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Tab.1 Species of phytoplankton present in the experimental enclosures
1 TER r TER
n LFO LFA HF0 HFA - LFO LFA HF0 HFA
phylum species phylum species
Lokl TR o+ o+ BT o+
Cyanophyta Merismopedia sp. Kirchneriella sp.
Rk o+ Wk H B A
Chroococcus sp. Closteriopsis sp.
FeEkisE + o+ o+ A VY - - - 4
Aphanocapsa sp. Treubaria triappendiculata
TR + + + + (=piA + + + +
Microcystis sp. Nephrocytium sp.
i + - + - TRk - + + +
Anabaena sp. Quadrigula chodatii
fEERE + + + + A + + + +
Coelosphaerium sp. Actinastrum hantzschii
W AT Y + + + + PR + + + +
Dactylococcopsis sp. Pediastrum simplex
SR + + + + TR + + - +
Raphidiopsis sp. Pediastrum duplex
ENEE + - - + STy ¥ + + n
Anabaenopsis sp. Ankistrodesmus sp.
AR o+ o+ [ S - r o+ -
Nostoc sp. QOocystis sp.
Wi 24 2 + + + + EZa + + + +
Lyngbya contarta Golenkinia sp.
IR e + + + + (el - + - -
Spirulina sp. Micractinium sp.
Bk - - =+ T2 o+ o+
Oscillatoria sp. Crucigenia apiculata
ik EifoN -+ o+ - VeSS o+ o+
Chlorophyta Volvox sp. Crucigenia tetrapedia
EEReY - + - - Ui+ 78 + + + +
Gonium sp. Crucigenia quadrata
B -+ TS o+
Pteromonas sp. Scenedesmus dimorphus
KB -+ o+ = VYAl A
Chlamydomonas sp. Scenedesmus quadricauda
AR -+ -+ A N
Eudorina sp. Scenedesmus obliquus
SEERE + + + + JU + _ _ N
Pandorina morum Tetrastrum sp.
R + + + + AR i + + - +
Coelastrum sp. Westella botryoides
il 58 + + + + Y Z S SEe + + - +
Schroederia robusta Westellopsis linearis
YERBE 5 IR + + + + HIERUE + + + +
Schroederia spiralis Dimorphococcus lunatus
WIS I B + o+ o+ 4 G - -+ -
Schroederia nitzschioides Elakatothrix gelatinosa
e TR + o+ o+ A AR B -+ o+ 4
Chodatella wratislaviensis Mougeotia sp.
ik + + - - K4 ¥ + + _
Franceia ovalis Spirogyra sp.
U IpiER + + + + SRR 5 + - - -
Tetraedron trilobulatum Gonatozygon aculeatum
[ GNLPiEF + + + + s + + n n
Tetraedron minimum Cosmarium sp.
NEREE A S i T - ==

Chlorella sp.

Triploceras gracile
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http://www.scxuebao.cn

1442 Ko kAR 3%
4R
I EHES ] GES
o LFO LFA HF0 HFA - LFO LFA HF0 HFA
phylum species phylum species
WA B + + + + || EE L + + - -
Closterium sp. Xanthophyta  Tribonema sp.
F RS + + + + || EEEE NI + + + +
Staurastrum sp. Baelllariophyta Cyclotella sp.
Y o+ 4 — P
Arthrodesmus subulatus Stephanodiscus sp.
FHE + - - - B + + + +
Pyrobotrys sp. Melosira sp.
VYA + + + - PEFT - + - -
Tetrallantos lagerheimii Rhopalodia sp.
B i o+ FH A
Englenophyta  Euglena sp. Navicula sp.
B + + + + e ¥ - _ _
Trachelomonas sp. Frustulia sp.
BEFLIE + + + - EFFFE + + + +
Lepocinclis sp. Synedra sp.
i BRI + o+ + A Hres + - ==
Phacus sp. Cymbella sp.
it 33 - - + + || PR + + + +
Strombomonas sp. Pyrrophyta Gymnodinium aeruginosum
etk ik + o+ o+ A W A
Cryptophyta Cryptomonas sp. Glenodinium pulvisculus
fi =h -+ o+ - ZHE -+ + -
Chroomonas sp. Peridinium sp.
:73‘5: “+”%‘éi—\‘tﬂ}m; “7”7(,‘25—\‘*::[:']&]}1
Notes: “+” represents occurrence; “—" represents undetectable
R2 ZBERRFHFEIRN SN
Tab.2 Diversity of phytoplankton in the experimental enclosures
b3 ZREIRRE) FHE D) EoRR) Lk (0)]
treatment Shannon-Wiener’s index Margalef’s index Pielou’s index
LFO 1.7540.02 0.61+0.09 0.42+0.02
LFA 1.944+0.28 0.63+0.08 0.44+0.05
HFO0 1.244+0.49 0.52+0.09 0.30+0.11
HFA 1.37+0.79 0.50+0.09 0.34+0.18
MHABRTEZSTER  results of Two-Way ANOVA
i FEREZEE density of C. idella and C. auratus gibelio 0.095 0.056 0.103
EME ¥ IS EM addition 0.618 0.943 0.609
3EHAER  interaction 0.977 0.713 0.939

e XE R T Z T P<0.05% 2 B A 3R
Notes: P<0.05 means significant effect in Two-Way ANOVA

