yield

The finai body weight of the scallop decreased
with the increase of their stocking density by 39.1%
~42.6% (Table 2). The average yield of the scallop
increased with the increase of scallop stocking density
significantly. At 1.5 scallop/m?, the average yield of
the scallop was 470 kg/hm®; as the stocking density
increased to 6. 5 scallop/m®, the average yield n-
creased to 1 236 kg/hm®. As wet hody weight of the
scallop increased, there was a significant increase in
percentage of shelled wet body weight ( soft tissue
weight) in total wet weight. At 7.5 scallop/m?, the
mean final body weight of the scallop was (20.9 £ 5.
1) g, and the percentage of the shelled wet body
weight 37.88% +4.26% in total body weight. At 1.
5 scallop/m?, the mean final wet body weight of the

In the intensive pelyculture of Chinese shrimp
with bay scallop, the productivitiy of shrimp was 1.
028 g-d™' - m 2, occuring at 15 000 scatlop/ hm?
(Table 3), which was similar to that{1.11 g-d7!-
m ™2} in the intensive polyculture of Chinese shrimp
with red Taiwan tilapiau_J . The productivity of Chinese
shrimp decreased significantly when the stocking den-
sity of scallop increased.

The growth of Chinese shrimp was inhibited after
the pond were stocked with bay scallop for 1 month
when the scallop net yield was 0.99 g=d ™'+ m ™%, The
up limit carrying amount of bay scallop was 3035. 6 kg/

hm? corresponding ta the growth of Chinese shrimp.

Table 3 Growth rate of Chinese shrimp at different stocking
densities of bay scallop in an intnsive shrimp — scal-

lop polyculture

scallop was {(34.3 £ 8. 7T)g, while the shelled wet body scal- net
Time DBLI DBWI  yield/
weight accounted for 42. 84% of its total wet hody :‘:’l fm:d BL/em W am fme (g
weight. This indicated that there was no significant 625 6.39-0.522 3.1220.68 0.85 96.1 Ums;o
difference in yield expressed by the shelled weight be- g 0 7.1520.36a 4.4220.69 0.54 8.7 0.520
cause the percentage of shell weight in total wet 7725 7.93%0.53db 6.02>1.24 0.52106.7  0.640
X . . R 8112 9.04+0.47dbc 8.65£1.30 (.66 157.2  0.943
weight also increased with the increasing of scallop’s 625 5.10%0.49a 2.7750.67 6.76 822  0.493
body weight. s 70 7.01£0.42a 4.18+0.76 0.61 94.0  0.564
7:25  B.22+0.53ac 6.75:£1.29 0.81171.3 1.028
Table 2 Condltion factors at different scallop densities B:12' 9.3440.50zhc 9.19+ 1.28 0.62 135.6  0.813
scallop/m’  body weight/e  RWST/%  condition factor/ % 6:25  6.21x0.59h 2.55:0.81 0.73 8.3 0.500
Ls 343587 42.84+ 3, 4dac 15.73+ 1. 39ac 45 710 6.89+0.43h 3.96£0.76 0.45 67.3 0.404
4.5 19.7£5.6 39.73+8.03b 17.24 +2.49bc 7:25 T.87x0.50b 5.91+1.13 0.65130.0 0.780
7.5 20.9+5.1 37.88+4.26ca 14.07 £ 1.62cab 812 B.68+0.54ba 7.97+1.51 0.45114.4 0. 687
Mote;  Means with different letters differ significantly based on 6:25  6.17+0.4lc 2.86+0.55 0.71 79.4  0.477
Student”s t test at a= 0. 05. RWST—raric of wet soft tissue. Condition 7710 7.02+0.52c 4.21+£0.94 0.57 %0.0 0.540
factor( % ) = wet body weight{g) * 100/ shell length/cm. 7.3 7:25 7.38+1.58ca 5.33+1.43 0.24 74.7 0,448

8:12 R.68+0.62ca 7762183 0.72135.0 0310
Mtoe: Means with different letrers differ significantly by Student’s 1

2.4 Productivity of Chinese shrimp at different

stacking densities of scallop

test at 0 =0.05 BL = hody length; BW = hody weight s DBLI = daily bady
length inerement, DEWI 2 daily body weight increment
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3 Discussion

3.1 Role of bay scallop in an ecosystem of shrimp
polyculture

In generzl, organic particles approximately ac-
count for 509 of total organic marter in high {ish

yield ponds! 1]

. Being filter feeders, scallops can
change water quality. The ostia of black seallop
(Chiamys varia ) (14 ~ 18 pm in diameter) are only
guarded by prolaterofrontal cilia( 12 ~ 15 pm long}
without a screen across the ostia formed overlapping
eulaterofrontal cirri. At low algal concentrations scal-
lops show high filter effeciency for particles over 7 um
in diameter. As algal concentrations increase, scallops
become more efficient in retaining small{2 —4 um)
particles with their abondant mucus. Also, feeding
period and amount of bay scallop can vary with phy-

;
['6‘, thus the water trans-

toplankton concentration
parency and primary production get controlled. During
the experiments, the improvement of pond environ-
ment was illustrated by the high DO level{ Fig. 1)and
steady transparency. It is estimated that 0.8~1.9 L
of water was filtered by 1 bay scallop in 1 b1 It
means the water in a 1 hm? sized and 1.0 m deep
pond can be filtered once every other day by the scal-
lop of 20 000/hm?,

In June and July, D(} levels did not differ signif-
icantly and increased with increased scallop density in
the enclosure { Fig. 1). Meanwhile, the primary
procuction was high in the enclosure (Fig.2). How-
ever, .in August and September, the primary produc-
tion significantly declined with inecrease in stocking
density of the scallop due to its high biomass.

