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Seasonal variation in chlorophyll-specific phytoplankton growth and zooplankton grazing
in an artificial pond of Kuwabukuro biotope park

I'Shinji HASHIMOTO ! Shota SHINDO
I Teikyo University of Science, Faculty of Life and Environmental Sciences

We investigated the seasonal variation of specific growth and grazing rate, zooplankton and phytoplankton species and
chlorophyll @ concentration, and examined the relationship between the phytoplankton biomass and species, and specific
grazing rate and zooplankton species in a pond of the Kuwabukuro biotope park in April-December 2012. The chlorophyll a
concentration ranged from 10 to 161 ug L! and was the maximum value in August. The specific growth rate showed in the
range of 0.05 to 1.46 d! and the maximum value in June. The specific grazing rate was in the range of 0.05 to 0.71 d*%, and the
maximum value in June. The value of the specific grazing rate reduced to 0.28 d! in July and increased to 0.61 d'! in August.
The values were lower than the specific growth rate throughout the study period. A significant positive relationship was found
for the specific grazing and growth rate (p < 0.05, n =9) . It is thought that the specific grazing rate increased due to the fact
that the specific growth rate increased with water temperature and the amount of solar radiation.

Cell number of diatom negatively correlated with individual number of nauplius from April to July (p < 0.05, n = 4) .
Consequently, it is possible that the nauplius top-down controlled the cell number of diatom. As blue-green algae were
dominated in July, one factor the specific grazing rate was greatly reduced in July might be due to an increase in blue-green
algae, Microcystis novacekii. In the biotope pond, a bloom of phytoplankton, particularly green algae, occurred in August,
because the specific grazing rate of zooplankton was reduced by blue-green algae in July, and the higher water temperature
and the amount of solar radiation and the lower N/P ratio in August.
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Fig. 1. Location of the Kuwabukuro biotope park,
Tokyo Metropolitan prefecture, Japan.
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Table 1. Solar radiation, water temperature, nutrient (ammonium, nitrate+nitrite,
phosphate) concentration, and N/P ratio in the Kuwabukuro biotope pond from April to

December, 2012.

Water

Solar radiation temperature Ammonium Nitrate+nitrite Phosphate N/P ratio
MJm?dh (C) (nmol L™
April 21.4 21.6 1.1 130 0.9 146
May 20.7 25.8 0.3 64 2.2 29
June 29.1 24.7 0.4 75 1.7 44
July 17.6 27.6 0.9 78 1.7 46
August 21.8 32.0 0.6 35 3.6 10
September 6.3 22.5 1.2 83 3.3 25
October 12.7 18.5 1.9 77 4.3 18
November 10.4 11.0 8.8 110 2.2 54
December 11.7 6.0 9.8 113 3.9 31
Average 16.9 21.1 2.8 85.0 2.8 43
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Table 2. Chlorophyll a concentration and estimated
daily variation of chlorophyll a in the Kuwabukuro
biotope pond from April to December, 2012.

Chlorophyll @ Chl daily variation

(ng L) (ngL'dh

April 32 31.6
May 10 8.3

June 29 32.1
July 11 17.1
August 161 13.4
September 24 16.1
October 28 6.3

November 29 10.6
December 11 0.0
Average 37 15
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Fig. 2. Cell density of phytoplankton species and the
relative abundance in the Kuwabukuro biotope pond
from April to December, 2012.
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Fig. 3. Individual density of zooplankton species and
the relative abundance in the Kuwabukuro biotope
pond from April to December, 2012.

Table 3. Chlorophyll-specific growth rate (u) , grazing
rate (g) , and g : u in the Kuwabukuro biotope pond
from April to December, 2012.

n g g
(dh)

April 0.86 0.18 0.21
May 0.82 0.22 0.27
June 1.46 0.71 0.49
July 1.20 0.28 0.23
August 0.69 0.61 0.88
September 0.65 0.14 0.22
October 0.29 0.09 0.31
November 0.37 0.06 0.16
December 0.05 0.05 1.00
Average 0.71 0.26 0.42
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Fig. 4. Relationship between chlorophyll-specific
growth rate and solar radiation (a) , water
temperature (b) . The r and p in the figure represent
correlation coefficient and significance of t-test,
respectively.
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Table 4. Seasonally integrated chlorophyll a
production and grazing mortality, and the rate of
grazing / production.

