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Abstract

The present study was carried out with a view to understand the distribution and ecology of Clihton retropictus (Martens,
1879), a class 1I endangered wildlife designated and protected by the Ministry of Environment, Republic of Korea, and
to suggest the effective conservation and management measures for this species and its habit. First, the distribution of Clihton
retropictus was investigated nationwide, and environmental factors such as salinity and substratum were analyzed in consideration
of the ecological characteristics of this species. In addition, the individual size, density, and movement of Clihton retropictus
per each district surveyed were analyzed. Due to its nature of inhabiting in the brackish water zone, the analysis showed
that the salinity of this species was 0.7 ~ 16.6% at low tide and 1.0 ~ 17.3% at high tide. It was learned from the analysis
of substratum that its composition in each river under investigation was slightly different, but most of substratum had
a higher composition ratio than gravel (pebble, 16 ~ 64 mm). On the other hand, the size of each individual was checked
by measuring the length of its diameter, and there was almost no change in the individual when the inhabited range of
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Clihton retropictus was short. However, there was tendency that the longer the habitat range, the bigger the individual
size. From surveying the population density by season, it was made clear that, during the summer (July to August) and
fall (September to October), the density was relatively higher while the number of individuals decreased significantly during
winter (November to December) when the water temperature was lowered. In an effort to effectively establish conservation
and management measures, the moving distance was measured, and it became known that, during the surveys in summer
and fall when the individuals were active, the individuals moved in more distances than during the winter survey. The
results of this study are expected to be utilized as basic data for establishing effective management plans such as creation
of habitats for Clihton retropictus, its migration projects and selection of migration destinations which get unavoidable

due to development projects.
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Table 1. Location information of Clithon retropictus in this study
Site Location Latitude Longitude
1G.1 35° 07 128° 28
1G.2 Gyeongsangnam—do Changwon—-si Masanhabpo—gu Jindong—myeon 35° 06/ 128° 28’
1G.3 35° 06/ 128° 28
GH.1 34° 30/ 127° 15
GH.2 Jeollanam—do Goheung—gun Pungyang—myeon 34° 30 127° 15
GH.3 34° 30 127° 1%
HY.1 lanamdo Yeosusi K ] 34° 41 127° 34
oY 2 Jeollanam—do Yeosu-si Hwayang—myeon EYOY 27 3w
HB.1 L. . 33° 31/ 126° 33
BT — Jeju—si, north part of Jeju Island 337 31 26" 3%
IGH 374, Agtd e 18+ EFHo x5t GHA 37) (Bedrock, » 256 mm), SEM=(Boulder, 64 ~ 256 mm),
4, At oA stFH Y| HYA 2704, AFE Z+2(Pebble, 16 ~ 64 mm), A2 (Gravel, 2 ~ 16 mm),
WA T AFA x|t HBH 2745 AAstgch E 2] 2 Yy&A(Sand and silt, 0.004 ~ 2 mm) o2 &
TH7IoEE AAAe HiRt RS E flete] XA shd2 Skl E“A*S_ 7} A - A 7|52 50 HASH= tiEA
2242 EASHGch(Table 1), A AFe Aol 1 x Im $E7 W ALY 7 O
) EREEE % AL AutoCAD Z2IE ol &, sHz
2.2 M4eHg 9 AAS 4tEsHtH(Figure 1).
1) g2 _
2.3 22 9 MEefsHM EM
AEE B4 ARAHE 44 S+ F 107 AHNA cE s e e
A2 7h%9}F utxE LHGl Eﬂ—?’-xﬁ—’,’:‘ﬂﬂﬁ o] g5t 1) 7HH=27| &M
A3 Axsch. $AE ABARE QA ololavs AL GHHoR W] BA) SR AARES 2
£ olgslel 402 gAtelon, ATUR S T B4 AshAow, 7 AMeld R 307AE A, vl
ik BB BAL $H098AIEERRANNAD AT AMitroyo CD-20CPX) ol §te] ZHsA, 3
A A2019-635)7 AFBATAADEEPFAETA A D AFA B W BERAS BEek
A2013-230=)°l &= AX .
ql )oll =sto] AAlsklet 2) S 2
2) sz £ MRS B4 AR 9 AHE 238 Agstgon,

shAlRe] AL 7152 RE HolBE Aol
ool SR EW £A

(a) Digital Image

(b) Substratum measurement with AutoCad 7

Figure 1. Type diagram of rice—fish mixed farming system
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Figure 2. Distribution of C. retropictus in Korea
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AoflA AAetE Aoz RAEEH (Kobayashi and
Iwasaki, 2002; ©] 5, 2018), & AFoA= 471 4 o}
A ZF 1070 ARl gt 2k ¥ gk dREE 24
& AT} 217E 0.7 ~ 16.6%7 1.0 ~ 17.3% 2 2= 0] 2
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Figure 3. Salinity at low tide and high tide at survey sites
in each stream
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Table 2. Surface area(m’) and percentage(%) of substratum at survey sites of each stream

