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Freshwater fish fauna in the alluvial fan section of the Koishiwara River before and after the
heavy rainfall in July 2023: Focusing on the use of natural and artificial embayments
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Abstract

The freshwater fish fauna of the Koishibara River in the Chikugo River system, Fukuoka Prefecture, Japan
were investigated in the alluvial fan section. Habitat-scale surveys were conducted in the autumn of 2022 and
2023, encompassing the heavy rainfall period of July 2023, and the two years were compared. The number of
sites with presence of Coreoperca kawamebari, Rhynchocypris oxycephala jouyi, Pseudogobio esocinus, and
Tachysurus aurantiacus increased, whereas those of Odontobutis obscurus, Carassius sp., Cobitis kaibarai,
and Rhinogobius sp. decreased. Investigations of each species in the "wando" (embayment connected to the
mainstream) and "tamari" (embayment closed off from the mainstream) revealed that, following periods of
heavy rainfall, the population sizes of riverine fish such as P. esocinus, Cobitis matsubarae, C. kawamebari,
and R. oxycephala jouyi increased, whereas those of Carassius sp. and Rhinogobius sp. decreased. These
results indicate that river-dwelling species utilize embayments as refuges during major floods. The number of
species found in natural and artificially dug “wandos” was almost the same, and several threatened species not
found in the natural “wando” were collected from the artificial “wando”. Furthermore, the presence of species
such as P. esocinus, C. kawamebari, and R. oxycephala jouyi increased in the artificial “wando” after flooding.
These results demonstrate the significance of digging “wandos” even in the alluvial fan section.

Key words: large-scale flooding; connected embayment; closed embayment; habitat preference curve
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Fig. 1. Map showing the location of the Koishiwara
River in the Chikugo River systems and the survey sites
located within the river. Natural (n) and artificial (a)
“wando” (embayment connected to the mainstream) is
enclosed by dotted lones, while “tamari” (c: embayment
closed off from the mainstream) are filled in black.
Other locations are indicated by white circles and white
triangles.
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% EAREEBG XM (AIEL 1/400 Ai5) CTRh I % Fe 4
T 5, Lo L, RRIRHEE X (A 1/400~1/60)
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Fig. 2. An artificial “wando” (embayment connected
to the mainstream) dug in a sand bar of the
Koishiwara River (a3 in Fig. 1C). A: Condition of the
sandbar before excavation in April 2019 (the area
circled is the construction site), B: Artificial “wando”
immediately after excavation in May 2019, C:
Artificial “wando” approximately two years later in
August 2021 (the area enclosed by the dotted line
shows the presence of the “wando”).

FO/EBB THRTEDLILDENG L LT, Z
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EL7zb® (Fig.2) I2MZ T, Al T/INZ L)Y
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10 5 81272 ~7= (Tablel), AT Rid4»n
A ETFE LI ED7ND IR E 2D &
5'&9: LTCOMmD 5SSt o72 (Table 1), 7=F
WIEHERIZZR BRY Y RRSEIR - T E
Dmtok%w%ﬁb\4#65%ﬁ:ﬁmbt
(Table 1),

Table 1. Changes in the surveyed connected
(wando), closed (tamari), and artificially dug (a-
wando) embayments due to the heavy rains of
July 2023.

Site Name Before heavy rain Before heavy rain

NI wando wando

N2 wando wando

N3 wando wando

N4 wando disappearance
N5 wando wando

N6 wando tamari

N7 wando wando

N8 wando wando

N9 wando wando
NI10 wando wando

P1 tamari tamari

P2 tamari tamari

P3 tamari tamari

P4 tamari tamari

Al a-wando secondary channel
A2 a-wando secondary channel
A3 a-wando secondary channel
A4 a-wando a-wando

AS a-wando a-wando

A6 a-wando secondary channel
A7 a-wando a-wando

A8 a-wando a-wando

A9 a-wando a-wando
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HLH T B0 HE R E U CERESFTIC AR L\
= v IR /3T %} 2 Rhodeus ocellatus kurumeus |Z
DWTITREO—HEZIRL Tz ) —1T
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Table 2. List of fish species collected at survey sites of the Koishiwara River in 2022 and 2023.

