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Microcrustacean Community Dynamics in Upo Wetlands: Impact of Rainfall and Physio-
chemical Factor on Microcrustacean Community. Choi, Jong-Yun, Seong-Ki Kim, Geung-
Hwan La', Kwang-Seuk Jeong, Hyun-Woo Kim*, Tae-Kyu Kim? and Gea-jae Joo* (Department
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The relationships between environmental factors and the dynamics of the microcrus-
tacean community, including planktonic or epiphytic cladocerans and copepods,
were studied at Upo Wetlands from 2001 to 2010. Among 10 identified cladoceran
taxon, epiphytic cladocerans (Alona, Camptocercus, Simocephalus, Diaphanosoma,
Sida) and planktonic cladocerans (Bosmina, Ceriodaphnia, Daphnia, Moina, Scapho-
leberis) showed distinctive patterns in appearance throughout the year. Overall, epi-
phytic cladocerans were more abundant during the aquatic plant development season
(May to Nov.), planktonic cladocerans were similarly distributed throughout the sea-
sons, but showed a lower density than epiphytic cladocerans. The seasonal changes
in copepods abundance showed a similar seasonal pattern when compared to epi-
phytic cladocerans. Planktonic cladocerans showed no significant relationship to
rainfall and physico-chemical factors, while epiphytic cladocerans exhibited a dis-
tinct relationship with rainfall and water temperature (n=120, p<0.01), and a nega-
tive relationship with pH and conductivity (n=120, p<0.05). Among the epiphytic
cladocerans, the Alona and Diaphanosoma showed a distinctive correlation with
environmental factors, and their density was affected by rainfall and water tempera-
ture (n=120, p<0.01). Copepods had a positive relationship with rainfall (n=120, p<
0.01) and water temperature (n=120, p<0.05). In conclusion, changes in rainfall and
water temperature can affect the seasonal changes of microcrustacean community
and abundance in Upo Wetlands.

Key words : microcrustacean, rainfall, physico-chemical factors, planktonic clado-
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Fig. 1. Map showing the study area, (a) Gyeongsangnam-do and Upo Wetlands, (b) Upo Wetlands and study site (0).

Table 1. Monthly average of rainfall and physico-chemical parameters in Upo Wetlands during 2001 ~2010 (n=120, mean

+sd).
. Water temperature DO Conductivity
Month Rainfall (mm) ¢C) (mg LY DO (%) pH S cm-Y)
Jan. 20.8+17.8 49+15 9.5+4.2 76.9+30.8 7.3+£0.7 484+91
Feb. 41.5+27.9 7.3+25 13.2+14.1 74.6+22.3 7.3+0.6 432+85
Mar. 47.8+28.5 11.2+2.6 9.9+1.7 90.6+14.8 75+0.5 438+78
Apr. 78.3+45.1 18.4+2.4 9.6+2.2 102.3+23.8 7.8+0.6 427+77
May 119.1+58.0 22.3+238 6.9+1.3 79.4+£17.2 75+0.6 372+108
Jun. 166.2+90.6 241+2.1 5.4+2.4 65.2+29.9 7.2+£0.5 387+87
Jul. 327.6+155.6 257+21 5.2+5.6 37.9+18.9 6.9+0.4 258+80
Aug. 272.1+203.9 274+17 35+21 40.2+30.3 6.6+0.5 303+165
Sep. 140.7+101.2 241+1.9 3.0+1.6 36.5+20.3 6.9+0.3 2924122
Oct. 32.4+27.3 18.6+2.2 46+2.8 49.4+33.1 7.2+0.4 375+124
Nov. 23.6+£20.9 11.2+1.5 8.3+3.3 75.6+£30.2 7.4+0.5 428+90
Dec. 18.8+11.3 5.2+0.8 9.8+3.8 79.2+30.4 7.4+0.7 467+70

%: Percent saturation
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Fig. 2. Monthly changes of microcrustacean abundance
(density and error bars) during 2001~2010. (a)
Epiphytic cladocerans, (b) Planktonic cladocerans,
(c) Copepods. Gray bar is dominated period of aquat-
ic plants
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Table 2. Pearson correlation between rainfall, environmental factors and microcrustacean abundance.