3 iR
3.1 EBEEARNNEZEESEMERNE X
FEEY R R AR SN

TR R S s B EEA YR, B
FEAEDO . FEARAT T JCHL R M BE R A g 1 5
Py )T ERE A5 A P T 50 2 D v ) e ot
Jm OB R R R T = A LR S 2R LR

A=
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Fig. 1 Biomass of phytoplankton (a) and the ratio of
blue-green algae biomass to phytoplankton biomass (b)

in the experimental enclosures
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Fig. 2 Variation in concentration of Chl.a in

the experimental enclosures
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5 R A5 AN £ S8 R W T T A ) R S AL K
RS A5 R 5 WS — 3, YamamotoZE Pl
KR O HRORI A 3% R W BE A S e o DA A AR
FREAEfE o Casé¥E 15 /K A . BHOG 7S At
T U R 0 B AR Al O TR SR RO LA
RIFVEFRERZ B ], AL, B B g
WA F — b IE Py, LIRS . KR . KRN
SRR AR A o B B LA 1RDR Y £ (R fa R AR
B B 3N, LA TR R S N, S EHEo
FIHFAFFEHNO,-N. PO,-P. TNFITPAH X4 5 ,
{H | 3 35 % R 1 A8 Ak SR 6T T it A 0 i 28 A
AN S5l 7= A I 25 R A B R R, % WA 7F 37 5 b
RN . PYR BE AT B I AN RE A5 (1 17 ir A 0 b
L AN B Ah A2 A A8k . YusoffZE 27
o T K AR R R IR A B R B K R DO
W RE N R, ol % o 7 X 3% 4 A W) AR A7 RN A
KSR W, A% T, HFORMHFA
il oy o 0 8 R i TR U R A A Y L
{5 T LEOFILFAFf , 3R WI7E K 5 R AL A 18k
(15 DL T 25 5 K AR I oK A2, k= A L i A
R FERH P A BT R

oI, IR AR ) 2 FE 1 5 K R TP NPAE
TE—E RS 2R 28 FE = W e o i e 3R B
fh, RRLE R R B RAC A IRRL T S R TR i
Y ZREE TR, ARSghrh, iR E R4 1
o £ 13 S 20 I B N TNV TP 2 G, (HoR 2
FARIE Y Z AR . W (D) R 5
(J), 355 5 56 1 1) 16 P9 7 D A ) o 2 2 i AR
TR NCL A SIS Fp I e R A e, fil
A 2 0 14 700 X6 7 B K R 7 T A 40 22 A 1 5 i)
MRaE R . TSR B A e T & E
T AU K AR B B 2R T e . Janeo%EUOVR B
— P& AL AN B Nitrobacter . 15T AN EEZS 1Y
A W 7 i AT R 2 A E B Y X MR (Penaeus mono-
don)FEFE KA Hh £ 8 R 9 A1) A K 0 A 9 K
Ao SRNT, — BB 5T VR N B A 4 i ROR 25
355 W K AR TR Chla & 1 B R AR A 3 0% B2k
Pl ARSI, U INEMER (¥ [l R (LF AN
HFA) P2 Ui A 40 H RN = T 2R U8 INEMR 1 6] B
(LFOFTHFO), JRIFMHY APt . Chla¥f B DL K&
WA PR AE R U A ) A W = v R LIS T LFOATHFO,
1) 25 2 B IR INEM B AT 78 — 28 R B 1 388 I U A
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®3 LBERARE = HMEETR
Tab.3 Primary productivity and community respiration in the experimental enclosures
Ak mﬁiﬁﬁwmwpﬂbm ﬁ%WW@WMQALM PR
treatment primary productivity community respiration
LFO 9.71£1.28" 4.06+1.09° 2.09+0.14*
LFA 11.02+0.12* 5.29+0.36® 1.80+0.34°
HFO0 6.00+1.25 6.25+1.01" 1.1420.23*
HFA 7.36+2.80% 7.16+0.84" 1.060.48°
MHERBRFTESITER  results of Two-Way ANOVA
Fifn FARBI S density of C. idella and C. auratus gibeli 0.005 0.004 0.001
EME 7N EM addition 0.200 0.067 0.334
ZHAEA  interaction 0.982 0.761 0.550

