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Dietary Contributions of Phytoplankton and Zooplankton to Young Silver Carps. Kim, Baik—
Ho*, Min-Kyu Choi and Noriko Takamura? (Institute for Environmental Science, Wonkwang
University, 344-2 Shinyong-dong, lksan, Chollabuk-do 570-749, Korea, 'National Institute
for Environmental Studies, 16—-2 Onogawa, Tsukuba, Ibaraki 305-0053, Japan)

Two-monthold silver carps were cultured with seven algal species and zooplankton
(Moina macrocopa) in the laboratory. The carps were reared in 10 L translucent
cylindrical aquaria with algae and zooplankton for 8 days. The Moina effectively fed
almost cultured algae: perfectly removed Cryptomonas (NIES-282) within 60 min.
Both algal diets Cryptomonas and Fragilaria (NIES-391) significantly increased the
Moina population (r2>0.93, p<0.005), while Microcystis (NIES-90) and Oscillatoria
(NIES-204) reduced the zooplankton (r?=0.97, p<0.001). Fish removed about 50% of
all algae for 52 hrs, even 60% of Microcystis still remained: all algae reduced ca. 5~
12% of initial weight. Furthermore, a continuous supply of algae with same density
resulted in the death of fish, e.g. 11 days in cyanobacteria Microcystis. Therefore, the
growth limitation of silver carp by algae indicates that zooplankton is of direct
dietary contributor in planktivores feeding behavior.

Key words : Fish growth, Two-month old silver carp, Cultured algae, Moina macro-
copa, Food quality

i

Miiller-Navarra, 1997), =4 =%
we} Aols} glem, 45 B2l

QAeke 2 gzl

2% (Harwood and

N o=
AEEFITEL FEIHIEYN I 78 o3
oJopflolm, 53] %o #Z ANl DHA (docosa-

hexaenoic acid)e]} EPA (eicosapentaenoic acid) &
93 yedokx F= (Ahlgren et al., 1990; Stgttrup and
Jensen, 1990; Norsker and Stgttrup, 1994) | Zoj| Eof
= (Waldock and Holland, 1984), A]-%- (Kanazawa et al.,
1977), 7l (Levine and Sulkin, 1984), o]& (Watanabe et
al., 1983)2] <fAle] o]4F 3 9o} A EEHIESY B
Z 3R HIALS dub o 2 dx [ =257 B3] =
F, FAAREF, FAREF Soll A =X (Ahlgren et

al., 1990; Brette, 1993; Stutzman 1995; Brette and

Jones, 1989), ¥ (Thompson et al., 1990; Sicko-Goad and
Andresen, 1991), & 4 (Pierreck and Pohl, 1984; El-
Fouley et al., 1985), ¢l (Reitan et al., 1994; Ahlgren et
al., 1997), £-ZAF4~ (Harwood and Jones, 1989) & A=}
=4 (Webb and Chu, 1982; Borowitzka, 1988)¢] w}z}
spsbA A9 AbelE Holdh o3 megxFol E
Zr 55 W $EZIHIENY o7 WFE F=3}
7|= ¥k} (Hama et al., 1992; Gulati and deMott, 1997).

244l Fel Mol FHYLE AW F2F
Microcystis (Zhu and Deng, 1983)2} Anabaena (Herodek
et al., 1989)= = A F s}y, Fodfsel A3 en-
closureell A Fx§F $33A}E &3px oz Aojsidnt

* Corresponding author: Tel: 063) 850-7162, Fax: 063) 852-9115, E-mail: tigerk@wonkwang.ac.kr



Growth of Silver Carp by Phytoplankton and Zooplankton 99

(Shei and Liu, 1990; Kim et al., 2000; Fukushima et al.,
1009, 2000). T2t} §AHEE ThE AFEANE o) 77}
Brls)skA ARSI 3)315he (Vovk, 1974), =i