Production Grazing Grazing / Production

(mgChl L' per period) (%)
Spring 1.54 0.34 22
(April-May)
Summer 6.00 4.13 69
(June-August)
Fall 0.89 0.22 25
(September-October)
Winter 0.38 0.06 16
(November-December)
Total 8.81 4.75 54
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Fig. 9. Chlorophyll a production and grazing mortality
in the Kuwabukuro biotope pond from April to
December, 2012.

DERNTHALEEZONDL, —F, 8AICBITA 71
074V aiHEREOESIEFAEE PR LSV 88%
THY. OBIIBITA 7007 1) a ORI
LEBIHLI—DODERTHLIEEZONL, 71T
O74 ) g EERIITH700 740 ai B EDE
AEFEAO 70O 74V aBEICEEE -5 TW
LE)Tholze Thbb, BT 7 2857
o074 )aiHEEIZDmO o071 )V a BRI
BB L RITLTWEE 25N 5,

AT BLCrun s Ve EEREIZ OO
T4V aHBEELDOEL, 70074 vaEERIC
WML r7uu7 ) aiHEEOEEIL54%TH o7
(Table 4) o ZOFEEIEMWEG R (57%) LIZITH
UfETH o710, HW 7507 kb —ER 04
FEEDORIESDRE TS0 7 M ko T ENT
Wiz, FHIGICALE, ZOHBEROEGIZIEFIC
LB WETH o7z (Table 4) o Z DML
WZBWTHREETH S 2Y, Thabb, 720OMIZBIT
LW T Z I N OB T T T N NERE S
HIANF—RITIHFO L O EHBL Tz,

W72 N MREEEEM TSV N AR
BEEORBR

4 BH5 7 BIZHhTT, =7 240K
TEDEINT A L EEEOMBEEE LwA L.,/ —
T AGED AT A L EEEEM L (Figs.
2a, 3a). HEHOMBEEIL ) —7 ) 7 Ag0ED
TEREE & A ERAOMBMEL R L (ttesty 1 =
098, p<005.n=4), ZOZT Ehb, /=T
ANE N v TF 7 RN B O MR % A
LCWmmlrEzonhsd,

7T HICWEEREIEL L Twie (Fig 2b). B



T XZEREF N—TRE oI Bb a0 7 VELED S RIEL oM 75 > 7 b OWHEREE LB 7T 0 7 b O A EEOF L)

oI 7ux A4 ABIXIzus 2+ >y (FEk
WE) &8 L. Z{O0BWTI7 7 b OWE
WECHEGEMET T2 ERMENT WD 520
Lo T, TRHIZBWTKRELLEW T2 b
DI EEEHIR A L7z —2 ORI EEEE, FFic
Microcystis novacekii D¥EIMIZ L 200 b LNk
Vo BlEDZ LS, U b — T Tl R )
T2 EICL>TEW T T > 7 by oL
AT Ly RIS H $F =, AR MR N/P o
I & o TRAEEBEDSKIIE L7 8w ) A= X A
WEZObNL, bbb, 777 b ilL5
W7o 7 sy OFMEN DO a7 1) a
IR EZRITLTWD Z DR ENT,

5. B &

Kifsea D HIZH720) . B R%5H T2 THN
72EARE T b — 7RG BRI R OPERIERIZTR
CREHEL 9

6. SIAER

D) EEAME - RERE - MK - Hikk— 4
ENIE T — 7 OFITIC L A BEREFOE 5L LR
IR & DR AL F 258 18 1901908
1995.

2) AMFE - DNREAT - WEIESE - hATEIE -
AR B (W i) 8B T 5
Microcystis J& D JEREFE AL B, & REBITIRE & D
BIR . A28, 74 0 189-198, 2008

3) HMEH A5 - BREE  BFAMIC B 5K EBR
WESR &M OB . A L Fam X5 Bl
1373-1378, 2007.

4) fEHFESE D IV a0 - ZOATE L IBERERNE
- AR RFENNE 2 E | 1998

5) Shapiro, J. and Wright, D. . : Lake restoration
by manipulation. Round Lake, Minnesota, the
first two years. Freshwater Biology, 14 : 371-
383, 1984.

