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Abstract

In order to evaluate the role of macrophytes as refuge of zooplankton on physical distribution (i.e.

summer rainfall), we investigated the environmental factors, macrophytes, and zooplankton in waterside zones
(macrophytes zones) and open water zones of 17 wetlands from May and August, 2011. In this study, a total of
51 zooplankton species were identified, and Polyarthra sp. and Diaphanosoma brachyurum were found to be
the most dominant species. Waterside area of each wetland were occupied by a total of 10 macrophyte species,
species composition and biomass (dry weight) were different in the survey sites. Zooplankton was more
abundant in waterside zone than open water zones lacking macrophytes (One-way ANOVA, df=2, F=27.1,
P <0.05), in particular, waterside zone of 1, 8,9, 10, and 11 wetland were supported by high zooplankton density
after summer rainfall. This wetlands were developed by various macrophyte species than other wetland, and
submerged plant commonly presented. Waterside zones with various macrophyte species provides complexity
to the habitat structure, should be utilized as refuge to avoid disturbance such as summer rainfall. The results
indicate that macrophytes are the key components to enhance bio-diversity include zooplankton, and the
inclusion of diverse plant species in wetland construction or restoration schemes will result in ecologically

healthy food webs.
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Fig. 1. Map of the study sites in south-eastern part of South Korea. The study sites are indicated as solid circles (®). The small map in the

left side indicates the Korean Peninsula.
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Fig. 2. Monthly pattern of rainfall during the study period (2011).
Grey bars indicated sampling time before and after rainfall
occurrence.
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Table 1. Environmental factors at study sites before rainfall occurrence (May).
Vegetated zones Open water zones
Sites
WD WT DO Cond. pH Tur. Chl. a WD WT DO Cond. pH Tur. Chl. a
1 25 25.1 93.1 120 8.4 6.0 14.2 152 25.8 136.9 121 8.5 89 21.8
2 26 258 652 209 72 19 6.5 138 26.3 87.9 210 7.6 1.8 17.5
3 34 264 86.4 546 7.7 72 18.7 141 26.8 131.1 549 7.8 4.1 34.6
4 37 24.1 233 387 7.0 10.3 25.6 126 242 111.5 423 74 84 27.1
5 34 262 34.6 306 6.8 6.8 14.8 146 26.8 744 323 7.0 6.2 18.3
6 28 232 87.2 149 7.7 39 20.5 101 24.1 96.7 147 8.3 24 25.6
7 43 230 89 268 8.1 2.1 21.8 129 23.6 86.5 268 8.4 1.7 16.3
8 35 244 103.9 234 8.2 2.8 16.2 132 25.6 118.6 232 85 19 21.6
9 30 20.8 89.5 217 83 1.7 12.5 156 214 1325 220 8.5 29 25.6
10 34 244 84.8 342 73 473 16.2 137 25.1 100 342 7.6 36.5 343
11 28 25.5 95.7 634 7.1 3.1 8.3 129 25.6 944 627 7.6 30 153
12 26 258 68.7 147 72 79 164 151 262 85.6 151 7.1 72 21.3
13 37 279 438 354 73 73 12.6 137 282 139.1 355 8.2 73 20.6
14 29 21.6 75.3 91 7.1 5.6 23.1 132 225 843 94 72 33 41.6
15 30 25.6 743 210 73 45 75 148 262 86.4 208 74 40 225
16 21 233 823 144 8.1 6.2 184 140 238 922 142 8.4 1.7 27.8
17 32 270 188.7 243 94 253 159 154 26.7 210.6 244 9.6 16.5 309

WD, water depth (cm), WT, water temperature (°C); DO, %Saturation of dissolved Oxygen; Cond., Conductivity (uS/cm); Tur., Turbidity (NTU); Chl. a,

chlorophyll a concentration (ug/L).
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Table 2. Environmental factors at study sites after rainfall occurrence (August).

Vegetated zones

Open water zones

Sites WD WT DO Cond. pH Tur. Chl.a WD WT DO Cond. pH Tur. Chl.a
1 57 30.0 31.0 734 6.7 6.0 25 176 295 30.6 744 6.6 58 29
2 39 29.5 245 1525 6.7 255 6.3 179 29.6 25.0 148.0 6.6 26.2 63
3 45 29.0 318 1413 6.7 18.1 32 195 293 322 140.7 6.7 18.7 39
4 47 314 527 343.6 79 6.4 143 184 30.6 53.6 353.0 8.0 6.6 144
5 57 29.1 41.8 110.5 6.9 6.3 43 168 28.7 425 118.5 6.6 6.1 44
6 61 30.6 38.1 485 7.6 8.8 8.2 137 29.6 37.1 479 74 85 82
7 62 29.7 55.8 1812 8.8 11.7 438 185 29.6 56.2 180.8 9.0 11.7 49
8 53 302 46.1 1733 9.1 5.1 6.2 164 30.1 48.5 1754 9.1 5.7 6.3
9 60 29.8 523 1274 73 14.1 10.7 159 29.7 537 1289 7.8 143 10.5

10 57 30.0 40.7 207.2 72 10.5 13.8 186 295 41.0 210.6 72 109 134
11 53 29.8 25.1 2473 7.0 132 58 187 303 254 245.7 7.0 135 5.7
12 60 30.1 69.3 99.6 8.9 11.8 8.6 179 302 70.8 1032 8.7 11.3 84
13 53 30.7 518 277.6 79 159 73 186 30.7 523 291.3 8.0 16.1 75
14 48 31.0 402 76.0 75 123 7.0 167 30.8 39.9 75.8 75 12.6 7.1
15 52 30.1 55.8 82.3 7.0 14.6 7.6 172 29.8 56.6 1554 7.1 15.0 79
16 52 33.1 40.1 109.9 8.7 59 54 184 327 395 108.9 8.7 6.0 55
17 57 311 39.8 2459 75 29 11.5 192 31.0 404 2554 75 32 11.7