A FARF R R Tukey HSD test4i R, [F— 5 A AT AR = BE AR IEER R 2 7 B35 (P<0.05), XU 37 25 HT i P<0.052 R BT B s
Notes: the data in the same column with different superscripts are significantly different in Tukey HSD’s test (P<0.05). P<0.05 means significant effect

in Two-Way ANOVA

1.0 Coe.
s

B3 FHEVEDNESEUTRREERFHXR
PC 3 L Y>0.0200 7% i WL M Al RACHS . Mer. P28 Chr. (03K
s Mic FEEE; Goe lEFKEE: Nos. k¥ Spi. WRIE#E; Sce.
W Cru. +7 % Coe B Dim. XULEE: Cry. Fa#. *&
7~ A 5 R (P<0.05)
Fig.3 Relationships between phytoplankton biomass
and environmental variables during
the experimental period

Code of phytoplankton species with dominance index>0.02: Mer.
Merismopedia sp.; Chr. Chroococcus sp.; Mic. Microcystis sp.;
Goe.Coelosphaerium sp.; Nos. Nostoc sp.; Spi. Spirulina sp.; Sce.
Scenedesmus sp.; Cru. Crucigenia sp.; Coe. Coelastrum sp.; Dim.
Dimorphococcus sp.; Cry. Cryptomonas sp.; * represents the significant
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Effects of stocking density of the fishes fed formulated feed and EM product on
phytoplankton community in a mussel-fish integrated system
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Abstract: Integrated culture of pearl mussel Hyriopsis cumingii and planktivorous fishes, such as

Hypophthalmichthys molitrix and Aristichthys nobilis is widely used in commercial freshwater pearl mussel

farming. Previous studies reported that stocking Ctenopharyngodon idella and Carassius auratus gibelio in an

integrated system comprising H. cumingii, H. molitrix and A. nobilis and feeding C. idella and C. auratus gibelio

with formulated feed could increase pearl production and mussel growth. At present, the integrated system of pearl

mussel, C. idella, C. auratus gibelio, H. molitrix and A. nobilis has been widely used as a model for freshwater H.

cumingii farming. However, the suitable stocking density of C. idella and C. auratus gibelio remains to be

determined. Generally, increasing density of the fishes fed with formulated feed can increase either fish production

or waste output, and the increased accumulation of toxic inorganic nitrogen (ammonia and nitrite) and organic
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matters can negatively affect health and growth of the farmed H. cumingii and fishes. Although microbial products
have been recognized as a potential technique to alleviate the environmental impact and enhance the production
performance in aquaculture practices, knowledge about application of microbial products in Hyriopsis cumingii
farming is scarce. In the present study, a 93-day experiment was conducted in land-based enclosures to evaluate the
effect of stocking density of the fishes (C. idella and C. auratus gibelio) fed with formulated feed and effective
microorganisms (EM) on structure and function of phytoplankton community in an integrated system of H.
cumingii, C. idella, C. auratus gibelio, H. molitrix and A. nobilis. Four treatments abbreviated as LFO0 (20 C. idella +
10 C. auratus gibelio + 40 mussel + 8 H. molitrix + 2 A. nobilis), LFA (20 C. idella + 10 C. auratus gibelio + 40
mussel + 8 H. molitrix + 2 A. nobilis + EM supplementation), HF0 (40 C. idella + 20 C. auratus gibelio + 40
mussel + 8 H. molitrix + 2 A. nobilis), and HFA (40 C. idella + 20 C. auratus gibelio + 40 mussel + 8 H. molitrix +
2 A. nobilis + EM supplementation) were established. The pearl mussel included 20 grafted mussel and 20 non-
grafted mussel. Each treatment was three replicated, and total 12 enclosures were used. During the experiment,
species and biomass of phytoplankton were monitored at the intervals of four weeks, and chlorophyll a (Chl.a) and
primary productivity were measured at the intervals of two weeks. Results showed that more than 81
phytoplankton species that belonged to 7 phyla, 32 families and 73 genera were identified. Microcyslis sp. and
Scenedesmus sp. dominated in phytoplankton community at the early stage of the experiment, and Microcyslis sp.,
Merismopedia sp. and Coelosphaerium sp. dominated at the later stage. The phytoplankton biomass ranged from
3.2x10° to 38.3x10° cells/L. No significant differences were found in the species composition of phytoplankton
among treatments LF0, LFA, HF0 and HFA. The increase of stocking density of C. idella and C. auratus gibelio
resulted in the increase of phytoplankton biomass and community respiration and the decline of the primary
productivity. EM supplementation did not significantly affect species composition and diversity of phytoplankton,
but resulted in the decrease of the ratio of blue-green algae to phytoplankton biomass and the increase of the
primary productivity. This study reveals that the fishes (C. idella and C. auratus gibelio) fed with formulated feed

should not be stocked at high densities in the mussel-fish integrated system.
Key words: Hyriopsis cumingii; fish; formulated feed; phytoplankton; effective microorganisms; integrated culture
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