Type Groups Rainfall Water temperature DO DO pH Conductivity
(mm) (°C) (mgL™ (%) (uS cm™)
Alona 0.321** 0.302** —-0.150 —-0.096 -0.237 —0.295**
Camptocercus —0.064 0.115 —-0.068 0.048 0.090 0.012
Epiphytic Simocephalus —0.060 —0.006 -0.135 —-0.207* -0.014 —-0.064
cladocerans  Diaphanosoma 0.297** 0.287** —-0.130 —-0.075 -0.172 —0.188*
Sida 0.055 0.050 —0.082 -0.114 —-0.023 -0.113
Total epiphytic 0.309** 0.300** -0.141 —0.085 —-0.181* —0.205*
Bosmina 0.010 0.140 —-0.055 —-0.019 0.084 0.007
Ceriodaphnia —-0.022 0.064 —0.080 —0.066 —0.001 —-0.095
Planktonic Daphnia 0.019 0.054 -0.022 0.036 0.123 0.058
cladocerans  Moina —0.019 0.125 0.113 0.092 0.080 -0.070
Scapholeberis 0.008 0.066 —-0.020 0.006 0.023 —-0.030
Total planktonic  —0.010 0.131 —-0.051 -0.018 0.080 —0.059
Adults 0.150 0.213* —-0.151 —-0.123 —0.083 —0.215*
Nauplius 0.153 0.290** —0.150 —-0.151 —0.043 —-0.218*
Total copepods 0.194* 0.324** —0.192* -0.176 —-0.079 —0.277**

** P<0.01, *: P<0.05, %: Percent saturation
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Table 3. Input variable selection in multiple regression analysis. The values in the table are t-test results (0.=0.05) related
to the corresponding environmental variable, as used in multiple regression analysis.

Type Groups Rainfall Water temperature DO DO pH Conductivity
(mm) (0 (mg L™ (%) (S cm™)
Alona 3.641** - - - - —
Camptocercus - — - - _
Epiphytic Simocephalus - — - — — _
cladocerans Diaphanosoma 3.331** - — - - _
Sida - - - - - _
Total epiphytic 3.479** - - - _ _
Bosmina - - - - — _
Ceriodaphnia - - - - - _
Planktonic Daphnia - - - - _ _
cladocerans Moina - - - _ - _
Scapholeberis - - - — - _
Total planktonic - - - — — _
Adult - - - - - —2.344*
Nauplius - 3.214** - - - _
Total copepods - 3.626** — - - —
** P<0.01, *: P<0.05
ABAAE thebl or] (=120, p<0.01), pH R AZIAE A AZFE 29ee] F7H A7) (5~9%)el ¥ A=
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nosoma)7} &7} -8 AT neleh
o SEpel A 2T 0T F 24 ALR 2
EE Moz vgton Ay X|2tfe} 2o 44
SELAM WA AP v AR e 5 B B&AE e AAstE 22 Ednizrl A =
T AR E 7B Aoz PAR AT AVel 4 & Aoz vehddh 2A4%F 2 vlaghd R of
I 2L fAEAANA DA AF Aot B2 4% Yz w23thiel ARl FHFEET Ao FF
< ] WA dHEE FAA7)AIRH(KIm et AMAlM = 4% (Cattaneo et al., 1998), o] 2 3] 7]
al, 2005), $Exol N FWR PR 2 F BF 2WAFT 2R 2Rl 9L BE 4 A



53] A&AH] 22U Bol s A 3 e
| £o]&}7] &l (Dini and Carpenter, 1992),
A FARG G2 HeE HolA o B dTelA
A7l B4 AA77F BAA

el A w2 o) gz A

t rlo
i

z1e] Ax7} =ow (Maruyama et al., 2001), ¢]5-2 7
9 set g2 (A 2A el s 87) Helw
oAl vl T8 JTFE = Aoz dTA o 53]
w29 AZ4{ F 74 3% Diaphanosomat: th2
A AAFRY g2 FE5710S 7R gl A4
Eoll oz BAF 4 9l7] vl (Korovchinsky,
1981), 7H4 ¥ W=E ®Ql 7o Atg ¥} Diapha-
nosomas} 72+ 39l Sida crystallinal: o F9} 2+ %
A2z 3187 S8l A ES vl mEHoR o] 43
Aoz 4#A glert(Nurminen, 2007), 2 ol 4
Sida¥: W& W= Yepioh
Aoz x5 SAHH 7
< a3t 2R 24T #AE

t)"l
H

el en, o] & B3] wAA A7k} 7t
A )

o

Zto] dx Alonae} Diaphanosoma: tf= XZA] %]
Afuc mndes SANEE o8 4 7] HEl
1

~ b
N
u
el
+
o=
1>
i
{0
o
ofo
ke
K
rlr
2
i
Jo
o2
off
i)