6) Ventella, A., Wiackowski, K., Moilnen, M.,
Saorikari, V. and Sarvalia, J. : The effect of
small zooplankton on the microbial loop and
edible algae during a cyanobacterial bloom.
Freshwater Biology, 17 : 1807-1819, 2002.

7) Hanazato, T. : Restoration of lake water quality
by controlling fish community. £Znvironmental
Research Quarterly, 137 : 112-119, 2005.

8) Landry, M. R. and R. P. Hassett : Estimating

the grazing impact of marine micro-
zooplankton. Marine Biology, 67 : 283-288, 1982.

9) VEME/H - ZHATRAR ¢ FriE eI A G
B A =T 74 7 FR 1995,

10) Odate, T. and K. Imai : Seasonal variation
in chlorophyll-specific growth and
microzooplankton grazing of phytoplankton in
Japanese coastal water. Journal of Plankton
Research, 25 : 1497-1505, 2003.

11) /&7 [ EHEH 2012http © //www.data.
jma.go.jp/obd/stats/etrn/index.php.

12) &A% FE o EL AREROEEE . WIaEE, W
2011

13) Suttle, C. A. and Harrison, P. J. : Ammonium
and phosphate uptake rates, N : P supply
ratios, and evidence for N and P limitation
in some oligotrophic lakes. Limnology and
Oceanography, 33 . 186-202, 1988.

14) Brénmark, C. and L-A. Hansson : The Biology
of Lakes and Ponds (Translated by J. Urabe) .
Kyoritsu Shuppan, Tokyo, 2005.

15) Magnuson, J. J., K. E. Webster, R. A. Assel, C. J.
Bowser, P. J. Dillon, J. G. Eaton, H. E. Evans, E. J.
Fee, R. 1. Hall, L. R. Mmortsch, D. W. Schindler
and F. H. Quinn : Potential effects of climate
changes on aquatic systems : Laurentian
Great Lakes and Precambrian shield region. In
Freshwater Ecosystems and Climate Change
in North America, C. E. Cushing (ed.) : 7-53.
John Wiley & Sons, Chichester, 1997.

16) Dugdale, R. C. : Nutrient limitation in the
sea . dynamics, identification and signification.
Limnology and Oceanography, 12 : 685-695,
1967.

17) Horn, A. J. and C. R. Goldman : Limnology
(Translated by Y. Tezuka) . Kyoto University
Press, Kyoto, 1994.

18) Parsons, T. R, M. Takahashi and B. Hargrave :
Biological Oceanographic Processes.
Butterworth-Heinemann, Oxford, 1984.

19) Hashimoto, S. and A. Shiomoto : Light
utilization efficiency of size-fractionated
phytoplankton in the subarctic Pacific, spring
and summer 1999 : high efficiency of large-
sized diatom. Journal of Plankton Research,
24 1 83-87, 2002.



ARG

20) Han, M.-S. and K. Furuya : Size and species-
specific primary productivity and community
structure of phytoplankton in Tokyo Bay.
Journal of Plankton Research, 22 : 1221-1235,
2000.

21) fEHLZE IR LMo 7T > 7 b U ERE
BEA SRR 61 - 65-77, 2000.

22) WEAEIG - WAL - AL BE - P ERERED - AH
BEERBIZB T MM TZ > 7 b O EHRE
EWUNBI T T v 7 b v DR EE DI
By . TR FFFAFRIE, 8 1 2125, 2012,

23) Moigis, A. G.: Photosynthetic rates in
the surface waters of the Red Sea : the
radiocarbon versus the non-isotopic dilution
method. Journal of Plankton Research, 22 - 713-
727, 1999.

10

AR

24) Odate, T. and Y. Maita : Seasonal changes
in the biomass of zooplankton and their
food requirement in Funka Bay. Journal of
Oceanographic society of Japan, 44 @ 228-234,
1988.

25) fEH#EE  BREMICBIIL T VELEYW TS
7 bV OMEBR . BELAFHZ 50 5367,
1989.

26) fERFE BT 77 bV EKE. ATy
AT =X B - R OKRE G - R ]
REZ KERBEO R L A - BAEZ - flAIE
M- s R 0 21-80. V7 M A TR
1, H R, 2003.