Number of sites AFrequency of
Japanese name Scientific name with presence presence
in2022 mn2023 total (2023-2022)
Oikawa Opsariichthys platypus 72 67 139 -0.04
Kawamutsu Nipponocypris temminckii 71 65 136 -0.05
Itomoroko Squalidus gracilis gracilis 61 50 111 -0.12
Kamatsuka Pseudogobio esocinus 48 52 100 0.07
Mugitsuku Pungtungia herzi 44 43 87 0.00
Donko Odontobutis obscurus 49 35 &4 -0.17
Kawayoshinobori Rhinogobius flumineus 39 40 79 0.03
Gimbuna Carassius sp. 43 25 68 -0.22
Yamatoshimadojo Cobitis matsubarae 36 30 66 -0.07
Oyanirami Coreoperca kawamebari 18 38 56 0.27
Takahaya Rhynchocypris oxycephala jouyi 19 32 Sl 0.18
Minamimedaka Oryzias latipes 22 16 38 -0.07
Arniakesujishimadojo Cobitis kaibarai 24 11 35 -0.16
Toyoshinobori Rhinogobius sp. 24 3 27 -0.27
Ariakegibachi Tachysurus aurantiacus 8 15 23 0.09
Koi Cyprinus carpio 14 6 20 -0.10
Motsugo Pseudorasbora parva -+ 5 9 0.01
Kajika Cottus polhux 0 8 8 0.11
Namazu Silurus asotus 4 3 7 -0.01
Dojo Misgurnus anguillicaudatus 2 4 6 0.03
Kamuruchi Channa argus 3 3 6 0.00
Minamisunayatsume Lethenteron hattai 1 3 4 0.03
Burugiru Lepomis macrochirus macrochirus 1 2 3 0.01
Akaza Liobagrus reinii 0 2 2 0.03
Nippombaratanago Rhodeus ocellatus kurumeus 1 1 2 0.00
Kazetogetanago Rhodeus smithii atremius 1 1 2 0.00
Tamoroko Gnathopogon elongatus elongatus 0 2 2 0.03
Ugui Pseudaspius hakonensis 0 1 1 0.01
Ayu Plecoglossus altivelis altivelis 0 1 1 0.01
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carpio ZBRUNTZ 13 FECHEMEZ M 5 FHBIRED
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Table 3. Correlation coefficients, area under the curve (AUC) by a receiver-operating characteristics analysis and selected
explanatory variables (WD: water depth, FV: flow velocity, RBC: size of riverbed materials, FI: flood impact) in binomial
logistic regression analysis for 14 target fish species. See Table 2 for scientific name.

CorElion Area under Selected explanatory variables
Japanese name ; the curve Intercept

S WD WD cv cv RBM RBM? FI
Itomoroko 0.332%** 0.693** 0.0165 0.0351 -0.000583  -0.0107 -0.699 0.970
Kamatsuka 0.521** 0.802*%*  0.0613**  -0.000277**  0.1510%*  -0.00177** 0.7997  -2.730%*
Mugitsuku 0.508** 0.800%** 0.0570**  -0.000218** 0.0874**  -0.000731* 0.0329* -0.000207* -3.240%*
Donko 0.344** 0.686%* -0.0119 -0.0133* -0.838* 1.370%*
Kawayoshinobori 0.673%* 0.888%* 0.1680**  -0.00151**  0.0317* -0.000221* -2.090**
Gimbuna 0.490%** 0.783** 0.0514**  -0.000223* -0.0243** -1.120%*%  -0.413
Yamatoshimadojo 0.310%* 0.675**  0.0356* -0.000127 0.0674**  -0.000784* -2.100%*
Oyanirami 0.379** 0.734%* 0.0326+ -0.000139 0.0728**  -0.000797* -0.00887 1.370%*  -2.660%*
Takahaya 0:307** 0.686** 0.0768**  -0.00105** 0.967**  1.770%*
Minamimedaka 0.395%* 0.762** -0.0456** -0.582 0.525
Ariakesujishimadojo 0.412%* 0.780%* 0.1060* -0.000772* -0.0200* -0.883*  -2.980*
Toyoshinobori 0.413** 0.788** 0.0112* -2.300%*  -1.360**
Ariakegibachi 0.440%* 0.840%** 0.1470**  -0.00153** 1.000"  -4.210%*
Koi 0.131 0.612* -0.0208 -1.610%*

Significance level: <0.01**, <0.05%*.
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Fig. 3. Habitat preference curves for eight fish species
(A: Coreoperca kawamebari, B: Rhynchocypris
oxycephala jouyi, C:. Pseudogobio esocinus, D:
Tachysurus aurantiacus, E: Odontobutis obscurus, F:
Carassius sp., G: Cobitis kaibarai,H: Rhinogobius
sp.). For species with multiple explanatory variables,
the mean values within the survey area were used for
the other variables, and either the flow velocity or the
riverbed material was changed.
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Table 4. List of fish species collected at the embayments of the Koishiwara River in 2022 and 2023. See Table 2 for
scientific name.

