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Chemical composition and net organic production o cultivated and
fouling organisms in Sishili Bay and their ecaogical €fects
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(Ingtitute & Oceandlogy, Chinese Academy o Sciencss, Qingdao 266071, China)

Abgtract : Chemical composition and net production of cultured bivalves and seaweed (the kelp Laminaria
japonica) , and fouling organism in the Sishili Bay, were determined. The investigated cultured bivalve species
involved the scallop Chlamys farreri , the mussel Mytilus edulis, the oyster Grassostrea gigas, the clam Ruditapes
philippinarum and Mactra chinensis, and the Ark shell Scapharca suberenata. The investigated fouling animals
involved the clam Trapezium liratum, the ascidian Styda clava, GCiona intestinalis, Cnemidocarpa chinensis,
Molgula manhattensis and Botrylloides violacens, and the seaweed Ulva pertusa. Samples were collected from
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different farming zones in the Sishili Bay in late May, 2000. All the investigated cultured bivalves and seaweed
had reached commercial size. C content of soft tissue of bivalve species was similar, with the range 42. 2 to
46.0 % of soft tissue dry weight; while N content was significantly different. The N content of the soft tissue of
C. farreri was the highest (12. 36 %) , while that of G. gigas was much lower (8. 19%). Chemica
composition of shells varied with different bivalves. N content of M. edulisand R. philippinarum shells was the
highest, 0.55 % and 0. 56 % dry weight respectively. C, H, N and P in mussel shells accounted for 30. 4 %,
30.2%, 31.8% and 29. 6 % of the total C, H, N and P respectively. In contrast, the shells of C. farreri
contained only 0.1% N, and C, N and P in the scallop shells accounted for only 6.2 %, 2.5 % and 6.9 % of
thetotal C, H, N and P respectively. In different part of kelp, N content was also significantly different. The C/
N atomic ratios in L. japonica and U. fascita were relatively high, possibly suggesting deficient N origin. In
different farming zones, the C/ N ratios in the kelp were also different , indicating different nutrient conditions of
the farming zones. In the Sishili Bay, about 850t N and 78t P were removed every year just through the harvest
of the cultured bivalves and seaweed, and the lost of fouling organisms, indicating the effect of aquaculture on
the ecosystem. Because a considerable amount of N and P was apportioned in mussel and oyster shells, it is
suggested that large quantities of mussels and oysters should not be cultivated in oligotrophic coasta region.
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Tab.1 Certain bidogical parameters o filter-feedersin Sshili Bay
filter-f ceders sation sheélmr:si)gm \2/5 i\:\]/ce;i_glr;t ?;y ivr\:[eji g?)t dry( thzlnldw?) ght  bivave cc()rlji)ti on index
C. farreri A2 68.2+4.5 1.9 17.5 11.1
M. edulis us 66.9+5.7 - 0.91 8.84 10.3
G. gigas us 77.5+7.4 3.98 1.29 18.4 7.0
T. liratum Al 10.1+3.3 0.0292 0. 0067 0.0126 52.7
M. chinersis us 33.5+2.5 3.89 1.13 5.41 20.8
R. philippinarum us 30.1+1.7 1.9 0.58 6.33 9.2
S. Suberenata us 33.1+1.6 1.97 0.68 6.38 10.6
S. dava A2 33.1+1.9 1.83 0.23
C. intestinalis us 0.243 0.030
Al A2 1;US,

Notes: Al and A2 showed in Fg.1; US, uncertain station.
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2
Tab.2 Chemical compostion o some filter-feeders in Sishili Bay
weight percentage ( %) atom ratio
filter-feeder station C H N P CIN H/ C c/P N/ P
C. farreri A2 43.87 6.81 12.36 0.839 4.14 1.86 135 32.6
C. farreri AL 44.75 6.90 12.01 - 4.35 1.85 - -
M. edulis us 45.98 7.16 11.40 0.708 4.71 1.87 168 35.7
G. gigas us 44.90 6.99 8.19 - 6.40 1.87 - -
T. liratum Al 44.24 7.60 8.98 - 5.75 2.06 - -
R. philippinarum us 42.84 6.76 10.76 - 4.64 1.89 - -
S. Suberenata us 45.86 7.37 8.71 - 6.14 1.93 - -
M. chirersis us 42.21 6.73 10.57 - 4.66 1.91 - -
S. dava A 220.52 3.2 4.41 - 5.43 1.88 - -
S. dava us 26.64 4.03 4.84 - 6.42 1.82 - -
C. intestinalis us 33.19 4.97 6.69 - 5.79 1.80 - -
C. chirersis A 219.50 3.18 4.88 - 4.66 1.9 - -
M. manhattensis us 44. 46 3.51 4.15 - 12.50 0.95 - -
B. vidacers us 35.28 5.19 7.79 - 5.28 1.77 - -