R4 HxFel vlE F27E 9% Asste o0&
= 9l (Prowse, 1964; Xie and Takamura, 1996).
Aolo) wolgalel et wake] of A wor} g
YEelA Mol 2R Folvh MAAe] Fglel
A Astded, dx2F g B ARRge
o] fFAtA o] "ol o]Ed AAe Bl (Fukushima
et al., 2000; Kim et al., 2000). o]A2 =AA filter-
feederdl Wicdojo] Aol AA| Zfel o|EH7|Ho=
ZFHE AFH3I}E= 1xp408]Ae] ZEZ=83E heterotro-
phic nanoflagellates (HNF), protozoans S 2]3 2
g 71sAo] =rtE= AL 2u| 3t} (Brette and Muller-
Navarra, 1997).

Mol HEERIAES A cIfeA G
o 1A% B Uebse] A4x) 22 1 F2A
o] ¢lA o] gFor}(Smith, 1985; Laws and Weisburd,
1990; Starling, 1993; Lieberman, 1996), =& 3 ot
o) mgol A ALHAY 279 £ T Bzl
Aol F WA AR AlE ob wwd up gl
£3), 549 okl e 2 DEAT} HAele) 4
o] 21 A=Al ofgks FX] ¢k9kal (Cremer and Smither-
man, 1980), ZF U= Z7}ol w2 o] FAIA} e o3t
7= oF# i} (Manandhar, 1977). | A oAz A
BEZagogEe] Wao]o] HAe] R 7|ori B o
R U R
A D eiFe] EAE BTINT B ARE 2 2
7} 9= aERd o =7 —‘3—37-_6]-7-]1/}(Fukushlma et
al., 1999, 2000), 2) o} F-2] ol delo} HEw o] A
A AeEdaEe] YA 549 6 Ge A2
el o} (Fukushima et al., 2000; Kim et al., 2000). 13 =
= 244 o)<l Wle]sl u= AEERIES &
Moz QAT seiTtE o fAHel A4 7
A gyedsio

aheb B QoA olFe) e
AT 2o HeBAA el AT
Aol &7 A7) F2A iR 7%

2 Ji‘: rui nL

E 01N

il

[

¢

7l A4
3}

tazat

o >

B

=
T

o] 3|

mlo ol
-

ol

whgA el whe ojRl WddelE o] gdle] o)fe} AEE
FIZE w0l Fo} FEEFIELDS eI, 23
Al

R —'E‘
SEYIES} FEFFIES] BG4 I7t o R
=
=

AGAN A 281

R

1. o] 5l o

B A AHSE o]/ 3k A 2 A= W
Hol2A] dB Ate|rutdl fabAPAoz BE Hpt
o} A& AeA] AL ALE (New Carp Mash, Nihon
Nosankukyo, Ltd. Yokohama)E& A}-8-3}e] A3 Z g8 7}%]
FA5kg o m, A=) Shobe 24 (Table 1) 3 A&7
o w2 wele] QA-ge Table 29} ek wE wlok
Ao AYex 25°C, §or=r] 12:12h (dark: light)7}
AszAE AP (@x8x3melA] A sk o, o}

T2 W ol=YA| Z (R 32.5cm),
29T 29 BS P4 9L fA%G A
= olft ARAH A 2~39 B ol¥ o
FA Qgkow], o 7o) £ B 9ol pa
4 7E(0.5x0.5cm mesh)& g9t} A4 7}
NAE BADE FRAT|T 349 B9 Az
57)5e] daE AAT F 29vi msg
o] EAE Sl FiF
40mLE A7 REFT Holz ALEH AeE
o g HoleA SR AL @CHA B

o
—_

ofo i m
[
U

~
ft

0

1

o 4 L oox o dz o oo A

Table 1. Compositions of commercial diets (New Carp
Mash) for sustaining silver carp.

