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Abstract  This study utilizes association rule learning and clustering analysis to explore the co-occurrence
and relationships within ecosystems, focusing on the endangered brackish-water snail Clithon retropictum,
classified as Class II endangered wildlife in Korea. The goal is to analyze co-occurrence patterns between
brackish-water snails and other species to better understand their roles within the ecosystem. By examining
co-occurrence patterns and relationships among species in large datasets, association rule learning aids in
identifying significant relationships. Meanwhile, K-means and hierarchical clustering analyses are employed to
assess ecological similarities and differences among species, facilitating their classification based on ecological
characteristics. The findings reveal a significant level of relationship and co-occurrence between brackish-
water snails and other species. This research underscores the importance of understanding these relationships
for the conservation of endangered species like C. retropictum and for developing effective ecosystem
management strategies. By emphasizing the role of a data-driven approach, this study contributes to advancing
our knowledge on biodiversity conservation and ecosystem health, proposing new directions for future research
in ecosystem management and conservation strategies.
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Sol, 71Eng el HES 57 A A% A% 715
A7) 918 Fa% AV Bk webAl, 15
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7HA] REES|A AA == o]0 Ut (Szaro, 2008; Shaw
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rule learning)¢] 4834 H&E 4 Qi (Leote et al.,
2020). A3 7] Sh52 Bt oAl AE dlolE
£ a&3or EA4ste HolF uhold 7o, itk b
olg MEojA BEF 7t AT E S Fophd 5 QL
t}. o] W22 el Aubty] 24 (market basket analysis)
oA 2 AGE ek Aty £42 49| nf 715 &
AE T A= o AE 1Y A S HEde 7
Hog EA AES FE o A AEE 4R A
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2012; Souza et al., 2021).

£ 7o) BAe du 77 shas 2UEAS BEstel
N4guEY FEOR RS T ABES sotsta
A o AT BASHE Aolth. B3, 14215 &9
P THE AN AR HEF ST TEEA WL
sfobstar, olefst FEEHe| 7144 TE HAA A w

B st B Bgo] HEA| ofastast stk w3k,
B ATE AR AT PAS Aestel, AHA o Baw
% 740 29 AR AFHO Wt 0| F3) 7142

1. X243

2 AFolM ARgE AMAY dFFEFTE] ARe &
ol w3 FQl st A A% 2AF R A B
7P’ (MOE/NIER) §17-899] dazoA FEFe A
A2 @RBF “F2HEET 2229 A’ (MOE, 2016)
off AR F 3257 s FollM A=E d-s 20170 A
Aol tht ~AEA 2=AF 2IE ol83h e, 201613+
2018971419 712bset AH F F7] A-F 23] 2AE
¥, & 2% AR B FAFTES =6k ok 2



SZNSH S S 7 A

AFolA = o] ARE 7|Fe R sty 7|¢Zd TS vRgt
o2 AAAY dPEHFFEY &8 S -“?:?1'5}5’—, A
13 g5 ALt olg AES 1Y T5=d ot ¢
AA2] 27430 TS B4

2. XI282M

glolg HA g dA oA, =1E AXF HEFHFFEY
7Y ZF £ A5 RS £ < (boolean) FA] 02 ¥

ghsto] =2)7h 0dTh 2 A9 oz, 23R g2 FS AR
° 2 APt o]F, o] flo|EE EMAAM (transaction) F
202 wglsto] A 2] EA4 o ARE-FTh(Fig. 1).

A 2 24 BAoA= ERYA Hol"HE AR5
apriori ¢318]&& A2} o] oA A% (support)
X 0.001, A1F %= (confidence)= 0.5, 219 A Zo]
(minlen)= 2, Y 49| (maxlen)= 202 AAUCH AR =
= Tr2lo] tlofg NE oA drtt A5 WA Eh=R], AlE]
T 3l o] APS w ThE FET WAy 24X 3
52, SRAE (lifty= 1219 FEE0| EYPZ oz WA=

799t vlaste] gupt B A3 §A WAS=AE Ui
o 7 FAL ol Axe] wet Frizden], PEot A
gl o 7]gbsf theFst 7| e 2 B3
25 239 cif-then” 25 AR o] F2& 7
o] =t AFE FS Ve R H3E A ESst=

b

“1

D

Data collection

pS|

=
[t |

iz

b

Jon

illg
®
o

A A

ﬂJIO

r9£

o] ARSEITE =T 15HY 39, o] 3 53] Y
g AW 7 Ao Rk of2gt 3] FollA Al
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Data from "Estuary Ecosystem Status Survey and Health
Assessment” (2016-2018).

» 201 open estuary sites, 72 species of benthic

macroinvertebrates.