3
Tab.3 Chemical composition o shdls d some bivalves in Sishili Bay

TC H N oP oc

shell station % % % (x10°9 %
C. farreri A2 11.44 0.05 0.09 62.1 0.58
C. farreri AL 11.47 0.05 0.10 - 0.65
Argopecten irridians irridians us 11.59 0.05 0.06 - 0.39
M. edulis us 12.68 0.32 0.55 308 3.57
G. digas us 11.52 0.10 0.12 - 0.78
T. liratum Al 12.01 0.28 0.33 - 2.14
R. philippinarum us 11.40 0.34 0.56 - 3.63
S. Suberenata us 11.29 0.07 0.07 - 0.45
C. chinensis us 11.52 0.17 0.19 - 1.23

:TC, ( ) ;0C, ;OP, ;0C OC = H/1.85x12 ; 1999 11

Notes: TC, total carbon; OC, organic carbon; OP,organic phosphorus; OC = H/ 1. 85 x 12; Bay scalop ( Argopecten irridians irridians) was
sampled in Nov. 1999.

4
Tab.4 Chemical compostion o Laminaria japonica and Ulva fascita in Sishili Bay

dga station length (m)  dry weight (g-ind ™ %) go tl)-/|o ';0 ;) N HC HN NP CP

L. japonica Al 1.82 62.2 31.6 4.78 1.55 0.379 23.8 1.82 43.2 9.1 215
L. japonica A2 2.25 - 30.3 4.84 1.56 - 22.9 1.92 43.8 - -
L. japonica A3 2.21 70.8 29.3 4.99 1.14 - 30.2 2.04 61.8 - -
L. japonica A4 5.35 120.8 33.5 3.79 2.26 - 17.4 1.39 23.3 - -
Mean 2.91 84.6 31.2 4.60 1.63 - 23.6 1.79 43.0 - -
SD 1.42 25.8 1.6 0.48 0.40 - 4.6 0.24 13.6 - -

U. pertusa A4 0.20£0.04 - 33.3 5.2 2.29 0.392 16.9 1.88 31.9 12.9 219
U. pertusa A3 0.18+0.03 - 30.1 4.71 2.23 - 15.7 1.88 29.6 - -
U. petusa A2 0.22+0.05 - 28.8 4.87 1.08 - 31.1 2.03 63.1 - -
Mean - - 30.7 4.93 1.87 - 21.2 1.93 41.5 - -

SD - - 1.9 0.21 0.56 - 7.0 0.07 15.3 - -
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Tab.5 Chemical compostion o different parts of kelp in Sishili Bay