Group Content %
Major elements Water 45
Protein 30
Starch 12
Cellulose 5
Lipid 2

Minor elements P(1), Ca(l), Biotin, Colin, CuSOs,
Ethoxythin, FeSQOg, Inositol, MgCOs3,
Nicontic acid, p-aminosalicyclic acid,
Pantothenic acid, Vitamin A, Vitamin
B1, Vitamin B,, Vitamin Bs, Vitamin C,
Vitamin E, Vitamin Kz, ZnCO3

*New Carp Mash is produced by Nihon Nosankukyo, Ltd. Yokohama,
Japan

Table 2. Growth of silver carp by New Carp Marsh™,

Input (g) No. fish Growth (%)*

0 5 died within 48 day
0.294 5 1.07+2.88
0.588 5 4.34+3.70
0.882 5 5.52+4.57
5.656 5 14.15+3.49

*P <0.05 for all.
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Table 3. Summary of seven cultured algae used for zoo-
plankton and silver carp.

Species

(Abbreviation) Media*

Strain Code Culture

Oscillatoria agardhii
(OSsL)

Microcystis aeruginosa
(MCY)

Scenedesmus
quadricauda™ (SCD)

igT™
C?cl:o;e;_l;a vulgaris - Xenic, clonal C

NIES-204 Axenic,clonal CT
NIES-90 Axenic, clonal CT

Xenic, clonal C

Chlamydomonas
monadina (CHM)

Fragilaria capucina
(FRG)

Cryptomonas
tetrapyrenoidsa (CRY)

NIES-438 Axenic, clonal C
NIES-391 Unialgal, clonal Csi

NIES-282 Axenic, clonal VT

™ Two green algae have been used for 10 years in laboratory.
* Kinds of media based on NIES-collection center (NIES)

Table 4. Density and carbon content of seven cultured
algae used for a diet.

Density | Total

) Unit volume carbon

Species ('3‘1%4 (§1D04 (mm3) (%108

cells/mL) cells/mL) picogram)*

OSL 16.9 2.9 177.21 1.2
MCY 22.7 34 28.73 0.3
SCD 2.8 0.4 1446.80 3.7
CHL 15.5 1.1 1022.65 14.5
CHM 8.0 0.3 1168.97 8.7
FRG 0.4 0.1 1015.03 0.4
CRY 0.6 0.1 3964.84 2.2

SD: standard deviation
* Calculation of carbon based on the equation of Montagnes et al.
(1994)
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Fig. 1. Three grazing patterns of predators. A: Effects of
Moina grazing on algae, B: algal grazing by young
silver carp (2 months), C: zooplankton removal
time by silver carp (Time = 15.4+0.07 x density, r?
=0.95, p<0.0001).
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Fig. 1C).
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Table 5. Linear developments of zooplankton Moina by
seven cultured algae.

Species b a r P
OSL 29.95 -2.14 —-0.96 0.0008
MCY 44.14 -2.14 -0.97 0.0007
SCD 32.19 8.12 0.91 0.0047
CHL 40.61 1.69 0.95 0.0008
CHM 41.75 7.04 0.91 0.0046
FRG 2.72 39.7 0.99 <0.0001
CRY -581.5 353.7 0.93 0.0021

Y =b+aX, X; algae shown in Table 5
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Fig. 2. Algae induced growth patterns of predators. A:
Development of Moina population with seven
microalgae for 12 days. All black boxes are the
algal starting density, as described in Table 4. B:
Growth induction of silver carp by algae for 8
days. Black circle is the double of each algal den-
sity. OSL: Oscillatoria, MCY: Microcystis, SCD:
Scenedesmus, CHL:Chlorella, CHM: Chlamydo-
monas, CRY: Cryptomonas, FRG: Fragilaria.
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Table 6. The growth rate of young silver carp in relation Chlorellasl|A] wje¥ 499, Fragilariag} Cryptomonasel]
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Fig. 3. Percent growth of silver carp induced by zooplank-
ton. A: Fish growth with different Moina density

and constant algae. B: Fish growth with different T TEEHIE] HS Fo3 Hol|2 AR FHYH.
algal density and constant Moina. The density of T EZIHITE MoinaidAe] 3 wjekzFe] 7=
algae and Moina are described in Table 4 and 6. -
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MCY: Microcystis, CRY: Cryptomonas.
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