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Distribution Characteristics and Ecosystem Risk Assessment of Dotted Duckweed (Landoltis
punctate) in Jeju Island, Korea™
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ABSTRACT

W investigated the environmental factors and inhabiting biota such as macrophytes and zooplankton in 43
sites located on Jeju Island from May and June 2017 to evaluate the spread and ecosystem risk of dotted
duckweed (landoltia punctata) which was recently found for the first time in Jeju Island. Dotted duckweeds
were found in a total of 18 sites which tended to show low biomass of aquatic macrophyte species other than
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the dotted duckweed. We conducted a pattern analysis using SOM (Self-Organizing Map), which extracts

information through competitive and adaptive properties, to analyze the effect of inhabiting biota on aquatic

macrophytes such as the dotted duckweed and environmental factors. The SOM analysis showed that the

inhabiting biota such as the zooplankton affected the biomass of aquatic macrophytes than they did the

environmental factors. In particular, the biomass of dotted duckweed was positively related to plant-attached

species (4lona, Chydorus, and Pleuroxus). Considering that low density of aquatic macrophytes covers the

streams and wetlands on Jeju Island because of irregular water source and sharp change of water depth, the

dotted duckweeds are likely to play an essential role as the vital habitat for micro-biota including zooplankton

in wetlands and streams on Jeju Island.

Furthermore, considering that organic matters are utilized as the primary food source in the areas occupied
by dotted duckweed, dotted duckweeds have the role of being both habitat and food source. Although the dense
growth of dotted duckweed adversely affects growth and development of some aquatic plants due to the shadow

effect, it is due to the dominance of floating plants on the water surface should not be regarded as the risk of

the dotted duckweed. In conclusion, the dotted duckweeds have spread and settled in most of the water systems

on Jeju Island, their impact on inhabiting biota and the aquatic environment was minor. It is necessary to monitor

the distribution and spread of dotted duckweeds in the inland areas outside of Jeju Island in the future.

KEY WORDS : DOTTED DUCKWEED(landoltia punctata), EECOSYSTEM RISK ASSESSMENT, SELF-
ORGANIZING MAP(SOM), ZOOPLANKTON, HABITAT
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=7F Ee A7 aF = Qg o EL] =t
Shto 2 QIeh AETHEA Aok AR A2l Tl A
£20 g Z7}%| 11 ¢JtiSecretariat of the Convention on
Biological diversity, 2010). dHt& o2 jgjAE2 2194
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FE0] 5 9 AAE] jlomn, ojz sl AHeiA ] ut
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(NIER, 2012). Q==L AHH o2 o] =L
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Hotol| e 33 4= QA S

e FEREASS 24420 1 FaF 4T 5
shtz A4 AEES fIRE AAAY 3EAHE AlSste
Ao g B35kl Qiti(Jeppesen et al., 1997; Meerhoff et
al., 2003). A A1Eo0] F53 7i9(open water)-> A
& A7 Ao 24 T Az AT 7HE8E o] STk
opAo] AR AstEL v, 244 E So] Fro
AL ohokgt w|aA A A o) 240 oA 9] AdEgt =
A2 =2 A BEvdds 7H & tK(Choi et al,
2013). 24 ThoRe Fefe] utet AAHRAY B
Aol Zpol7F A R|THKuczynska-Kippen and Nagengast,
2006), B4R FEHIE 7H PAAEYSE ofF 59 4
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1996; Manatunge et al., 2000). ¢]= Tz} o] WEES
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(Chen ef al., 2012). 7\ T-2]ur:0] EAAF HAsHA 0] 5%
AStol A B HYES Al AL PoE, e 23}
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Figure 1. Map showing the study area in the Jeju Island, Korea. The opened and closed circles indicate study site
with absence and presence of Landoltia punctate. The red circles indicate investigate site with stable isotope

analysis.

Table 1. Analysis and survey method on environmental condition and biology groups measured by this study.