G IG.1 1G.2 IG.3
Surface area(n) Percentage(%) Surface area(m’) Percentage(%) Surface area(nf) Percentage(%)
Bedrock 0.599 59.9
Boulder 0.027 2.7 0.186 18.6 0.140 14.0
Pebble 0.003 0.3 0.017 1.7 0.082 8.2
Gravel 0.334 33.4 0.797 79.7 0.778 77.8
Sand/Silt 0.036 3.6
GH GH.1 GH.2 GH.3
Surface area(n) Percentage(%) Surface area(m’) Percentage(%) Surface area(nf) Percentage(%)
Bedrock 0.198 19.8 0.132 13.2 -
Boulder 0.382 38.2 0.447 44.7 0.289 28.9
Pebble 0.047 47 0.180 18.0 0.065 6.5
Sand/Silt 0.372 37.2 0.241 24.1 0.647 64.7
HY HY.1 HY.2
Surface area(m’) Percentage(%) Surface area(m’) Percentage(%)
Bedrock 0.361 36.1 - -
Boulder 0.342 34.2 0.448 44.8
Pebble 0.153 15.3 0.212 21.2
Gravel 0.082 8.2 0.111 11.1
Sand/Silt 0.062 6.2 0.229 22.9
HB HB.1 HB.2
Surface area(m’) Percentage(%) Surface area(m’) Percentage(%)
Bedrock 0.045 4.5 - -
Boulder 0.172 17.2 0.294 29.4
Pebble 0.033 3.3 0.087 8.7
Sand/Silt 0.750 75.0 0.619 61.9
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go] AWEE 85.6%9 66.0%019.0m, HBAL A7 A
&% 370 shd g F AHNA 22 75.0%2) 61.9%<]
gz w3 ydo] AA|sh= HEo] EtHTable 4).
AA A4 sk o] shdAE A Aat, s s
=79 A= tha Zpol7h EAsh, tiFE A o9
FAAH7E =A dE e, Eoldog HBH AA 2|H=t
GH.3o A9t el & Ao Hlgo] &t}

2 dFNA MRS B4R 21} 715235 A
A7t =2 AgoAs meer yd 22 Algd Bre=
A, 2, S¥bE WAo] 2 29 AL =3k
ot ®hdof JHAEEsE Y2 GH.33 HBH ] 270 232
AHY P =L Hl&o] Bl 2] F3=dl, o= 71524
o] HolQl BaAx[IF 27|17t 2 sk =el Hlste] A
qyor A2 o] 8 Aoz worHrh E3L, sHIA
= 7t =0l 48 758 %0] 24T 5 e FAa
(Duan er al, 2008)7} Zobx Z A2 HE mdx o] o5t
T BAl9 ZH=th(Hitomi and Keiji, 2014). wh2bA, E—J
S5o] FxEC| Yote] AdE= &3l shtolA= Al
o] sPAlE7E EA 5, Fo] Wigte] mE ol
SP7F AR wEbA Z1danE e WA, g4, 241
YAl Zute] A4 Algkalo] TAste] 74daF 9
A+E FAs7ldE o8& Ao= woE)

|
)

ool R o&

33 2Y Y MeHEd sS4

1) JHH=27| 2

[GANA L] 714Z21% HAI7= 2.58 ~ 13.85 mm]
Hejol9lony W 8.66(+2.77) mmeldtt. A H BT
NAZ7]E 1G.10] 11.75(£1.01) mm, [G.27} 8.55(+0.99)

mm, 1G.30] 5.71(£1.66) mm=z &Aoo} 2HE A Z7]
= F3t Zol7t AARTHF=172.69, p<0.01, n=90, post hoc
LSD test, Table 3). GHA 2] /A A 7] = 3.44 ~ 18.14 mm
o] 92 EAHEer, Hd 12.07(+4.10) mm= YEFS
tt A4 ¥ g A Z27)E GH.10] 14.94(£1.41) mm,
GH.27} 13.74(£2.17) mm, GH.3°¢] 7.53(+3.50) mmo=
ZA5o] GH.32 GH.13+ GH.29] H]ste] 2]t 29tk
(F=74.82, p<0.01, n=90, post hoc LSD test, Table 3). HY
Aol AAZ7]+= 8.90 ~ 17.83 mme] HE SHHUL
Hat 12.98(£2.08) mmolglet. B+t WA Z7+= HY.19]
13.75(£2.21) mm, HY.27} 12.21(£1.66) mmCo 2 =% 5]
o] HY.1¢] HY.2¢] H]ste] 3A = leh(=3.06, p=0.03,
n=60, t—test, Table 3). HRBH 2] /AT 7|+= 543 ~ 12.21
mm?2] He= S eH, Hit 9.67(+1.32) mmo]| Tt
¥+ HAIZ7]= HB.1o] 9.35(£1.37) mm, HB.27} 9.99
(£1.20) mmO = FA=|o] XA Tt FoJ3t 2pol= ¢l
th(t=-1.903, p=0.53, n=60, t—test, Table 3).