@

Data processing

@

Association rule
analysis

@

maxlen = 20.

+ Converted species abundance data to Boolean format.
+ Transformed into transaction format for analysis.

+ Applied apriori algorithm.
» Parameters: support = 0.001, confidence = 0.5, minlen = 2,

‘If-Then' structure based on lift and confidence values.
Classification logic - Categories: "High lift and high confidence”,

"High lift but

not high confidence", "Low or moderate lift".

@

Comparative
analysis with
clustering

» Conducted K-means and hierarchical clustering.
« ldentified species groups and hierarchical structure.

Fig. 1. Methodological steps in Clithon retropictum ecological analysis using association rule learning.
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Fig. 3. Comprehensive analysis of transaction data: (a) Relative
item frequencies and (b) distribution of itemset lengths.

st 1383 WEE UL AXH | (Limnodrilus gotoi)
&} EA (Hemigrapsus penicillatus)+ ZYZF 9F 60.20%
o Rlzg 1213 #EH A B FM-F (Melitidae
sp)E 49.25%9] WIZ=R 993] TEE o, 49| 2071 ofo]
d F o HAR 2 NS Btk SU1E, jEzhdy)
(Gnorimosphaeroma ovatum)+= 733 (36.32% Hlx), 24
SATY DN (Grandidierella japonica)+= 683 (33.83%
Hl %), ZA 0] (Mysidae sp.)= 653](32.34% H1%) BEE
ot 2ol B Y| (Cyathura higoensis)= 22.89%2] W=
2 463], 714235 (Clithon retropictum)2 22.39%2] 4l
T2 453 EET YA 44 otoldERE HEA
A% o] & (Capitellidae sp.) (4338 &), B7}2] (Batillaria
cumingii) (373 B, d=AX 0|5 (Spionidae sp.) (34
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3| T, GZFE Y| (Chitonosphaera lata) (343 T, 2
£A e} G- (Melita setiflagella) (343] T2, 7|43 9|
(Assiminea japonica) (333 #Z) 5o ZgE It EAHA
A Zole Fa& 2704 Hof 2274 Abo] 2 thFetA Exs)
o, R ERAL 7t 919 ofold A-E Bt
(Fig. 3b). 7H @o| ke EfRAA Zol= oF 67lellA 10
7N Atolgict. 3], 8702k 97 Zdolo] EgiHo] I SHA
Uebd=tl, ol okt AIFEE H|wd 43t 29 Fol &
ZERSS Yepdth BHE, 1570 o]49] °]‘°]E‘d Zgshe
ERYAL2 A H o8 =EA YET

= 3ol wet 39 e
= 382l 4.47904+= 1,007,498

(a) Top 50 association rules by support
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l 36
B 32

" ®. 0
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Hemigrapsus penicillatus  Gnorimosphaeroma’ovatum 57
r - Nereidae sp. ’
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. As€iminea japopica  support
Chironomidae sp. ® 005
=g ® 006
@ oo7
Limnodrilus gotoi @ oo

Spionidae sp.
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£ Ak 9hE, T grol 2.23%0 32 35561702
Uebstth A= gkl tisiA= 0.5% ol/dollAl 1,028,932
Aol FF2lo] WAE L, ol AA A dRES 4
ek A& gho] F7Htel weEk 39 = Aadke 7
g Hoth A= EXoA= A% Fho] 19 39
1,007,498/ 2, AA| 2] 5 e vHla= AR5

A 2 A Ao A A= 7|9kt A9 5070
2|9 B4 3o, 7192 sY S8 dud o F
52 IFTH(Table 1, Fig. 4a). o] & 7} =2 A =E
HA 7212 71593l (A. japonica)7t UER o 7|52
aFo] St AR, o] A2 HA W F oF 8.96%
O] A A =&} 54.55%2 AFH=E HoFgie olojx JA
2| o] (Nereidae sp.), AAHo] (L. gotoi), W LGS

(b) Top 50 association rules by lift
Mysidae sp. Corophudaecsr%ssos“ea gigas

Laternula gracilis
Batillaria cumingii
Ampithoe valida

Tanypd¥isaéaspng nomida@annd Batd¥RNincialis lift
°dz°g‘-‘r us levigcuatula senhousia
Radix auricularia

Chironomida
Corbicula fluminea

. Ralaemon paucidens — 4.466667
Pomacea canaliculata
: . Stenothyra glabrata
Melita setiflagella Médretrix lusoria
= Clithon retropictum
thtorm‘a bre_‘"c“'a. Gnorimosphaeroma anchialos
Corbicula japdniga Limnodrilus gotoi support

Sinocorophium sinensis Gnorimosphaeroma ovatum e 0.0050

Chitonosphaera lata Cerithidea rhizophorarum ® 00075
Loy Pirenella cingulata @ 00100
Simulium sp. Chironomidae sp. . HEE

Helice tridens Assiminea japonicaSpionidae sp.
Palaemon (Palaemon) madiieidicigkisp. Nephtyidae sp.