Factors Methods Note
Water temperature YSI-DO meter(Model 58)
Dissolved oxygen YSI-DO meter(Model 58) Field measurement
data

Orion 407A pH meter

Environmental pH
conditions Conductivity FISHER conductivity meter(Model 152)
Turbidity Scientific Inc.,(Model 100B) Laboratory
Chlorophyll a Wetzel and Likens(1991) measurements
Zooplankton Fix by Formalin, microscopic determination
Biology groups Plant attached Fix by Formalin, microscopic determination Laboratory
microcrustaceans measurements
Macroinverbrate Fix by ethanol, microscopic determination
AATL 5 SAAE Aol SARUE. 24 A X FRAE, Aol 2EEQH), AR 5 54 J1AS
2 59 AHS Teistel 2309 WHTOS x 05mE  olgste] @HelH A EHslon], gw U Iz
J 5o GEe AFA o] 9l 24 Ju|E olgsiol £

2Ab Aol s, AxE BET Wil B4ee a
o 2% W ABY Aol A=tk BHa F L,
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FESYAET Ry FEEYAEY UE HEL 3
210} US| DUt 2 ANRARERE Fr8 &
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o A ANRARERE 2, RieleE, Ak
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Wolflia

e— Wolffiella
Lemna

Landoltia
Spriodela

Pistia

Araceae

<Landoltia punctata=

<Spirodela polyrhiza=

=,
"
S

‘

[ 100t

acrenchyma
(tissue with air spaces)

<Azolla imbricata =

Figure 2. Taxonomic groups and morphological characteristics of Landoltia punctata.(a) Taxonomic groups,(b) morphological
characteristics, and(c) a pictures of three duck weed(Landoltia punctata, Spirodela polyrhiza, Azolla imbricata)

d o= Bolu, Bo| A9 gl £4 A=
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Y] 5ol $AsHe HAAE AATEN 5 A
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Ho] ZUse A4 o5 BEor REs|E 59
ARK3s, 384, R R4 B} WA BT B B
Z5hs AR Uehhth RAE B 4448 ol
SERo] SR A4S, THE AR okt 4 o
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Sl ekt RISl Ao ARREI o u(dATE o] J
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Table 2. The environmental conditions and plant biomass at the each study site in the Jeju Island.

Num. Type WT DO Cond. pH Tur. Chl.a L. punctata Other plants
1 Wetland 31.1 137.1 114.1 9.81 12.5 325 - 24.4
2 Wetland 26.5 149.2 92.9 9.52 6.2 34.6 - 31.6
3 Wetland 22.8 76.1 227.7 7.4 20.5 5.98 26.1 61.6
4 Wetland 17.2 57.6 144.5 7.08 19.2 23.5 14.8 38.1
5 Wetland 20.1 74.6 142.9 7.45 16.2 14.7 16.3 13.4
6 Stream 21.6 80.9 329.4 7.21 6.5 28.6 - 18.6
7 Wetland 25.1 46.54 492.4 7.57 20.4 5.3 1.3 19.3
8 Wetland 27.3 39.4 317.5 7.45 18.6 7.5 30.1 46.7
9 Reservoir 26.8 84.6 228.7 7.24 235 30.6 24.5 40.7
10 Wetland 252 49.2 156.1 7.15 16.2 9.3 18 13.8
11 Wetland 20.1 125.3 48.3 7.14 14.2 35.6 - 0
12 Reservoir 254 38.6 189.0 6.92 16.2 34.5 - 0
13 Wetland 26.3 65.2 209.2 7.15 42 6.5 - 26.2
14 Wetland 26.5 23.5 111.3 6.8 15.8 5.3 342 78.9
15 Wetland 27 147.4 100.7 9.44 20.3 30.6 - 29.2
16 Reservoir 252 91.3 425 7.8 10.5 27.6 5 13.4
17 Reservoir 20.6 103.2 99.0 7.98 16.2 15.6 6.8 12.3
18 Wetland 21.1 125.2 143.9 7.24 21 41.2 - 0
19 Wetland 21.3 81.7 3184 8.12 14.2 34.6 - 6.2
20 Wetland 24.1 81.5 423.5 7.39 234 36.4 26 40.4
21 Wetland 22.5 83.3 143.2 7.14 21.5 1.25 28.3 54.8
22 Wetland 23.6 98.6 168.6 7.25 16.2 26.4 - 20.6
23 Wetland 24.7 100.4 83.4 7.97 11.2 28.6 - 0
24 Reservoir 20.3 121.5 174.3 7.15 17.2 31.6 - 442
25 Wetland 22.5 88.4 196.2 8.24 14.2 27.8 - 0
26 Reservoir 29.6 132 72.7 8.24 13.2 35.6 - 13.2
27 Wetland 30.0 113.2 79.0 8.99 17.2 42.8 - 322
28 Wetland 27.3 89.4 65.2 8.91 15.4 23.6 16.8 24.6
29 Wetland 24.8 49.8 327.9 7.68 253 12.4 24.6 29.2
30 Wetland 214 108.2 99.3 7.24 12 32.5 - 10.6
31 Wetland 20.5 95.0 68.3 7.4 14.2 349 - 42.6
32 Reservoir 21.0 9.82 110.5 8.25 20.1 21.6 - 18.5
33 Wetland 253 110.2 57.7 8.94 7.2 28.7 - 26.7
34 Wetland 25.9 56.9 112.6 8.39 16.2 24.5 17.2 43.9
35 Reservoir 26.7 46.3 236.1 8.45 11.2 26.5 7 0
36 Stream 23.8 102.0 96.7 8.07 20.5 30.5 - 0
37 Stream 24.6 56.3 118.4 7.34 21.5 27.8 20.5 53
38 Stream 25.6 35.6 222.4 7.47 14.2 24.8 124 0
39 Stream 26.5 100.4 206.2 8.46 8.2 32,5 - 0
40 Stream 26.1 74.2 210.8 7.34 19.2 24.5 22.6 36.1
41 Wetland 20.8 80.0 137.0 8.37 14.2 24.6 - 53
42 Stream 23.5 115.1 221.6 9.09 19.2 21.5 - 8.2
43 Stream 22.8 59.1 232.6 7.87 14.2 24.8 - 28