2 dAFolA 4 &4 23} IGe GH, HY o2 oFd
ARE 4945 g 43377 ARAE Aol A9, o
of wet AA A7t F7tot= AR ZAME ok BF
W, HRH2 2|38 B4 4749 2717} %—/‘}O]'O“itﬂ A

A F7ko] AREHH oF 50 m2 Y] R Po
thFigure 4). o= 2 S0l sHMY AFEe] 44
Agerol We F7he Al AAA AR} ALE

S |
dase AEe] nE % 44 Ee =
S 5

st
HeA A AR e] gat Ao PoH, 75

4 o
sto] WA £l Wk} U, g8

Table 3. Mean body length(cm) of C. retropictus with standard deviations and ranges in each survey stream

Stream Body length IG.1 1G.2 IG.3 Fort
(cm) @ (b) © P
11.75+1.01bc 8.54+0.98ac 571+ 1.65ab
Mean<SD . . . . . .
G cantS (n=30) (n=30) (n=30) 172,69 ©.01
Range 9.46 ~ 13.85 6.02 ~ 10.44 2.58 ~ 9.09
Stream Body length GH.1 GH.2 GH.3 Fort
(cm) (a) (b) © P
14.94+1.41c 13.74+2.17c 7.53+3.50ab
+
GH Mean=5D (n=30) (n=30) (n=30) 74.82 <0.01
Range 11.74 ~ 17.11 10.31 ~ 18.14 3.44 ~ 15.16
Body length HY.1 HY.2 _
Stream (cm) @ (b) Fort p
13.75+2.21 12.21£1.65
+ -
HY Mean 5D (n=30) (n=30) 3.06 <0.03
Range 9.97 ~ 17.83 8.90 ~ 16.22 -
Body length HB.1 HB.2 _
Stream (cm) @ (b) Fort p
9.35+1.37 9.99+1.19
+ -
HB Mean 5D (n=30) (n=30) -1.93 <0.58
Range 5.43 ~ 11.50 7.54 ~12.21 -

* One-way ANOVA test was performed to examine differences among stations at IG and GH,

examine differences between station at HY and HB.
*a, b, and ¢ indicate which values differed from each other significantly via posr hoc LSD test
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and T-test was

performed to
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Figure 4. The mean size of C. retropictus with standard deviation (error bar) in each site of four survey streams

ARS W Ao P 752 LF] AASHE 87
o] BN FrHoR £t WEHL, Aol Be
A7)l o] 2 Eog Frtstel A4 2 wspt
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oz ALES Foh wetA olEAe WA,
Sr02 FRIFOR oSshe Aol i Ao B
93, ol AT §AS 9o Hepe] shiz Azbwc

2) JHHLE 24
AT shde] MAR=E 24 Ax, A F7HA
FHlz UEth WA IGHY GHA | 7%, A Al
”‘E‘—’J Aol EAskA o, HshRioll X AH2 4
ol 1A AHEG Ad Aggle] ML=} o
‘;%’%‘E}. ol Hshri Aol Aol A AHEEH
Hioll =E5e ARl ez 43, dE WA A
Aol AAshr] migoz woenh gt s o] o] &
< HYHY HBH2 7 AN Ad E 9 AHdE
MALEE 79| FASIA. ol 9AM dadt 7 719 s
A3 Wiz 7|eZarse] A4shs sk 9% 2]
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Figure 5. The abundance(individuals/m?) of C. retropictus by season in each site of four survey streams.
Data are given as arithmetic means with standard deviation
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Table 4. Comparisons of the proportion of moving distance of released C. retropictus by season

Aprile July

September November

Stream (a) (b) © @ F p
16 © 2;1;? 25151%6) © ZNOZ; 253:02%3) © x 3128’i i’j?gl) (é‘?iofffg) 9.74 €0.01
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e T s e S oy P ooyt B A
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*a, b, ¢ and d indicate which values differed from each other significantly via post hoc LSD test
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