C H N

station section % % % C/N Hc H/N
A2 ledge 30.66 4.76 1.45 24.7 1.86 46.0
A3 ledge 29.97 5.28 1.06 33.0 2.11 69.7
A4 ledge 35.54 - 2.21 18.8 - -
Mean 32.06 5.02 1.57 25.5 1.99 57.8
SD 2.48 0.26 0.48 5.8 0.13 11.9
A2 Central 29.94 4.9 1.67 21.0 1.97 41.4
A3 Central 28.72 4.70 1.22 27.5 1.9 53.9
A4 Central 31.45 5.18 2.30 16.0 1.98 31.5
Mean 30.04 4.93 1.73 21.5 1.97 42.3
SD 1.12 0.20 0.44 4.7 0.01 9.2
A2 rhizoid 26.34 3.31 2.61 11.8 1.51 17.8
A4 rhizoid 25.87 3.41 2.88 10.5 1.58 16.6
Mean 26.11 3.36 2.75 1.1 1.54 17.2
SD 0.24 0.05 0.13 0.6 0.04 0.6
3.3
3.3.1
6 CHNP
1.94g/ind ( ) , C 852mg, H 132mg,N 240mg,P 16.3mg; CNP
CNP 6.2% 7.5% 6.9% ,
, , CHN P
30.4% 30.2% 31.8% 29.6 %; N
(0.33%) , )
6
Tab.6 Net production( mg- ind™ ) of organic dements of bivalves and percentage of shells in Sishili Bay
bivalve soft tissue(mg-ind ™3 shell (mg-ind~ %) total production(mg-ind ™3 shell percentage ( %)
C H N P C H N P C H N P C H N P
C. farrei 852 132 240 16.30 56.7 8.74 19.43 1.21 99 141 260 17.5 6.2 6.2 7.5 6.9
M. edulis 420 65.5 104 6.47 183 28.27 48.60 2.72 604 94 153 9.2  30.4 30.2 31.8 29.6
G. gigss 578 89.9 105 - 19 18.41 22.09 - 697 108 127 - 17.1 17.0 17.3 -
T. liratum 2.95 0.51 0.60 - 0.23 0.035 0.042 - 3.18 0.54 0.64 - 7.2 6.5 6.5 -
R. philippinarum 248 39.2 62.4 - 119 18.41 30.32 - 368 57.6 92.7 - 32.5 31.9 32.7 -
S. Suberenata 310 49.8 58.9 - 28.7 4.43 4.43 - 339 54.2 63.3 - 85 82 7.0 -
C._chirersis 476 75.8 119 - 70 10.85 12.13 - 546 86.7 131 - 12.9 12.5 9.2 -
1996 863hm®  460hm?*, “ "2.1%x10°
, (1 ) 1584t C 452t N 30.5t P
« 7, , 98.8t C 33.9t N 2.10t P
, 53 %, 583t C 148 N  8.88t P,
CN P 177 46.9 2.63t,
1.5 7 , C HN

( ) 14.4% 14.3 10.4%
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7
Tab.7 Net organic production o bivalvesand fouling organisms in raft culture areas in Sishili Bay

bivalve soft tissue production (t) shell production (t) total production (t) shell percentage( %)
C H N P C H N P C H N P C H N P
C. farreri 1485 231 418 28.4 98.8 15.2 33.9 2.10 1584 246 452 30.5 6.2 6.2 7.5 6.9
M. edulis 406 63.2 101 6.25 177 27.3 46.9 2.63 583 91 148 8.88 30.4 30.2 31.8 29.6
> . 1891 294 519 34.7 276 42.5 80.8 4.73 2167 336 600 39.4 12.7 12.6 13.5 12.0

S. dava267 41.1 53.2
C. intestinais 46.2 6.92 9.32
v 313 48.1 62.5

“ ” 199 0y ;

300 200 ) 0.69 0.06g ( 1998 8 )Y

Notes : The scallop and mussel culture area and culture density were estimated according to culture status in 1996; Y ", sum of scallop and mussel
production; Density of the S. dava and C. intestinalis in the bay was estimated to be 300 and 200 ind per cage repectively; and their tissue weights
were 0.6 and 0. 06g/ ind respectively (measured in Aug. 1998) ; 5 **, sum of the S. davaand C. intestinalis production; The net production of an
organic element in scallop and mussel is estimated according to the production of the element in the harvested scallop and mussel .

3.3.2 8
5 , Tab.8 Net production of organic dements o ke ps
(W; g) (L: m) ‘W =436 in raft culture areas in Sishili Bay
L% (R =0.96) 8 C H c H N P
N =3 1996 20.7 3.06 1.08 0.252
2 2 2 503 369 130 30.4
247hm~ (6000 1hm?) , 0
- E— a9); )
3.25x10%g: hm"?, ( 7-8 ) OF 66.59 3.25 x 10%g
CNH P 2503t 369t 130t hm2 247hm?
Notes: ,Net production of organic elements of kelp individua (g/
30. 4t 19.1 %, ind) ; , Total net production of organic elements of kelps in the
P : N whole bay (t) ; Each kelp weighed ca. 66.5g; Kelp production of the

whole bay was estimated to be 3. 25 x 10%g- hm™ 2, with the kelp

' N 21.7% culture area 247hm?.
4
, CHN
, Grant Granford'®!
(M. edulis) C/N 7]
CNP
550 30 1!® , CN 30, 20,
N , (L9 N
1998 :
, N
N
( ) ,
600t N 39.4t P; , 130t N 30.4t P
N P 20 %