Batillaria multifesg\gstinestinigwensis

Fig. 4. Visualization of top 50 association rules by support (a) and lift (b).

Table 1. Prominent rules influencing Clithon retropictum presence by support.

# LHS (Antecedent) RHS (Consequent) Support  Confidence  Coverage Lift Count
1 {Assiminea japonica} { Clithon retropictum} 0.090 0.545 0.164 2.436 18
p  (Nereidae sp., Limnodrilus gotoi, Melitidae sp., - iy o vorropictumy 0085 0.515 0.164 2301 17
Chironomidae sp.}
3 (Nereidae sp., Limnodrilus gotoi, Melitidae sp., - iy o otropicrumy 0,080 0.533 0149 238 16
Hemigrapsus penicillatus, Chironomidae sp.}
{Assiminea japonica, Hemigrapsus penicillatus} { Clithon retropictum} 0.070 0.583 0.119 2.606 14
{Assiminea japonica, Nereidae sp.} { Clithon retropictum} 0.070 0.538 0.129 2.405 14

LHS (Left-Hand Side): This column shows combinations of conditions or entities, RHS (Right-Hand Side): This is the outcome or effect of the conditions in
the LHS, Support: Indicates the frequency of the rule in the dataset, Confidence: Shows the probability of the RHS occurring when the LHS is true, Coverage:
The proportion of the dataset that contains the LHS, Lift: A measure of the strength of the association between the LHS and RHS. A lift greater than 1
indicates a strong association, Count: Number of times the rule is observed in the dataset.
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Table 2. Prominent rules influencing Clithon retropictum presence by support by lift.

# LHS (Antecedent) RHS (Consequent) Support  Confidence  Coverage Lift Count
1 {Stenothyra glabrata, Pirenella cingulata} { Clithon retropictum} 0.005 1.000 0.005 4.467 1
2 {Pirenella cingulata, Nephtyidae sp.} { Clithon retropictum} 0.005 1.000 0.005 4.467 1
3 {Cerithidea rhizophorarum, Pirenella cingulata} { Clithon retropictum} 0.005 1.000 0.005 4.467 1
4 {Assiminea japonica, Pirenella cingulata} { Clithon retropictum} 0.005 1.000 0.005 4.467 1
5  {Pirenella cingulata, Spionidae sp.} { Clithon retropictum} 0.005 1.000 0.005 4.467 1

LHS (Left-Hand Side): This column shows combinations of conditions or entities, RHS (Right-Hand Side): This is the outcome or effect of the conditions in
the LHS, Support: Indicates the frequency of the rule in the dataset, Confidence: Shows the probability of the RHS occurring when the LHS is true, Coverage:
The proportion of the dataset that contains the LHS, Lift: A measure of the strength of the association between the LHS and RHS. A lift greater than 1
indicates a strong association, Count: Number of times the rule is observed in the dataset.

F (Melitidae sp.), ZW3 (Chironomidae sp.)2] Z¢Ho]
7142 0Ea dEE AeE Y, oF 8.46% 9 AA =
% 515208 AFEE /1S ol 714 L shselel A
Nste FET 2o Who] BHSNE AAPo|, ZTTRE
E3 23] £ ARt AHEG Molr|, st 7
47} WL ledel B2 et o2 Fe 75
E+ Nereidae sp., L. goroi, Melitidae sp., H. penicillatus,
Chironomidae sp.2] Z¢to] 7|74 51 AE o] oF
7.96%2] ANA=E BYOH, A japonica®}t H. penicillatus
o) 22 697%9) AAEE ebc
A 77 BHN A= 71202 49 507 FHS
gojy A%, 7425 AnE gt BESY 29|
UFERdTH (Table 2, Fig. 4b). 0|5 A& BE FAET} 4.47
Z e gon, B A tigt AFEs 100% A ol
=& e EHFFTY 3ol 7|92 FY 28
+ DAsHA BREY S YEhdth 9E 59, 7Y
7= o] (Stenothyra glabrata)®}t B]E°]1%G (Pirenella
cingulata)®] ZFo] 7|42 TET} ATE RO Lehto
o o] FHS A BH F 05%9] AXNEE Bk vl
B ZPORE HBO|LE (P cingulara)? WAAX IS
(Nephtyidae sp.), 52| (Cerithidea rhizophorarum)$} H]
E90|2F(P. Cingulata) 5°] 2™, o] GA] FL3 A
Zol AF =g Yehith
AT 2 A AnE e aeEE EA4% HlolE e
‘High Lift and High Confidence’ ¢} ‘High Lift but not High
Confidence’ 2] & 71| 7}e|Le|2 2= ATk (Fig. 5). &
AE F 2.306,452709) 37 oA ‘High Lift and High
Confidence’ 7} 28] o] &3l= F329 =X 2.263,6837)
, AA 219 oF 98.19%F AHAFTt. olh o] 7}g| 1z
9] TrAEC] AA Hlolg AEo|A mif w2 =t A=
£ 732 92 veRHTE B, ‘High Lift but not High
Confidence’ 7He| L E] o]l &3h= 212 41,769712 4|9