Number of sites with presence in

natural connected (wando), closed (tamari), and artificially dug (a-wando) Habitat preference

embayment Afrequency of by Nakajima et al.
Japanese name in 2022 in 2023 Total presence in all (2010)
wando tamari a-wando subtotal wando tamari a-wando subotal (@202 flow water
®=10) ™=4) @®9) (@0=23) m=8) (m=5) (n=5) (n=18) rate area
Oikawa 9 2 8 19 8 3 5 16 35 0.06 R P
Kawamutsu 8 2 7 17 7 4 3 14 31 0.04 R P
Itomoroko 7 2 7 16 7 3 2 12 28 -0.03 R P
Donko 4 3 8 15 6 4 3 13 28 0.07 R/S P/F
Gimbuna 8 1 6 15 6 1 1 8 23 -0.21 R/S P/F
Kamatsuka 3 1 2 6 7 3 3 13 19 0.46 R P
Minamimedaka 6 0 4 10 4 1 1 6 16 -0.10 S F
Yamatoshimadojo 1 1 2 4 4 3 1 8 12 0.27 R P
Oyanirami 2 0 2 4 3 1 4 8 12 0.27 R P
Takahaya 1 0 1 2 4 1 4 9 11 0.41 R P
Ariakesujishimadojo 5 1 1 7 3 1 0 4 11 -0.08 R/S F
Mugitsuku 2 2 2 6 1 3 0 4 10 -0.04 R P
Kawayoshinobori 3 1 1 5 0 2 0 2 7 -0.11 R p
Koi 3 1 1 5 2 0 0 2 i/ -0.11 S P/F
Motsugo 3 0 1 4 3 0 0 3 7 -0.01 S F
Toyoshinobori 3 1 1 5 0 0 0 0 5 -0.22 R/S P/F
Dojo 1 0 1 2 2 0 1 3 5 0.08 S F
Kamuruchi 2 0 0 2 2 0 0 2 4 0.02 S F
Namazu 2 0 0 2 0 0 1 1 3 -0.03 R/S P/F
Minamisunayatsume 0 0 1 1 0 0 1 1 2 0.01 nd nd
Nippombaratanago 1 0 0 1 0 0 1 1 2 0.01 S F
Kazetogetanago 1 0 0 1 1 0 0 1 2 0.01 R/S F
Burugiru 0 0 0 0 0 0 1 1 1 0.06 S P/F
Ariakegibachi 0 0 0 0 0 0 0 0 0 R P
Kajika 0 0 0 0 0 0 0 0 0 R P
Akaza 0 0 0 0 0 0 0 0 0 R P
Tamoroko 0 0 0 0 0 0 0 0 0 S F
Ugui 0 0 0 0 0 0 0 0 0 R/S P
Ayu 0 0 0 0 0 0 0 0 0 R P

R: running water, S: still water, P: permanent water, F: floodplain, nd: not describe.

BRI DN K ) 2R S S I LT
D (Table 4), T R « 7= F 0 CHBUBEE A HEE
Lz ZN DX A 7L OBREE T L
IAHEOBRENKE L EF LRI T TR
KPET, DOEARKIEZ T Ch o7z, OF
O SEE R OB A E FIH LTV 2 RN
KHEAKRZIZT Y REREVEFALTNS &
B CE LA TFIBICFET DV v ROTeE
0 OEEMEIIA VRO AERY - FEINGFIH (K%

X, EH S 2002; B)115 2015; H7E 5 2019), H
KIFDEEHESS & L Cotre (B5 5 1997, RA
2024) 72 ENHAE SN TE T, ARIOMEEIT, B
WHIFERBICY > KR VRN FETLH L
D3 K HIZKERE O] PR O B AR RERERF I % 57
52 EWRMIR LTV D, HBUBEE A K& <
DUt 2 BRIEL FiK - bk E BRI AT, 2
DAY KSR, TR K 00 i 5 2 R 4 2l T
oo T, NSRS 2 K72 E1E, KK
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Table 5. The number of native species, water depth, flow velocity, and size of riverbed
material (mean =+ standard deviation) in natural and artificial connected embayments.

Natural Artificial
in2022  in 2023 in2022  in 2023
Number of native species  7.6£2.2  8.5+£2.6 7.2+0.8 7.2£2.3

Water depth (m)
Flow velocity (cm/s) 1211

Sizes (mm) in riverbed

43.2+£21.4 41.6x17.7

17.3£16.7 25.6+19.7

33.7£7.6 45.4+£16.3
1.6£3.6
11.3£9.6

0 2.0+4.4
11.1+10.6
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Fig. 4. The change of the number of sites with
presence in each species at natural and artificial
“wando” from 2022 to 2023. Only “wando”
remaining after the July 2023 floods were counted.
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