2ol |4

maztz s A o Fshd 2Ql 7ke] WA shets
7] $l3 $EHellA] 2001 8E 20109 Fet 25 7HF
o2 FAME Fgslgdoh 2AF A7 B9k £ 1059] A
757 FAEgon, A4 ool wet FrE B
A2+ (Alona, Camptocercus, Simocephalus, Diaphano-
soma, Sida)¢} X-§Al %z (Bosmina, Ceriodaphnia,
Daphnia, Moina, Scapholeberis)2] ¢ Z& o] m]-$- A}o]

5}
I F23 AL B9lo(n=120, p<0.01). 3]
A AZ-F Z Chydoridae: 7} W g3} ofe]
A2 (n=120, p<0.01), EFA29 A7|HA=E

ARBA =S Jehlch(n=120, p<0.05). 277
&+

AL AL

2 d7=e 37 A7|AE 9 TFAR] (2005~ 2010,
F7He Aoz AAE .

2l

=2
S

Mo
rok

Angeler, D.G., M. Alvarez-Cobelas, S. Sanchez-Carrillo and
M.A. Rodrigo. 2002. Assessment of exotic fish impacts
on water quality and zooplankton in a degraded semi-
arid floodplain wetland. Aquatic Sciences 64: 76-86.

Arcifa, M.S., T.G. Northcote and O. Froehlich. 1986. Fish-
zooplankton interactions and their effects on water
quality of a tropical Brazilian reservoir. Hydrobiologia
139: 49-58.

Balcer, M.D., N.L. Korda and S.I. Dodson. 1984. Zooplank-
ton of the Great Lakes: A guide to the identification and
ecology of the common crustacean species. University of
Wisconsin Press, Wisconsin.

Beaver, J.R., A.M. Miller-Lemke and J.K. Acton. 1998.
Midsummer zooplankton assemblages in four types of
wetlands in the Upper Midwest, USA. Hydrobiologia
380: 209-220.

Beklioglu, M., A.G. Gozen, F. Yildirim, P. Zorlu and S. Onde.
2008. Impact of food concentration on diel vertical mig-
ration behaviour of Daphnia pulex under fish predation
risk. Hydrobiologia 614: 321-327.

Bertrand, M., G. Cabana, D.J. Marcogliese and P. Magnan.
2011. Estimating the feeding range of a mobile consumer
in a river-flood plain system using delta (13)C gradients



346

P

|E2 - 2M7| -

(SN Ll'gi-_l' *

Ho

and parasites. Journal of Animal Ecology 80: 1313-1323.
Brinson, M.M. 1993. Changes in the functioning of wetlands
along environmental gradients. Wetlands 13: 65-74.
Burks, R.L., E. Jeppesen and D.M. Lodge. 2001. Littoral
zone structures as Daphnia refugia against fish preda-

tors. Limnology and Oceanography 46: 230-237.

Buskey, E.J., P.H. Lenz and D.K. Hartline. 2011. Sensory
perception, neurobiology and behavioral adaptations for
predator avoidance in planktonic copepods. Adaptive
Behavior 20: 3-9.

Campbell, C.E. 2002. Rainfall events and downstream drift
of microcrustacean zooplankton in a Newfoundland
boreal stream. Canadian Journal of Zoology-Revue Cana-
dienne De Zoologie 80: 997-1003.

Cattaneo, A., G. Galanti, S. Gentinetta and S. Romo. 1998.
Epiphytic algae and macroinvertebrates on submerged
and floating-leaved macrophytes in an Italian lake.
Freshwater Biology 39: 725-740.

De Eyto, E. and K. Irvine. 2001. The response of three Chy-
dorid species to temperature, pH and food. Hydrobiolo-
gia 459: 165-172.

Denny, P. 1994. Biodiversity and wetlands. Wetlands Eco-
logy and Management 3: 55-61.