850t N



1 27
78t P , Kaspar
[10]
[11]
[10,12,13]
[14]
, 100 %, 70 %! ,
(Aulacomya ater M. edulis) ( Ostrea edulis) (51 j0rdan
vaieal™ ( Geukensia demissa) N N 29.7 % M.
edulis , [13]
N P , )
N P ; )
- N P , N P

[1]

[2]

(3]

(6]

(71

[10]

[11]

[13]

[14]

[15]

Zhou Y. Foundational studies on effects of raft culture of filter-feeding bivalves on coastal ecologica environment. PH.D. Thesis, Institute of
Oceanalogy , Chinese Academy of Sciences, 2000. [ . [D].
,2000. ]
Zhou Y, Yang HS, Zhang F S,et d. A study of biodeposition by Chlamysfarreri in culture sea of Sishili Bay[ A]. Transactions of the Chinese
society of malacology, No. 9[ C]. Beijing: China Ocean Press 2001. [ ,
[A]. [C]. : ,2001. ]
Yang H, Zhang T, WangJ, et a. Growth characteristics of Chlamys farreri and its relation with environmental factors in intensive suspended-
culture aress of Sishiliwan Bay, Yantai[J]. J Shellfish Res, 1999,18:71 - 76.
Solérzano L, Sharp J H. Determination of total dissolved phosphorus and particulate phosphorus determination in natural waters[J]. Limnol
Oceanogr , 1980,25:754 - 758.
Zhou Y, Zhang FS, Ma X N ,et al. A comparison of efficiency of different auxiliaries used in phosphorus determination by ignition method
with NayP,07 as standard phosphorus[J]. Acta Oceanol Sin, 2001,23(5) :98- 104. [ , , ,
: [37. ,2001, 23(5) :98- 104. ]
Grant J, Granford PJ. Carbon & nitrogen scope for growth as a function as diet in the sea scallop Placopecten magdlanicus[J].J Mar Biol Ass
U K,1991,71:437 - 450.
Hawkins A J S, Bayne B L. Seasona variation in the relative utilization of carbon and nitrogen by the mussel Mytilus edulis: budgets,
conversion eficiencies and maintainance requirements[J]. Mar Ecol Prog Ser, 1985, 25: 181 - 188.
Atkinson M, Smith, SV. C N Pratios of benthic marine plants. Limnology and Oceanography ,1983,28, 568 - 574.
Zhao W S, Jiao N Z, Zhao Z X. Forms of nitrogen in the Yantai Sishili Bay cultivated water[J]. Oceanol et Limnol Sin, 2000,31(1) :53-
59. [ , , . [J71. ,2000,31(1) :53- 59. ]
Kaspar H F, Gillespie PA, Boyer | C, et d. Hfects of mussel aquaculture on the nitrogen cycle and benthic communities in Kenepru Sounds,
New Zedland[J]. Mar Biol, 1985,85: 127 - 136.
MacDonald B A. Production and resource partitioning in the giant scallop Placopecten magellanicus grown on the bottom and in suspended culture
[J]. Mar Eco Prog Ser,1986,34:79 - 86.
Jordan T E, Vdidal. A nitrogen budget of the ribbed mussel , Geukensla demissa and its significance in nitrogen flow in New England sat marsh
[J]. Limnol Oceanogr, 1982,27:75 - 90.
Goulletquer P, Wolowicz. The shell of Cardium edule, Cardium glaucum and Ruditapes philipppinarum: organic content, composition and
energy vaue, as determined by diferent methods[J]. J Mar Bio Ass U K, 1989, 69: 563 - 572.
Fami G, Albech S, Weiner S. Control o aragonite or cacite polymorphism by mollusk shell macromolecules[J]. Science, 1996, 271:67 -
69.
Griffths CL , KingJ A. Some relationships between size ,f ood availability and energy in the ribbed mussel Aulacomya ater[J]. Mar Bidl , 1979,
51: 141 - 149.