WD, water depth (cm), WT, water temperature (°C); DO, %Saturation of dissolved Oxygen; Cond., Conductivity (uS/cm); Tur., Turbidity (NTU); Chl. a,

chlorophyll a concentration (ug/L).
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Fig. 3. Density and species number of zooplankton at study sites of before (May) and after (August) rainfall occurrence. (a) vegetated zone
before rainfall occurrence, (b) open water zone before rainfall occurrence, (c) vegetated zone after rainfall occurrence, and (d) open

water zone after rainfall occurrence.
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al., 1998). FAE Ao A F=HAEL EFIE 5 oY
T SEES AT AAFNE AT H ] 44
9 FAoY #2 52 AAAY FEAHRA aEA
J3FS A Frh(Manatunge ef al., 2000; Lodge, 2001).
2 SESYIAE U8 U SX AL FHEY
FAXE] st A= S 35H 4L 7HA
o, ookt A ES AL AdFoR BRIt 12 E
of7|517] W, ¥ Y=g FAT 4 Ue AR A}

Sk

28t g2F o2 oA 5YY FEEYIE T
AL T2 SA00A 28 7 750 A7 A e 2

=7t BEEY oY, o9t T2 A2 8YoE H|:Ft]
1083 13 SXE A gHE] HAAE 500 7H
A L' olste] WEE BT 10M 13 FAA Y F
EZSIE 2372 14359 1281 /44 L' o2 &3¢
H g of JjdoR £ At HHE T

A]
AAE Fol o 4= A2 YeETh(Table 4). 2
Ab A oA FRAES F 10F0] EEsHeH, Z2d. 2
=&Y, & (Zizania latifolia Turc.), 7§25} (Spirodela
polyrhiza (L.) Schleid), 2 ©]7}8 (Salvinia natans (L.) All),
Z}2+& (Hydrocharis dubia (Blume)), 0tg, & (Potamoge-
ton crispus L.), B-o10t&, YA (Vallisneria natans (Lour.)

AMEM M= 24 315

H. Hara) 5°] @3ttt @28 1770 S41 5 13
N FANA BEE =2 7P gol #EHIeH, 1

o] ZAHT} o]} thxrFHo=,
HA oA E 10g ol3te] $=AAE AFFo] &
Z+ Ao A o F Fe Wl met FEEYa

=S
"Rl S0 et golshelnh. ZAHE 44 F 14,84,
o%, 100, 11, 16¥ 59| £7] Suneld 498 58
HAE ZHL ofF 49 WA AT WY 1 Fof o

WEsh PR AL 479 suRdAE
AR} heret $AAE ol

Oﬁ ]I'D' rlO

-

FFol AEE T SAEL T "t FEiy EF o]
o27] g A4 Wel tgdt A Ee] FEES
E B3t 12 E 7H 4 Ytk (Meerhoff et al., 2007). &
3] APAEE AR b EREY B4t 25
7HA7] el JEAEY A2 AY Y B A
23] 7]0d3ke} (Stansfield et al., 1997). THEEQ] & JLo] A
A W JAeAEY A AAA B 9% v
A, FEETIAEL 2ol ABNE MAA=EA &35

L $259 T 9EE F/AGD Bustn

Itk (Cattaneo et al., 1998; Jeppesen et al., 1998). 2 A+

Table 4. Dry weigh of macrophyte before rainfall occurrence at study sites.

Emergent Free-floating Floating-leaved Submerged
Sites Total
PC PD ZL SP SN HD TI PC CD VN

1 5.6 54 11

2 42 34 7.6

3 4.1 37 7.8

4 43 6.5 8.6 12.1 124 38 477

5 8.2 4.6 123 25.1

6 5.1 2.1 25 9.7

7 2.6 84 4.6 15.6

8 15.6 12.6 12.7 16.5 124 16.5 184 184 123.1

9 16.2 16.2 11.7 18.6 12.8 172 10.6 1033
10 224 142 228 245 14.6 24.58 254 23.1 171.58
11 12.1 8.6 179 162 17.5 152 194 106.9
12 73 42 11.5
13 8.6 4.6 42 174
14 12.8 12.8
15 7.1 6.5 13.6
16 2.6 6.8 28 122
17 54 42 9.6

PC, Phragmites communis Trin.; PD, Paspalum distichum L.; ZL, Zizania latifolia Turc.; SP, Spirodela polyrhiza (L.) Schleid; SN, Salvinia natans (L.) All;
HD, Hydrocharis dubia (Blume) Backer; TJ, Trapa japonica Flerow; PC, Potamogeton crispus L.; CD, Ceratophyllum demersum L.; VN, Vallisneria natans

(Lour.) H. Hara.
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Fig. 4. Relations among change of zooplankton density, habitat macrophytes composition and dry weight of macrophytes. (a): Ratio of
zooplankton density on habitat composition, E, study sites with emergent plants, FF, study sites with free floating plants, FL, study
sites with floating-leaved plants, S, Study sites with submerged plants. The grey bars indicate increase of zooplankton after rainfall,
and the black bars indicate decrease. (b): Ratio of zooplankton density on dry weight of macrophytes. Black dots indicate each of the

study sites.
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