Depaggi, S.J. 1981. Temprorary variations and horizontal
distribution of the zooplankton of some secondary rivers
of the middle Parana river. Studies on Neotropical Fauna
and Environment 16: 185-199.

Diehl, S. 1992. Fish predation and benthic community struc-
ture: the role of omnivory and habitat complexity. Eco-
logy 73: 1646-1661.

Dini, M.L. and S.R. Carpenter. 1992. Fish predators, food
availability and diel vertical migration in Daphnia.
Journal of Plankton Research 14: 359-377.

Gillooly, J.F. 2000. Effect of body size and temperature on
generation time in zooplankton. Journal of Plankton
Research 22: 241-251.

Goulden, C. 1971. Environmental control of the abundance
and distribution of the Chydorid Cladocera. Limnology
and Oceanography 16: 331-333.

Havel, J.E., K.A. Medley, K.D. Dickerson, T.R. Angradi,
D.W. Bolgrien, P.A. Bukaveckas and T.M. Jicha. 2009.
Effect of main-stem dams on zooplankton communities
of the Missouri River (USA). Hydrobiologia 628: 121-135.

Horppila, J., J. Ruuhijarvi, M. Rask, C. Karppinen, K.
Nyberg and M. Olin. 2000. Seasonal changes in the diets
and relative abundances of perch and roach in the litto-
ral and pelagic zones of a large lake. Journal of Fish
Biology 56: 51-72.

Jeong, K.S., D.K. Kim and G.J. Joo. 2007. Delayed influence

Has . Zde - Zei - FIIN

of dam storage and discharge on the determination of
seasonal proliferations of Microcystis aeruginosa and
Stephanodiscus hantzschii in a regulated river system
of the lower Nakdong River (South Korea). Water Rese-
arch 41: 1269-1279.

Kim, D.K., HW. Kim, G.Y. Kim, Y.S. Kim, M.C. Kim, K.S.
Jeong and G.J. Joo. 2005. Prolonged turbidity of the
lower Nakdong River in 2003. Korea Journal of Limno-
logy 38: 44-53.

Korovchinsky, N. 1981. Taxonomic and faunistic revision of
Australian Diaphanosoma (Cladocera: Sididae). Marine
and Freshwater Research 32: 813-831.

Maruyama, A., Y. Yamada, M. Yuma and B. Rusuwa. 2001.
Stable nitrogen and carbon isotope ratios as migration
tracers of a landlocked goby, Rhinogobius sp (the orange
form), in the Lake Biwa water system. Ecological Rese-
arch 16: 697-703.

Mizuno, T. and E. Takahashi. 1999. An illustrated guide to
freshwater zooplankton in japan. Tokai University Press.

Nicolle, A., L.A. Hansson and C. Bronmark. 2010. Habitat
structure and juvenile fish ontogeny shape zooplankton
spring dynamics. Hydrobiologia 652: 119-125.

Nurminen, L., J. Horppila and Z. Pekcan-hekim. 2007. Effect
of light and predator abundance on the habitat choice
of plant-attached zooplankton. Freshwater Biology 52:
539-548.

Redfield, G.W. 1980. The effect of zooplankton on phyto-
plankton on phytoplankton productivity in the epilim-
nion of a subalpone lake. Hydrobiologia 70: 217-224.

Sagrario, M.D.G. and E. Balseiro. 2010. The role of macro-
invertebrates and fish in regulating the provision by
macrophytes of refugia for zooplankton in a warm tem-
perate shallow lake. Freshwater Biology 55: 2153-2166.

Sakuma, M., T. Hanazato, A. Saji and R. Nakazato. 2004.
Migration from plant to plant: an important factor con-
trolling densities of the epiphytic cladoceran Alona (Chy-
doridae, Anomopoda) on lake vegetation. Limnology 5:
17-23.

Ueda, H., A. Terao, M. Tanaka, M. Hibino and M.S. Islam.
2004. How can river-estuarine planktonic copepods sur-
vive river floods? Ecological Research 19: 625-632.

Vandekerkhove, J., S. Declerck, L. Brendonck, J.M. Conde-
Porcuna, E. Jeppesen and L. De Meester. 2005. Hatch-
ing of cladoceran resting eggs: temperature and photo-
period. Freshwater Biology 50: 96-104.

(Manuscript received 18 May 2012,
Revised 14 June 2012,
Revision accepted 18 August 2012)