*Water chemical variables were measured on a single point during the survey at the each study site.
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Figure 3. Dry weight of aquatic macrophytes and animal(zooplankton and plant-attached species) density at

each study sites in Jeju Island.
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Figure 4. Clustering through data learning by the self-organizing map.(a): U-matrix, (b): hierarchical dendrogram,
and (c): clustering result.
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Figure 5. Component map of 6 environmental variables, 8 aquatic macrophytes, and 3 animal groups. Each band shows
the individual number, transformed by natural logarithm. Water Tep., water temperature; DO, dissolved oxygen;
Cond., conductivity; Tur., turbidity; Zoopl. Species, zooplankton species; Zoopl. density, Zooplankton density;
Plant att. species, plant attached species.

Table 3. Characteristics of each cluster assumed based on the distribution patterns of input variables and number
of study sites in each of clusters. Abbreviations for each input variable can be found in Table 1. WT, water
temperature; DO, dissolved oxygen; Chl. a, Chlorophyll a.

Fact .. i
Clusters - aciors Cluster characteristics Site
High factors Low factors numbers
WT, DO, pH, Chl. a, Other P. 'dzstzchu(n, 'W. arrhiza, T. ' No 1nﬂu.ence qf rpacrhophytes and
Cluster 1 Jans Jjaponica, N. indica, P. communis, animal distribution on 22
p Zoopl., density, Plant att. species environmental condition

Positive relationship between
P. distichum, T. japonica, Cond., Tur., L. punctata, N. indica, aquatic plants(P. distichum and
Other plants, Zoopl. density P. communis, Plant att. species T. japonica) and zooplankton

density and species number

Cluster 2

Positive relationship between W.
arrhiza and plant-attached 13
micro-crustaceans

Cond., Tur., L. punctata, P.
Cluster 3 communis, T. japonica, Zoopl.
density, Plant att. species

WT, DO, pH, Chl. a, P. distichum,
W. arrhiza, T. japonica,
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Figure 6. Zoopl.(zooplankton) species number and density, plant-att.(attached) species on presence and absence of

Landoltia punctate in each study site.
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