45

[P High it (1.5) and high confidence (=1.0)
40 [ High lit (>1.5) but not high confidence (<1.0) .

35 .

Lift

30

25 ¥

05 06 07 08 09 1.0
Confidence

Fig. 5. Comprehensive analysis of rule characteristics and category
proportions: The main scatter plot displays association rules clas-
sified by lift and confidence. The inset pie chart shows the propor-
tional distribution of rule categories.

oF 1.81%E AX| ¥t}

K-means ¥+3&4] 23} 3
o, o] & 71} 2 #H 5& 2% F 6432 I3 Qlo],
HA E9) oF 88.89%F AAIFHTh(Fig. 6a). ol
FE0] FARRE e 54 FR8kL S-S YEhd 7]
FEILF FA A 500 ZFH| ok YymA] 2RSS
fHeoz Ao 2o witsta glon, 1 A7) 2+ 24 1
ofl 1%(1.39%), 23 20 4%(5.56%), 4 30l 1%(1.39%)
a3 2 40l 2% (2.78%) 02 TAHAT. AFH 2A
4L 5o 3RE 1Y 21 5 2H 12 M ES F
& Tl Qlon, 7|4 uES EF3L tok F(63%,
87.50%)0] o] ZA o] &3t Umx] ZHEL A% F
o7 FAHo Jlow, 747t 1§ Ex 2F 2R o|FojA Y
th(Fig. 6b).
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Fig. 6. Comparative analysis of species distributions: K-means (a) and Hierarchical clustering (b).
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(Griineberg and Nugaliyadde, 1976).
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It} (Han et al., 2021; Jang et al., 2021). SFAFE Thekst
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Aol tiet FRE AFsHAT, I Fol W2 A=F WY
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E4 QAU 2Hof =52 4= lth(Shigemiya and Kato,
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1980; Wootton, 1994).
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2 YA BAE olaishs dl =S £t} o] WHS AH
A WellAl FE5ol olBA 253 E=AE Hetste b T8
AT FE 7He] A /AL gt AL
Atk & Aol o] F HHES HPsto AASFOEH,
N$2nse T3 FEo P qom 5 19
Jr?:ﬂ— o] o] °l 3 5 ‘21‘214. bl

gagg 0]6]]0]-»: =] 7]01?5___]- Ao /~§7—]"_1‘4-(Brown etal.,
2001; Carrara et al., 2015).

JYo= Bt A = S AEL A= E
g 97 1) PAS 2RI o BAUE A
AT 13 ShEE it HlolE MBI A W ol
A9, glo|e] o] B3 1 thekdol whet Aol ol 4= L
th(Unvan, 2021). E3] tiefFst 34 2Ao} AH5z-48 &
Aohe BT A A HolB oA Tt 1F2]o] AA| A
EiA| 9] 524 BAE &3] vhgstA] & o] st o9}
Aoz FHEHE T FAHT ApolE 7Hter £
Foloz, A S0l BE HeS weehs o Alg
A 4 Aok A WM F59 3582 A 2 &
7Hoz WEE 4 glon], an 7 sk £ 4
tlolg siEl £ 23S W e Aol ok A=A = A
S0z wseln M8k o), TYRA AA] ofegt
£7 Wsi2 wdole 8 AV U 4 Aok we F
We WA o A7 L 3 248 Teshe 2ol F
asih Y EY T 3 FHHEY FAE =
Bel3 wct Jie e $40] 15sich AB 72 s
o7 =24 A8 HES A3 Agshd, A W
oA FE0] AAEA FFLE S o] S| oFA Al
24 ufe} Wsaken] wek o] ofaa % ok oleiet %
3 e A A7l Qlof et TRl T FAY B
A& AlFstr, eiA Y B44L o Z oldfishe dl 71
4= 1 cH(Smith et al., 2017; Leote et al., 2020).
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