3.2 Optimum stocking density of bay scallop

Li''® described fish carrying capacity expressed
by kg/hm?* in waters as the maximum fish production
within water quality eriteria for drinking or fisheries
according to the uses of water. The up limit carrving
amount for a species of animal is referred to its
biomass when its minor population inhihit the growth
of the main species.

As shown in Table 3, the growth of Chinese

shrimp differed stightly among the different densines
of bay scallop for their small size and low hiomass in
the first month after the scallop were bred in pond.
Since then (July 25, shell length>>3.0 ¢cm) there was
a significant influence of scallop concentration on the
growth of Chinese shrimp. The growth rate of Chi-
nese shrimp was much higher at 1.5 scallop/m? than
that at 7.5 scallop/m® when the net yield of bay scal-
lop was 0. 99 g-d"'-m"2, which suppressed the
growth of Chinese shrimp cbhvicusly( Table 4). [t was
found that the up limit carrying amount and produc-
tivity of bay scallop were 303.6 kg/hm? and 2.29 g-

d™'m"2, repectively,

Table 4 Growth rate of bay scallop at different stocking den-

sities in intensive shrimp - scallop polyculture

time, . ield/
momjh eNn:-lmurgL/.cm BW/g D::;/ Dlg:’/ ;'_d_' -
:date mo?
1 3.55+0.21 2.34%0.19 0.8 13036 0.46
4 3.3320.42 7.78x0.19 0.72 2518 ¢.38
X 3. 44ac 8. SBac 0.77 277.6 0.42
2 3.1820.19 6.76+x1.38 0.69 217.6 ¢.98
07:24 5 3.03x0.60 6.81£2.69 D.64 219.2 .99
X 2.66ca 3. 5Babe 0.67 218.4 0.99
3 2.6610.3% 3.85+1.31 0.52 120.6 0.91
6 2.6610.30 3.21£0.86 0.52 99.2 .75
X 2. 66¢a 3. 5Babe 0.52 109.9 ¢.83
1 3.91+£0.4810.22+4.25 0,13 32.6 .05
. 4 3. 71£0D.5710.21+4.16 0.14 90.0 0.13
X 3.81a 10.22ac 0.14 61.3 0.09
2 4.68+0.6214.42+6.29 0.56 505.9% 2.29
08:20 5 4.13x0.4512.63+3.17 0.41 215.6 0.97
X 4.41be 13.51 0.49 360.8 1.63
3 03.09£(.29 5.20+£1.43 0.16 5¢.0 0.38
6 2.69%0.48 3.26+2.60 0.01 1.9 0.01
X 2,89ch 4. 23ca 0.0% 25.9 0.20

Note; Means with differert letters differing significantly based on
Student”s v rest at a=10.05.

During the first month the growth rate of scallop
shell length was great (0. 52 ~ 0. 83 mm- d 'y,
which was significantly greater than that of Thalas-
siosira pseudomama in indoor troughs (1.0 mm*
week 1) ( Table 4) . Two months later, however, the
growth rate of body weight was great (200~ 500 mg

«d™") under suitable conditions(4.5 scallop/m?},
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DO/ img - ml7)

Jul. Aug. Sep-

Fig. 1 DO in polyculture of Chinese sheimp with bay scallop
A, B,C and D represente the stocking density of 0, 1.5, 4. 5 and 7.5

mallap/mz, respectively.

which was in agreement with the fact that the growth
rate of body width of old bay scallop was greater than
that of young ones! .

The growth rate of individual scallop was inverse-
Iy related to the stacking density of bay scallop. How-
ever, the net yield of scallop was the highest at the
median stocking density(4.5 scallop/m?) . By polycul-
ture of Chinese shrimp with bay scallop not only water
quality can be controlled, the net yield of shrimp can
be increased as well. Thus the optimum stocking den-
sity of bay scallop with shell length >1.0 cmis 1.0~

1.5 scallop/m? based on its up limit carrving amount.
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P E X5 S R NI HREFR SRR

| IEH
( KgAK &R, 116023)
FEN EAM LR HEAM

(BB XA 2R, 266003)

#i E AsfsteEdel 8 MEAEBG.0mX5.0mX 1.8 m), KT B I Penaens chinensis ) 5
TR &E B W Argopecten irradians )R RFQGHFF X A F AP FE, sHirk£(2.85=
0.16)em, BN 2K(1.10+0.12)em, HFFEFHH 6.0 A/m” F 0,1.5,4.5,7.5 #i/m’, BEMF4RE
(GERLE) . SRAE, RNTEA O 1.5 8/n’ T, SHEHAEELRELER, BRRAHN 1.5
B/ m A BB EE R ER RS ERE 2.5%,.3.8%F6.5%; SANFAFHT 1.5 £/m? #,
AEFGFHEK G EFFERANEANGERAEZTR Y (P<0.05). RREAEH1.5%7.5 i/’ B,
EAER 0 ke/bm® BE 1236 kg/hn”; ERANEARN, 2B E S EGT IHA(2.8443.44)%
BE(37.88+4.26) %, & Ny HF N 600800 kg/vm®, EEAFEAND1.0~1.5 H/m?.

KRR P EASE, EE RN, AR, SRR, R
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